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EXPLOSION NO.3 DOLOMITE MINE

WOODWARD IRQN COMPANY

NOVIMBER 22, 19232.

INTRODUCT ION

Genersl Statement:

An explosion occurred about 2:40 p.me. November 22, 1922 in
No. 3 Dolomite Mine, Woodward Iron Company which resulted in the death
of 90 men and in injuring slightly or seriously over 70 others. It
is believed that afterdamp alone caused about 30 per cent of the deaths
while the other fatalit ies were due to a combination of bumms and after-
demp. Fully 60 per cent of those injured were treated by attending
doctors for gas (afterdamp); the remeining injured were treated for a
combination of burns and afterdamp. According to statement of Dr.
F.V. Meriwether, surgeon, U. S. Bureau of lines, who with a number of
othersdoctors, assisted Dr. E. P. Lacey, chief surgeon of the company,
oxygen was administered to eleven of the more serious cases of after-
damp; probably at least 6 lives were saved by use of oxygen from re-

suscitators owned by the U. S. Bureau of lMines.



This explosion was probably caused by ignition of coal dust
by electric arc from an armored cable. The coal dust was thrown into
the mine atmosphere (slope and yard) by the wrecking of a runaway trip
of tbree empty cars at the foot of the 850 foot rock slope; and the
amored cable (3300 volts) that extended down the slope close to the
right rib was struck presumably by a flying piece of steel from the
wreckage at a point approximately 100 feet from the bottom of the slope
with resultant short circuiting and the arcing of the cable undoubtedly
supplied the flame which ignited the dust cloud.

Four hundred and seventy-five men were checksd into Noe 3
and No. 2 mines thru No. 3 slope on the morning of the explosion. In
addition to this number of men 397 were checked into No. 1 mine, making
2 total of 872 in both mines. Mines 1,23, and 3, are connected but the
ventilation of Np. 1 mine is separate from mines 2 and 3; in reality
Noe 2 mine is & part of No. 3 mines HNoe 3 slope is driven thru rocko
on & pitech of 30 degrees and extends 850 feet in length to the main
gathering, parting or yard in No. 3 mine. This slope was driven to .
eliminate the long expensive haulage of old Noe 2 mine. The explosiem
was localized and was confined principally to No. 3 slope and yard and
to the main entries for a few undred feet from the ysrd or slope
parting by the apparently efficient method of sprinkling employed.

Men who worked in remote sections of Noe. 3 and No. 2 mines escaped un-



injured with a few possible exceptions; and all who worked in No. I
mine escaped uninjured.

The explosion originsted on the main inteking air current of
No. 3 slope. Mines Nose. 2 and 3 (constituting really one operation)
are ventilated by two separate and distinet fans, housed in fire-proof
buildings, one of which serves as an emergency spare and both located
on the surface comparatively close to each other. The Cépell fan,
electrically driven, was in full operation when the explosion occurred
and was immediately thrown out of cammission @ue to short-circuiting v ;
of the cable in Nge & slopes The other fan, Sirocco make, can be
driven by either gasoline or electric motor; and wi thin fifteen minutes
after the explosion, the Sirocco fen was in full operetion pulling
fresh air thru most of.the affected end unaffected parts of mines Nose.
2 and 3. Due to this precautionary measure of duplicate fan installa-
tion and to the fact that the explosion was srrested by the efficient
method of sprinkling employed, & large number of lives were saved and
the mining campany is to be highly commended for its pregressiveness
and foresight in having provided and maintained these up-to-date

safety features.
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Cwnership and Operator:

Dolomite No. 3 mine is owned and operated by the Woodward
Iron Company with central offices at Woodward, Alabama. The officials
of the Campany are:
Lr. Frank Crockard, President,
lr. L. J. Boynton, Vice President and General Manzger.
_ Mre W. M. Lacey, General Superintendent of mires,

Lre John Thomas, Division Coal Mine Superintendent.

Geologys

Dolomite Noe & mine is located in the Warrior coal fisld
which is & part of the Great Appalachian cozal measures.e The mine is
opened in the Pratt seam which is the principal producing coal bed

of the region and belongs to the Carboniferous Age, Pottsville group.



It lies practically horizontal and averages 60 inches in thickmess
although in some sections, the bed thins to 40 inchese The roof and
floor are sandy shale. The principal impurities in the bed are a
2 inch to 3 inch band of “bone" about 6 inches from the roof and a
shale parting 6 inches to 10 inches thick about a foot from the floor.
The coal bed in this mine was sempied by JeJ. Forbes, June 8, 1921,
The Following Tables 1 and 2 show the sections of the bed as measured,

together with the analyses of the coal.
TABLE I

Sections of Coal Bed, Dolomite Noe & Mine, measured by J.J. Forbes,6/§21

Gan No. 6724 23623 6293 05381 05967
Lab. No. 80183  go1s4 80185 80186 sede7
Ft-In  Ft-In Ft-In Ft-In Ft-In
Roof:Sandrock - - - - 0 2
Coal 0 6 0 6% ® 7 o 22 ® 5
Sulphur Band - E - 0 5/16 -
Coal = & + 0 T
x Bone 0 2 o a2t 0 3 0 I 0 2
Coal (2) 3 0 3 0 3 7 3 5 5 =2
x Roek (middleman)0 1053 0 5% 0 11 0 11 0 9%
Coal B
0 10 0 5 1 % 1
x Rock = 0 g — — % = 2
Coal - 0 9 — = =

(x) ZExcluded from sample
{a) 3 small bands sulphur sbout 1/16" thick each.



TABLE 2

ANielyses of Coal Samples Taken from Dolomite No.3 Mine.

Lab.No. Sym- loist- Velatile Fixed Ash Se B.T.Ue Location

Can No. bol ure matter Carbon

6724 b 45 28415 6530 610 1.86 14543 off 49 W Entry.

80184 a 2.49 27.91 63.62 5.98 1.66 14207 TFace room 8 off

23623 b 53 2847 64,90 610 1.69 14492 1st left 50 E

80185 Se AR 2771 63.87 5.98 1.87 14275 Face 49 W Entry.

6293 b «53 28.25 65.10 6.10 1.91 14551

80186 a 3682 2825 60.77 7.16 1.50 13842 4th left off

05581 b 53 29 .22 62.85 7.40 1.55 14316 50th East

80187 a 228 28.86 60 .82 8.04 1.70 13972 Face 7Tth left

05967 b 38 2942 62,00 8.20 173 14244 off 50th East.

80188 2 2095 28613 62040 6.52 1,71 14080 Composite anzl-
b «52 28483 63.97 668 1.75 14432 yses of above

samples.
a-_ goal "is received".

b - Coal M"Air dried".

Coal 4nalyses:

It will be noted by referring to Table Np. 2 which gives the
anzlyses of coal on "As received" and MAir dried" besis that the moisture
content of samples "is received" basis, ranged from 2.28% to 3.82% and
also the moisture in the composite analyses from sample Nos. 6724, 23623,
6293, 05581, 05967, gives the moisture content of the samples as 2.95%.
By referring to Tzble 5 which gives the analyses and sizing tests of a

'ngmber of road ssmples which were taken at representative places along




haulage ways, it will be noted that the moisture content in road samples
ranged from 4.’?% to 11.6‘%; The zverage meiéture content of all rpad
samples ¢collected, 8.5% therefore, comparing the average moisture content
in the ropd samples which was 845% to the moisture content in the cdmposite
analyses of face ssmples, nameiy 2,95%, it is spparent that the road samples

absorbed in excess of moisture in face samples 5.5%.

Production and Employments

The average production of No.3 mine spproximates 2,000 tons dsily.
Abhout 475 nﬁen are nomally employed underground, S50 of vhom are "diggers".
About 15 to 20 men are employed 611 the surface. According to the State
Hine Inspecto?'s report for the year 1920, 2.82,056 tons were produced in
157 working days as against 497,457 tons in 1921 with employment of 485

men in 310 working days.

Eining Methods:
:Dolomité Npe 3 Slope is & part of No. 2 mine and was driven as
en intake aircdurse« and to eliminste the long expensive haulage 0f Noe. &e

it is approximatelyé miles from the mouth of Noe. 2 mine to Noe. 3 slopes
-

-

No. 3 slope is sunk on 2 pitch of 30° (degrees) thru rock snd intersects
the coal secam at B850'. In line vi th the slope, which is double-tracked
throughout, is the _5@;:91 ér parting which has two empty sznd two loaded
tracks and extends 500' in length. The rock slope is zbout 6 feet

high and 20 feet wide. This slope, and No. 2 opening, serve as the




intekes with Np. 3 slope carrying sbout 70,000 cu. ft. of air per
minute, of & total return of 130,000 cu. ft. per minute. In addition
the slope acts as the hanlage roed from the "yard" or parting, to the
tippla. ”

411 coal is hauled in tight gate cars by electric locomotives
to the yard where it is weighed and then hoisted to the surface usually
in five car trips. The mine is developed by the ordinary room aund
pillar system. Iain entries are usunelly driveun triple, the center
entry being called the heading, mile the two side entries Jare designa~—
tad left and right aircourses. Cross entries are driven double and
are spaced at intervals of 300' off main entries, the distsnce between
main entries is about 2200 feet. Zntries are driven 16' wide and
Yoobbed" with Vdirt partings to sbout 10'.  Booms are driven 30' wide
0 a length of 250'.  Coal is undercut with mining machines to an
average depth of 6' excepting in pillar work where is is pick mined;

blasting is done with perrissible explosives.

Lichting:

 Open carbide lsmps are used exclusively by underground

employees. Safety lamps being used only by firebosses and section fore=

man for examinaliion work. ZLlectric lights are provided only in the

vard and not along haulage Wways.

Vv



Havlage:

| Coal is 'transported in ﬁight—-gata wood cars by electric loco-
motives t0 the yard, thence to sufface in five car trips to tipple and
dumped by mesns of a double 5 car rotary dump. HEupty cars weigh about
22800 pounds and are loaded with 3600 pbunds of coale The track gage
ig 40 inches with 60 pound steel used .on slope and yard, 40 pound on
mains, 90 pound on cross entries, andvlﬁ pounds in rooms. Gars are

hendled by the miner from the entry to the face of the roam.

Explosives:

Permissible explosives are used for bresking down coal znd
for bimzshing. About 350 pounds of explosives are used daily to gain
a production of 2,000 tons. Drill holes are usually 1% inches in |
dismeter and are charged with one to two sticks of explosive and tamped
with clay. Clay tamping is hauled into the mine by the company and
is centrgily placed to live workings. Explosives are detonate& by
Noe 6 cap snd fuse and shooting is usually done at noon and at quitting /
time under the supervision of section foremen. "Bug dust® is loaded out
before blasting. Fxplosives are kept‘ by miners ‘in locked boxes.

The company main{:ains a safetjr inspector who makes periodic
visits of inspection to all mines of the compsny and personally inter-
views each manlend instrucﬁs him in safe practices. At the time of

the explosion the inspector was in the adjacent No. 1 Mine.



AT

cansiderablé extent by the apparently efficient method of sprinkling

Dust end Sprinkling System:

i The principal sources of dust as observed during the course
of this investigation are:s (1) Undercutting of coal; (2) Drilling
holes preparatory to blasting; (3) Blasting cosl; (4) Loading of

coal and (5) Transportation of coal. Dustiness is controlled to a

gmployed. All working places and main haulsge entries are sprinkled
about once every three or four days, there being 9 men employed practically
full time on sprinkling.

