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INTRODUCTION.
knong. the many thousands of men who daily go down inmto
the depths of the earth to dig out the wealth whieh Nature has hidden
there, none é’*} s0 gui-roundoi at all times Wy as many unseen and lurle
ing dangers as the eoal mimer. Subjeet to all the perils whiech eon-.

froat the metal miwer, he is always more or less subjeet to further

dangors arising from the different gawes given off fram the eoal in

-

vhich he works, the mature of whieh he understands more or less ¢f;

- depending upom his matural intelligenee and desire to learam, in
whichllatter, unforiunately, the great majority are sadly lacking.

While most of them know im a general way that they are workimg where
gasisg of different kinds are ooistutiy being given off inm greater
or legser amounts, and where large quantities of fine e¢oal dust are
frequently im suspensiom in tho‘atmc:sphore of the mine, either onme

of which, or eambinations of both, under ¢ertaim circumstances, may
beeane a source of deadly danger, eamparatively few of them are ecap-
able 03? detormining the existence of suech comditions, and applying
the knowledge thereof to their persomal safety, as well as the safety
of the men working with them in the mine.

Thé miner who has the ambition to educate himself
sufficlently to secure fram the state offieials his eertificate of
campetency as a mine examiner, or mine manager, will probably he
‘able to test amy part of the mine atmosphere a;d tell with reasomable
;eftainty whether er n.ot it is safe to work ia, although he will

frequently find the atmosphere apparently all right just before an




/}p&lling disaster may occur. Amd-kEe will often fimd an atmogphere
" perfectly safe for the ordimary workimg of the mine, as far as he is
able to deteet, whieh immediately afterward will show itself hishly
dangerous duriag the progress of the blasting. Frequently while the
blasting is going on,u&plosions will occur which are sometimes of
sueh violence and wide gpread effect that they preclude all chance of
the ds.struction wrought being attributable to the imitial emergy of
the eiplosiva uged, tho}eauaon of whieh appear to the non-sciemtifie
investigator to be full of mystery. In some states, éotdbly I11i-

- nols, the great number of ageidents attending tﬁe sh;oting down of
the coal have led to the enactment of what is known as the shot fir-
ing law, which requires that where more than two pounds of powder
are used in a single hole, the shots shall he fired by men especially
designated for the purpose after all other men are out of the ground.
Thess shot firers are supposed to he. experienced men, eapahle of in-
speeting the shots before firimg and judging as to their bheing cor-
rectly placed and safe shots to fire, amd clothed with authority te
rejeect any shots which may appear to them “o he badly plased and un-
safe to firs. ' |

This meagure, while svidently a makeshift, and hased
» on the theory that these explosions aru'hnpoasibla to prevent and

that 1t is aesordingly better to offer as a saerifiee the devoted

Nl

Aty

- ghotfirersg tham the mem who prepared the shotqgriﬁaréftdmcsxnany of
their cumrades, has, without any question, gresatly redused the mor-
;ut;litjg{?ﬁggg&iiﬁogﬁrﬁq,‘uat Wy removing the daugo:‘fran'tko mea, but



but by taking the majority‘pf the men from the danger. It makes no
attempt 4o get at the hottam of the trouble and remove the causes by
the employment of skilled and experiemced mem to perform the whole op-
era;iOn of prepa;ing and firing the hlasts, taking this most danger-
oug part of the miners' work out of the hands of ignorant and un-
skilled labor, where it will always he a source of danger, not only
to those who are in the mime when the shots are fired, But to the
property itsoif. This is a point whieh the miners®’ organization has
always uniforhly opposed, maintaining that the foreign bmﬁigrant,
fresh from his native fields and vineyards, shall, upon receiving his
union card, enfer the minss and proceed tn prepare and load his shots
as though he had unlimited experiemee in this dangerous work hehind
him, resting easy in the knowledge that if anything happens through.
his iznorance or carlessness, the unhappy operator will be respon~-
sible and not the miner himsgelf, should he he fortunate enough to
eagcape with his life. |

In many eases the explosions whieh kill g0 many shot
firers can he direetly attributed to the presence of gas, or goal
dust, but often there will be explosions of terrific violence iy
mines which are so wet as to preclude the possibility of dust being
held in suspension in the air eurrent, and where no gas has been de-
tacted in the: history of the mine. Suech an instance came under the
writer's obsgervation some time ago im which his opportunities of in-

vegtigation were excellent, and the results of which may perhaps

thréufliggt on othor%apparuntly'nystorious explosions of similar ehar-

7‘7



actor. It is the purpose of this paper to go over this partieular
imcident in detall, as heinsg the most representative case of the kiad
which has come within the writer's oxp’u;ioneo, and as an egpecially
careful investigation was made in view of anticipated legal aetioen,
_and the matter heing further investimated My thi offieials of the

State Mining Board of Illinois.

