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PREFACE.

It is not the general practice of the Bureau of Mines to publish
reports of individual mine disasters, but the combination of circum-
stances that resulted in the shaft fire described in this paper were so
unusual and unexpected and the loss of life so great that it has
seemed desirable to make an exception and utilize the dramatic in-
terest of the story to point the moral of how great a loss of life may
result from a single act.

The Granite Mountain shaft was unusually well protected against
fire, and the cable that, accidentally ignited, set fire to the shaft was

being put into place to furnish a further safeguard to the safety of
the miners, and yet it brought about the death of 163.

The apparently tardy appearance of this report is due not only to
the fact that the Nation was at war when the accident happened, but
also because the funds available for publishing the reports of the
bureau have in recent years been insufficient to allow prompt publi-
cation. Furthermore, it seemed not undesirable to allow enough
time to elapse for so distressing an event to take on something of an
historical character before attempting its discussion. It is to be hoped
that the lessons of the tragedy will be as helpful as the account of the

heroism displayed in the work of rescue is inspiring. Also, due.

appreciation must be expressed of the action of the officials of the
North Butte Mining Co. in cooperating in every way in the effort
to get at the facts, and in acquiescing in the publication of a detailed
account of a tragedy that they naturally must prefer to have discussed
as little as possible.
H. Foster Bain,
Director.
3
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. . Figurn 1,—Plan-of part-of the Butte mining district..

{¥re Fohdppy toompattmerit~is é@pa@atéd* frofy thetmgihs compatts
dietitsofothe shalft by i solid Fpart{tm’fnf‘df‘ tlmbex“'tbﬂpremnﬁ pock
froravskipyt in!the o fcomp’séftxﬁ'é’hﬁs Terom! pedehinigh. thexicﬁippyz
othpartmehtoo THE Shippy ‘Cige. 18 used tot Handlidg anerltand ot
tei-xal’, 'andf’isi‘peratéd by seﬁﬁ‘fat& Bist: *Co‘ﬁcrete’sklp’ Ppockets

Girbits Havetbeer Cofistructédt ot ’t}fﬁ’BOd"l,SOO“I@ 00072400, 246003
2*8@0“}‘3 000§:8; 2004 13‘40(1’ B 3’60015tﬁt10ns‘f ofithe Granite Mot;ntmnv
‘ slﬁvfﬁﬂs Thiy*self &iﬁnpmg slnpé"‘lé’a&é‘d front ithiess 5p66k§ts haverd)
giacityl o817 to S tofis o oreldr wasterbathyt | Grihe shattWollarthe



bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody


10 LESSONS FROM GRANITE MOUNTAIN SHAFT FIRE.

skips can be changed in three minutes to 4-deck cages, capable of
holding 40 men. The stations along the Granite Mountain shaft
are approximately 24 feet wide, 12 to 16 feet high, and 30 to 50 feet
long, and were well protected with arched sets 10 by 10 or 12 by 12
inch sawed timber, since changed to concrete. The stations are well
lighted electrically, have sheet-steel floors, and are supplied with
city (Butte) water piped from the surface. The shaft is completely
equipped with electric signal devices, also a hand signal.

Carbide lamps replaced candles throughout the mine in the spring
of 1916. The men buy their own lamps at cost price, and the com-
pany supplies the carbide.

Electricity is widely used underground for lighting and power
at stations, main-haulage drifts, and the 15 trolley-type locomotives.
Practically every level has current available. Current at 2,300 volts
pressure is transmitted from the Granite Mountain shaft to a trans-
former-converter station on the 2,600-foot level, where it is stepped
down to 440 volts alternating and 250 volts direct for various
purposes. '

VENTILATION OF NORTH BUTTE MINE,

 For a proper understanding of the circulation of smoke and gases

from the fire, a knowledge of the ventilating system is essential.

The North Butte is, and was before the fire, one of the best ven-
tilated mines in the Butte district. Comparatively little reliance
was placed on natural ventilation ; efficiently constructed, housed, and
operated surface fans controlled at all times the air circulation
through the various levels. These surface fans were augmented by
an elaborate system of auxiliary small motor-driven underground
fans with canvas pipes for conveying air to the working faces in
drifts, crosscuts, stopes, and raises. The Granite Mountain shaft,
with an area of about 70 square feet clear of timber, pipe, and other
obstructions except cages and skips, was the main downcast, con-
sequently it was the main source of intake air, though at times the
North Butte mine drew air from the Badger mine on the 1,800, 2,000,
and 2,200 foot levels, and from the High Ore mine at various levels,
but especially from the 2,200 to the 2,800. When cages and skips
were not running, the Granite Mountain shaft delivered somewhat
less than 60,000 cubic feet of fresh air a minute into the mine work-
ings, chiefly on the 2,200, 2,400, 2,600, 2,800, and 3,000 foot levels. On
the 3,000, a No. 6 Sirocco fan, direct-connected to a 30-horsepower
motor, delivered air at, velocities of 3,000 to 5,000 feet per minute
through a 16-inch canvas pipe in the pump compartment of the
Granite Mountain shaft, to the working faces of crosscuts on the
3,200, 8,400, and 3,600 foot levels. The return air went into the
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BUREAU OF MINES

PILOT BUTTES SHAFT

VA

7
-

BADGER SHAFT ~

GRANITE MOUNTAIN SHAFT

4 . $

Bulkheaded region from which
6 man were faken alive and N\ TUOLUMNE SHAFT
2 dead after'55 hours \

confinement

SPECULATOR SHAFT

CONNECTIONS ON THE 2,200-FOOT LEVEL. -83392—22. (To face page 10.)


bragg.melody

bragg.melody


RATER

TS, Badpai ! Hetis

Closed. door-

DOOf‘ usuully clo:sed

but.open gunnsﬂre

_'EI(GU%LE 2.—Section of Granite Mounfain. shaft.


bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody

bragg.melody


19 LESSONSIRROM TORANITE MGY FRFAT FIRE,

chippy compartment of the shaft, which was bulkheaded above the
2,800 and discharged on the 2,800, the returiair.from the crosscuts
named. ——) | SR
~ The SpeculatdT, or upé
feet of air from six levels
at the surface, some goi

SIS S e

L. =R

shaft, reseived wtotal of 30,500 cul ic
he mjne, but,delivered only part of this~
the Gem and Rainbow shafts. o
The 2,600-foot level acted largely as a distribitor of fresh air o
the mine, 14,000-cubic.f minute-going out of the Granite Moun- .
tain shaft in an easterl§ and northerly dir&ctiom; an 9,000 cubic feet
in ‘a southerly direction;” ) %0-pe . of the total air
left the shaft at the 2,600-foot-level: ~Thisair; which
at a temperature of 514° wet bulb, 58° dry bulb, 4;rel
of 65 per cent at a veldtity: of-over 300 feet a minite’going east and ’
north and over 200 feet a minute going south, veritilated the stopes
between the 2,600 and 2:400,.and the 2,400 and 2,-200 foot levels, the
most active parts of the mite. LT A
" The accompanying section of the mine, Figure 2, gives.a good gen-
eral idea of the ventilating System.
" Compressed.air.from three motor-driven compressors.of 2
plies the North Butte mi :
ee dii’ a-tiinute. A considerable amount
jon by opening air hoses at or near the
e 1 irtue of compressed-airblowers.in ventila-
tion is to proyide a limited amount of air movement at the working
pipe for the compressed-air supply for,
s in that compartment ‘of ‘the Granite Mountain
o main poweriand pipe lines. As will be noted

of this is used f
workifig fa¢és- The maj
place. The
Butte mine
containing.

on in this report,“‘-"thé"alr OMPTessors Tere képt";{gtﬁﬁig:if

hours after the outbreik

materially to save live e R e e

Another importan or in the ventilation of ‘tl is mine was the
use of small Sirocco.fars:d ’ect connected-to electric: ot W
ing air through canvas pipe. These fans acted as distributors of air
to the working fa ting air moyement, which aided in remov-
ing stagnant 4ir"an mes from blasting and in immediately evapo-
rating perspiration. These fans were most generally used in drifting
or crogscutting into new ground where no natural air circulation was
possibley particilarly were they used in the lower parts of the mine
where rock temperatures of over 100° . were encountered, to make
these places comparatively comfortable at all times.

Tt will be noted that the chippy compartment of the Granite Moun-
tain shaft was divided by a tight partition from the surface to the
vottom of the shaft: that this shaft was the main source of intake
air, although probably 8,000 to 10,000 cubic feet of air a minute was

‘the fire, and the air it'herefroni assisted




5 VENTILATION :0Fs NORTHY

f_,s.:Ba,dger and Dlamond mines south of sthe: Gramte,_Mountam,\,
on the 1,800-foot level. The Granite Mountain shaft deliver
tically nolair.to the:mine. until; the. 2:200:fo0t 1a;vel was. reached 't
'2400-received but:a small quantlty‘from(thls shafts and:the 2;600.diss
.Ltmbuted large: quantitiés from:the-shaft;north, evast; and:soéuth.:.; The
p ’-‘800 also! took a con31derable quantlty sdutherly, much of it havmg
h

0TS had 6 .,be placed in openmgs leadmg to the Gramte«- Mountain
shaft topreventsthe; hot,nhumld ‘mine:aix froni: rushm o:ithis shaft
“and-vitiating the fresh intake air. This cond1t1on pr omoted the rapld-
oAby with which the po1sonous fumes were distributed on the night of
the ﬁre The fact that the crosscuts between the Granlte Mounta,m

q n_o the fire. The sectxon of the mme shows
One type has a spring-latch- door Tever .
feet of rope attached on each -side: of 'thé

] 10tives. to pen.th.e doors Wlthout stopplng or requlrlno' Ek
'»ance Durlng the ﬁre, pleces of rock fell on these Topes and’ thiis

' feCons1derable -ainiilso

ly % nat‘uralrupcast; acted largely 1R dl"tmbutor of hot and umld

air into various’lebeld; it depended omthe difference In:température
‘and hum1d1ty of its air as, agamst the tempelature and humidity of
the downcast air for the tendency of “the air to ascend rather than to
déscend:ii The: moyement:of; thei cages: and skips:in, the shaft;. which
ereated | eddies,! tended: ;greatly to ; ‘neuttalize; the: ablhty 6 supeast:
Moreover; as thé hotand the practically saturatéd: aifrfrom thelower
parts! iof .the thine nearedsthe: surfapesit «choled-and, dondenséd and
intckowater! droppedsbadk ifwtheishaftysihichiab: times-almosti,con
verted‘the shaft mto a downcast ands always preve;nte, the-entrance

Cr , i T
conter aili et fossan sndannes ‘i?,!.f""»




Qxygen..--
- Nitrogen...