Sprinkling lines traverse.main and side entriss, four inch
(4"} and two inch (2") pipe lines being employed for this purposse with
taps usuvally placed et one-hundred foot {100') intervalse. C ommon
garden hose in fifty foot (50') sections is used for sprinkling rooms
and entries. Prior to the é@losion the yard or parting was sprinkled
frequently; according to stafzem:ant of Lige Eger, sprinkler, at the
Coroner's Inquest proceedings, the yard was well sprinkied the night
before thséxylasian, however little or no ﬁrwisim was mads to keep
walls or floor of the slope washed and 1little or no sprinkling was done
on the slopeg. Alspo pillar workings and sbandoned sections wers not
wettade. It is probsble however, that this explosion was arrested by

the method bf sprinkling employed; and that & large number 'nf lives were

saved due to this facte. On the other hand it is felt that improvement

10



could be made and the efficiency of the system increased by wetting the

dust at the working faces during the operations of unmdercutting, loading

and blasting of coal; also pillar workings should be sprinkled regularly sk
and abandoned sections should be sealed or be kept in & moist conditi on.

As before mentioned, & corps of nine (9) men are engaged in sprinkling

and it takes about 3 to 4 days to sprinkle the mine.

In addition to ordinary methods of sprinkling by hose, in manner
similar to.sprinkling of ﬁ surface lawn, sprays are used at the East and
West end of the yard to sprinkle loads and emptiese. Prior to the e:;plosiou,
according to statement of a sprinkler, the only means used to sprinkle the
slope was & line .of four atomizers situated near the mouth of the slope. /
The system of sprays used on the yard assisted greatly in reducing the dust
that would have been thrown into suspension along the yard; but the dust
thrown into the atmosphere due to the velocity of the air in the Npe. 3 slops
and to the excessive leakage and spilling of coal dust on the slope thru
cracks on the cars and to excessive loading of cars was not adequately cared
for nor was sufficient provision made to prevent excessive dustiness of the

Noe 3 slope and yard caused by drying effect of large guentities of moving

dry intake aire.
The meteorological records of Birmingham on the day of the ex-~
plosion shows that the highest temperature attained was 57 degrees F.

lowest 34 degrees and mesn temperature 46 degrees F, with no precipitation

and wi th an absolute: hunidity 3.2 gallons per 100,000 cue. ft. of air or

2.2 gellons per 70,000 cu. ft. of air per minute. The records for

11



November 20 and 21 show the mean taﬁperature to be 47 degrees F =nd 44
degrees F, with no precipitation and absolute humidity of 4.2 and 3a6
gallons per 100,000 cu. f£t. of air respectively or 3 and 2.5 gellons
per 70,000 cu. ft. of air per minute respectively. Taking the averagse
temperature of the return air fran Noe. 2 fan at 68 degrees saturation
or absolute humidity, 13 gallons per 100,000 cu. ft. or about 9%-gallons
explosion
for 70,000 cu. ft. per minute, indicates that on the day of thg/znd for
two days previous about 7 gallons of water were being extracted from the
mine every minute by the 70,000 cue. ft. of intake air. The atomizers
near the portsl of the slope had little or no effect in wetting the dust
glong the ribs, roof or floor of the slope, 850 feet in length; and the-
consequent cloud of dust that resulted_from the run away trip was undoubt-
edly in & dry condition, and was probably of a very finely divided naturse.
During the course of this investigation temperature observations
were taken at frequent intervals for several days at the portal of No. 3
slope and in the yard.

The following Table 3 gives the results of these observations:



PABIE 3
 Humidity Observations Taken Outside and Bottam of Slope or Yard

—— mam—

Humid E&l «per

Date Hour Place Vet Dry Remarks.
, ity 70,000 cu.
. ft« per

1278722 10:35 2.m. Outside 6%’ 74 79% 840 Partly cloudy

portal .
12/8/22 10450 m.m. Yard 66 66 100% 8.3  Ribs, roof, wet.
12/8/22  1:30 pem. Yard 655 66 979 8.1 n
12/8/22  5:30 pam. Yard 65; 655 98%% 8.2 "
12/8/22 . 3345 pam. Outside 66 75 62% M0 Clear - sunshiny.
12/11/22 10340 a.m,  Outside 49 50 93% 4.8 Cold and cloudy.
12/11/22 11:00 am.  Yard 56 57 94% Moist in spots
12/11/22 4:%0 p.m.  Yard 54+ 57 86% 640 Ribs =nd roof dary.
12/11/22 4:45 p.m.  Outside 45% 5%  87% 4.8 Clear and Cloudy.
12/12/22 10:00 a.m.  Outside 51+ 52 97% 5.l Drizzling rain.
12/12/22 10:15 a.m. Yard 55 56 94 4.9 Moist in spotse
12/12/22 3:45 p.m. Yard 50 53 8l% 4.6 Ribs - Roof dry.
12/12/22 3350 pem.  Outside 435 4% 725 3.2  Clear.
12/13/22 8:30 a.n.  Outside 34 39 60% 2.1  Clear.
12/13/22 8:40 aem. Yard 41 43 88% 3.4  Ribs and roof dry.
12/15/22 12:30 p.m.  Yard 46 48 86% 3.9  Ribs and roof dry.
12/13/22 2545 Delle Yard 50 53 81% 4.6 Ribs snd roof dry.
12/13/22 3:15 pam.  Outside 49 57 55% .5  Clear.

o . —— O — r —r — ———

——————



It will be noted by & study of the foregoing observations
with 70,006 cue £ Lo Of aiy intaking thru No. 3 siope that there was
only one day (December 8) that the ribs and roof of the yard were in
a mbist condition: and for the balance of the observations the ribs
of the yard were generally dry. In addition: to the moisture in the
air for those particular days, moisture was injected into the current
by 5 rows of gtomizers, 4 atomizers per row, piaceaf‘. gbout 150 to
200" intervals along the slope.

The dry cdnd.itian of the slope and yard can be overcome t0 a
iimited extent by the humidification of the intaking alr but it is fesred
that since the air would have a comparstively short travel(BSO‘) and
using steazm either exhsust or live that thek yard would be fogged and
rendered dengerous to the workmsn on the yarde  1f the intaking air
were preheated snd then stesm or fine atomized .Wa.tér injected into the
2ir, the cost of the gystem would be prohibitive and impractical. it
ig probsble that the danger from the dry condition of the slope and yard
can ba overcome by the application of rock dust zpplied to ribs, roof
and along flouvr. In case of runmway cars on the slope & cloud of
rock dust would mix:#@’ch the resultant cloud of coal dust, thersby

meking & mixture that probsbly would be non-ignitible.

14



Psychrometric Dbservations -Dolomite No.3 Mine.

Zable 4
No. Date Bar. Wet Dry Hme. Location Bemarks
1  12/8/22 29.60 665 675 955 50th Hast 30" Dirt compect & wet- would not
inby 2nd cross go thru scoop -no rib or roof
. . o dirte. Border of explosl onzons

2 12/8/22 29.60 69 70  98% 50th between Dirt compact & wet, would not

4th & 5th g0 thru scpop - no rib or roof
o - Cross. dust -without explosion zne.

3 12/8/22 29.58 70k 7. 98% Roadway 8th Roadway wet~ no rib or roof
cross off 47th dust, without explosion m ne.
East -500 ft. '

4 1a/sfea 29.56 69 70  95% 47th East Road  Roadway wet- no rib or roof
way at 4th cross dust.sprinkler spraying oubtby

Without explosion zone.

5 12/8/22 none taken 4th cross off 50 Road dirt compact & when

Hast at Room 5. squeezed in hand stays intsct
no rib &roof aust-withous ex~
. - . vlosion zore.

6 12/11/e2 29.88 59 60 91% 49th West hemd- Roadway moist & compact-ribs
ing bet-4the clean -but dry,without explo—
bth crosses. si0n zone.

7 1a/i1/2a - 67 685 95% 6th cross head- Roadwey moist -ribs and roof
ing bet-rooms dry, but clean -without explo-

o . .. 1 =nd 8. sion gone. -

8 12/11/22 = 66 67 95% b5th cross air-  Rosdway moist, ribs and roof
course off 49 cleaned.

o west -~
9 12/1g/e2 - 69 695 97  50th East at Roadwey moist— ribs & roof
- bth cross alozn. -

10 12/13/22 - 69 70 95 28th Hast bet-  Roadway moist-ribs and roof

- 4 and b crosses. clesns. o
11  12/12/22 - 68 69 97 44th west 200'  Rosdway moist -ribs & roof

: from face. cleen. - Return air.
12 12/12/22 - 68 DBore hole Face 44th west. Bore hole temperature of coal
temperature ‘ .

i3 13/13/82 - 87 68 98 44th West bet- = Rozdways wet-sprinkler spray-
5 and 6 cross. ing 200! inby-without explosion

zones ribs and roof ~clesn.

14 12/12/22 - 68 69 95 44th West bet- Roadway moist without explo-

o 1lth & 18th c. sion -ribs & roof clean.

15 12/13/22 - 705 T 95 150' outby 42 Roadway moist-without explo-

- _ z:id, west GC.c. s'_ion Z0ON6. ﬁi'bs and roof clean.

Average 67 68 95
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Table 4 gives the psychrometric observationsg at representative
places thi'aughout the undergrouﬁé. workings exclusive of yard and slope.
Genkerally speaking the roadways were fouﬁd to be in a wot to moist counditiom wi
with ribs and roof clesn. It was not possible to collect = sample of rib
or rof dust although the ribs and roof were generally dry, the dust on
these surfaces were too small to collect g samples of theme The average
temperature of the mine air is 68 degrees F. with a mmidity of 95%.
1t is intevesting to note that the averagé dry bulb temperature is the
éame as the coal temperature. A drill hole (2' deep) temperature was

taken a2t the face of the 44th west heading and found to be 68 degrees F.

Ventilation:

For details es to method of ventilating workings of mines 2 and
39, rofer to maps which are & part of this report. ‘

4%t the time of the explosion, the mine was ventilated by the
exhaust system, Slopes 2 and & acting as £he intekes snd the air shatt,
the upcaste It will be noted thet No. & workings, as well zs No. 2
workings are vén’cilatad by @ prectically continuous current. The full
intake of No. 3 slope is split at the face of 49 Vest heading: the split
going to the right sweeps the right side of the 49th West workings, all
of the B0th Hast and 47th ¥ast and ‘chende thru the 0ld w rkings to upcast
fan. The split going to the lei‘t of 49th VWest sweeps the region between
42nd West =nd 49th West. No. 2 intake is split at 34th West off 0ld No.2

slope, the left split going to No. 1 mine workings and old workings inby

16



ij:hile the right split sweeps 4lst ’.’Iést regiém and the live workings of
42nd Teste .