DESCRIPTION OF MINE,
The éxploaiau reforred to occurred im Mine No. 9 of the
Madison Coal Corporation, loeated near Cambria, Williamso'n County,
Illinois, on the evening of January 18, 1909, and resulted im the

d eath of"two' shot firers, and sonsiderable damage to the part of the

' mine in which it occurred. The mine was a camparatively hew one, the
shaft having heen sunl; only about four years, and the extremely lim-
ited area of the workings did not present any sueh problems of venti-
lation as are met with in mines having workings covering hundreds’
of acres. The seam of eoal is of an average thicknoss of mine feet, -
of the hard, firm variety eammon to the Carterville field of Southern
Illinois, and is known in the geologieal horizons of the Illinois
coal measures as seam No. 7. It was worked by the room and pillar
systomy and no undereuti{ing mashines were in use, the ¢oal ’boing eut
by hand picking alomg the pillar riks of the entries and reom meeks,
and shot off the selid faes ix the romsy or workiné chambers. 3

~ The seam has Om an average about 3518t volatile mat-
tar in ita ompos:ltion. and at sems points givu off cou:ldlrnno
marsh gas, Oy altheugh in this mise thore kad never beon




. found any trace of gas in its histery, and it was considered by state

and company offieials alike as a strietly mon-gaseous mine., Despite
this total laek of gas, the mine was regularly examined for same by
a certifieated mino. examiner, although his examinations regularly
indieated the absence of amy traces of it.

" ‘ Thers was suffieient water im this part of the seam to
preclude the possibhility of dust being earried in suspension in the
ventilating currsat, or of amy assumulations of dry dust along the
roadwa:}s and walls of the workings. As a matter of faet, the travel-
ing ways wore more often than not, muddy under foot.

The seam was only 110 feet helow the surface, so that
there was nn ‘.._;rea’b amount of roof pressurs on the coal.

The map of the nine attached as Plate No. 1, shows on
a scale of 100 feet per inch’ the extent of the workings at the time
of the accident in question. (The worked ;mt portiens are colored yel-
low to differentiate same from the rom#ining pillars more clearly,

a.nd)the courss of the ventilating curreants throughout the mine are in-

~diecated by arrows.

VENTILATION.
Ventilation was effected hy a 22' fan, mounted a fow feet
back from the air shaft, and at the time of the explosion was running
as an exhaust fan, thus making the air shaft the upeast and the hoist-
ing shaft the downeast, or iatake for the air. Samewhere elose to

100,000 eubic feet of air per minute was passinz into the mine.



which was abundantly suffieient for all purnogses of ventilation, and
far in excess of the amount required hy law for a mine of this size
and outpute. As a matter of fact, the mine manager ixad been campli-
mented hy the state inspeetor a few days previously on lqis ventila~
tion, not only cammenting on the good air .at the working faces, hut
on the general good con&ition of. the workings.

~»V’~“”~ e \ngvdﬁ‘;s}.} to the map will show thatv the main volume of
air drawn down the hoisting shaft is split very close to the bottam,
and part goes to the easterm workings and another portion %o the west.
The current with whieh we are eoncerned, and which ventilated the part
of the mine affected by the explosiom, travels fram the main shafi
direetly out tho. Main West entry, and is shown on “tho map by con-
seogutively numhered arrows, that the course may »e more easily and
accurately followed. When this current reaches the 4th North it is
split again, and a portion with whieh we are not concerned enters here
and returns to the upcast bby another route, which may be followed out
on the map, thé volune so passing 'boing. controlled by a regulator, or
adjustable aneningz, placed near the bottam of the main return to the
upcastes The main hody of the current we are following continues out
the Main West entryumtil the 5th North is reached, which it enters and

__%travels North along until it crosses over to the 6th entry through

 the two cross euts as shown; fram here it travels south to the Main

West entry, reaching which it continues west to the last eross cut and
passes through same to the parallel air course of the Main West entry.

. Turnisg east here, it travels ia this direction until it reaches the
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6th ;outh entry, wﬁich it enters and follows_to the face, passing
through the last eross eut into the 5th entry and bhack to the main
air course azain; here it turns east and upon reaching the 4th south
_.ontry passss intn it and traverseg this and the 3rd entry as shown by
plat, reaches the maim alr ecourse againand continues east until it
reaches the first entry south. Here it erosses itself By means aof an
overcaat and zoes direet to the upsast shaft and through the fan and
is discharged into the. outside atmosphere. The numbered arrows will
enahle this whols course to he followed out on the plat without
chance of confusion.

The doors uéed to eontrol the ventilation wsre heavy
wooden ones, set in heavy timber frames, and made as nearly airtight
as possible, and were so hung as to be automatieally closed by the
air current, if accidontallylloft apen through any neglect of the men.