Figifranpomentiont
s stiotichi vfandy pulled

NorthiBu

1me;

;BUS’" tiditioh tos sparkial ] 1
Smiporar cativels brattice i ledsthant 45.0 1
‘dowii thé Spéculator :shafty

4" forced ~gases: back:intoth

ER )

“gaken --}frbmtf3;5’%diﬁeﬁeht placed in ithé mingé
saraples:of réturned impute; air from: three

33

to!

1t inall}—
- | partsof

Per'cent’
;o 20.49
79.27
ooy 0423 ) Ok b e
Sitglon ot 0200 )
b 000,

Garbon dio
Garbort
MefHane:

I

s The ;avefage‘-wé‘t i].:.)U:lbﬁ‘te’H‘lpell @t_ui,e ;ifp}tbe;'?é‘f);a-plagesi‘; ;Samp,ledz,
79 9%]3":5-émd:gthe'sr’e-laﬁvé hurdidity 94 per cent:.. Although;a.iew ofthe

working faces, such as stopes and raises, are un'comiqptab e,thezurm
the North Butte: mife is: considered good.: . Under: normal

.operating
sonditions about 50,000 :pounds of 40 per.cent. dynamife: 1
monthly, equal to: about 900 pounds a shift on-28 days. = i

is - used

CAUSE OF THE FIRE.

In order to provide better protection against a possible fire in the
Granite Mountain shaft the North Butte company had started to-pipe
the shaft and place in it at frequent intervals sprinklers; to-be.con-
trolled by valves from-the surface -or from various levels. -1t .was
decided to place small tanks at intervals of every few hundred feet
down the shaft in order-to reduce and equalize the pressure: “Several
of these tanks had been placed, much of £he pipe had-beén installed in
the shaft, and the system was practically complete except for the plac-
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“dota place already prepaled before the fire; where:a: mlmmum of tlm—
bermg #wasnecessary. ‘The old electric station near the shaft zvvas then
40 house one:of:the: water: equahzmg tanks. . i g
reparatory to. movmg ‘the electric: station, a-crew of four elec—
“fricians, three rope:men; two shaft-men; and one hoist-mian early’ on
. ‘the morning of: June 8 -started to lower 1,200 feet' of lead- armoréd
he'shaft; to be used-in extendmg the ‘main: transmlssmn
o the fewly prepared sstation:: The:cable weigh pour
tons for-the wliole: « The: thethod iuséd toifl‘;we it

had COTNe: opposﬁ:e the 2 1600-foot Tevel,: and was. ready to be taken
"’into it, when the lower 200 feet cf.the cable was seensto besomewhat
- ¢oiled around the hmstlng rope: I order toi rémove these!twists ‘the
' lashmgs were beingiremoved from about: 200-feet o the.lower
R ‘hert the men noticéd:that the cable was slippirig:: The menhad .
o -r'scarcely sreached safety on:the ‘station: before: the: cable: fell; te aring..
: ‘-away some:‘of ‘the: hemp Jashings; butslipping - most ‘ofthem «and
Jeavingsome’ attached to: the rope and some’ to the cable This b
. pened ats8:pu i it :
A The cable in falhng tore away the brackets fa,stemng ‘theaf

spproximatély’ 507 per cent of the lead’armor was torn oﬁ" Feohiichex-
posedand: frayed the oilt impregnated cathbric A »Ji'lte‘ ,sulat on
beneath. Of the cross section of the cable; fully half wis oil- 1mpreo'—
,nmted hlghly flammable’ materigly “After an inspection® of the'éable,
the lélectriciang dedided ‘that 'its use 4§ a-conduetor was atodn end,
dndsthat the® ‘fenioval “of ‘the: t‘mvled inass from:the shaft’ wouldve-
quire’ ‘migh timeard 1abor. - A§it-wis then almost mldmght arid the
‘thenhad worked continuously for'18 hotirs; they notlﬁed the asmstant
Horersar 6f the githation and: Went home




12:400-footstatiot: to
- cage and so pull it up. The-two: foremen
shaft-timbers to.-seeswhether an-endawasiayal
theflaume: ofa hantcarbide Jamp-Wasbroughtsinto closescdnt;
' ’ nlation. A blazesstarteddmmediately; atid
Arced-the fourmer to the2400ifootstation.
v ye! mifc’l»’&'zzll:éi}ébk?‘iﬁééﬁs&
missthe - éxtremielyflarimablematirecofithe
dryness oftheshaft timberscaused.the flavhe
within five: minutés:of the-initial:ignition
it -gdsesshad: converted thechippy tcompartmient:of the shaft

velocityjof; downcastiairidver:d 00:7feet . per imifiutel intd &n

apeast, and rapidly;filled. the: 2;400-foot: station: with shadke to:sueh
an extent that all the men were driven from thé. stationsin: Jess fhian
A5 minates after the fire gtarted. - After; this the: sinoke ;startedisonth
along -the. 2475 south érosscut towaid :the: Edith: May; stopes, and
sthen:toward the:Speculatorshaft.: - G et ey sl o
;! By=midnight the:skips; were-changed at-the sutrfateito: the: 4-déck
-gages,-but: by: this time the < squawker,” an duxiliary -electric signal
iat stations; and the shaft signals had been burned:out.. In-addition
#he: signaling system on:bhe Jower:levels of the Speculator shiftrwas
falso teniporarily..out. of. commission;. du¢ to.retimbeting. the shaft.
¢, Bvents were rapid, as smole, started to come-from the:Speculator
ghaft at 12.10 a. m., or in less than half an hour from,: the:start of:the
fire in the Granite Mountain shaft. .. -, SR

- The 2,000,and:1,800-foot levels-of the

Tio cablestosattachitorthé
£ dthe:fourmmen stood on

; Granite Mountain yere: filled
swith;smolke by 1210 a,m." Doors;at the 2,000-foot level:were, temipo-
rarily blocked;:and.the smoke-coming on that station.from:the: chippy
.compartment:was: to.a.large extent short-circuited, and then" enteréd
the main. downcasting: compartments; flowing into ‘the:2,400,2,600,
2,800, and 3,000 foot levels. The same short-circuiting took: place on
the 1,800-foot. level. After this happened, distribution of smoke to
the lower levels was rapid, L :
. Before 1 a. m., gases had penetrated: to- the High Ore, Diamond,
and Badger mines, necessitating the .removal of the night shift at
work, Two. men were overcome while attempting to erect a brattice
on the 1,800-foot level of the Diamond within 50 feet of the station.
. A peculiar feature of the disaster was that-the fire.in the .shaft
did not reach the 2,800-foot level, though:the shaft timbers.were well
scorched 10 feet above the station.

athe "



he upper-levels,. that is,, the400,. 600, 700, -and: 800, iwere:also
kly filled with smoke, parmcularly the 7 00 and 800 Wher 31 men

‘METHODS OF ESCAPE.

,800 foot levels, Of 57 men. Workmg on the 400 600
800 60t levels near the Qpeculator shaft, 82 managed
the 600 and 400 foot levels through manways, and were hoisted
to the surface. These were the only men taken out alive during the
fire through either this or the Granité Mountain shaft. Those in the
ilkheads and other live men were eventufmlly brought to. t'

¥ rescue partiés. The fatahtles totaled 163. '
“10n two different occasions prior to June 8, 1917, the men had

“Béen riished out of the North Butte hine and. hOlSted throu ) the

“'Granite Mountain shaft, to escape gas that had’ broken in
Modoc mine fire. As several Yodies were found. on difté
-itions of the Gramte Motntain ‘shatt and in crosseuts 16 '
Uhaltts, it is probable that when these men first detected he "
_ and smike, they started for the Granite Mountzun Shatt
ifhito the- fire, thinking that the gas and ‘smoke camé from ‘th
ﬁle Whlch was stlll burmno

COMBATING THE SMOKE

“ _ As a result of the prompt decmlon of the general manager_» of

Mountaln

tuc cable these three fans were blowmg 1()0 OOO cublc feet
air a minute 1nto the mine, all tending to fowe the smol nt:.of
the Worklngs and up the Gramte Mountam shaft. The shaf Was
a]lowed to- burn. freely for, ﬁve houls in order to create ) Suq;lon car-




agam ﬁll the mine w1th smoke VVlthln 48 hours of the loutbtesk,
two motor-driven fansj‘placed in the:2,800+ foot level connection of
~ the Nort]I Butte, and High Ore mines, near the 1atters shaft,.were
-l w‘mg“' O“ OOQ cub1c feet of good air a past. the 2,800 ;

rescue pa Two large Snocco fans eaeh'dmven by 5. horse—
;“er motors, wele lent by the Anaconda oompany, and. placed at
16 SUr; oo over the Glamte Mountam ‘shaft Wlthln twoz Z;Lys after
'the start :f the ﬁre These fans :remov '

“the mine of gas' also they enabled mme;iva‘ter' to be used
: ‘ ng the spread of fire in ‘the shaft. The Grem and. Rainbo:
:'A Were reversed to suctlon fans after June 10 ’ '

| RESCUE" WORK

The followmg notes W111 show the prompt measures taken 1n res~
"culng the 1111pr1'soned men, carrying out men in whom some. hfe may
-have remained, and recover ing dead. men. They also: show. the value
“aid tlamlng, to what extent it was in vogue in the Dutte
,:dlStI‘ICf; and how. the United States Bureau of Mines. assisted and
llnﬂuenced thls training and the work of rescue. :

"The first attempt at rescue work was by Messrs. Goodell and Bul ns,
.shmtly before 1. a. m. on the night of the fire. .They both svore
,D1 aeger oxygen apparatus. They went to the 700-foot level through
‘the Speculatm shaft and removed two bodies from Wokage at that
“depth.

At 1.15 a. m., R. J. Cole, safety engineer for the North Butte com-
pany, and anothel man; wearing Draeger apparatus, went through
“much smoke and gas to the 700-foot station of the Gramte Mountam
fThey passed several bodies.

‘At. 115 a. 1., J. L. Boardman, in charge of first- aid and mine
vescue work for the Arnaconda company, arrived at the North Butte
“a1id turned in a general call for all the rescue men and equiipment in
the district. On account of gases overcoming men in the adjoining
Dmmond Badger, and Hmh Ore mines, apparatus was diverted to
them, especially the Diamond. About 110 North Butte men were
hmsted alive from the Badger, many of whom were more or less
affected by gas. Some were given artificial respiration and sent to
the hospital. Men wearing the Dr aeger apparatus made several long
trips in smoke and gas and say ed many lives by assisting partly
exhausted and overcome men to safety. Several of the apparatus
men were themselves affected and taken to hospitals. The Badger
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ineswas & base for exploring: the 1,800, 2,000, and 2,200+t levels
heNorth Butte for several days; - About-60 méen escaped through
the2:260-and: 2400 foot levels 6f the Hi’gthi‘é"mine'iﬁ’icdriilj&i&t-iif'ély
good condition. Draeger rescue’ squads; under T. Odis, foréman of
the:High Ore, made this a base for~exploring the lower workings of
¢ North Butte. An apparatus crew from-the Tramway mifie; ¢otn-
g frem the High Ore on June 10, found the 2,254 bullhead ' (dé- -
scribed: on page 27) and rescued 6 live mén on Jiune 11. Later ‘on
- 'the'High Ore base was transferred to 4 ‘point near the North Biitte’s
*.- Speculator shaft, after two fans had been set up to force in fresh air.
ruodlthiough recovery work was in progress at practically ‘all periods
aftet 1-a. m. June 9; through the Badger, High Ore, and Speciilator
ifts, employing men with and’ without apparatus, the main force
ined men of the Butte district ‘did not arrivetuntil after ‘day-
o June 9. The work was then: organized. ' Tt is unlikély that
ny-more men-could have been rescued alive, as those who perighed
st have been overcomie soon after the fire started. R

WORK OF BUREAU OF MINES RESCUE CARS.