The-devices used in deflecting air are gob stoppings, doors
and line bratticese

The present method of ventilating the live workings of mines 2
and 3 is practically by a continuous current sysfgm and in the event of

derangement of ventilation, dangerous accumulatiions of gas would undoubted-—

‘1y resulte It is felt that a much safer method would be to ventilate all

live workings of IJ0+3 and IT0.2 mines by a complete split system of ventila-
tion and that gob stoppings be faced with 2 mixture of clay and cement to

eliminate as far as possible leakage of airy

Rozdweys and Road BDust Samples: ' <

During the course 6f this investigation samples of road dust were

collected both within and outside of the explosion area, and at other repre-

sentative places along haulage entries throughout the mine. The analyses
together with sizing tests of 211 these samples are shown in Table 54 It

was observed that leakage coal from cars was greatest at partings, in

-the yard and along the floor of the slope. Tight-gate cars are used for

haul;ng coal and since the coal from this bed (Pratt seam) is soft and
slaeks readily, the cars, thérefore, should always be kept in good repair
to prevent leakage of fine coal onto roadways. Due to the friable

nature of the coal, cars are not ¥racked" but in many instances are over=-

loaded, hence considerable fine coal falls from the sides of cars during

2%



transite Boards are not ﬁlaced on ends of cars hence spilled coal along
the 30 degree slope is excessive, amounting to about 32 cars or over 50
tons per weeke With the present car that stands 38" above the rail and due
to the fact the;‘c the coal bed thins in places to forty i.nches(40") the
placing of end and side boards on cars to prevent falling of coal from
the cars on slope'a.nd haulaze entries is not practical. However, as
previously noted it is felt that the spilling of coal during transit
could be reduced to 2 minimum if cars were not excessively loaded.
Track cleaners are employed to clean roadways and are paid on a tonnage
basise The roadways during the cburse of this investigation were found
in a wet to moist conditione This féct is borne out by reference to
Table 4 vhich gives the humidity of the mine air takeh at representative
places in the mine, together with the corresponding side notes at
locations where road samples were takene. All road samples were taken
by standard Bureau of lMines method during period when the mine was
operating normally and consisted in laying o.ff a zone of 50 lineal feet
of entry from which 3 to 5 grooves of road dirt were collected by
means of road scoop having 10-mesh screen. The oversize from the scoop
being rejected while the undersize was coned and guartered and worked down
to about four pound sa'nples.

The Bureau experfiments in relation to the explosibility of coal
dust have demonstrated that the principal factors that determine the ex—
plosibility of coal dust are: finemess, ratio of the volatile matter to

fixed carbon gnd the per cent of incombustible present. Coal dust

18,



that is too large to go thru a 20-mesh sieve is considered not explosive
and coal dist that will go thm a 20-mesh sieve' is likely to be explosive
end its relative sensitiveness as to explosibility is increased by increase
of the percentzge of coal finer them 20-mesh; that is to say, coal dust all
passing thru 20-mesh is the more explosive in proportion to the percentege
of 100 or 200 mesh dust present. Pittsburgh cozl dust thatvpasses 20-
mesh and has as much as 30% of 100 mesh dust produces a strong explosion,
but when all passes 100 mesh and has 30% of 200 mesh the explosion is
violent and the violence increased as the precentage of 00 mesh is in-
creased.

The ratio of the volatile matter to the total combustible (fixed
carbon plus volatile matter) is an index of the ease _of the expleosibility
of the dust, the higher the volatile matter the more easily is the dust
ignited.

The road samples from this mine have an average ratio of volatile
matter to fixed carbon of 321 and since the tota.l incombustibles (moisture
plus ash) does not average more than 38.1% the samples all fell Wi thin the
zone of explosibility when compared with Pittsburgh cozl dust that has a
ratio of «40.  Also it is noted that of all the samples collected 67.3%
of the total weight was rejected and non-explosive being largei than 20-
mesh; also that 32.6% passed thru a 20 mesh sieve and is considered ex-
plosive and of this weight (408.8 grems average weight) 18.2% passed thru

100 mesh and 8.2% thru 200 mesh sieve.
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This explosion died away approximately at points where these
samples were taken and it would appear even though the laboratory results
show the samples to be explosive timt the fine dust in the road samples
contained the most water and were deeper seated which undoubtedly was due
to the fact that the extremely fine dust was washed down from the ribs,
roof, and ledges, onto roadways and naturally had a tendency to be below
the immediate surface of compact roadwsys and the flame and first on-rush
of air and gas undoubtedly were unable to come in contact with any con-
siderable amount of fine dust which naturally would be necessary for
ignition and propagatione Also since the explosion had its origin on the
intake air near the mouth of the slope, the explosion had an opportunity
to vent the pressure towards the mouth of the slope and the concussion
inby was not sufficiently great to bring this fine road dust into suspensio.

In order to render this dust nof‘:explosive in the event of its
being brought into suspension, there should be added either sufficient
rock dust to bring the total inert material up to 80% when there is as
much as 2% gas present or sufficient water should be added to bring the
moisture up to 15% or 20%.

Referring to Teble 5, dust sample No. 6, laboratory No. 88363
as being fairly representative of nomal dust conditions, it would be
necessary to add about 45% shale dust or shout 10% moisture to render it
non-explosivee. 4 full discussion conce rning the various factors which
enter into explosibility of coal dust is contained in U. S. Bureau of Mines

Bulletin Noe 167
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Gas and Air Semples:

The map of the mine which is & part of this report & ows
the directiom of air currents and the place at which sir samples were
teken in the mine. The table is arranged according to order of samplizig
so0 the gas emitted in any particular section can be readily calculated.
For example, referring to Tables 6, Labe. Noe 17720, taken in the 49 West
left akrcourse and between the 6th and 7th right crosses. This particu-
lar sample shows «04% gas and is the return from the 49th West right air-
course, partial returan fram face of 49th West heading and workings in the
6th and 7th right cross entries off 49th West. It will be noted from
samples 17781 and 17722 which is the return from the left side of 49th
West, including 0ld workings between the 1lst znd 4th right crosses shows
a GH4 content of «60% a2nd .58% respectively. These samples are conspicu-
ous since the disturbance was greatest in this particular region and it
would seam zpparent that old wo rkings be more syétematically vent ilated
and protected by erection of roek dust barriers or preferably be sezled.
Samples 17724 and 17725'which is the full return from the mine shows
«12% and «11% respectively with 132,000 cubic feet of air returning.
The gas emitted per minute from the workings of mines & and 3 approximates
160 cubic feet or 3840 cu. ft. per hour. This mine gives off sufficient
guantities of gas that in the event of an interruption of vent ilétj. on a

dangerous accumulation of gas would result and this was the case in the

recent explosion in Dolomite No. 1 mine resulting in loss of five lives,
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Locat im and Analyses of Air Semples Taken from Dolomite No. & Mins.

Table 6

Date Leb.lo. Loecat ion Q o g,.: 03 CH, W, . Renmarks

1922 . ;

12-11 17720 49 Vest lefb £.0. 6762 .05 20.84 04 79.07 - Return from 49th West
bet- 5th & 6tk heading and 6th & Tth

o loft crosses. crosges.

a1l 17719 Bth ovoss L.Cs Dff 3920 09 2066 19 79.06  Return from 6ih,7th

45 Vest. 8th,C. and face of
' - entry (49th West] .

1a-11 1777 3§ oress ofs 4bth 4692 .15  20.556 .20  79.12 Return from right

— — e - side of 49th Veste
12=11 17788 BO Bast at 5%th 7050 16 20.46 14 79.24 Return from 49th Vest

(check)  cross 7050 .15  20.46 .14 79,25 Tight side & 50 East

17718
12-15 17727  28th Hast betWw- 48000 .19  20.56 .11  79.14 5th cross -Return 49
(check) 4th & 5th Crosses. West Right side,44,45
171726 48000 17 20 .48 1l 7930 47,50 B. slope Hesdig
teele  177R1 | Lotd Elreourse 6072 .12  20.44 .60 78,84 Return from left side
(check)  44th Vest. | 49th W. left old work
17728 6072 .14  20.44 .58 78.84

outby 4th C. and Rt

side 44th Weste

Heturn from 41,42,44

. - end left s:Lde 49 qfest

18=13 17725 25! from fen in 132,300 20 20644 12 79.24 Return from mines
(check) fan drift.

17724 o2l 20040 oll 79.28

iz

12-13 17728 150’ outby 42 45780 .19 20.57 .15 79.09
West overcast.

e g

e
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Story of the Explosion

The explos,’ian oceurred about 2:40 pe.me. November 22, 1922, ankd.k
the alam was sent out iﬁnediataly.‘ The Bureau office at éirminghsm |
received the report zbout 2:50 pems  lire D. .Qarringmn‘, aqpervising
mining angi;iaar of Denver, ,Golofa.clo, ccnﬁmeé the ﬁewa and he with Dr.
Fa Vo Meriwetber proceeded with the Buresu's rascﬁa truck to Dolomite
No. 3 lline, arriving at 3:50 pam. Before the arrival of the rescus |
trﬁck there had been a considerable ‘aecmulbation’ ciﬁ people near the miné
znd the region around the mine opening hsd been roped off.  There also
had been & number of people who had gone into the mine.

Kr. Harrington conferred with General liznager 4. Je Boynton
and placed &t the Conpeny's disposal the Bureau's truck and équipmant.
Lr. Boynton advised that over 450 men were (actual number of men checked

, and about 325 additional men in the adjacent connected No. 1 mine)
into the Mine No. 3, &75/) in the mine before the explosion and at that
time (about 4 p.m.)} about 50 men had alrezsdy resched the surface, hence it
looked very \serious a8 the explosion had sent flame out the 8350 foot slope
of 30 degrees znd the flame had igmited and partmy bumed down the
weoden part of the tipple superstructure about 250 fegt from the mouth of
the slope; the lower portion of the tipple being of concrete construction

| was intact. Shortliy after 4:00 pem. Pittsbursh and Washington were
notified of the explosion and a reguest was made for dispstching a Buregu
rascue car to the scena. Before 5:00 peme men more 0r less 5umac"t from

the explosion began to come out of the mine and were being treated by




doctors at the supply house near the mine. Dr. Meriwether (Bureau of
Mines surgeon) offered his services to Dr. Lacey, chief surgeon of tie
Compeny end aided in systematizing the work and secured the& Bureau's two
oxygen inhalators and used them to good advantage upon gasseé men at
least eleven (1ll) of whom were given oxygen and probebly at least six
(6) lives were saved by the ad;ninistrat ion of oxygen. In all over
twenty-five (25) men were treated by the &octors foi bums and ges and
at least thirty-five (35) more for ges.

There were practically no cases of broken bones among the
injured and very few if any among the .killed, death being due to burns
and gase. By 10:00 peme practically all the live persens including the
seventy (70) or more injured or gassed hed been removed from the mine
and by 3:00 ae.me Noverber 23, 1922, almost all the bodies had been re-
movade One body was recovered on November 23 and another on November
24, still another on the 25th; and by November 24 the mine was being
cleared preparatory to resuming work.