The stoppings used to e¢lose the eross cuts as the one
in advance was opened up wers built temporarily of wood, and quickly
followed up by a wall of slate mext the wood, and another wall of
slate gix or eight feet Back of this, the interior space heing filled
with fine fire clay and dirt, making a very compact stopping, which
after a little settling and subsequent filling up and tamping, bhecame
practically airtighte In eourse of,yimo, under the pressure they
were subjected to, these stoppings hecame so solid that quite often
the removal of ome of them for any reason éould(ggi;:ygmgggq;plishegj
with the greatest diffioulty.

... The ewersasts in use wers as a rule built of timwer,



wiilh 3ﬁpls apening 45 carry the required volume over the entry, and
with timher side walls, which, while of ample strength to resist the
pressure a? the ventilating eurrent, eould offer no resistance to the
force of an explesion.

It being required by law that the stable have its owm
separate current of air, independent of the current passing out into |
the workings, §3 was located a 1ittle to the south of the hoisting
shaft as shown on the mine map, and the alr passing into same was
conducfed ag showm fc.fhe vpctst without éetting inte the current pass
ing out to ths men at the face. bAbout thirty mules were stabled in

this place, with all the conveniences for care and camfort which are

found in the very best stables on the surface.

M $ THOD OTF 8 ﬁ OT-FIRING.
At this £ime no machines were in usge in th; nine, th§

coal being cut, or sheared by hand pieckiang, along the pillar riwks of
the entries and roan necks, and shot off the faeéin the rooms with-
‘out any mining of the coal weing dowe at all. Ordinary blaek blast-
i ng powder was used for the purposq . the FF size of grain heing used.
According to the state mining law, im a seam of this thiskness therse
would he allowed a maximum eharge of powder equal to the gontents of
a cylinder 1-1/2" dianoter,.nnd 60" long, or very close to 343/4
pounds of this partieular powder, and experience has dﬂmonstrafod that
in capetont hands this amount is amply suffieient for doing the work
roquirei._ | | ? '



The shooting was done entirely by shot firers employ-
ed for the purpose, and there were four‘of these men regularly used
in the work. They were requiréd to make the round of the mine before
the men left their working plaees, and inmspect the preparation of
the shots, and if any in their judgement were umsafe to fire, they
wére to condomn sameand make notouof the faet in a hook kept for that

°

purpose, and under no cirsumstanees were they to fire such holes.

-

The work was divided btfzgen the men, so.that two had each side of the
mine, which tﬁey were supposed fo‘oovof in eampany, firing their shots
together, and in no case were they to seperate ﬁnd shoot sop.ratclyﬁ&ffw‘
each sther in order to expedite the work. B _
The shots were igmited by mégns of squibhs altogether;
which, if handled properly, give the men a eouple of minutes to get ’
to safaty. In using squibs, the manner of prap#ring the shot is to
wrap the powder charge in a paper ecartridge, allowing the end of the
blasting harrel to §ro§rude into the powder am ineh or so, tying the
ends of the paper securely around the harrel, imsert im the hole, add
‘tamp securely around the barrel. This method leaves a short length
of the barrel sticking out from the face, affording am unfailing
means of seeing the direetion at which the shot is placed. When the
squi» is lighted and plaeed in the end of the barrel, it gets down to
the powder hy an actiom a good deal similar to the familiar "migger
shasef) with which the saall hoy is wont to celebrate on Independence

)lay,,in this case being emmpelled to follow the marrow tube of the
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blaasting barrel direct intoe the powder.

It will he apparent that the leaving of the blasting
barrel sticking out of the hole in the manner just deseribedgives the
shot firer a final chance to judge the nature of the hole he is about
to fire, in so far as the direction is conecermed, and this point alone
will more often than not determine the margin Wetween a safe and prac-
ticable shot, and the one so plaeced that it has no possible chance of
doinz the work expeeted of it. It might also be mentioned here that
the state mining law requires the shots to be tamped with elay, or
other ingomhustihle material, and expressly prohibits the employ-
ment of fine coal for gsuch purpose, and the shot firers were instruct-

ed not to fire any shot known to them to hs 30 tamped.

THE EXPLOSION.,
The foregoing explanatioms will perhaps make easier a
' ready camprehegéion of the oveﬁts whieh tramspired the evening of the
explosion in question, and which cost the lives of two of the shot
firers at this mine. |
The four men had gome the rounds as usual, examined
the shots, made report on same, and as soon as the miners were out of
the ground had started on their regular round of firing, two going
on the east side, and the other two taking the west half of the mine,
as was custanary; It is only good common semse to start firing on the
return end of the air surrent, allowlng it to carry out at omece the

.

moke and gassw: gemsrated by the succossive uhets. leaviang i Phre
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atmosgphers far the men to perform *thsir work in, and in which to set
off each succeeding shot, the progress of their work leading them
constantly azainst the eurrent of fresh air, and away fram the smoke
and fumesge.