Shortly after 2 a. m., Daniel Harrington, an engineer of the Bu-
eau of Mines, and recorder of these events, arrived at.the mine. Be-
re 3 o’clock, telegrams had been sent to the bureau mine rescue
ars. at Red Lodge, Mont., and at  Colorado Springs,  Colo.
e former, car No. 5, arrived shortly after 3 p. m. C. A. Allen was
1 charge, and had with him foreman miner J. J. Forbes and first-aid
mlner J. C. Dickinson, also a cook and a st_veno.g'raphglzr.‘ - The carqu
equipped with 12 sets of Fleuss apparatus, 9 sets of Draeger. appara-
‘tus, an abundance of soda, flash lights, and batteries, for this, jts
‘maidén experience at disasters. Forbes, who had much experience,
‘was assigned to alternate with Mr. Boardman in taking general sup-
-ervision of apparatus and testing of apparatus, on the surface; Dick-
;mson was assigned to night duty underground leading and directing
apparatus crews; Mr. Allen remained on the car to direct car ‘work
and to be in reserve in case of emergency. Car No. 9 arrived ‘about
8 a.m: on June 11 with C. A. Herbert in charge. He had with him
foreman miner Chishiolm, volunteer réscus mén T W. Price and
Duncan Penwell, of Colorado . Springs, with a stenographer and a
cook. This car had 11 sets of Fleuss apparatus, and a supply of
soda, oxygen, flash lights, and batteries, all of which were in use less
than 2 hours after the arrival of the car. . oo
Apparatus crews were early sent to close and seal doors od all drifts
leading to the Granite Mountain shaft; mucli-admirable work was
done as the smoke was very dense ih places. On t_h;e 1',‘8'00, 72,(_}00,
2,200, and 2,800 foot levels, the gases issuing from the Granite Moun-
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‘ ere, essentially; smoke;:sat-
ien had to;be. guided:ias o -
1 with-geggles

direction lazgely.by. feglit
. was, practically outr of the question. . ;v

~ The early.and strepuous work of the; «.&p:p.érifﬁS: mér} in :c'-lhsing- and
sealing doozs, together with.the fact that the.mine had beenequipped

with ventilating fans capable .of -eithier foreing or: exhausting: the
_air, and the prompt using of the fans, resulted:in clearing: the mine
workings, of gases sufficiently to allow. 25 men to. escape, ifrom:: the
"2.471 hulkhead on June 10. . " P

. By noon of June 9, or 12, hours after the. outbreak of the-fire;ithere
_were available for use over 50 sets of apparatus, and: at-least 30:ap-
_paratus yearers -were ‘employed -underground on each. of the. §:hour
shifts. . The. 400, 600, 700, 800, and 1,800 foot levels.were: well ex-
plored from the Speculator.shaft and about 30 bodies wereirecovered:
the 1,800, 2,000, and 2,200 were explored by apparatus men. from the -
Badger and six bodies were recovered ; and the. 2200, 2,400, and
2,800 were entered by apparatus men from the High Ore who took |
out 15 bodies. - » |
By night on June 10, less than 48 hours after the fire began, the -
Speculator shaft had been freed of gas, the 2,400 had been cleared
to such an estent that the 25 men behind the 2,471 bulkhead walked
unaided and without apparatus a distance of over one-fourth of a
mile, and were hoisted through the Speculator shaft to safety. More- \
over, 80 bodies had been recovered; a systematic exploration of -
drifts, especially blind ends, had been made; blueprints had been

given to the heads of rescue parties; and account was kept of prog- -
ress. All'apparatus wearers were checked into and out of the ming, -
with time of entrance ard exit and destination of exploring party; -
and a Tesérve rescue force. fully equipped was on hand to govfo_it'lie‘
aid of any party that overstayed its time. L
On artival of Car 2 from Colorado Springs on the morning of
June 11, with 11 sets of Ileuss apparatus, the following number of
sets were available for use: ' '

Trourteen sets Draeger 2_hour apparatus, 1907 type, owned by A, C. M. Co.;

Thirfy-six sets Draeger 2-hour apparatus, 1911 and later types, owned by
A. C. M. Co.;

Four sets Draeger 9-hour apparatus, owned by North Butte Mining Co.;

Qix sets Draeger 2-hour apparatus, owned by Butte & Superior Mining Co.;

Nine sets Draeger 2-hour apparatus, owned by United States Bureau of
Mines; :

Twenty-three sets TFleuss 2-hour apparatus, owned by United States Bureau

- of Mines. "~

This gave 69 sets of Draeger and 23 sets of Fleuss, or 92 sets of
9-hour apparatus, with an abundance of repair parts and supplies,



RESCUE WOEK. ¢ 21

- afidrin addition about 12 sets-of one-half-hour apparatus. The oxy-
* ‘gen consumption was very heavy, but the supply was practically un-
" Litited at the Anaconda and Tramway rescue stations of the Arna-
" conda company, where electrically driven oxygen pumps were used’
to Bl bottles. Two Ford trucks delivered empty oxygen bottles: to
. f4e two filling stations and the filled bottles, as well as other sup-
plies, to-the Bureau of Mines rescue: cars and to the apparatus bases
at the High Ore, Badger, Diamond, and Speculator mines. Extra
men ‘were placed at worl making apparatus repairs, filling oxygen
bottles, and cleaning Fleuss bags. Fresh, apparatus was. supplied
with little or no delay, except that the:popularity of the Fleuss appa-
ratiis, which was new to the Butte district, and lack of extra Fleuss
 bags caused some delay in emptying, cleaning, and refilling bags fox-
- those; who, insisted .on having, that type. . It is stated that there were
* 5. sets. of apparatus actually in use at-one time duting the recovery.
work,:and there was scarcely a. period: during the first four, days of.
.. the svork when at. least. 50 sets were not in-use. . - e
, lthough about half of the bodies had been ‘removed by June 10
- and much territory had been explored, by far the most difficult part
of the recovery work remained, namely, the removal from remote:
parts of the mine of the bodies of about 80 men and of 7 horses, now
in an extremely advanced stage of decomposition, and. the explora-.
" tion of many miles of drifts in the lower part of the mine, and of
raises, stopes, and manways. It was decided to defer this work until
air circulation could be restored and miuch of the polsonous’ gases
cleared out, and to use half-hour apparatus, as’the narrow openings
" in the North Butte manways, although commendable trom the stand-
point of safety in operating, would not permit safe passage to wearers
of the bulky types of oxygen-breathing apparatus. ' _
A'fter the drifts had been thoroughly esplored and boedies removed,
the Gem and Rainbow fans were, theréfore, again converted into suc-

tion fans: and the raises, ‘drosseiits, 4nd stopes were eXi)"'loi‘"éafbj men
wearing half-hour apparatus of various types. Few bodies were-

found in the workirigs above the levels; as practically all the men had

been iarned and were overcome while attempting to escape on the
levels; however, three were found in the 9,439 manvway about 75 feet
above.the 2,400-foot level and Ben Tregonning, a shift boss, was found
in 4 manway above the 3,000-foot lével. "“The mihe workings were
thoroughly explored and the recovery work was completed by June
16, with about 155 bodies recovered. Several bodies were later found
in cleaning falls on the 2,000 and 2,200 foot stations and in ‘other
parts of the mine, which brings the total fatalities to 163 as far as
can be ascertained. ) - '
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- { BREA' APPARATUS.

“DPiring the eight days of Téscue and’récovéfy worlk,over 175 diffe
ent persons woré apparatus; and-of thiege, 90 had received: Burea
Mities training:: On' account of the magnitude 6 ‘the- disaster ahd”
the’ great area to be explored; and because the need was: drgent to
conplete the work with all possible. speed, apparatus had to be worn '
by 4t/ lesist 15 previously wntrained men in order to use then as guides
Many: tripsof 5,000 to 7,000 feet or over, il noxious fumes, werd made”
during the first few days-of the work, and in’some of these trips the' '
meén climbed over or around strings &f 10 or move ofe cars, and went
comsiderable distances in smoke and steam so dense that a ‘sense of
ditection ivds maintained only by feeling the track rails. - - ke

‘The following supplies were used in connection with apparatus and:
apparatus work: o ’ ' SEE

e 800 two-hour Draeger. regenerators.

200 -one-half- hour regenerators.
.. 600 pounds of Fleuss soda.
. 7,500, cubic feet of oxygen. '
225 ﬂash-light cases (8-cell Bver Ready).
l,OQ'()’ﬁél‘tsh-light hatteries (8-cell Ever Ready).
“175 pairs of goggles. :
920 Draeger breathér-bags with covers.
15 Draeger finimeters.
15 Draeger reducing valves, :
with a large supply of mouthpieces, tubes, nose clips, and other ‘small .
accessories. _ » o

‘The North Butte Mining Co. carried on its payroll 119 names of .
men who wore apparatus for a total of 974 shifts, about one-third of
the shifts being six hours long and two-thirds eight hours. Most
~of these men were paid time and a half, or about $7.12 a shift. In
additimi to these, several members of the operating staffs of the ,'High,
Ore, Badger, and other mines worked as apparatus men and took an
active part in the rescue work. Apparatus wearers during the rescue
and recovery work at the North Butte disaster were employed pre-
vious to the fire as follows: Anaconda Copper Mining Co., 107; North
Butte Mining Co., 25; Fast Butte Copper Mining Co., 4; Butte &
Superior Mining Co., 2; Bureau of Mines, 8; and previous employ-
ment unknown, approximately 30. Of the 107 apparatus men from
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BUREAU OF MINES . BULLETIN {88 PLATE IV

A, BULKHEAD IN THE 2254 CROSSCUT, BEHIND WHICH EIGHT MEN WERE
ENTOMBED FOR 55 HOURS. NOTE METHOD OF PLACING STRINGERS IN
CONSTRUCTING THE BULKHEAD. ’

2. BULKHEAD IN THE 2254 CROSSCUT. PHOTOGRAPHED FROR QUTSIDE THE
BULKHEADED AREA. ’
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the Anaconda, the number from the individual mines was as follows:
Tramway, 42; Pennsylvania, 13; Leonard, 10; Mountain View, 6;
Badger, 6; Original, 5; Poulin, 5; High Ore, 4; Diamond, 3; West
Colusa, 3; Berkeley, 2; Neversweat, 2; Anaconda, 1; East Colusa, 1;
Stewart, 1; Silver Bow, 1; Moonlight, 1; and St. Lawrence, 1.