The rescue and recovery operations were carried on m
TEREXTERBX exped itiously under the direct supervision of General Manager
Boynton. 4 numbér of the rescuers who ventured too far into the
affected zones suffered from the effects of afterdamp. ' Since the ex~
plosion originated on the intaking =ir current in Noe 3 slope 'andb was

confined to a comparatively small territory, there was very litttle

difficulty encountered in restoring the air currents to their former

&5



courses, hence there was practically no need for self contained rescue

spparatus in the recovery of the victims. Rescue spparatus wers only\

used for short exploration trips into the 4th and 5th crosses off 44th ° g:f‘m%
West entry. lMen who worked in‘thallive working parts of the mine, ../
report in almost every instance that there was & slight concussion on

the air and felt that smething unusual had happened. In most cases

the men used very g;oodjudgkgxent and almost inveriably remained in their

working places for &n hour or more before attempting to make their way

to the "yard".  One colored miner, John Lacey, who was employed as a
"diggar;' a2t the fasce 6:6 the 8th cross, 47th Xast entry, stated that he

felt sura somebhing unususl had occurred but never sumised that an

; é@losisn had occurred near the "yard". He, as leader held six other
colored miners st tné face of thé'sthtcrosé, AL’Zth Hast, until 4:00 peame
Then the men made their way 0 the yard without accident. John Lacey
further stated that his party traveled thru some '"bad airh {aftez:damp)

"~ put there was not enough to effect theme  In all 30 men vﬂm o rked

in the cross entries of the 47th Hast escaped without injury. Again,

21l men vko worked side entries off the BOth last ascaped uﬁinjured;
Lost of these men worked an hour or more bafore they learned what hed
happeneds A1l the men with a few exceptions who worked off the 49th
VWest escaped unharmed ebout an hour or so after the explosion.

About fifty (50) men from the workings Off the 49th West barricaded

themselves in the first cross. The following statement of George
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&nthony, section foreman, 49th West, describing the method of procedure
and the actual work in censtructing brattices in the Istscross off the
49th West only emphasizes that extremely good judgment was used by most

of the men who worked in remote sectionse.

Statement of Geo. Anthony, section foreman,
on 49th West 1-2-3- a2nd 4 Crossese.

"I was in the 49th Vest 4th cross heading when the explosion
happened, it made me deaf for a momente. I felt the air rushimg
thru the crosscut next to me. I asked the men who were working
in the face of heading if they had set off gas in the aircourse;
they said,'No'. I said, 'Come on out of there, don't stay in
that smoke.' Then I went out ahead of them and when I got %o
the trap door, I met Sam Travis, Albert Shoemaker, A.D. Jones
end & number of others, they were coming out of the aircourse at
the 4th cross door. They asked me the way to the 3rd cross.

I told them we could go through No. 4 room, so we went that way

to the aircourse of the 3rd cross to the heading. We tried to
get out to main line there but could not get outs We went thm
No. 11 room to the &nd cross snd met the bad sir there, - then
thru No. 15 room to the 1lst cross and tried to get to the slope
but could not stand the air. Ve went back up the 1lst &ross
ahead of the smoke and Mr. Travis and I decided we had better
build & brattice to kmep the smoke off of us, so we went to work
and made & walls of rock across the entry leaving a space of about
50 feet between thame There were 2bout 8 white men and 40 or
more negroes in our bunche After completing those 2 walls the
smoke was coming thru them, so we went up to the switch hole and
put up another one Jjust above the switch and took canvas down out
of the switch hole and took it in with use While some were work-
ing on the last wall, I told Sam and Albert to go with me down the
aircourse %o see if we could go farther back that wgy than we could
go down the heading, if so, we could take out a brattice and maybe
we could pass the smoke, but we could not get back that way, so we
went beck and finished the brattice and stayed there until one men
who was outside the wall in the zircourse went out the aircourse,
and met the rescue men, not wearing apparatus, coming in, and he
came back and told us to come on that the way was clear. We
went out through the first cross aircourse thru Noe. 15 room to
2nd cross and out to the slope that waye There were at least

50 of us." (See map for location of brattices).
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‘Barricades were eracted each with two walls of dry rock with
about two feet between walls and the intervening space was filled with
dirt in order to make tight stoppings. According to statement of
survivors which included the statmment of George Anthony, ths first
barricade had been erected in this menner but it was not possible to
obtain sufficient dirt to fill the intervening space between the walls.
Consequently, the smoke and a certain amount of afterdamp séeped thuFu //”
the first barricade built thereby making it necessary for the men te
retreat farther towards the face of the 1lst cross. The final barricade
was uilt towards the face of the 1st cross and ths intervening space
between walls was filled with coal dirt and other msterial and made
fairly air tight.

The 44th West region was affected more than any other part of
the mine with the exception of the yard and slope. About fourteen (14)
men died from afterdamp in this seection, and &ll but two of the deaths
occurred within a few hundred feet from the yarde Two men died from
the effect of afterdamp in the side entries off the 44th West; one of
these was found near the face of the 4th cross, and the other at the
face of the 5th cross. Eight other men ﬁere rescued by rescue partieé
near the fact of the 5th cross off the 44th West who were seriously
affected by afterdampe. Several of the rescuers who were not equipped
with rescue apparatus suffered from the effects of afterdampe ALll the
remaining men who worked in this section escaped either by way of the

yard or through old Noe. 2 slopse.



INVESTIGAT IQU

& joint investigation of the Dolomite Noe. 3 disaster was made
November 24, 1922, by Company, State officials and D. Harrington, repre-
senting the Us S+ Bureau of Mines. This investigation was made to colleek
evidence lezading up to the cause of the explosion. Jde Jo Forbes, U.S.
Bureau of Mines, Birminghsm, Al sbama, during the first half of December
m2de several underground trips into Dolomite Noe & mine for the purpose
of collecting road and air samples and supplementing Mr. Harrington's
observations. The observations of the Bureau of liines investigators
together with & description of the tipple slope and yard layout are
herewith given.

Dolomite No. 3 mine is in reality & part of No. 2 mine, the
Noe. 3 slope having been sunk on & pitch of 30 degrees and extending 850
feet from the surface through rock to the coal bed, and fram the point of
intersection with the seam and on line with the slope is a four car
track (two anptyy and two loaded) "yard" or parting. The rock slope is
about six (6) feet high 2nd sbout twenty (20') feet wide with two tracks
and the slope acts as the air intake with 70,000 to 75,000 cubic feet of
air per minute going downe In addition, the slope acts as the haulage
road to the tipple, there being two tracks in the slope. On the east
side of the slope along the floor close to rib there was a 3300 volt
spiral wound armored protected czble.

The yard,in addition to having the two sets of loaded and two

sets of empty tracks, hed scales, weigh-house, locomotive pit, office
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for officials, etc., In the ordinary operation of the yard there were
twelve (12) to twenty (20) employees which included couplers, weighmen,
sendmen, sprayers, etc., On the afternoon of the explosion thirty (30)
additional employees had gathersd on the yard due to cessation of dumping
operations on the tipple including seven (7) locomotive créws (three per
crew), master mechanic, machinist, electrical workers, transportation
foramé.n, sprinkler, assistant mine foreman, etc.,

The sub-station (see map for exact location) located in the
right aircourse of old Npe 2 slope and to the east of the yard was pretty
well fire-proofed but had a wooden picket fence to protect men from
coming in contact with switchboard.

There were really two mines Nos. 1 and 2, connected in numerous
places and the ventilation of Npe 1 mine was entirely separate from No.2.
Hoe. & mine has as its main intake the Npe. 3 slope (known as No. 3 ming)
but in a2ddition it secured additional air from o0ld No. 2 opening (slope).
The Npe & fan pulled sbout 130,000 cu. ft. of air per minute, 70,000 to
75,000 of which came as intake through No. 3 slope, the remainder coming
through No. & slope as intake. (See map for ventilation of No. 2 and
Noe 3 mines.) At the time of the explosion the Capell fan, elecprical
driven, was in operstion. This fan is in & fire-proofed house and ghout
75 to 100 feet from the Capell fan house is another fire-proof housecfor
the Sirocco fan which can be driven by sither gascline or electricity

from the same shaft by simply manipulating jaw clutchese The "blowing®
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of the cable in NQ; & slope threw &1l elsctrical motors out of co@is&ion
but within fifteen (15) minutes after the explosion, the gasoline motor
wes in full operation, driving the Sirocco fan.

Between 2:15 peme. and the time of the axplosion, the tail car b/«
0f & three car trip beceme jammed in the guide rails of the west dunp
{rotary dunp) on the tipple. A éhain block was first used by the tipple
crew to pull"back the trip but without suecess. 1In the effort ‘cov rélesse
.the car that was Jjemmed, two of the cars (front twé) were disconnected and
pulled f:'orward for a short distance - the hoisting cable being disconnectéd?
the cars ran forward with considerable mementum and d.'islodgsd ‘the jarmed
car and broke a 60 pound rail -that had been placed scross riding ring of
dunp, about two feet sbove tipple track rail and about 10 to 15 feet below
the Jjamued car. The rail was placed :m the position to prevent the trip
from going into the slope in case tThe jarmed car becsme loosened suddenly.

This rail ib is Dbelieved broke due T 0 crystallization. Upon breaking
of the above ment iéne& 60 pound reil, the cars started back into the slope -

running on the west track; near the foot of the slope, they crossed over

to0 the east side, (still on the rails) and were wrecked st the foot of the

slope and against some loaded carg on the east side of the yard; two of

the threa cars were on the loaded track at the foot of the siope and the

third car jumped to .the empty track and was deposited atl least 50 feet

farther on into the yard against the west rib. According to statement

of We Mo Jomson, electrical supariﬂtén&ent for the Company, made at the
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Coroner'’s Inquest. he with Mr. Sneddon found a flattened place in the

3500 voi’c électrical cable a2bout 100 feet from the foot of the slope and
this flattened place caused two of the three copper wire strands %o
"oross" with resultant short-circuit. Johnson also stated that he found
é‘ bmkén car wheel about fifteen feat (15‘) below the fla’c’cened place in
the cable. This cable c&ns’ista@ of three strands, six wires to the strand,
of No. 4 copper wire. KLach strand was cov‘ere& with varnished csmbric and
separated by jute. The juse izvas protected by a covering of 1/8 inech lead,
over the lead was & heavy covering of jute string and over this winding of
string were two flat steel tape spirsls about 3/4 inch wide and 1/32 imch
thick wrapped so one steel tape cov?red gpaces left by the other. The
cable was guaranteed for 5000 voli working pressure and was called & sub-
marine cable and said to be suitable for submerine use.

The Buream's investigatom had an opportunity to exemine this
cable in the mine as well &s during the inquest proceedings and afterwards,
and they observed the flattened placs in the cable and the point at which
the cable "blew" or arced. It is said, that whenever a trip broke loose
fron the t:‘ipple and wrecked m the yard, it slwost invarigbly threw into
the air = cloud of dust, 80 dense that at times it was difficult to see
any considerable distance on the yard for summe minutes. Undoubtedly

this runeway trip brought about the uvsual dense cloud of dust and the

attendant short-circuiting of the cable with the resultant arc ignited
the coal dust that was throwm into suspension from the wrecke The explosion

was propegated to & merked degree by the dry dust on the roof, ribs and

32



floor of the slope and sent flame with some force from the mouth of the
slope igniting the timber part‘of the tipple structure and tres$le work
and a tree about 50 feet from the mouth of the slopé. It is reported

by surwivors wio were on the tipple that there was comnsiderable flame and
the smoke was so dense on the tipple that it was not possible to see for
several minutes. F. E. Dean, tipple foreman stated at the Coroner's
Inquest, that almost immediately after the trip was wrecked in the slope,
particles of coal started to fly, followed almost simultaneously by flame.
The explosion also went inby £illing the “yard" with flame and killing
practically every one in the yard either by b.uins or by gas or by both
end setting fire to the eleetrical insulation on same of the locomotives
that were standing in the yard and to timbers on the far end of the yard.
(See map showing yard layout and details of evidence of explosion). The
flame then started into the haulage entries and other openings radiating
from the yard but was stopped within a few hundred feet presumably because
of encotintering lack of dust for propagation. This fortunate lack of dust
was due undoubtedly to the efficient method of sprinkling of werkings and
to the fixed sprays at the end of the yard.