_The men went the rounds as usual, apparently, the
shallowness of the overlying strata allowing the narties on the sur-
face to diastinetly follow the progress of the work. The two men on ™
the east side finishod a fow minutes before eight o'elock and eaming
to the hottan rang for a caze and left the mime. At ahout the same
time the peonle living over the west side noticed an unusual success-
ion of heavy shots, followinz each other so rapidly that the only ex-
planation could he that the men were firing independently of each
other. An unusally heavy detonation then occurred, vhich one resi-
dent afterward +testified had shaken the bed on which he was lying.
This explosion produced a very notigable hlast of air out of fhe
hoigting shaft, being plainly apparent to the men around the tipple,
and from then on no further shots were heard, nor did the shot fir--
ers come %tn the hottaom and ring for a cagé. Alarmed by the heavy - -
shooting and its sudden cessation, as well as the hlast of air from
the hoigting shaft, against the normal direction of the current, the
nisht men on top notified the superintendent and mine manager, and
they arrived at the shaft very shortly afterward.

A hugty oxamination showed that the ventilating ap-

paratus was uninjured, and the fau'vaa rumning smoothly, although
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the running of the engine indicaied that it was not doing its nor-
mal amount of work, and the water gage showed a reduction of the re-
sistance of the air courses of mearly one half, indicating that the
ventilation below was seriously deranged.

A party was hastily made ﬁp, and went down the shaft. .
The air was zood at‘the bottam, and there was an unusually strong cur-
rent moving, which was followed west as far as the overcast. Here
it was seen that the timber walls of this overeast wers blown out and
torn to fragments, short cireuiting the air from the western workings
altogether, and fram the entry beyond this point there was flowing a
steady current of black damp,-the term given by the miners to the
g aseous products of a cammbustion of d#lmost any character, or to an
atmogphers which will not support lifes; or further cambustion. This
put a stop tn the search, as no man could penetrate such an atmos-
phere, and the persistence with whieh the b»ody of blackdamp held its
oﬁn was evidence that a serious exbloaion had taken place out in the
western workings, making the fate of the itwo shot firers in that
territory a mere matter of gonjecture.

It was apparent that the devices by which the ventila-
tion are controlled, viz., the dooré. stoppings, and overeasts, in
that section of the mine, were out of cammission altogether, aﬁd that
the first step would he to restore the air in the quickest manner
Possible. A quantity of brattiee sloth was accordingly seeured, and
the work started. Stretehimg eloth over the blownout walls of the
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ovorcast, tﬁe‘air was forced past this point and up to the next cross
cut, where it was found that the top of the stone and dirt dtopping
here was blown off hodily. Working in the foul air, this was patched
up, and the fresh air finally Wrought up to thé next cross cut, where
the stopping was also found to he blown out. Patching this up, and ~
working along in this manner fram cross cut to cross cut, the way was
glowly forced along the entry, every foot of progress hringing to
view new evidences of the foree which had heen turned loonse in th;
workings, and all hope of finding the uafortunate shot firers alive
wags abandoned. The tops of stoppings were blown off, timbers were
broken and scattered, loaded pit cars, weighing over four tons, had
been blown quite a distanee up a four nereent grade, ofhar cars weras
torn to pieces, doors were demolished, parts of the roof torn out
and badly fallen, and the entry had svidently been full of flying dirt
and timbers. The track at plaeces was torn to pieces, although laid
with fort& pound ralls, and with ties as heavy as used in standard
railroad worke Winally the 5th and 6th nofth entries were reached,
and here in the 5th, in fromt of réam 2, at the point indicated on
the plat shown in Plate 2, were found the bodies of the two sheot
firers, face down, side by side, shoulders touching, where they had
evidently made a last effort to keep out the fumes of the deadly af- .
térdémp of the oxplosiou;.hlthough severely ncorchgd By the flsmdn

of the hurning gassess:; they had undoubtedly met death by asphyxiation

and no marks of violemee were fousd om their bodies.
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No attempt was made to penetrate further that night,
the hodies heing removed and all men leaving the mine to give the fan
a chance 1o draw out the lingering fumes of the explosion, and make
possible the matter of a more thorough examination and repair of the
ventilation.

Sueh is the chroniecle of the events transpiring the
night of the explosion, and while it is evident that the explosion
was not of the violenee whish characterizes some of fhe great mining
d isasters of the gaseous seams of the country, yet it was.of such a
character that it would have eaused the death of the gresater portion
of the men working on that side of the mine, had they all been helow,
and occurring as it did in a mine which was neither gaseous nor dusty,
it presents a problem of the thOst importance to such fields. In
view of the absence of gas and dust, the force developed, which made
itself felt over a quarter of a mile of territory, would seem of a
moét mysterious character. No mere blast could have spread wreck and
ruin over the territor& coverad here, and there must evidently have
been conditions wrought about in some manner whieh could aceount for:.
the liberation of this amount of energy. To ascertain these causes
and conditions was the purpose of.the writer, who, in his eapaeity
as Chief Engineer for the campany, was on the seens the next morning,
and was among the first to pemetfrate to the seat of the explosion, and
who afterward accampanied other offieials ;f the campany, as well as
three of the state mine iﬁ-ptctérs. over the ground, and received the °
 bonefiy _of “their ixporinqi in kindredl v;wt.tiu; : | |