Of the total of 163 bodies, at least 125 were recovered by the use
of apparatus; the 6 men taken out alive from the 2,200 bulkhead owe
their escape to the use of apparatus; and the 25 men who reached
safety after 36 hours’ imprisonment behind the 2,471 bulkhead would
undoubtedly have perished had not apparatus wearers placed brat-
tices and sealed doors in drifts and crosscuts leading from the Gran-
ite Mountain shaft .on various levels from the surface down, thus
preventing poisonous gases from the burning shaft and stations from
continuing to penetrate into the mine workings and giving the down-
casting fans at the Speculator, Gem, and Rainbow shafts an oppor-
tunity to clear the mine of the gases which had previeusly filled the
workings. The use of apparatus in the Badger mine on the night
of the fire and until daylight of the following morning in assisting the
almost exhausted men from the 1,800 and 2,000 foot exits from the
North Butte mine to fresh air in the Badger mine, and in giving arti-
ficial respiration to many of these men at the surface, undoubtedly
saved many lives. Although the North Butte pay roll carried the
names of 119 persons working with apparatus underground for a
total of 974 shifts, the actual number of shifts worked by apparatus
wearers was at least 1,300. When it is considered that all of this
work was done within eight days, that over 80 miles of drifts and
crosscuts, and at least 15 miles of stopes, raises, and manways were ex-
plored, and 155 bodies recovered and removed, largely in an atmos-
phere impregnated with poisonous gas, such as carbon monoxide, and
frequently with dense tar-laden smoke, all without the loss of a single
rescue worker, and with fewer than 20 part or total prostrations of
apparatus wearers, the record is a remarkable one. TFigure 2 (p.
11) gives an idea of some of the workings. Credit for this work
could be distributed to a number of sources, but the largest amount
is due to the Anaconda company for the use of its well-equipped
and efficiently maintained mine rescue and first-aid organization and
equipment. Moreover, by giving the services for actual work of such
experienced men as Messrs. Boardman, Nighman, Carrigan, Rahilly,
Barraugh, Smith, Ethier, and others, the Anaconda conferred an
extremely valuable favor on the North Butte Mining Co., and on all
connected with the recovery work.

The work of the two Bureau of Mines cars during the disaster
is best indicated by the fact that 150 charges of soda were used in
connection with the 23 sets of Fleuss apparatus in the six days
that the cars were engaged on the work, and for the first three days
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after thie arrival-of the cars there wefe vety feiw shifts when all
of 'the 93 sets of- Fleuss apparatus were 16t in use. *In additionto
these, 9 sets of ‘Draeger apparatus belonging to the Bureau of
Mlnes Were it operation a lirge part’of the timé. Messrs. Chisholm
and Goldbloom on ¢dr 2 were kept busy on repair work, dssemibling
and testing miachines, and issuing supplies; Messrs. Forbes and
Dickinson £ook regular shifts in charge of apparatus and apparatus
work dt the Speculator shaft and underground, and these two men,
together with Messrs. Allen, Herbert, Harrington, Lanza, Penwell,
and Price (who accompa,med car 2 from Colomdo Spungs) wore
appftratus underground dally, and frequently several times daily
for several days, assustmg in the work of exploration and restoring
ventilation, as well as in'the removal of the 25 live men on the 2,400-
foot lével on June 10, of the 6 live men on the 2,200-foot level on
June 11 and of the recovery of bodies on various levels.

Employees of the North Butte mine who were inexperienced in
the use of the apparatus appeared to have more confidence in the
Tleuss than in the Draeger, largely because of the by-pass, as the
Draeger machines used had no by-passes. Although 150 charges of
soda were used and the apparatus was worn largely by inexperi-
enced men, there were no cases of prostration or trouble in connec-
tion with Fleuss apparatus, except that Messrs. Allen and Iforbes,
of car 5, were partly overcome in rescuing the six live men on the
2,200-foot level on June 11, because they remained underground
working on the helpless men after their supply of oxygen was
exhausted.

EFFORTS OF ENTRAPPED NMEN.

The following incidents show what may be done by entrapped men
who keep their wits about them and act promptly.

ON THE 2,400-FOOT LEVEL.

Two parties, totaling 29 men, who had come from various points
on the 2,400, 2,600, and 2,800 foot levels, met on the 2,400-foot level,
and, heing unable to get out by any exit, decided to build a bulk-
head in the 2471 crosscut. This was upon the advice of Manus
Duggan, a nipper who was well acquainted with the mine. The
time was hetween 12,30 and 12.45 a. m., an hour or so after the fire
started.

Duggan instructed the men to carry into the crosscut with them
saws, axes, shovels, chute lagging. canvas pipe, nails, one partly
filled keg of water, and other materials, He chose a point about 250
feet from the face of the dvift for the erection of the hulkhead, which
gave approximately 9.000 cubic fect of pure air with a Lc.mpuatulc of
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811 degrees wet bulb, 84% degrees dry bulb, and relative humidity of
87% per cent. The place was practically without timber, clean, and
dry. A Leyner drill had been set up 35 feet from the face of the
crosscut by men who had been working there on the night of the fire,
so compressed air was available, as well as a small quantity of city
water in the “submarine” or Leyner tank. The bulkhead was
started 150 feet from the 2,401 crosscut, which under ordinary venti-
lating conditions received air going northward from the Speculator
shaft, and on the night of the fire received little or no smoke until
some came out of this shaft; hence, although the 2471 crosscut had
been ventilated previous to the fire by a fan placed on the 2,401 cross-
cut, with several hundred feet of canvas pipe into the 2,471, yet the
cutting off of electric power at about 12.10 a. m. caused air circula-
tion 1n the crosscut to be almost totally destroyed by the time the men
entered it. Moreover, there was no smoke in the 2,401 until after
the bulkhead was.well started and probably nearly finished; hence,
the men within the 2471 bulkhead had absolutely pure air at the
time of entering that section and on completion of the bullkhead.

Duggan and a man named Stewart supervised the construction of
the bulkhead. A form was erected somewhat similar to the manner of
building a concrete brattice, with about 8 inches between the face of
the boards, which were placed horizontally. The 8-inch space was
filled with fine dry dirt, and the holes chinked with canvas pipe and
clothing. TFour men at a time were employed, and it was completed
in less than an hour. A hole near the side of the crosscut was left in
such manner that it could be used to test the outside air and then
closed by filling with a man’s jumper. The outside air was thus
tested several times and gas found in each test, the first time being
about an hour after completion of the bulkhead. After being closed
in, the men took turns rapping on the air pipe and track rails near
the bulkhead to attract outside attention, and each man upon com-
pleting his turn at rapping or at keeping the bulkhead tight would
go back toward the end of the crosscut thus keeping the air well
stirred up and mixed. The air in the compressed-air pipe near the
drill close to the end of the crosscut was at full pressure, but Dug-
gan was afraid the compressed air contained gas, and stationed a
man to prevent the opening of the compressed-air valve.

The bulkhead was finished shortly after 1 a. m. During construc-
tion and for some hours thereafter lights were freely used, some
of the men playing cards, others writing letters, others restless and
walking around. Some of the men finally became alarmed at the
possibility of oxygen depletion, and restricted the use of carbide
lights to four and later to but one light. At the end of 24 hours of
confinement, neither match nor carbide lamp would burn, although
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nbt to have removed clothlng to any. gre;_
suffered partlcularly until atter 24 houI:s When breathmcr became.
labored During. the last 10 or 12;0f the .36, hours_ of oonﬁnement
the Water supply was exhausted and several of the .men, lespe(nally
1gners Whose Enghsh was limj
‘reaten SU.IClde, and- demand‘

gan‘ and a, feW others broke the bulkhead and started 1nto the cross- .
cuﬁ Wlthout hghts L ,

On entemng the, 1nclosed reglon the men had had approx1mately.
9 OOO cublo feet of pure air, and the oxygen consumption of 29 men -
‘ f01 36 hours at the minimum ﬁgure 0f 0.9 cubic foot of oxygen, per
man per hour would be 940 cubic feet, or about 10 per cent of total air |
content, leaving but a little more. than 10 per cent of oxygen. cut
of the ougmal 20 per cent. This 10. per cent of oxygen left in: the
air, was about the mlnlmum for sustaining life, especially When
accompanled by nearly .10 per cent of carbon dJOdee which must
have been present. These figures must be .correct, as. it is Lnown
t}nt a-carbide lamp will ignite and burn in 13 per cent or more, of -
ozg gen, but their lamps would, not Jgnite. The men kept moving
ahout while behind the bulkhead, and occupied all parts of the con-
ﬁned ared, thus mlxmg the pure with the impure air and’ dlffusmg
both Lhe oxygen and carbon dioxide, Whlch accounts for the fact that
some of the men were not totall; overcome, as was the case. with
all the men who were in the bulkhead terr1t01y on the 2,200-foot
level. Athough none of the men were actually overcome and :all
were fullv conscious at all times; several had to be given assistance
in walking the 1,300 feet to the Speculator shaft to be hoisted. Of
the 29 men that were in the bulkheaded crosscut, 4, including Dug-
gan, took the wrong direction after breaking through, and were
overcome by gases and died.

It is possﬂale that the compfuatne immunity from absolute ex-
haustion of these men, as against the almost total collapse of men
bulkheaded on the 2200-foot level who likewise used practically all
the available supply of oxygen, may be explained by the fact that
the men on the 2,400 had a dry place with relative humidity 874 per
cent, whereas the men in the 2,200 had a wet place with approxi-
mately 98 per cent relative humidity.
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ON THE 2,200-FOOT LEVEL, , ..