At the far end of the yard on the east and west tracks, fixed
sprays are used to water incoming loads and outgoing empty cars. These
sprays are operated by a lever by a switch thrower. The region sround
these sprays was thoroughly wet even several days after the explosion.

In addition to spraying of cars, nine (9) men are constantly engeged in

sprinkling entries and rooms and the eantire working parts of mine is kept
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live men badly burned were found in a place where coke was plentifully
splattered along the roof. 4 few stoppings and a door were blown inby
but all evidence of heat disappeared in less than two hundred feet (200')

from the inby end of the yarde 4 grab sample of road dust, Can No. 05796,

was taken at this point in a2 resion where heat snd to s less extent, force
died awaye. (The analyses, sizing and interpretation of road samples are
given in Deble 5)e Similarly evidence of heat disappeaved in the 50th
Bast heading about six lmndréd. feet (600') from inby end of yard, the
forces however being sufficiently strong to wreck an automstic door (
{imerican Mine Door Co.). An engineering corpsy of four men who werse i‘n’
the 50th Last heading opposite 8nd cross entry were tirown to the floor |
and recesived slight injuries. These men state that they were facing the
explosion wave and observed no flame, but that there was considerable heate
The dooy between H0th Uast heading snd aircourse at 2nd cross showed slight

ovidence of being moved in ‘the direci;:gon of the aircoursss. & grab sample

v

of road dust, Can Npe seﬁaﬂwasxt‘a;ﬁan W"On the 501'.&; Last heading approximately
four hundred fifty feet (450') from the inby end of the yard where the flame
apparently disappeared. (Seé Table 5). |

The motor pit and machine shop near inby end of the yard were
practically unaffected by flame or vioclence but it is reported that at least.
one men was killed by £a568a

In the 49th West heading flame disappesred within three hundred

feet (300') of the west end of the yarde A grsb semple of road dust was

v § e vk
Lhadiio Ll 2

taken in Can No. SVAin a region three hundred seventy five (375') £ rom the
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yard. It was observed that gob stoppings between the heading and tlke
right aii-course were partially destroyed and blown in the direction of the
right air course &t practically all intersections to the 3rd cross heading.
A door between the hesding amd right aircourse opposite Ist cross was
wrecked and blown inby. Violence and flame appeared in the worked out
region which included the 1lst, &nd, and 3rd, cross entries between the
49th and 44th west headings and was probably due to dust, as little or

no sprinkling was donse or other means of wetting dust available prior to
the explision. An antomatic door situated in the first left cross
heading was blown towards the 44th west heading. Thers was considerabls
evidence of flame, coking, and violence in this heading which serves only
as a haulage entry fq}; the 44th west workings. A grab sample of road dust
was taken in Can _lﬂg,k’ewig ii} ';h(egjlst cross off 49th west and opposite romm
No. 1. On the day of the investigation November 24, 1922, a fire was
found on a post in room Noe 1 which had fallen and became partly covered
with coals Also on this ssme date the body of a negro miner was found a
short distance from place of getting grab samples in Can No. 812.

On the 44th West heading there was little or no evidence of
coking with tlie possible exception of the region between the lst cross and
the oid Noe 2 slopee There was also evidence of considerable force in
this heading towards the lst cross, probably due to dust since this part of

the 44th West is not used as a haulage way and is considered more or: less

abandoned, and not kept sprinkled.
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In most of the haulage entries, the trolley lines were still in
place and while & few doors were blown out and brattices forced, the violence
was not very great at any place except possibly at the motor-generator room
(sub-station) where the flame had an abandomed drift ‘in which to gather dust
and the flsme in this room was intense, chsrring the paper on the face of
armeters, volt meters, etc., on the switch bozrd; painted wooden pickets on
fence around this switch board were badly charred at the top about 3 to &
feet from the floor but not affected near the floore The force hit the
glass faces of the electrical instruments on the switch board snd sent the
glass in against the paper dialse 4in extreme evidence of force was shown
in the piercing of & piece of 1/16 inch sheet steel by a piece of w bd, the
wood being sbout 1F by 15 inches by 3 imches. The hole in the sheet steel
being 2 inches by 2 inches and the piece of wood still in the hole on 11/24/22.
Two men were killed here, both being badly burneds

liost of those on the yard or main parting were probably killed
immediately but had the men in the interior of the mine remained at their
working places probably few, if any, would have been killed. In a number
of instances, men rushed out of their working places upon hearing the blast
or feeling the concussion and upon reaching main aircourses soon met the
gases which were being borne by the ventilating current towards the fan,
the prompt starting of the gasoline engine after failure of the e1ectric§1
fan, keeping air currentg going nearly normallye. When the gases were
encountered same of the miners retreated and later on came out safe in

fresh air after the currents cleared the gss. Some were rendered unconscious
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by inhalation of the very poisonous gases immedistely following the explo-
sion and (especially on thsv east side of the mine) the fresh air quickly
replacing the poisonous gases allowed rescuers, without apparatus, to pull
the uncons@lous men out of adjacent gas pocketed places z=nd to leave them
in fresh air to recovere. It is said, no "diggers™ fran the east side of
the mine died. On the weét side, the men, upon leaying werking places
also met geses soon after the explosion but it seems probable that the
eﬁtensive open abandoned workings between 49th and 44th West and slope
allowed & reservoir of poisonous gases to coantinue to flow into the west
side workings and to prevent fresh air from aiding in resuscitating those
overcome by the first rush of gas. THence, those overcome by the first flow
of poisonous gases did not recover and many were found dead in the region of
or adjacent to the a2bove mentioned abandoned workings. lioreover, there was
more destrictiom of brattice on the west than on the east side and ventilation
was more definitely interrupted, hence saome of the workers on the west side
died from the gases, though probably very few from burns or violence. liore-
over, rescusrs report that long after fresh air wes found elsewhere, there
continued to come fran the above mentioned abandoned workings hot gases
indicating a fire or fires in those places and that this probably was true
is substantiated by the ffact that on November 24, 1922, or twe days after the
exglosion a smell fire was found in one of these workingse.

The map with details of evidence, shows where the dead were found;
29 Dbodies on the west side of the yard, 30 bodies on the east sids of the

yard and two along old No. 2 slope and batween 47th and 50th Easte. One body
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- wag found in 43rd West off old No, & slope, three in the crosscut leading

from the yard to old No. 2 slope, four on 49th VWest heading between the yard
and 1st cross off 49%th West, three in lst crosg off 49th West, two in ths
sub-station, ten on the 44th Vest heoading in proximity to 44th West parting;
and finally tw bodies were recovered near the faces of 4th znd 5th cross
entries of f 44%th Vest. The total bodies recovered from the mine was 86,

and 4 who were seriously burned or affected with afterdamp died in hospitals

 making a grand total of 90 dead.

One of the odd features of thne rescue and recovery work wes The
fact thet open lights were used =lmost continually and oxygen apperatus
scapcely at all, though at least & - five men teams, from the Tennessee Goal
Iron and Railroad Compeny wearing Gibbs apparastus, went underground and
i‘emainea sbout twe hours aiding in helping gassed men te safety, though
bresthing of oxyeen Wé.s not néc‘essary with the exception of short exploration
trips into 4th and 5th crosses off 44th West. When the first rescuers weni
into the mine after the explos :um they used closed 1lights but soon live men
were encountered coming from various directions and usihg their ordinary
open lights hence closed lizhts were sbancdoned. Observers on the outside
not knowing exact conditions underground were achast ot the free use of open

lights and were distinctly afraid thet a second explosion would occurs

Scome of the Tennessee Coal Iron & Railroad Gompany's rescuers used

£os masks underground t0 a slight extent and say they were very hendy and
efficient. However, it must be borne in mind that practically all of the

rescue and recovery work was done without the use of any kind of apparatus
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as there was essentially no interruptiow of ventilation, hence apparently
successful wuse of ga8 masks in tuis case is by ro mesns g legitimate argument
for seneral use of them after explosions or fires, as men without apperatus

worked practically side by side with the wearers of the gas masks.

CONGIUBIM B

{1} It is the investigators' belief that this explosion was
caused by ignition of cosl dust by the are from short-circuiting of the
electric ceble that extended along the right »ib of the slope and that this V
cable was struck by & flying piece of steel (probably car wheel] frm tﬁs
runaway cars on the slope and flattened to such an extent that at least two
strends of the three (3) strand wire cable were forced together, t‘here'by
causing the shnrt-—circuit with consequent srcinge. It is further believed
that the dry condition of the slope which includes ribs, roef and floor
furnished the fuel for ignition; =mnd that this dust was thrown into suspen-
sion by the fast moving triy on its way %o the bottom of slope.

{2) It is interesting to note that there were other possible
sources of ignition of the dust such as the use of open lights by men working
in yard and the possible short-circuiting of electric wires in yard cCaused by
wreckage of trip, either source of flzme Dbeing capasble of cauwsing igitim

of the dust cloud but the evidence available indicates that the short-circuited
cable was the source of ignition of the duste

{S) i1t is apperent thet this explosion was stopped from propage-
ting ti.lraughéut' the mine w rkings by the efficient method of g rinkling

anployed along the hamlege ways that radizted fram the yard. There wag




however, considerable propagation‘dua to dry dust on ribs, roof and floor

in the abendmed region between 49th and 44th West and inby fram 1st crosse
Also the dry codition of the crosscut from east side of the yard to No. &
slépe afforded opportunity for propagetion towards the sub-station and out-
by No. 2 slope to 44th Weste The 44th Vest entries between No. 2 slope and
1st cross off 49th West ware spparently in dry condition apd helped cmsidera-
bly the propagation. It is firmly believed that a lérge nuber of lives
were saved by the efficient method of sprinkling and a very disastmus explo~
sion prevented which would undoubtedly have found its way into the entire
workings of No. & and Ho. © mines and possibly inteo No. 1 mine had the
naturally dry dust of the mine markings nnt‘baen'kﬁpt well moistenede.

(4) 1t is felt that & 1$rge nvmber of lives were saved by the
commendable &rréngemant of ventilation fans. This mine is equipped with
tw# fire-proof fan houses; one fan Eaing‘elactrically driven, while the v//‘
‘other fan can b driven from one shaft sither by electriecity or by gasoline
engine. Approximately 15 minutes after the explosicn~occgrred, cutbing off
the electric current, the gasoline engine was placed into commission =znd &
full current of fresh a&ir was sweepling most of the affected and unaffected
parts of Noe & and Noe 2 workings, within a canparstively short tﬁna after
the explosione. Lhis unique arrangement together with prampiness in the
issuance of necessary instructions cleared the workings of poisonous geses
within & short time and yermitted workerys and res&ue yarties to travel in
fresh air, and 2lso allﬁweiaﬂany overcome by first rush of gas 10 De re-

suscitated or to be removed to safety.
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(5) The present method of sprinkling in which haulage entries
and rooms are washed clean should be continued, also the method of spraying
loads and empties at east and west end of yard should be continued. However,
it is felt that improvement can still be made in sprinkling and spraying
msthods such as; (a) Spraying a2t working faces during important operation
of undercutting and loading coal. This 1.vou1d reduce considerably the dust
that would be_thrown into suspension by fast moving trips. (b) The use of
high-pressure sprays placed at convenient locations on main haulage entriese.
This arrangement would fuwether hrelp to reduce the dust thrown j.nto suspensim e
The sprays used for sprinkling loads and empties at the fa;- end of the yard
could be materially helped by the use of higher water pressure, thereby giving
better penetration. (c) The wetting of pillar workings and the wetting or
preferably the sealing of abandoned workingse. It is believed that failure
to wet abandoned workings in the region between 1st cross off 49th West and
.44t11 West entries or to have had them sealed was probsbly responsible for
most of the loss of life on 44th West heading.