INVESTIGATION OF EXPLOSION,

On the map »f the whols mine, Piate 1, the doors,
overcastﬁ, and stoppings blown out have been eolored red, and it will
bhe noted that the damage was confined entifely to the west side of the
mine, not even disturbing the mules in the stable, who were found eat-
ing quietly, and enjoying the separate current of pure air provided
for them as required by law, which had evidently not heen interfered
wifh in the least degree. |

Following out the Main West entry there was no damage
of any moment until the overcast at the Firast North West entry was
reached, where as stated, the timbher side walls were blown out ané
torn io nieces. .Thp expanding body of heated gasss had evidently -
travelled this far fram the initial point with a constantly diminishing
force, until' the hlowing out of the overeast walls gave it suffieient
room for expanaion tn decrease the energy to a point where it was in-
eapahble of further damage, part of it escaping through the air shaft,
and part through the hoiating shaft, eausing the blast fram the latter
which was the‘first indication to those around the tipple that things
had gone wrong helow. Fram this point west, the three stoppings and
the door betwsen here and the 3rd North West entry were blown'3pt.
and here was encountersd a large fall of the roof, the props bheing
blown out and brokpn. About'so feet further was found an empty pit-.
car, badly battered and breken up, uad‘u few feet further two lqndod
'pit cars were fouand, ome turned campletely over and the other still

 wpright, ATely aeross the sraek. These thres pit ears




had been left at th§ west partiﬁg the night wefore, and had been
blown the distance shown up a four per cent grade. The laaded cars
weigh about four tons each. .

K11 the stoppings west of here along the main west were
blown out, as shown on the plat of the mine workings, and at the 5th
north and south entries all the doors were biown away. In the south
entries there was no damage done beyond the door, but in the north
entry the damage shown was of a more violent character the further
the entry was penetrated. The stoppings om the Main West from here
to the face were temporary omes of wood, and were all blown out. The
switchstands at the parting were torn loose and blown away, and the
wreckage from the doors and stoppings was scattered around im all di-
rections. | |

It will not be necessary to give any further attention
10 any other portion of the mine outside of the 5th and 6th north
entries, as the explosion originated in these without any question,
and the damage noticed elsewhere was but the results of the efforts

n ~©Of the energy eet loose to find an outlet fram the workings. Exam-
| ination diselosed the fact that the shot firers had up to this point
fired all the shots on their side of the mine in the proper order with
respect to the air eurrent, and that the ghots im the roams off the
‘6th north emtry had also been tirod; The trouble evidently occurred
whils firing the ghots im the 5th entry, and in Plate 2 is shown a
large seale plat ef this entry and the romms off smme, showing the
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results of a careful examination of this territory made by the writer
in company with three of the state inspsctors, as well as other offic-
ials of the coal company.

At the switch in front of room 2 is shown the point
where the two hodies were found, and as »nreviously stated, they were
badly sbcrchéd, but not enough to have caused dsath, every indication
beinzg that they had died of asphyxiation. Just inside the room as
shown was found the cap and lamp of one of the men, and a little fur-
ther in was the shirt of the other, badly burnt and torn, showing
conclusively that it had been on fire and hastily stripped off as the
quicksst way of getting free from its flames. There were three shots
at the face of room 2 which had not heen fired, as well as a tool bhox
and powder can which had not heen disturhed in any manner. In room 3
two shots had heen fired, and there were no evidences of any disturb-
ance in this place, thirteen empty powder ke;;s standinz undisturbed
just inside the roam neck, while the entry outside was strewn with
broken timhers and hattered powder canse. One of the strangest fea-
tures of the whole investigation was the mamner in which violent de-
struction had heen wrousht at one point, and a few feet away the
lishtest and most easily moved articles were +to%ally undisturhed and
unharmedA. The numerous powder cans shown strewn around were all
empty cans, the full ones heing kept locked up in the wooden boxes pre—
vidaed hy *the miners for that purpose, as required hy law, and as far

as could be ascertained, not a single can of powder exploded, despite
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the fact that the grsater portion of the entry was swept by flame
throuchout, evidence of this being plainly seen alonz the roof of the
entry and in the rooms by the scofching of smme of the timhers.

In room 4 two shots had bheen fired. The rail of the
track entering this room had heen bhent a; shown by a tie flying
through the air, and just inside the room neck was tool hox containing
ons full can of powder, unexplodeds Roam 5 was not working ét this
time, although there were two tool boxes kept there, each holding a
can »f unexnloded powder. Room 6 also was nnt working, hut room 7
contained “hree shois at the face which had not heen fired. Investi-
gation showed ‘these three holes to have heen tamped with fine coal,
and it is just nossible, though hishly improhable, that the shot fir-
erg had condemned the holes on that accounte Roam 8 had one shot
which had becn fired.