A shift boss, J. D. Moore, and seven men on the 2,200-foot level”
were forced t6 retréat to the 9254 crdsscut, where they constructéd.
an ‘air-tight bulkhéad to shut out the gas. This crosscut was some-
what over 400 feet long, with a 50-foct drift off westerly. The mien-
who were driving the drift had ‘evidently been working on ‘the’
niglit of the fire and had a Leyner ‘diill set-up near the face, and'a’
submarite or 50-gallon tank partly filled with water within 30 féet of
- the'facé. The place was very warm and humid; with a wet bulb tern-

perature of'841° T, dry bulb §5° I, relative Humidity 98 per cent. A
- small electrically ‘driven fan on the Edith- May drift had supplied
alr ¢irculition through' a 16-inch carivas pipe. When ‘the eight men
artived ‘the fan Fas not running, ‘as’all powér had failed at about
19,10 &.'m., yet 'the air was evidently ‘still circulating, as’ SUrvivors’
state thit stoke’and pas followed them into the trosscut 'to such an’

t that they were ablé to compléte the bulkhoesd only by statiohs
1é min blowing air from a Hosé tokéep back the gs. T
“Whett' the mien were retreating toward the 9,254 crosscut, Mobre
instriacted them to carry along picks, saws, hammérs; axes, boxes of
wedges, and kegs of water, which they found along the drift, alse
boards from the trolley siiard and nails, and on nearing the’
end 'of the crossciit they tore down'a considerable length of the 16-°
inch ‘caniviis pipe ‘which had been used for ventilating. A narroiw
place in the crosscut, about 80 feet, from the end, was chiosen for tlis
brattice or bullhead, thus giving about 80 feet of crosstut and 50
feet of ‘drift, With approximately 6500 cibic feet of air inclosed.”
In' constiucting the bulkhead, which constimed séveral hours’ time,
round Posts were placed across the floor; anid a shorter piece of rodnd
timber was wedged along the top: of the crosscut fnimeédiately above
the timber on ‘the floor, with ‘other timbers betiwéen thése two and alsg’
wedged to the sides. Before placing the widdle’ timbers, inch Boards’
stafiding’ vertically weré” nailed o the outside of the two voiind’
timbers, on the inside of which boards'the canvas pipe twas hailsd
When thé supply of eanvas pipe ‘was exliausted the men nged their
clothing:” After the inch boards and cafivas were placed; the fimbers’
were placed and wedged and the spaces bétwéen filled twith mud, 6f
which theré was a plentiful supply at the face of the crosscut. Plate
IV, 4 and B, shows views from hoth sides of the bulkhead after it’
had been partly torn down.’ Before completion of the bulkliead, dn"
attempt was made to go out into the crosscut’ for mors najls and’for'
afi additional supply of canvas pipe which was to be had less‘than 75
feét from the bulkhead, but the gas was so strong outside the bulk-
head that this trip had to be abandoned. The survivors tvéfe a' unit
in ‘thé opinion ‘that they would have been unablé tb filish the ‘bulk:
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of e‘ompressed air to force

head had it not been’ for the use'of theéjet’t

thorou | eearch Was made for

n 1by Moore to test the quahty,
, the ,oxygen supply, but
Ven were conﬁned behind

pamons“ stahoned hlmself p' ntly at the bulkhead and the other ,
seven men took tul ns at rappmg on the air pipeasa 81gnal to any.pos-
sible rescuers ori'the out51de 1t appeals that compressed air failed to
flow in. .any cons1derable quantlty after about 4 a. m., at which time
‘Lpparently the main air pipe in, the Granlte l\lountam shaft nmst
have at least partly collapsed Ordm‘al v drlllmg pressure on-com-
plessed alr failed about this tune bt some air continued to. flow
from,the Tose until at least 7 a. m., or about two hours after comple-
t10n of the bulkhead

Moorb made Tiotes constltutmg a sort of diary during the ﬁrst 8
or 10 hours of confinement. He wrote a letter to his wife, dating it
6/8/17 trlvmg information as to. the fire and, gas and of hls efforts.
to warn his men. Auiother letter: dated 6/9/17 . 2. m., stated that-
they had pr actlcally rLbandoned hope At 7.a.m. he Wlote that, lel
were &llVG but the air was getting bad a,nd that only a small piece
of Candle was left. Hls lagt. notatlon was at 9°a. m., 6,/9/17, when
he wrote that they were in the dark. - Thls was atb least 48 hours
before the bulkhead was broken

Survivors a qgl ee that within ﬁve hours after completion of the bulk-
head (or about 10-a. m.) many, attempts were made to light matches,
and, although a dull red glow could be obtained, the ﬁamo would
be extmtrumbed almost immediately. It was stated that the matches
used were from moisture-proof metal containers and swere not damp.
The men also state that attempts to light carbide lamps with patent
igniters were fruitless, and it is the opinion of the men that the air

was so bad that flame on neither match nor carbide light could be
supported. This latter opinion can be corroborated on only three
suppositions: 1. That during construction of the bulkhead, although
compressed air was used to force the gas back, sore of it may have
reached the region back of the bulkhoad by eddies. Tn any case, the



EFFQRTS -OF, ENTRAPPED, MEN. . . 29

E,alr must have been deficient, in, ;OXygen. ; and contained an £XCesS: of

:,:slderable quantlty of gas ma,y h .;entered the bulkhead area. through
_thie-loose 2-inch pipe on the floor, ;previously mentloned though, this
-is:not probable. 3. That, when. the., .compressed air failed. at about
4 g. m., and a, small amount of air under little or no pressure.con-
tinued to flow’ until at least 7 a.m., this low- -pressure air may. have
been gas fowed into the beOkGIl_ main supply pipe in the burning
_Granite Mountaln shaft.

Aga,lnst any of the above supp081t10ns 1t is. 1easonably estabhshed
.that the air originally in.the bulkheaded. terntory was . practlcally
4. ., or several hOUlS after the bratmce was. ﬁrst closed and at least
three ‘hours. after 1t was. completed. Moreover, the, drift within:the
. bulkheaded region had:been worked.on the mght of the fire and was
-ventilated by a fan and by compressed: air escaping from. the Leyner
- drill. . It is.possible that the.mer. grouped themselves near the bulk-
.head, and that the futile attempts to-light matches and carbide lamps
. were made near the escaping gas from the 2-inch pipe under the
bullchead ; but it is improbable that the deficiency of oxygen in the
general atmosphere behind the bulkhead was large enough to fail to
_suppeort combustion of .4 carbide-Jamp (which would be 13 per cent
or;less) at 7-a. m., on June 9, and:still allow eight men to continue: to
exist for ;5_0;11011115 ;- yet ‘six_.men actually did:live the 50 hours; and:the
two dead men (Moore and another) had probably been: dead: but.a
short time when the others were found.

The discussion on the amount of oxygen needed to support life in
‘the previous bulkheqdmg ircident: apphes to this one also: - The
“¢onfined area contained 6,500 cubic’ feet of air whose oxygen ‘coritent
‘sas'455 cubic feet above the minimuam réquired to sustain life.- “This
“gmount should last eight- nenf “whout 65 hours, provided’ there’ Was
sufficient circulation to brlng about 'a uniform mixture’ of the dir
“Sithinh- the bulkheaded region. However, after the 65 hours the
general atmosphere, even if uniformly mixed, would haveé contamed
18 per cent of oxygen and upwards of 6 per cent CO, which would
occasion Tabored breathing; and further diminution of oxygen to 10
- per cent would undoubtedly have produced death. The men swvere
pehind the bulkhead about, 55 hours,.and claim to. have no remem-
brance of having made any consider: a,ble movement after having:beén
‘there-24 hours. As they were all found grouped together:on:the
floor-near: the-bulkhead and in. the drift within about. 30 feet of the
bullkhead and were probably. in. a’ semicomatose . conditior. for at
least. 24: hours plevmus to:being: 1e5eued 1t 1s. entlrely probable that



;ly ‘mote than' 13° per
I : ' the fate of both*drift
‘and th cmss‘cut " ThlS 1s'corroborated by* the fact that’ although a
~ ¢atbide! 11ght: 1d rigar ‘the top of the bulkhéad by one of the rescifers
(phile tearig it dovil was extinguishied by the first air coming’ from
_the interior, yet immediately upon removal of sufficient’ of the bulk-
‘fallow et “to-emter, two:'.appara,tus wearers readily went to
¢é of both: drlft and’ crosscui:', ising’ hoht from-the carbidé larip.
‘inen 'stated; However, tHat the ﬂame Was comparatively feeble.
“7hen 1eached by rescuers‘two’of the elght mefi’ were dead and the
+other!six men welre- uricotiscious. " Adeording ‘to-a -statemient’ by Dr.
“ir JuLanza ﬁve ofithe ik Miners rescusd fr om the-2.200-foot, level
iwers talen:to a local hiospital, “They appeared ‘to be suﬁ'ermg chleﬂy
~fromsexhaustion ‘dnd lack of food and: four were able to leave the
-"hospltal ‘the day after enterifngs ofi¢;who Was-in the worst shape,
"remamed in thes hospltal dbout’ four da;ys Facilities were not at hand
“to examine the blood spectréstopically; but a careful microséopic
examination of the blood shewed marked and similar changes in the
"blood of all five; but no effects that could be ascribed specifically to
+-¢arbori ‘monoxide poisoning: ‘Rather the blood examinations indi-
-cated the eﬁ‘ects of oxygen 1nsufﬁ01ency together with pI obable eﬁects
of starvation. P : :

ON THE 2 600 I‘OOT LEV]]L

Some of the men - tued to bulkhead themselves in a drift on the
;2 600-foot level;.about. 300 feet southeast.of the Speculator shaft; but
19:were found dead behind this bulkhead. They had failed _t_Ovt"ll_x(’
_into.consideration, a. manway between. the 2,600 and 2,800 foot, levels
‘back:of the-bulkhead, and moreover, the dnft was in b1 oken ground,
stoped . through from below. and backfilled with loose matelnl
through which:gas could readily come from below.

ON THE 700-FOOT LEVEL.

A fourth case of presence of mind is that of two men—Boyce and
Camitz—who; after trying to penetrate the fumes on the 700-foot
level, retreated to the breast of a comparatively cool but wet drift,
turned on -the compressed air, pulled their jumpers over their heads
and threw themselves face downward on the wet floor with the com-
pressed air blowing close to their heads and under their jumpers.
From time to time they tried to leave but always encountered gas.
Upon failure of compressed air about 5 a. m., they left the face of
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“the- dr1ft, going directly to the Gra,mte Motintain: shaft and passmg
| several dead bodies twithin'a few huiidred" féet' of the face of the
742 drift, from which they had orlglnally fled. ‘At-the shaft station
-they-encountered some apparatus men who led them to the ‘Speculator
- ghaft, from which they were hoisted to the surface, cons1delably
Weakened by breathing gases, but able to walk at all tlmes '

CONCLUSIONS AND SUGGESTIONS

From the general conditions at the North Butte mine and the hap—
‘penings at the fire, a number of practma,l suggestlons can be deuved
'--ifor all metal mihes, which' are brleﬁy as follows

METHOD OF SDCURING HEAVY CABLES:

, When the cable in the Gramte Mountaln shaft fell, it tow away
;some of the hemp lashings,, but sllpped through most of them, and
: 'o_me of the lashings attached to the chippy rope and some to the
. :;electmc ca,ble It appears that a. posﬂnve clamp could have heen at-
" tached to at least the upper 8 or 10 feet of the cable even if the
clamp should crush and destloy that length of cable; such a cl&mp
would undoubtedly have helped:greatly ‘to: prevent shpplng of the
“cable, especially if it were tightened so as to exert effective pressure
Yon the copper stranded cables rathér than | on the léad armor. The
Tubrication or tarring of the chippy rope mey h‘we albo plevented
-'eﬁ’ectlve ser Vlce by the hemp l’lShlngS

DANGER FROM ELECTRIC CONDUCTORS IN SHAFTS.