L .
(6) The s;pill%% of coal along haulage ways, partings, yard
and particularly on the slope could be materially decreased by eliminating
as far as possible the overloading of cars. The spilled coal on the slope
which amounts  to approximately 50 tons per week, makes it necessary to
clean the floor of the slope twice per weeke
(7) Since No«3 slope is only 850" in length and on a pitch of

80 degrees and at the bottom of this slope is the yard or parting in direct

line with the slope, it is felt that the guestion of the humidificatidn of No.3
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inteke either by injection of live and exXhaust steam or by preheating air

with subsequent injection of steam or sprays of water into the air would

not altogether celiminate the dangerous condition in the yard and on slopee.

On the other hand it is believed that if spilling of coal on shope and

yard as well as on main haulageways couid. be held to a minimum, the

matter of rock dusting the slope and yard would be effective and solve

the dangerous condition present when a runaway trip throws into the air

of the slope and yard heavy clouds of dust. The rock dusting of the

slope supplemented by use of rock dust trays along the ribs of the slope

and the placement of a rock dust barrier in the roof a short distance from
T

-bottom of/:.]:ce)pe would throw into suspension clouds of rock dust with

the coal dust and probably render the mixture non-ignitables In fact,

it is felt even with the spilled material along the slope and in the yard

under present operating practices that rock dusting would undoubtedly be

successful, if the large pieces of coal were forked during cleaning opera-

tions instead of being shoveled. This would permit rock dust to mix with

the fine soal dust and render if inert and only the fines cleaned from the

slope would have excessive ashe It would be necessary, 1.-owéver, to clean

this mixture at such times that the inert matter, (moisture plus ash) in

the road material fell below 75 per cent. Furthermore, the rock dusting of

the main haunlage entries to points in the mine where the air temperature

approximated the ground temperature, these points being a few hundred feet

from the yard, could be handled in the same manner, and the present method



of sprinkling carried forward froan these places.

{8} Since the igxi’cionv of clouds of coal dust is possible by
open carbid.e‘ lamps and also by the short-circuiting of electric light
wires, open lights should not be ‘allowe& on the yard and electric lights
gnd electric wires simuld. be guarded from breakage through possible
wreckage of trips on slope or on the yard. ;

(9} 1t vms observed during the course of the investigastion thet
all shooting Waé done by the use of permissible axplosives using fuse and
cap after coal had been undercut to an sverage depth of 5 to 6 feet and
that shots were tamped with clé.y stemming brought into the mine by the
company &and pleced at convenient and accessible places to live workings
and that sn@nﬁing was done usually at noon and quitting time, under the
sUpervision of section foremen, when men waere in the mine. it is felt
that & safey practice would be to fire all shots by the use cf electiric
detonators and blasting me chines prefersbly when all men except shot firers
were out of the mine.

(10} It will be noted by = careful study of the gms content of
air samples céllécte& 2t representative places that sufficient ges is
emitted to be dangerous in the event of a derangement of ventilation. This
fact was very forcefully demonstrated in the explosion which occurred
January 10, 1983, in Dolomite No. 1 mine where five men lost their lives
‘by walking into an acdmulation of ges and igniting same by open carbide
lampse. From the evidence collected leading up to the cause of this explo-

sion it is apparent that the accumulation of gas was caused by a short
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(4) Since dangerous sccunulations of explosive gases are likely
to0 occur thrbugh deranged ventilation and aiso since there is danger of
en explosim through the possible ignition of coal dust by opencarbide
1ights, the use, throughout this mine, of closed lights, preferably the
permissible cap variety is recommended.

(5) ‘S:.'ane dangeroﬁs scecunulations of explosive gas are likely
to occur thrbugh disarranged ventilation; it is recommended that the woi-k-

of each

ings/of No. 2 and 3 mines, a5 well as No. 1 Dolomite liine be ventilated

'by & separate split system of ventilation and that gob stoppings be faced

with & mixture of clay and cement for prevent ion of leaks.

(6) It is recommended that the highvtension cable be removed
from slcpe and éarried through bore hole to the sub-station. (Shortly
after the explosion the Company issued orders for &ll cables along sl opes
to be removed and run down bore-holes to sub-stations, but as a precaut ionary
measure as concerns Noe. & rslope, the Campany has laid the electric cable
which ran down the right rib of No. 3 slope in & four inch (4") steel pipe
in a trench 18 inches deep in the fioor of the slope.) »

(7) It is recommended that & derailing device be placed on the
approech to tipi)le prevent ing as far as possible runawey trips from going
down the slopee This device could be operated by attendant employed on v
the tipple. &4lso it is recommended that another derailing device be placed

in the slope gpproximately 100 feet from the poi:;t where it intersects the

yards
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at the outby end of the yard. This would prsctically make the yard
neutral &s to air flow and Would' greatly decrsase tvhe difficulty of keaping
the coal dust safely moist.

{14) The yard should be syrinkled daily before the shift comes on.

(15) It is recommended that the mining company adopt the system
of spraying wk\ith' hose attached fo cubbter bar of mining machines, in a menner
similar to that being done by certain other mines in the Alabama coal regions.

| {16) It is recommended that doctors employed in connection with
coal mining eimmunities should be aided in familiarizing ’shemselvgs with
treatment for persons afflicted with poisonous gases which are iikaly to
be met in cosl mines, especislly at time of explision.

(17} If rock dusting of the slope snd yerd and part of the main
hemlageways :x.s nbt deemed feasible by the canpany, the following méasures
are suggestsd for consideratbtiom.

a. 4 series of g rays, probably every 25 or 50 feet should
be vlaced on the slope snd be operated not only at nicht bubt during the
working shift. The sprays could be closed vhen handling men on the slope.
be Instesd of iﬁtruduoing steam for humidifying purposes, it
is sug ested thfaz:ater used by zbove mentioned sprays be heated to sbout
65 or 70 degrees which is essentially the temperature of underground strota.
This could be done by placing & small tenk on surface with steam coils in a
tank, the water frop the tank to be sent by gravity into the mouth of the
slove, provision being mzde for zbout 100 foo;i; head &t the uwoper most spray

near mouth of slope by placing the tank nesr the tipple. The amount of
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water necessary would be but 10,000 to 15,000 gallons per 24 hours.
If during the cold months the outside temperature is 40° and it is desired
to raise the 70,000 cu. £t., of air entering the mine to 7_0°, it will be
necessary to add 300 temperature to the air, and this will require
43,068 B.T.U. per minute, whereas the heat available from 15,000 galse.
of '70o water per 24 hours would contain only one-seventieth part of the
required heat units.

ce The yard and the slope should be sprinkled daily before
the shift comes on. The tipple and the approach to No. & slope should
also be sprinkled daily. This would prevent winds from sending the dust

from the tipple and along tipple plane into the intake air current.
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Explosibility of dust from the Dolomite No. 3 Coal Mine,

Woodward Iron Company, Alabama.

Report on the relative explosibility of dust, compared with pulverized
coal dust from ths Pittsburgh coal bed.

Pulverized Pittsburgh coal dust has been ground until 98 to 99% passes
through 100-mesh screen and 85 to 88% through 200-mesh screen,

When tested in the laboratory steel gallery, the igniting flame is pro-
duced by firing 9,66 grams of ££fg black powder fram the bore of a2 small steel
cannon. The gallery is 10 inches in diesmeter and 17 feet long,

The following lengths of flame in the laboratory gallery are recorded when

using pulverized Pittsburgh coal dust at the rate of 285 grams per 1000 cu. ft.

of space:
Length of powder flame alone % : 11.1 ft.
n n flame with shale dust o . 8¢5 fte
®w " flame coal dust alomne o . 17.5 f£te
mn = w w mn 507 4% shale dust 504 . 13.8 f£t.
noon .. " 40% % w w g0 5 12,5 f%.
" m on n o 344 " w 70, o 12,1 £t
e - e s apleE- w8y . e

Samples of road dﬁst from the Dolomite No. 3 mine have been tested in the
laboratory stesel dust gallery to determine their degree of explosibility., For
this purpose two groups of samples were tested. In the first group samples
88013, 88016, 88358 and 88361 were combined to form camposite No. 8919;?., and
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in the second group samples 88014, 88357 and 88360 were combined to form

composite No. 89193,

The average degree of fineness of all the road dust samples collected

gave the followings

Through 20-mesh screen
Through 48-mesh o
Through 100-mesh - * .
Through 200-mesh "

100%

® 34.7

: 18.2
8.2

. The composite samples used for testing in the laboratory gallery

were taken from the part of each sample, all of which part had passed

through 48-mesh,

In the make-up of the composite test samples, all ths

dust between 20 and 48-mesh was rejected, amounting to 65.3% of the original

samples.

screen sizing:

Lab. No.
89192

100%
65
5644

Through 48-mesh
®  100-mesh
n  200-mesh

Length of flame in gallery 89192 -
x " " n " 1] 89193 =

These test composite samples had the following cumulative

Lot No.
89193

100%

42.2
3345

15 to 155 f£t.
14, 15 and 16 f£t.

The analysis of the composite of all the face samples of coal gave,-

Lab ° NO. 80188 4

HMoisture = 2¢95
Volatile matter 28013
Fixed carbon 62,40
Ash 6052

100,00

Kl

¢« The ratio of volatile to total
s combustible gave _ V¥ = L3l
: V $ F.C.

: Moisture § ash = 9,47
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The average of all road dust samples gave a value for __ ¥V = «321
and the moisture plus ash gave 38.0, varying from 27.8 to 51Y6%.F.C. =4
Comparing the laboratory tests and the analytical data of these
samples with the result of tests with Pittsburgh coal in the Eiperimenta.b
mine, it is found that the coal dust and all the road dusts fall within
the "region of explosibility," as shown by the curves on the Bureau's

explosibility chart, figure 45,‘B. of M. Bulletin 167.

Both the laboratory gallery tests ok the samples and by comparison
with the result of tests in the Experimental mine, indicate that the dry
dust in the mine should contain at least 73% incombustible matérial in ‘/’
the form of shale or rock-dust te prevent the dust from being explosive,
assuming that the dust in the mine is dry and has as much as 75% of 20~
mesh dust that will pass through a 200-mesh screemn.

Tests of the samples of road dust show that the 200-mesh dust does
not exceed 11%, consequently the amount of shale dust will be less in
proportion as the percentage of fine dust becomes less.