The stopnings up to and includinz the third, were ef
gtone and dir+, and were all blown out towafd the 5th entry, tho tops
sufforinz most in each case. The 4th cross cut had a hoard stopping
and it was anearly all blown »ut into the 5th entry, showin: the force
to have came from the Ath over &t» She 5th, in this place at least.
The 5%th eross cut had a nile of timher in place ready 4o huild the
stonniny as soon as the 6th cross cut should he onened up to full size,
this crogs eut having hsen cut throuzh, dbut the ¢oal had not all
been ghot down yet and loaded out. The timber here, as wellasetool

box, setting originally as shown in dotted lines, was hlown out into
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+he 5th entry, and in this tonol box, which was torn to pieces by the
force of %he explegion, there wasacan of powder which was throwm
about the sntry, torn open, and several pounds scattered on the floor
without exploding, although ths charred condition of the 4ap coal a
few faei overhaad indicated‘ he passaze of an intensely hot flame
alony the roof,.

Nothing had as yet heen found which would account
for the general explosion, but on going to the face of the 5th entry
thers was found a shoit which had heen fired, but which had no% hlown
its tampin=: nut, the hlasting harrsl heinz yet in place. The tamping
ﬁas duz out and the hole carefully measured as to siza, depth and di-
rection, and the large scale drawing of same in Plate 3 will show
nlaialy the details of this shoty, no% only as regards depth of
tamnhiaz and nowder, but the means by which “he gassous products of the
cahustiom 2f the powder ssgcapede There happened o be a natural fis-.
sure in the coal as shown, and thes shot beinz unable 49 do the work
expecihad »f it , escaped through the fissure, enlarging it consider-
ably in its passage, with the expsnditurs of a very samall amount of
enerzy beside what would have been requirsd to have moved +hs coal.
The shot was as noorly placed and hadly miscalculated as one very well
could be, and had it not blown out throush the fissure, would have in
all prohability blown its tamping hefore movinz the coal, The
hole 2t its mouth was only 3' 8" fram the ribh, while at the end it
was 3' fram the rih, smounting to practically the same thing as if it

had besen hored perpendicularly into the solid face. The dotted line
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shows how this hols should havs GLeen placed to do the work it was in-
tendzd fTor.

The tamping was 3' 8" deep, of fire clay, and the »al-
anco of the 8' hole was filled with powdsr, making a charge of ahout
six »ounds, as calculated hy the state inspectnrs and the represen-
tatives af the powdsr concorne. The maximum charge allowable hy law
in this gean wnuld have bHeen 3-3/4 poundse It will thus he soen that
not anly was the hole so placed that it was an impossibility for the
powder %o do the work expected of it, but it was also heavily over-

.¢c harged, nakinz a cambination that is met.with only +too nften in the
coal nines, but which must ho sxpected as long as the blasiing of
the cral is 1eft in the hands of ignorant and unskilled miners.

Thile thers was no doubt in +the minds of anyone con-
nected with the investization that here was the stariting psint of
the trouble, yet this ghot, of itself, could not have done a fraction
of the damage inflicted by the explosion which followed. MNot only
wag 3ix pounds of powder an insignificant amount in comparison with
the ensrgy required to spread wreck and destructiion aloanz a quarter of
a mile of doublo entry, only ceasins when it reached and destroyed
the overcast at thse lst north west entry and thus secured an outlet,
but the entire fumes of its total cambustiinon would not have hesn
sufficiont to g0 fill the west sids of the mine with black damp that
the shot% firsrs would have been in danger of asphyxiation. So
while this shot was unquostionably what started the trouble, the real

causcs will have to be'sought further, and to this end a careful



study »f the evidence and facts s» far related will bring out some

very interesting points.

»

ANALYSIsSs OF TVIDENCE.

As previosusly stated all shnts had heen fired by these
two men in proper order until this pair of entriss was reached. By
this time it was sgettinz late, and the men, prohably with the desirse
of finishing and gstting out quickly, separated and hegan firing in-
dopendently. The svidence of the people on the surface, alone, will
establish this fact, for in no other way can the rapidity of the
shots irmediately preceeding the final explosion he explained. The
furthar fact that the shots on ths rowus <if tho Ath entry had heen
fired, and saus in Lhe voouas off the 5th also, while others in betwsan
wera unflired, is almost conclusive +that one man must have zone up
the  5%h entry and the othor one take< the 5th, »nrobably with the in-
tention of mestiny at the face and leaving together. Thile +his
method of firinz was all risht for the man in the 6th entry, as he
was coastantly movinz toward fresh air, and working in a pure atmos-
pherse, the man in the 5th entry was filling the air with powder fumes

which wors heinz taken hy the air current directly toward his
partner.