In view of the fact that several fires in shafts within the past few
. years have originated from electric wires and cables and that the uge of
.electricity underground. is being extended rapidly, companies:sheuld
.remove these conductors from shafts used for hoisting or ventilation
purposes and place them in. drill holes.. This is done in both coal.and
;,metal mines in many. parts of the United States, also in at; least :one
‘mine.in Butte..  Although moving ground might- make diflicult. the
‘maintenance of-a drill hole in some districts, yet there areifew mines
in which -a-block of ground can not be founcl that does not.meve, or
that does not move as a whole; and in the latter case provision could
be made to take up the movement by some expansion arrangement

varying the length of the cable. The drill hole could be interseeted
‘_;by erosscuts at the working levels to tuke off current, and the cables
could be supported at these pomta Such crosscuts should. al-
ways. be sepanted from the remainder of the mine by close doors
Aas, nearly air-tight as posmble as acmdental wrecking and. 1Un1t]on
~ of a cable such as. the one in the, Granite Mountain shaft, mlght glve
off ‘sufficient poisonous fumes to cause a disaster, unless prov1s1on
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o, the iwriter
he Wrecked

el ‘g -Ve oﬁ;xsufﬁclent p01son-
., 0us furnes,, h1gh 1n carbon ‘monoxide,.to-have caused the~entire: loss
of life, ;even had, the cable been contained.in, an, absolutely: ﬁrepnoof
shaft, At least 150 of the 163 men killed showed the cherry-red
blood and knotted ¥eéins of neck andside’ ‘of head oharacterlstlc of
carhon monoxide poisoning. - — L )
:_ ' n general cables should not be placed in, down-
oastlng shafts and 1 ) me s not, feaslble, upcastmg
shafts should be used. The placement of electric cables in upcasting
shafts would necessitate unusual:precautions: for Waterprooﬁng the
" cable and for prevention of accidents due to electrical leakage, but
“fire' risk and dangei from, ﬁre :es' Would e pmctmﬂly ehmmated
"Whers it is necessary to camy “wires and cables in a downoast or neu-
tral tnnbered shaft, the compwrtment contammg the conductors
should be ﬁwproofed by using thetal 1ath and plaster; or metal lath
"and concrete, or by the gumte method ,

REVERSING AIR CURRDNTS

VVhen a mine has two shafts and the one downcast 18, mﬁ1e fmd
_‘ﬁlhng the wor klngs with smoke evely effort should be made by fans
and other means to convert this shaft into an upcast. This was
promptly done at the North Butte, which was well supplied with
reversible fans.

FIREPROOFING THE MAIN SHAFT.

© Tt is highly desirable’ that the main hoisting shaft of every deep
mine be lined with conerete. If this is done’ at the time. the shaft
is sunk the cost should not be excessive, and, if the mine has a long
life, may in the end -prove eheape1 as subsequent répairs are elimi-
nated. In some formations, especially ‘where there is shifting
ground, concrete may not be practicable, but in such shafts the tim-
bers should be fireproofed and smooth lined by coating with cement,
which can be easily and thoroughly done by using a cement gun.

CONNECTIONS BETWEEN MINES.

From the viewpoint of Butte mining men and the Montana State
laws, the North Butte mine was perfectly safe as regards means of
escape in case of fire. The exits are described on page 43. It is the
opinion of the writer that the pr actice of making numerous connec-
tions with adjoining mines is dangerous. The main objects of such
frequent connections, a practice almost unlversally commended by
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Butte miners as well as mine managers and safety men, are: 1; Exits
in case f dlsaster 2, an.aid. to. ventllatlon and 3, for dramage pur-
poses... ;. : ' : gt
Connectlons between mmes should only be for dralnage purposes
and for gaining admlssmn to. existing. mine fires for the purpose. of
extmgulshmg them Dx1st1ng connections.should be closed with air-
tight doors, preferably of: steel .or congrete on conerete frames and
with, edges sealed by, concrete,: Doors should not be hung inside of
concrete flames but, should be placed flush a,gamst the smooth out-
side surface. i in order not to be. readily affected by settlement of the
. ground Where doors can not: be made air: t1ght the doorway should
1 with.2. to. 3 inches of. _concrete, :and picks and hammers
should be.kept on. each side. of the door w1th swnboards giving direc-
to the thickness of the concrete.

..o the, purpose. of supplymg adequate ventilation, and in orde1
to pelrmt the safe. remoyal.o; -employees at; times of. dlsaster every
mine should have at least two'fully- equ1pped shafts from surfar‘e to
lower stoping level, and all-levels should be connécted with Loth
shafts :

“Byery drift, crosscut, or othér opemng leachng from ‘any shaft,
Whether upcast or downcast wet or'dry, timbered or concreted shotld
Be supplied “With concrete or other firsproof doorframes: w1th ﬁre-
proof doors and with minimur opportunity for leakage, :and so
‘equlpped as to be kept clos ositively without reliance on air pr es-
Stire which may at any ‘timé 'be'reversed a’ dependable latch or sys-
tem of weiglits, rope, and pulleys or both could be tsed. ~In general
drlfts or crosscuts between downcast zmd upcast shafts should 'be

the short-circuiting of air currents in’ ordlnary workmg perlods and
of gases in times of fire; it is: 1mportant that _these doors be closed
positively and automatically, fhat they be ‘as fres.of leakage as pos-
sible,. and that, they be kept, closed .af all times.  Doors dependent; on
\”dmaly aip pressure. for_ be} vgkept closed are very dangero

‘Lpproxmmtely 25 or 50 feet whe1e only men travel where trlps of )
cars are, hfmdled the dlstance should be suﬂ“ment to contaln the maxi-
mum length of tnp between ‘the doors with ample clearance between
the end of the last cars.and the doors.

SUITABLD AND FRLQUDNT SIGNBOARDS e

1t s 1mp01tant that plainly visible signboards, preferably of

enamel paint.on t1n or’ other metal, be erectecl to show d1rect1o )
. 83392° ' : ‘




e lo’f signb
portat drifth -%i"ri"c‘_l

tlmes A placmg danger"' ‘ i
i : "'SO'fa as: prﬁble; e’ !should dbe.\instriicte

Hiifie a

shlft bossés ap' (
dogerve much
sifiokb: ﬁlled regmn Hepuld vt
few mlnutes of the fire; and it
Adfacethe: slgns undergroun :
ment should be punlshable by

;,On every shaft statlon there shouldibe a plan of the level, showmg
: Jevels, bove and, below nd

dlrectlon of alr currents
board or. hox, Wlth a glass co
1eadwble cond1t1on and should be under the dlrectlon of the safetv en—-
gineer. Such .m: ;
of ordunry mine opelatlons especmlly__Ventlla,tlon by mdmatm(r
d001s to be kept. closed ; in.time of disaster there would, almost ‘cer-
tamly be some pelson Wlth suﬁic:lent mtelhgence to read the mmp

TS spung Jatchdoor- lever”
attached oh each ‘side ‘of a doot
abolished for 4 more positive systém of keepmg doors closed Thls
device reduces the time and effort of opemng ‘doors for thotors, hut 1t
is extremely dangerous in time of fire, as a small rock 41l from the

_side or back of the drift on tlie rope will open the door. This oc-
curred on several levels during the Butte fire, withi dlsnsu olls conse-
quences on the 1,800 and 2 000 foot levels. All mine doors should
be fitted with some arrangement by which they closé dutomatically
when released. The door shown in Plate V was closed immediately
after the fire, but was opened by rock falls during the fire.

The large opening left in the concrete doorframe -(as shown'in
Plate V) to accommodate the support.for the spring:lever allows
much leakage of air in normal times and of poisonous-gases in time
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CONCRETE DOOR FRAME ON THE 1,800-FOOT LEVEL,
WITH A HOLE ON THE LEFT FOR THE DOOR-
ACTUATING DEVICE AND A HOLE OVER THE DOOR

FOR THE TROLLEY WIRE AND THE WHELL ON
THE TROLLEY POLE.
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of fire. This/feakage undoubtedly greatly hampered men on the
1,800 and 2,000 foot levels. Escape of gases through the opening in
concrete doorframes wags undoubtedly augmented by leakage through
the trolley slot above the door. This trolley slot is generally about
20 to 30 square inches, and inspection after the fire showed a con-
siderable deposit of tarry matter in the trolley slot from smoky
fumes. Tt is recommended, therefore, that some method be devised
to decrease the area of the trolley slot in doors or doorframes,
There could be a break in the trolley line at the doorframe, as in
street-car systems and in some mines.

SIGNALS.

The Granite Mourntain shaft had practically four systems of sig-
nals, but all of these were carried within the shaft and failed within
15 minutes after the outbreak of the fire in the shaft. Similarly, at
fires in other metal mines, the signal system quickly failed. The fol-
lowing conclusions may be drawn from these accidents :

(1) The safest method of handling signal wires is through a drill
hole with branch wires to each shaft station.

(2) Whether electric signal wires, telephone wires, and cables are
carried in shaft or in drill hole, there should be a pull bell in every
shaft, the rope whether of steel or of vegetable fiber to be renewed
from time to time, even if little used, and the system to be tested
frequently. :

(3) Where there are two separate hoisting shafts, each should be
fully equipped with signals, and provision should be made at inter-
vals from surface to lowest level for obtaining current for signals in
one shaft from the other shaft. This could be done by connecting
the two shafts underground by wires and switches on several levels
with switches thrown out in ordinary times. This is not to be inter-
preted as advocating the connection of the signal wires of one shaft
to the signal wires of the other shaft, :

(4) Tt would appear to be necessary and feasible to have an electric
signal workable on all decks of a cage, taking very low voltage from
a conductor in the shaft through a roller or wheel similar to street-
car or mine locomotive trolley system, the return to be made through
the hoisting rope. A Butte man has a mode] of such a system, with
the additional feature of automatically transmitting a signal to the
holsting engineman as soon as the cage encounters a region of miss-
ing or broken guide. Some operating mines in Utah use a similar
system. '

FIRE PROTECTION IN SHAFTS AND DRIFTS.

Timbered shafts not lined with fireproofing material, particularly
- downecasts, should have ample facility for fire protection, and, in gen-
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eral, this fire protection could be extended to.good advantage into
mine workings. A system of water pipe through which water could
. be'sprayed against shaft timbers; not only around the shaft horizon-
tally at every station, but also vertically between stations and on the
surface at shaft COHaI 1s practicable. - Although automatically oper-
ated sprays from qulble plugs are desirable where a shaft is not much
traveled, the writer prefers perforated pipe with valves placed at
the surfa.ce near the shaft, and at suitable intervals underground.
All sprinkling devices or other apparatus intended for fire protection
should be tested at least once a-month. Sprinkling of dry downcast
timbered shafts or shaft stations should be done at frequent intervals,
and employees should be acquainted by suitably placed signs, as well
as by verbal instruction, as to the position of valves, hose, and hose
houses. 1If possible, water lines should be brought down both upcast
and downcast shafts. A full head could be kept in the former, as it
would be warm at all seasons of the year.