In g series of tests conducted in the Experimental mine on 20-mesh
coal dusts having different percentages of dust as fine as 200-mesh,
it has been shown that the total incombustible required to prevent an
explosion diminishes as the percentage of the extremely fine dust di-
minishes, However, the quantity of dust per foot of entry is also a
governing factor. The guantity of 20-mesh dust collected in the mine

averaged about 163 grams per foot of entry, 10 feet wide, and this is a
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little under 1/3 pound per lineal foot of entry.

It is of interest to note that the average of all road dust samples
have moisture 8,5 plus ash 29,5, total 38,0, and when compared with the
Bureau's chart showing the effect of free moisture on the explosibility
of coal dust, this would f£all just within the region of explosibility,
whereas sapmples 88362, 88807, 88356 and 88360, all taken outside of the
explosion zome of the mine, fall outside of the region of axplosibility
and all other dust samples fall within the region of explosibility of the
Bureau chart. - This is probably the best pracfical exemplification of the
epplication of the Experimental mine test results to a large commercial
mine that has been presented.

To be on the safe side of danger from dust explosion hazards in this
mine, it will be best to-assume that the degree of fineness of the dust
passing a 20-mesh screen will hévb not_less than 20% of 200-mesh; so, on
this basis, with road or rib dust having 10% free moisture, there should be
added sufficient inert material to bring ghé total of moisture plus ash up
to 55%, or im lieu of imert material, the moisture should be kept up to 16%,
a‘requirement that will iﬁvolve much expense and frequaﬁt sampling snd
analysis to determine the efficiency of the method. If, however, the dry
method, rock dust, is used, sufficient material should be added to bring

the inert material to mot less than 64%.

o We PAUL,
Pittsburgh, Pa., Chief of Coal Mining
Investigations.

April 11, 1923,
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HPPRNDIE 1

Hupidification System - Sopris Noe & lline.

By
Jeds Forbes - lay 1919.

Humidity readings collected along the main Intske of the
Sopris Mine, Colorado Fuel & Iron Company, Sopris, Colorado, ot
intervals of 100 to 300 feet.

"One hundred feet inby from the portal of the Sopris Mine
tt:.ex'e are steam rediators 150 feet in length, arranged in tw tiers,
¢ pipes in eech tier, diemeter of pipes 1 inche About 25 Feet inby
from end of steam radistors exhoust steanm from radiators is injected
into the air currvent. Thse foregoing curve shows the incresase in
humidity, commencing 3100 feet below injection of steam into intake.
On the day these resdings were collected the barometer on the outside
registered 23" Hg, dry bulb 63 degrees, wet bulb 56 desrees. HeHe
64eds UHotal quantity of air entering intske was aboubt 53,000 cubic
feetse On the same day & reading was taken in the main raturn from
the bcpms liine, z2iving a dyy bulb of 63 degrees. wet buld 6 ; degrees.
Hed. 985, velocity 1850, area 42, queantity of air returning 55,’?00
It is exbramely interesting to note that reading tasmu opoosite radis—
tor was B84 degrees dry, 60 degraass wet, IH.le 36,@», indicatine & o
decrease in humidity between the outside of 38.3%e Lt a distance of
2800" down the main slope the air current was saturated =2t a temperature
of 61 degrees. From this point inby the humidities began to0 drop
slightly, as shown by the curvee. ‘

The following teble shows all the reasdings, nemely, wek and
dry end mmidities, token along the main slope at iantervels of 100 to
300 feeta

At plece along main slope where steam is injected into intake
will be considered as O sta’smn and all obher readings will be based
from this pointe.



dppendix 1 ({continued)

Hote:

Station Outside porital
opposite radiators and

wet about 100' from portal. Rell. %
100' bvelow live stemr jots.
56 ; 6443
60 26
67 42.8
70 200 50
70 300 55
69 400 60
69 500 6446
68 600 68.3
67.5 700 69 43
65 800 72
65 900 76
65 1000 Vi
655 1100 80
65 1200 81
65 1300 8l
64k 1400 82.5
63 1500 85
625 1600 ~ 85
62 1700 87.5
623 1800 87.5
62 1900 - 89.5
62 2000 ' 89.5
62 2100 91.5
61 2400 : 92.5
61 2700 93
61 3000 9445
61 3300 97.5
61 3600 - 97.5
61 3900 100
60% 4200 outside of parting  97.5
61 4700 inside pariing. 95.0

At the tims of the explosion in Mewch 1919, there were 23
one-inch steam pines, sach one inch dismeter and 75 fesot
long at the mouth of the lain slope (intakse), and 27 one~
inch dizmeter pives, each 96 feet long at the mouth of the
Uenway {intske), the totsl quantity of intake air being
normally about 75,000 cubic feet per minute.



Appendix 1 (continued}

Road, Rib and Roof Dust Samples Lnalyses, Sopris #2 line.
Semples Taken Ley 15, 14, 1919 by J°J. Forbes,

Anslyses by We A, Selvig, Asst. Chem.

Haterial Sampla% & Place of Sampling.

Rib Rib & Road Hoad Road
dust Roof érd Y. 3rd B 4th W.
3rd B« Meain Entry part- Entry.
entry ©lope between ing on

300! below  Rooms Main

inby érd E. 26 and glope
lain intry 27,

ol ope .

Date sampled 5/14 5/14 5413 5/13 5/14

Total weight of sample {grams) 5052 246 .3 = - 127 .7
fer cent on 20-mesh , 176 19 .3 - - B& .3
*er cent thru 20-mesh 82.4 8047 - - 46,7
/c of 20-mesh material thr 200 mesh B53.0 BG4 1846 21e7 14,8
lipisture (as received) 6461 $.03 5478 3.22 5.03
Volatile matter (as received) 28.51 29,77 19.83 27.531 25.66
Fixed Carbon (as received) 40.90 BB.86  29.23 42.24 41.18
Ash (as received) : 2%.98 22,94 45,16 27.23 28,13
Moisture plus ash S0.59 31,97 B0.94 30445 33.16

Note:

Notes

Yor anslysis of sample of coalt aken at face of Jrd Hast entryon
May 13, 1919, by JdeJ. Forbes, see vage 14 of the Sopris Noe 2 mine
explosion report, of which the sbove tabulabtion is an appendix,.

it is noted that 211 of the above samples of dusts fronm Sopris No.2
liine, taken when operating normally, gave ash plus moisture (inert
materizl) much less then the amount of inert material nscessary to
vrevent propagation of an explos ion. (For amount of incombustible
to prevent propagation of an explesion see Explosion Hezard Report,
pages 91 to 99, of 1918, report of Colorado State lline Iunspector.
4lso see appendix No. 4 for abstracts from that report). For mine
air humidity at time of taking the above dust samples see LAppendix 1.




APPHNDIX 2

HULIDIRICATION *

The Sopris explusion, in my opinion, hes proven that even

with the high relative humidity derived from radiators and steam,

renging from 90 to 100 is not sufficient t0 render coal dust immmne
from taking part in & local explosion of fire damp. In my opinion

all that cen be expected from this system &t tis best is thst the natursl
moisture in the mine or frou pipes, hose or vwaber cars, will be main-
teined. Nothing can be added to the sbovse conditions except at points
whera the dew point has been reached, when the 2ir gives off moisture
in the fom of water. This only oceurs at points where two currents
of air at different temperatures meet or where the tempersature is other-
wise reduced; the current st the higher temperature being szturated

to & reasonable degree, deposits vart of its moisture upon cmiing in
contact with the current of lower temveraturs. This generally happens
nesr the outlet or return airways

The UsPs Burean of lines, in their expsriments]l work wW th coal
dust, have proven that to be immune from having coal dust take psrt in
en explosion, it must be so wet that it can be made into wet balls,

This can only be brousht about by direct spplication of plenty of water,
not at stated times but as often as necessary. ’

I do not want it understood that my motive is ridicule of the
rodiators and injection of stesm. The desire is only teo make evident
its wesk voint by lack of sufficient moisture through inability of tle
atmosphere 10 carry more. Unfortunstely, no one can say to what extent
it has minimized disasters in whieh cosl dust is & fector, further than
to say that it is ten or eleven yesrs since we bad san explosion in which
goal dust was a factor in any of the mines in this state where radiators
and steam were ussd,

The following was taken from Bullebtin 425 U.D. Geological
survey: (Buresm of Lines Np. 20)

"Phe rapidity with vh ich water throws off vapor up to the point
of the saturation of the adjacent speace is remarksbly demonstrated in
miness  Yechnically, the air hes not & capacily for moistura, and does
not become saturated with 1t, the aqgueous vapor f£illing a given space
with practically neglibible reduction in the guantity of air in the same
gpace. The moisture may properly be spoken of as partly or completely
saturated, but for brevity it is ususl to speak of the 'loisthure carried
by mine air' or of the 'relative humidity of the air.! '



irmendix 2 (continued) Hmidificatiome

"Repeated observatiors of the smount of moisture carried
by mine air, as measured in percentages of the smount of saturatiom
for the observed temperature, have shown that the air curreant, after
traveling asbout the mine, has & relative humidity of 8C to 100 per
cent. In mwines in this country the 'return' air current near the
outlet rarely, except in the dry climate of the Rocky Mowntain region,
shows less than 90 per cent of saturstion, even in a mine that hes
appeared dry.

"haese observations were chiefly made in March and April
1909, when the conditions contrasted much less than they would in
winter. It will be observed that the relative humidity of the
return air is nowhere less than 90 per cent, except in the New liexico
and Colorado mines, where the relative humidity of the outside is n
normally very low. Therefore the effect of air currents of a relative
humidity less than 80 to 90 is to dryiout the walls of the passageways

through which they pass."

1f we have by use of radiators and steam approximately
succeeded in preventing the guantities of water given in the table
just read, frar being carried from the mines, We have in my opinion
materially minimized the hazard from coal dust.

* By James Dalrymple, Chief Coal line Inspector, Colorado. This
article sppeared, January 15, 1523, in the "Colorado Fuel and Iron Co.