Ordinary black hlasting powder,‘of the grade used in
thig minin: field, has hean tested repsatedly, hoth by chemists em-
ployed for the purpose by the operatnors, and independently by the go&-

ormmant of our own and foreign countries, and the experiments show



on an average that each pound of powder will yield five cubic fect of

gasg made 1 of the followinzg constituents:

Carhon Dioxide, 49,7,
farhon Menoxide, 10.8%
Hydrozgen, 1.87%
"ethans, «6%
‘Titrogen, ' 28.4%
Sulphurettad Hydrogen, 8¢ 7%

100,00

An examination of the above analysis will show that all
of the gaseous products of the cambugtion of black blasting nowder
excspt the carbon dinxide and nitrogen arc cambustihle, or in other
words, of ‘the gaseous products of the ecombustion a tatal of 21.9%
are of themselves caanbustihle. This is squivalent to 1.1 cubic feet
6f canhustihle gas per pound of powder, which is nf course violent-
1y explesive under oproner conditions of admixiture with air.

A little calculation will show us that the mixture of
combustihlo zaseg: represented in the above mentioned 21.97 of the
product of the combustion of the powder, taken hy itself, is composed
of four zaswes , @ach highly explosive under proper conditions, mixed

in the followinyz nroportions:

"sthane, 2.77
Hydrosen, 8.2%
Carhon Monoxide, 49.4%,
Sulphurettad “ydrogen, 39.77

100,00

These gases : all have a very wide explosive range, with
the exception of methane, which in this case is so small a per cent

of the mixture as a whole that it may be neglected, especially as



the mine was known to he giving off none of this gas fram the work-
ing faces, and had not done so during the life of the mine. Again,

if sme of the shots had heen fired in close succession, as sur evi-
dance shows t2 have heen the case here, and the air had already heen
depletad of more or lesz »f its oxygen by the rapid firing and bhaff-
linz 5% the air current, there would have heen a tendeney toward a
larzger praduction of carhon monoxide, owing to lack af axygen for
complets oxidation 4o carbon dioxide. At the same +ime, whether a niae
ig of the class called dusty or not, and on account of its wetness
thig mine certainly could n;t he accused of dustiness, whensver a shot
ig firedthe hreaking up »f the e¢oal nroduces more or legs fine dust,
from which a certain amount of gas is distilled by the heat of the ex-
plosinn, and often a greater or lesser amsunt of incandescent carbon
will Me thrown out into the fumes of the nowder, tending +toward the
reductinn of same »f the carhon dioxide 49 carbon monoxide, every
circunstance sesminz to tend toward an increase of the amount of the
highly explosive carbon monoxide in the atmOsbhers.

The forece of the explosion travelled dowm the 5th entry
as evidencad by the position of the debris, and notably by the rail
hent as shown at the mouth of roam 4 by the tie whieh had been hurled
end on against the rail from the north with great force, and also by
the course of the flame which could be traced through the roams in the
game scutherly direction, passing fram one romm tn annther through the

cross cuts, and always zoing south toward the Main West. This could
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be resadily determined by a decided charrinz and hlackonin: »f the
the props in the rooms on the north sides, although there was a sig;
nificant absence of the particles of coked dust and coal whieh are
amony tho chief characteristics of a dust exploasion. In fact, the
possibility of any of the damage here having been due to dust, other
than iﬁdirsctly throuzh the chemical action of the fine coal dust
thrown out by the ghots themselves and acting as a producer of carbon
monoxide, may he dismissed, as a dust explosion pure énd simple zath-
org force as it progresses, feeding on the dust stirred up hy its ad-
vancing hblast, and ceasing only when the mine atmogphere hecmnes ex-
tinctive of flame, or in other words has no%t the oxypgen left to sup-

“port the rapid emmbustion, when it subsides, leaving a daposit of
finely cokad dust over everyithinge. This explosion evidently we ak-
enad froa the moment of its inceptinn, loosinz force steadily as it
prograssed, owiny to the expansion offersd +the heatsd mases,. and the
cooling effect of the walls, until, with the blowing out of the over=
cast walls, there was only sufficient energy remaiqing to produce the
comparatively weak blast up the sghaft.

The tops of the stonnings in the cross cuts were all
blown over toward the 5th entry, and the powder hox in the 5th cross
cut was hurled in the same direction from its original position as
shown hy dotted lineg in Plate 2, and the door in the first cross cut
through which the haulage passed was blowm in the same direction.

This circumstance is at first more or less 6onfusing, as it apparantly



shows ohjnacts blown with great force intn the very entry in which the
exnloginan had its inception, while the natural expectation would he
that justithe onnogite should occur. But this noint can he met hy
a very »nlausihle sxplanatione.