In order to control pressure in deep shafts, the pressure-reducing
valves appear to be preferable to open stomge tanks at intervals of
every few hundred feet. With these valves the flow of water may
be kept under control by the use of a surface supply valve. Supply
tanks at underground stations may continue to flow longer or at
greater volume than is desired. This is especially important when
control of the direction of the air current in the shaft is desirable.
- Water pipe of at least 23-inch size with not less than 50 feet of 24-
inch hose with nozzle, should be in place at every shaft station for
use in case of emergency. If the shaft is downcast, consequently
carrying cold air in winter, water should not be kept in the pipe, but
should be controlled by a valve in the drift back from the station.
The present practice of making connections by suitably placed tees
and valves to allow quick conversion of air pipes into water pipes is
a good one.

Two main compressed-air lines might be brought into a mine, each
by a different opening from the surface, so that if one is put out of
commission the other would be available.

FIRE WARNINGS.

Although few employees of the North Butte mine were caught at
working places In the stopes, raises, drifts, or crosscuts, yet this
emergency shows the necessity for some method of quickly warning
men in cage of disaster. All surface employees at Butte, for instance,
should be instructed to notify immediately by telephone or otherwise
the following in case of fire or other serious disaster:

1. The mine foreman, mine superintendent, safety engineer, man in
charge of rescue apparatus, and all available men trained in use of
oxygen breathing apparatus, also mine electricians and rope men.
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9. The State mine inspector.

3. Mine offices of all mines with which the mine is connected ; a list
of such mines should be always available.  This matter is vital and
should not be neglected.

4. The U. S. Bureau of Mines at Pittsburgh, Pa., or Washington,
D. C., or, if one is near by, one of the field stations and rescue cars.

As with air and water lines, two separate main telephone wires
could be led into the mine through different openings.

Tnasmuch as nearly all working places are reached by compressed
air, and are dependent largely upon compressed air either for venti-
lation or for power with which to work, it would appear that some
signal could be devised using compressed air for conveying warning
to miners in case of danger. The shutting off of compressed air
could be quickly accomplished, and this could be made a danger sig-
nal. This is done in some California mines by means of a three-way
valve. Some governing regulations would be necessary, but that
should not be extremely difficult.

The introduction of some substance into compressed-air lines
through the compressor or otherwise at the surface has been proposed
as a danger signal; this is practicable, but would probably not be as
quick as shutting off air>  One of the large Butte mining companies
has introduced a small amount of valeric acid into the compressed-air
system at the compressor on the surface. Within a comparatively
few minutes a pungent but harmless odor is found by compressed-
air users even in the remote parts of the mine. In a test at a Cali-
fornian mine, an odor came through 7,800 feet of pipe in 8 minutes.
Such a system would communicate only to users of compressed air,
but it would act quickly where compressed air consumption approxi-
mates total air supply. Those thus warned would undoubtedly warn
others. ‘

ORGANIZATION OF -RESCI'jE WORK.

A1l shift bosses, nippers, and samplers, and other men that are
familiar with the mine workings, should be trained in the use of
apparatus, provided they are pronounced physically capable after
examination by a competent doctor. They should be required to wear
apparatus at least 1 hour each month, thus keeping them acquainted
with the apparatus and its working condition. '

Asmany employees as possible, miners and officials, should be given
training in first-aid and mine rescue. At a large mine at least 10
physically capable and mentally alert employees might be selected as
permanent rescue men and paid a little extra compensation, such as 25

1 Katz, S. H., Allison, V. C., and Egy, W. L., Use of stenches as a warning in mines:
TPech. Paper 244, Bureau of Mines, 1920, 81 pp.
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cents a day. No person should be allowed. to wear apparatus unless
trained in its use. ‘ .

Where apparatus is kept near the collar of a shaft instead of in
lockers in a regular rescue station, not less than five sets should be
on hand.

Electric-battery cap lamps should be provided so as to allow res-
cuers to have their hands free, which is impossible when carrying
flash lamps. Electric lamps are used in hundreds of coal mines.

HINTS TO RESCUE WORKERS.

1. Several wearers of apparatus were overcome because they had
worked too vigorously; others had removed apparatus in order to
be able to work to better advantage; some had continued working
after the supply of oxygen was exhausted; and some over-eager em-
ployees of the North Butte rushed into the bulkheaded region without
any apparatus. The result of these indiscreet acts was that a large
number of the men were overcome practically at the same time, and
only prompt and effective assistance by doctors on the 2,200-foot
level of the Speculator shaft prevented serious consequences.

9. Another warning is not to get excited over any incident of
rescue, as this has a bad effect on the system, especially when ap-
paratus is being worn.

3. Three days of strenuous work seems to be about the limit of
endurance of most men in rescue work.

4. Apparatus should be properly assembled before an attempt 1s
made to enter any gaseous area. Several examples of a lack of care
in this regard resulted in the wearers being somewhat affected.

5. During rescue work underground all bulkheads should be exam-
ined thoroughly, as men may be behind them. If any bulkhead is not
on the mine map, then presumably it has been erected by imprisoned
men. The reason for every bulkhead should be known, and even a
well-constructed one should not be considered as having been put up
during normal operations. Tf the 2254 bulkhead, which was in-
spected and considered t0o well built to be hastily thrown up, had not
been .reported, six men would certainly have perished.

6. Rescue men frequently forget or ignore the limitations of ap-
paratus. ‘

7. On long trips in gas with oxygen-breathing apparatus only
machines with by-pass should be used.

4 No fewer than four men should be allowed to go into a gaseous
region together.

9. When about to go down manways, make sure that there is suf-
ficient space for the wearer and apparatus. Present-day types of
oxygen apparatus should be used only as a last resort where ladder

climbing is necessary, as this is decidedly dangerous work.



‘_CON:CL-USIONS AND SUGGESTIONE, 39
SAFETY BEHIND BULKHEADS.

" The bulkheading incidents, in which 56 men shut themselves in
crosscuts by erecting bulkheads and 81 survived, offer the following
hints to others in like circumstances:

1. When entrapped by gases and forced back into a crosscut’ or
drift in which is comparatively good air, keep 1n mind the thought
of building a bulkhead and collect tools, timber, water, and other
necessities on the way.

9. Before constructing a bullchead, make sure that there is no man-
‘way or other connection with another level through which fumes
could come. Also see that the drift is not in broken ground or
stoped through from a lower level and back-filled with loose mate-
rial through which gas could find its way. Even if a tight bulk-
head be made and these conditions are present, the inclosed area will
soon fill with gas. '

3. Under these conditions, with from 8 to 29 men employed, a bulk-
head may be put up in from one to four hours’ time. .

4. When erected, test a bulkhead for leaks by means of a candle
or carbide lamp.

5. If there is a compressed-air pipe with hose attached leading into
the drift and gas is coming n during erection of the bulkhead, sta-
tion a man blowing air to keep back the gas.

6. Use a minimum of lights when i a bullcheaded region, as these
consume oxXygen. : ‘

7. The burning of the flame of a candle or lamp will show the con-
dition of the confined air and how the oxygen is being used up.

8. Keep moving in the drift as much as possible, so as to mix the
air, and do not gather in one place.

9. A bulkheaded drift 250 feet long and 6 feet high by 6 feet wide
contains 9,000 cubic feet of air, and kept 29 men alive for 36 hours;
and one 130 feet long and 7 feet high by T feet wide, containing
6,500 cubic feet, supported 6 out of 8 men for 50 hours, and would
have sufficed for all 8 men for 65 hours if the air had been circulated
by moving about. '

AVOIDABLE ACCIDENTS.

The foremost lesson derived from the Granite Mountain fire is a
repetition of a very old one. Hazards unavoidably inherent in un-
derground mining Jemand eternal vigilance against every form of
carelessness. Had the man whose light ignited the cable been more
careful the fire would not have occurred. The best efforts of mine
owners and managers, of State and Federal authorities, and of

organizations to promote industrial safety are unavailing as long as
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the individual workman is careless. Fven had the shaft been en-
tirely fireproof, there seems little doubt but that large loss of life
would have resulted from the poisonous fumes generated by the burn-
ing of the cable insulation. Every effort to educate underground
workmen in the hazards of their work and what should be done to
make their operations safe should receive hearty cooperatwn and
support from both employers and employees.



APPENDIX.
NAMES OF WEARERS OF APPARATUS.

The names of known wearers of apparatus during the fire are
given, together with the name of the mine at which the apparatus
wearer worked when known. Probably many others unrecorded
wore apparatus, especially in the High Ore, Badger, and Diamond

mines.

. Name. Mine. Name. Mine.

Jack Adams..........aiiiiel.s Leonard. T. Y. Manley....oooveenoot Anaconda.

e North Butte. John Mathers. ... ....| Pennsylvania.

...| Mountain View. W. E. Mathorn_.... Do.