Industrial Bulletin®

AN



&FPINDIX 3

Humidity Resdings Taken Along Dolomite No. 1 Slope (Night 12-20-22)

Bxhaust and :Liva Stesm Introduced Close to Portal -

Readings taken by J.J. Forbes

U. 8. Buresu of Mines and M.H. Crutcher, R.0.

Time Station  Wet Dry Hwmidity Quantity Remarks . .
9:15 Bl Yutside 34.5 35 95% Air fogeye
B0 8040 80.0 100% Dense fog. Supersaturated condition
100! 83.0 8340 100% n "
150! 78.0  78.0 100% n ‘ "
200! 75.0 7540 100% Dense fog.Slight dripping from roof
250! 75.0 73.0  100% " "
275° 45.0 45.0  100% Air misty,This resding tsken sbout
,, . 15! above manway that intersects slc
10:30 Bu 2851 45,0  45.0 100% 22900 Opposite manway to Right. Mistye.
: Section 4.5 by 6.5 Vel 790. 298Gefte
300! 46,0 46.0 100% Temperature in manwsy 39.5-40.5
92% misty, can see roof,floor and
ribs for 15 to 20 feet.
350! 4640 46,0  100% listy. Can see 20 to 30 feet.
400" 46.5 46.5  100% Listy. Can see 25 to 40 feet.
450! 48.0 4840 100% lMisty. Can see 25 to 50 feet.
500! 49.0 49.0 100% Mistye
5501 52.0 52.0 100% Uisty.
600* 5l.5 515  100% Uisty.
650! 52.0 5240 100% Uistye
7001 53.0 53.0 100% 42000 Section 7x24, 168sg.ft. ¥ oquals
o 750 ft. for & minutes. Misty.
7501 52.5 52.5  100% _Roof dry,left rib dry. Floor and
S Right rib moist. misty.
850" 52,5 52.5  100% Roof and ribs fairly drye. Floor
, moist to wet. mistyes
950" 54.0 54,0  100% Roof center moiste. Floor wet. Roof
: near left rib & left rib dry. Right
rib moist.
10501 53,5 53.5  100% Right rib end floor moist to wet,
left rik end roof left of center dry
misty, 1light.
11501 54,0 54.0 100% Roof smd ribs fairly ary. Floor wet
, Light mist-Roller man's hols.
1250* 54.0 54.0 100% Roof center moist. lLeft rib dry.
g Right rib molist,light mist. Can ses
considerable distance ghead, zbout
50 to 75 fest.
1850° B4.5 54.5 100% Roof, floor and Rt rib moist. Left
' rib dry. Very lkeht mist. Can see
; almost normal.
11:55 Bl 1450¢ 55,0 55.0 100% Roof center moist and dry near ribs

 Offendaf 5

Ri%ht rib moist, left rib dry. Floo

Vate Very ligh iste
Mokt norzga}_.g t mist. Can see 2l-



Appendix 3 (continued)

Humidity Readings Taken Along Dolomite No. 1 Slope, (Night 12-20~22)

Time Station Wet Dry Humidity Quantity Remarks
11:5580 1550 56.0 5640 100% Right rib roof and floor moist, left
- rib dry. Very light mist. See about
normale.
1650 56.0 35640 98 .5% Right rib, flcor and roof moist.
. Left rib dry. Clear.
1750 56,5 58.0 98.5% Roof moist center. Floor rightrib
moist, Left rid dry & dusty,Clear.
1200 57.0 57.5 97.5% Floor,roof and right rib moist.
Left rib dry and dusty. Clear. 7th
yard, place where hoist takes cars
from endless chaine. Bar 29.70.
2000 58.0 58.0 98.0% Ribs and roof damp to dry. Floor
; . moiste
2100 58.0 59.0 95.0% Ribs and roof dry. Floor moist.
) Sprinkling behind.
2200 58.0 59.0 95.0% “
2300 58.5 59.5 $4.0% ®
2400 58.5 59.5 94.0% n
2500° 58.8 59.5 95.0% "
2600° 59.0 60.0 95.0% n
2700! 56.0 60.0 95.0% "
2800 59.5 60.5 95.0% "
2900 595 605 95.0% "
1:10 4. 3000 60.0 6140 95.0% _ "
3200! 62.5 6345 95.0% n
5400" 62.8 63.5 95.0% "
3600°* 63.0 6440 95.0% n
3800 63.2 6442 95.0% "
4000! 64.0 65.0 95.0% "
4200° 64.0 65.0 95.0% n
4400 64.5 65.5 95.0% Roof and"ribs dry. Some dust. Floor
5 moist to wet in tuunel.
4600 64.5 65.5 95.0% Roof and ribs dry. Floor moist snd
: compact. Near top of rock cut.Fault
4800" 6445 6545 95.0% Top of grade, Roof & ribs dry.
Floor moist and compact.
"1:39 AL 5000* 65.0 6640 95.0% Floor moist and compact. Roof and
; ribs dry. Roof and ribs c lean.
Bar. 29.76.
Note: 1leasurement on air taken in slope at top of second heavy pitch about 800 feet,

fron mouth of slopee Section 155 x 5.4 - 84 sgefte Vel. for 2 minutes, 964
ft. or 482 per minute. Quantity of air flowing 40,000. Time 2:15 A.ll.

lieasurement at mouth of slope. (intake) Section 5.3 x 14.7 = 78 sq. ft. Vel.
400 ft. per minute. Quantity 31,200.



APPENDIX 3

Humidity Readings Taken Along Dolomite No. I Slope (Night of 12~22-28)
By ded. Forbes, Ue=® Bureau of Mines and M. H. Crutcher.

Exhaust and live stean introduced close to portal.

Time Statim Vet Dry  Humidity Quantity Remarks
8:50 Bl Outside 37.5 39.0 88% Bar. 29.30 Clear, no winds, Steam
issuing mouth of slope in large volume
25'  105.0 105.0 100% Heavy fog-dripping from roof.
50t 95.0 $5.0 100% )
751 88.0 88.0 100% n "
100! 84.0 84.0 100%3 n n
125! 79.0 79.0 100% n n
1501 79.0 79.0 100/ " n
175! 75.0 75.0 100“’ n )
200" 72.0 73.0 100,@ " n
225! 72.0 72.0 100% n n

250! 45.0 45.0 100% 20720  Fairly clear. Upper rib of menway.
: Reading in manway 419-42° - 927, vel.
740 Section 28 sg. £t

300° 49.0 49.0 100% Roof and left rib dry. Dust dry left
, ‘ rib. Floor and Right rib wet. lediunfog
9:40 B 350! 48.0 48.0 100% Left rib and left part of roof dry.

Floor,rest of roof & right rib wet.
Collected sample of dust from left rib
7‘ Can No. 02584. Light foge |
400! 49.0 49.0 100% Right and left ribs dsmp to moiste
: Roof dry. Floor wet. Can see lights
over 50 feets

4501 5l.0 5l.0 100% Right and left ribs damp to dry. Roof
. dry, floor wet. light foge
500! 52.0  52.0 100% Right and left ribs damp to dry. Roof
: ‘ dry. Ploor wet. light fog.
5501 52.0 52.0 100% Ribs damp. Roof dry. Floor wet.ligntfog

. 10s05 BL  650° 525 52.5 100% Right rib moist. Floor wet. Roof dry.
: : Left rib dry. light fog. Can resdily
seg lights 150 fte

750° 530 5540 lOOj‘o " "
850! 54.0 5440 1005 Light vapor. Czn see lights 200'or more
9507 54,0 54.0 100 " n
10501 54.5  B4.b Yery lizht fog. almost clear. Hock part

of perimeter dry. Balance, including
floor, moist to wets

1150'  55.0 5540 100% Clear. Right rib moist. Roof dry. Left
,« ‘ . rib moist.
12501 55.0 $5.0 100% Roof dry. Left and right ribs and

floor moist. Glear.



Lppe "ix 3 (continued)

Hmidity Readings Taken Along Dolamite Noe. I Slope (Night of 12-22-22)

Time Station Viet Dry Hunidity Quantity Remarks
10:05 B~ 1350° 555 5545 " 100% Roof dry. Left & right ribs &
] ? floor moist. Clear.
10:235 B 1450° 56.0 5640 100% Floor moist. Start of 2nd heavypitct

1550 56.0 5645 97% Part of right rib dry. Roof ad le ft
: Floor wet. considerable dry dust -
on right rib androof.
1750t 57.5 5845 94% Considerable dry dust on roof and
left rib within this distance.
Bottom of 2nd incline.

1950! 58.0  59.0 94% 29 .73 Roof dry and clean. thruout distance
Floor moiste. Ribs dampe.
11:05 B@ 2150 58.0 5940 94% Right and left ribs and roof dry.

Floor moistes Ribs and roof in this
distance cleane.

2350 5845 59.5 94% Right and left ribs damp to moista
! Roof dry and Floor wete.
25501 59.0 50.0 94% " "
2750" 59.5 6045 94% " n
2950" 63.0 64.0 95% » "
3150" 63.0 64.0 95% " "
11:50 BM@ = 3350 63.0 64.0 95% . "
35501 63.0 64.0 $5% " "
3750 63.0 64.0 95% " n

39501 64,0 65.0 95% Sample taken from ribs and roof.
: Can No. 96029. Ribs znd roof dry.
Large quantity duste. Floor dampe.

43501 64.5 65.5 95% Ribs,roof and floor dsmp to wete
: Netural water dripping. ,

2:20 AL  4550" 64.5 65.5 95% 125' from top of rock tunnel.(Fault)
Ribs and roof dry. Rosdway demp and
compacte

47501 64.5 65.5 95% Ribs demp, roof dry, floor damy and
) compacte
2:30 4L  5000° 65.0 6640 95% Barometer 29.75. Roof dry. Ribs mois
: . Floor moist and compacte.
2:50 AL In slope 75! Atmosphere
below manway clear 38,350 V. for 2 minutes 650. 1 min. 325
Sec. 178 sq. ft.

$:00 AM Reading in manway where slope inter

; &8,960 sects V. 820, Sec. 28 sqge.fte.

3:15 A& Outside 34.0 35.0 91.0% 24,600 Reading at manway portsl V.820 Ares
30 S fte

General Note
Steam issuing from slope portal in large volumes before going into mine and also when sur-
face was reached at 3:15 Ail. Seems yo be a short circuiting of air in slope due to large
quantity of hot steam entering slope. In other words manway is carrying

halk ir 8
1bs of steam pressure is echausting int Sf dlriel

0 slope.
9



Lppen’ . 3. (cont inued)

Humidity Beadings Taken Along Dolomite No. 1 Slope  (Night 12=22-22)

General HNotes

The drop in temperaturs when menwey sir mixed with slope air, also the decrsas-—
ing in the fogging. Seems if manway eir wes either cut off or steam introduced
there would be & marked improvement in the humidity, but slope would undoubtedly be -
flogged & much greater distance down slopee

lotes that theres is considerable dry dust found along right rib and roof even
thou the air is in & saturated stats. RBibs end roof should be washed clesn; the
system ceannot be relied upon as furnishing very much moisture to duste  Further th
tempersture of the intaking sir should be reised a few degrees ( 3 to 5 deg.) above
the temperature of the return air, =lso meterlogical vecords of the district should
be gone into for minimum temperature. (Probably 30 degs would be the fair minimum
temperature in coal months for district. )

10




APPENDIX 3

Anglyses and Siziﬁg Tgsts of Ri‘b Dust Samples, Dolomite Moe I Mine.

The attached report gives the analyses and sizing tests on
two samples of rib dust which were collected in conjunctim with the
humidity readings teken along rib of Noe. 1 Dolomite slope on the night
of December 22, 1922. It will be noted that rib sample 02584, Lab. 88498
was.taken gpproximsately 350 feet fram Npe. 1 Dolomite slope and the wet
bulb temperature was 48° F, humidity 100%. The 2ir was like a fog,
consequently the atmosphefe in which this dust sample wes taken was in
& super-saturated condition; sAgain, Can No. 96029, Labe. No. 88499 was
taken along left rib, 4150 feet from portal , dry bulb 650 F, relative
hunidity, 95%. It will be noted that the moisture centent in sa.ﬁples
No. 02584 was $.9% and No. 96029, was 4.7%. LAlso it will be noted that
there is & slight difference in ash content. A sample taken nesr the
portal of slope contains twice as much moisture as ssmple talken 4150 feet
down the slops. 4ccording to regults of tests run on similar cozls in
the experimental mine of Bruceton, Penna., all these samples zre considered
as being capable of propagating coal dust explosions and if sufficient
moisture is added to neutralize explosions, there would have to be 21 to

25% respectively, of moisture in the samples.
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