The 5th cross cut was entirely onen, as shown, while
the 4th had just heen cut through the precseding shifte This allow-
6d tha Jgreater volums of the air currsat to pass through the 5th cross
cut, while a comparatively small amount went up +n +the face and thraugh
the 6th eross cut. The shot firer whn was shooting in the 6th entry
was constantly movinz toward the air coming through these two cross
cuts, and the fumeg of the ghots he fired were hanginz in the entry
and rooms he wag leaving behind him in his steady advance toward the
face af the entry. At the same time his campanion in the 5th was
firing his shots and moving toward the face, traveling with the fumes
which were moﬁentarily drifting “toward the man in the 6th entry.
”gating at the face they nrobably noted the dangerous way in which the
fatal shot was nlaced, it being so apparent fram the length of blast-
ing harrel protruding that the merest novice could not have over-
laoksd it, and whatever their comment, they must have lishted it and
ran down *ths entry into room 2, seoking a safe refure fram what they
rezarded as a dangsrous shote. If this conclusion soems a little far
fetchad, ws will have to seek same other explanation of how the hurnt
cap and shirt were found thers, both of which had evidently becn

torn off hastily while in flames. FExperiment made by the writer



with the squibs - in use at this mine sghowed that a man had time to

run at lsast 500 feet while they were hurning

=3

allowing ample time for
them 4o gat t» the nlaee where the findinz of the cap and shirt indi-
cated they had sought refuge fram the shot.

The situation when the shot at the face was fired
could have heen none other than that the fumes fram the shots in the
roms o»ff the 5th entry were pretty well up to the last two cross
cuts, and those fram the shots in the roams off the 6th entry, which
had all %een fired, presented a much larger body of gases hanging
in these rooms and in the entry, and nrobabhly separated fram the
funes created by the man in the 5th entry hy a certain amount of
more or legs elear air which‘had travelled ahead of the man in the
5th entry, since he was following the air current in his work. Then
tollowed the hlown out shot at the face »f the 5th entry, which was
of mogt violent eharacter, sending out through the fissure a flame of
great length and intensity, the heat of which would undouhtedly dis-
till mors gas from th§ fine coal ground out of the fissurse and project
it into ths atmogphere already heavily charged with the eombusti®le
gases: 0F the shots set off in the 5th entry romms. These zaswes
whici had bean harmless before the sgnall lizhts of the shot firers,
when subjected to the intense flame of the shot, exploded with great
violence, sendinz a sheet of flame through the workings in every di-
rection, which not only caught and burnt the two ghot firers who
Aad taken refuge in romm 2,‘hut which passed throush the two open

eross cuts at the faece and traversed the volume of pure air above



maentioned, and entering the large volume of zas::. produced by the
shots in the 6th entry workings, precipitated a second and even great-
or explogion here, blowing the stopnings, doors, and other articles
nreviously mentioned over into the 5th entry. "hile there was un-
doubﬁedly two explosions, or.at leagt two centers of pressure devel-
opad, it is very likely that the whole happening was almost instan-
taneous, appéaring to the unfortunate shot firers as one gigantic
sea o econsuming flame, it heing very unlikely that the forece of the
explosinon reached them in their place of refuge. The two centers
of pragsurs will explain any apparsnt discrepancy in the direction
of the forcese. That the flame which hurned the men was of samething
vastly mors powerful than of the six pounds of powder making up the
charye in the fatal shot is evidenced by the great distance at which
‘their hurnt c¢lothing was found, being nearly 400 feet from the shot.
While *hadly secorched, the men were asphyxiated byvthe after damp of
the explosion, probably mostly carbon dioxide, while trying to es-
capo fram the workings. |
While nothing can excuse the preparation of such a
shot, or the firing of it, yet the chances are that if the other
shots had heen fired in their proper order, so that each shot was
get »ff in pure air, this shot would not have precipitated an ex-
plosion, but would have simply spent its enerzy on the air of the 5th

entrye.
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Thils ths logs »f 1life and damans fo property was sall
in +his particular instance, ;ié i;ythe causes and conditions which
maks such occurrences possihle thaf are of interest 4o engineers, and
it is hecamingz more apparent every day to the men in touch with the
situation that relief frasm such occurrences canionly he ohtained by
the introductina of a discipline inte the mines which shall he mil-
itary in its strictness of enforcement, and the giving to skilled
men such dangerous parts of the work as the loading and firing of
the blastse It is small wonder that in gageous and dusty mines we
have such appalling disasters fran time to time, but when exploéiOns
are nnssihle in mines whers the natural conditions are all favorahle
f or gafe mining, due to the ignorance and recklessness of the men
employed, it is an opportune time for the Govermment to take steps
toward the necessary control of mining methods and discipline.

The accident we have just gone over in detail occurrad
in a mine that was as safe as Naturse ever makes them, and we have
seen what is possihle under such conditions. The only thing that
prevsnted additional fatalities was that the men were not helow at
the time. Had they besn working when this hannened, the larger part
of +hoge on the west side would have heen killed by the after damp.

Involving as it does that hardest of all problems, how
to protect men from themselves, it would seem to admit of no other
solution than the introduction of a diseipline and direct personal

superintendence, the cost of which would perhaps double the present

expense of mining.
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