Thomas Baker. ... .| Badger. William Matthews.
Frank Balkavitz__............. Tramway. Evan Mattice .. .............. Berkeley.
W. E . Barraugh............... Leonard. William Maxwell....._........ Tramway.
W.JT.Bate...o...ooioiaoiint Tramway. Willlam Mitehell. ... ... Pittsmont.’
W.M.Best.............oall Poulin. J. R. Montgomery............. Pennsylvania.
Tony Bezik..........o.ooaion Tramway. E.A . Moody....ccoviiiiniannn Tramway.
FrankBren_.................. North Butte. T, B.Mosloy. cceieeaeeanaann Pennsylvania.
B.Brooks......ocoveeiinannns ‘West Colusa. Jim McAlona. . ..oo.ovoenunont North Butte.
R.P.Brown.................. Diamond. Charles McClellan._..._.......
Frapk Bunnell ...._........... Badger. W. McClements............... Tramway.
William BUurng. .. c.coovveenens Pennsylvania. M.E.McDonald......cooo....
B.W.Byrne.................. Badger. Charles McGrail............... Neversweat.
Henry Callison................ T. MceKearn.......cevemuncn... Original.
Hugh Campbell............... Pittsmont. Joe Neighton. ... ............. Tramway.
John Campbell. ............... Original. Frank Nurin.................. Do.
Lester Carrigan.............i.. Do. L.H.O'Rear-.....cocoeaue... Do.
J.W.Collier .. .._......o..oint Badger. Earnest Oates. . ............... Poulin.
E.E.Colling...............0. Black Rock.- John Pascoe. ... .....ooueeenan. Tramway.
ThomasConnor............... West Colusa. John Parlins. ......coooovunen Do.
W.Co0Keee e Tramway- Frank Patolka..........._.... Do.
Frank D. Cron ...| Badger. R.W.Pelton......ccoeeenn... Peunnsylvania.
Harry Crosswell.......... ...| Mountain View. H.J. Pohlman................ Mountain View.
W.F.Crowley................ Poulin. Anton Popich............. ..| Pennsylvania.
B.Davis . ..o Mountain View. William Porter.. Tramway.
William DaviS...ccooaeiiaennnn Neversweat. John Powers...... Do.
CalDevosS. ..oeeeeeaaeaneaens North Butte. Pierce Powers........... .| High Ore.
J. . DOVOSS. eeiii e Tramway . R.J.Powers.....c.o.... ..| North Butte.
A.DiateS........oooiiiiin James Prewitt.......... .| Pennsylvania.
J.F.Donley.....coievenan oot Tramway. C.C.Prico..ooeoeiao.. North Butte.
EllisDrakes. ... .......i..... Do. W.Pugsley.......o.... .| Tramway.
George Bthier............ . Do. Charles Purtle......... ..| North Butte.
John Figker.. .....coocovniann Pittsmont. H. B. Robinson....... ..| Black Rock.
Ralph Flenner. .. . .| Tramway. John Roba............ _.| Berkeley.
Charles Fredericks . .| Pennsylvania. Tom Ryan............ ..| Tramway.
Frank Gartrell........... | Tramway. A. G. Ryecroft...... .1 West Colusa,
EarlGillan............... .+ Original. Jack Schoning...... ..| Leonard.
Thomas Gerety.......... 0 Tramway. James Shields....... ..| High Ore.
Harry Goodsell... . Do. Jolin Shuman....... .| Leonard.
Louis Grace....-... .1 Silver Bow. L.Smith............ ...| Tramway.
C.D.Grey-....ccooovvnnn .| Diamond. A.J.Sommers.... ...| East Colusa.
B.J.Guinan............- .| Tramway. J. H.Stobbs...... ...| Leonard.
W. HarriS.. ..o .| North Butte. D. P. Sullivan.. ...| Badger.
B.B.Harvey . ......oeeuiaann Trainwy. Mike Sullivan... ...} Tramway.
T.F.Hoskin............. .| Mountain View. Thomas Sullivan.. .| Badger.
TFred Hoskin...........-. -1 Leonard. Tommy Sullivan.. . Do.
Thomas Howell . Do. Jack Tavis........ ...| North Bufte.
Charles Huber ... ........ .} Tramway. Ed Thibo....... .| Trammway.
Frank Huber.......... Do. Joe Tiddy..ccoveeemiieieinnon Stewart.
L.V.Hunter.......... .| Speculator. Charles H. Uphoff............. Tramway.
A.Hughes............. .| Pennsylvania. Edgar Uren....... ...} Poulin.
J.J.Kelley . ........... .| Diamond. Chris Walker.. .| Tramway.
Bill Kendall.............. .| Tramway. Cliff Walker... Do.
L. M. Kirby......_..... . Do. Joo Watsomn. . coeeariraeannnn ) o
W.J. Kithy............ .| Pennsylvania. W.H. Weat.... ...| Mountain View.
John Larkin.............. .| Tramway. Dan Wells_..... ...| Pennsylvania.
Alfred Larson............ .1 Moonlight. C. C. Whitmore. .| Tramway.
JameSLeary..............- | 8t. Lawrence. Mike White..... e Do.
Peter J. Leary............. . Allen Wilson.. ...] North Butte.
L.Lemm. ........oooooiinnt Original. M. D. Wilson. .| Tramway.
Tom LeMartin .| Leonard. Mike Woods - eeviveninaiaae High Ore.
Martin Lisac.......... ... Pittsmont.

41
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. D. Frink, general superintendent, North Butte Mining Co.
. B. Braly, general manager, North Butte. Mining Co.
. J. Cole, safety engineer, North Butte Mining Co.
. J. Coady, engineer, North Butte Mining Co.
. . Case, engineer, North Butte Mining Co.
H. D. Shields, North. Butte Mining Co.
W. A. McMasters, North Butte Mining Co,
. A. Fritzberg, assistant foreman, North Butte Mining Co.
H..J. Steinberg, assistant foreman, North Butte Mining Co.
John . Hammill, shift boss, North Butte Mining Co.
C. A. Russell, shift boss, North Butte Mining Co.
J. McNichols, shift boss, North Butte Mining Co.
W. R. McCoy, shift boss, North Butte Mining Co.
W. D. Budelier, shift boss, North Butte Mining Co.
T. Qaas, foreman, High Ore mine. .
J. J. Carrigan, assistant general superintendent, Anaconda Copper Mining Co.
E. M. Norris, foreman, Tramway mine. :
H. R. Tunnpell, foreman, Pennsylvania mine.
J. A. Bartlett, assistant foreman, Tramway mine.
C. B. Neighman, mining engineer, Leonard mine.
H. J. Rahilly, mining engineer, Leonard mine.
C. B. Calvert, safety engineer, Anaconda Copper Mining Co.
Dan Crowley, apparatus man, Anaconda Rescue Station.
R. B. Linton, president, North Butte Mining Co.
C. A. Allen, J. C. Dickinson, J. J. Forbes, . W. Price, Duncan Penwell, D. Harrington,
and C. A, Herbert, from the United States Bureau of Mines; and Dr. A, J. Lanza, of the
United States Public Health Service.

|

a2

I addition to the above, great credit is due to Ernest Sullau, the
assistant foreman on shift on the night of the fire. In his efforts
to warn men in various working places he walked over'3 miles
underground, much of which was climbing up and down ladders,
also encountering gas in several places. He was instrumental in

sending at least 50 men to safety. In doing so he lost his owm life, -

though he had ample opportunity of saving himself had be been
willing to abandon his men. ,

Of the nine shift bosses, three lost their lives. They all acted
quickly and efficiently, and appeared to have exerted almost super-
human effort to show their men the way to safety. They included
‘McFadden, J. Hammill, J. McNichols, Goodell, Bronson, Wiegen-
stein, J. D. Moore, George Gorrie, and Ben Tregonning, the last
three of whom were overcome.:

Others who were of material assistance were John Gillie, general
manager of the Anaconda company, with three of his assistant
superintendents, John O'Neill, C. L. Berrien, and J. J. Corrigan;
also Robert Linton, vice president of the North Butte company;
State mine inspectors Orem and McGrath, officials of neighboring
mines, and many doctors, including Mesers. Lanza, Maillet, McCarthy,
and Rhodes. The fact that the doctors were underground without
doubt saved some lives.

DETAILS OF ESCAPE WAYS FROM NORTH BUTTE MINE AT THE TIME OF
THE GRANITE MOUNTAIN TIRE.

From the viewpoint of Butte mining men and Montana State
laws, the North Butte mine was perfectly safe as regards means of
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escape in case of fire; there were two working shafts, each with
adequate signals, hoists, and cages, though unfortunately, on ac-
count of retimbering at the time of the fire, the Speculator shaft
was temporarily out of commission below the 800 as to main com-
partments and below the 2,000 as to chippy compartment. More-
over, the open drifts between shafts on the 700, 800, and 2,400
quickly filled the Speculator with polsonous fumes.

CONNECTIONS WITH THE BADGER MINE.

The exits between the North Butte and Badger Mines were as fol-
lows: One gouthwest of the Granite Mountain shaft on the 1,800 with
an easily opened door, behind whieh was fresh air for several hours
after the fire, and near this door in an absolutely open crosscut was
o connection to the Diamond through which fumes later on went
direct to the Diamond and resulted in the death of foreman O'Neill
and his companion Lorie. At least a dozen men who perished could
have reached safety through this connection to the Badger had they
taken it instead of going toward the Granite Mountain. There was
another connection to the Badger northwest of the Granite Mountain
shaft through open drifts with a raise of about 16 feet from North
Butte to Badger property. The Badger company had placed a brat-
tice in this connection of 1-inch boards, said by miners to be 3 inches,
and this brattice was broken with comparatively little trouble by the
fleeing men, many of whom escaped this way. There was a connec-
tion to the Badger on the 2,000 northwest of the Granite Mountain
shaft on practically the same level, but through a stretch of squeez-
ing drift and another of crosscut from which broken rock had not
been removed from the floor. A brattice of 1-inch boards, said by
men to be 8 inches, was also in place in this connection on Badger
ground and had to be broken, but many men escaped by this exit.
On the 2,200 was another connection to the Badger, northwest of
the Granite Mountain shaft with the Badger drift about 30 feet
higher than the North Butte. Tt is believed that comparatively few
men escaped by this connection as the flow of poisonous gas north-
ward from Granite Mountain shaft with a“velocity of over 400 feet
o minute through the open 2275 crosscut toward this connection
undoubtedly prevented many men from taking advantage of the
opening. These four openings to the Badger were practically open,
as the brattices in the Badger on the 1,800 and 2,000 were readily
broken.

CONNECTIONS WITH THE HIGH ORE MINE.

On the 2,200 were two drifts near the Speculator shaft leading to
the same crosscut to the High Ore shaft about 600 feet from Specu-
lator shaft. (See Fig. 2, p. 11.) The most northerly of these
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two drifts was sealed with a concrete brattice in May, 1917, when
fumes from the High Ore-Modoc fire persisted in going into the
North Butte mine; no bodies were found in this drift or near the
concrete brattice. The most southerly drift had an easily opened
door in North Butte ground, and in High Ore ground a board canvas
brattice, which was readily broken by 6 men who escaped to the.
High Ore shaft. Later on 9 men went through this exit to within
150 feet of the High Ore shaft and then, following directions on a
signboard, turned into a drainage crosscut to the Bell Diamond and
were hoisted from the 2,200 Bell-Diamond station. On the 2,400 was
o drift south and east of the Speculator shaft, with two easily oper-’
ated wooden doors in concrete frames on North Butte ground and
with a drop of about 10 feet to-the High Ore; and in the High Ore
drift was a concrete doorframe, the door opening of which had been
sealed during High Ore-Modoc fire in May, 1917, with between 3
and 4 inches of concrete and 1-inch boards as concrete form. The
iron- door swung toward the North Butte mine and had rusted to
such an extent that the men had some difficulty in opening it on the
night of the fire, and upon opening the iron door and encountering
the inch boards of the 4-inch concrete form they tried unsuccessfully
to force the concrete with a mine track rail. Most of the men de-
spaired of forcing the concréte in the doorframe and retreated.
Some of those who originally tried to go through the 2,400 to the
High Ore later went into the Manus Duggan bulkhead on the 2,400.
Some of the men returned, however, with picks and hammers and
sicceeded in breaking the concrete from the doorframe and at least
50 men escaped. Attention should be called to the fact that had the
men failed to break the bullhead they would still have been safe by
remaining near the bulkhead, as before they entered the High Ore
workings they had passed through a door in the North Butte mine
which definitely excluded all of the gases from the North Butte mine
Gre. The distance between the above-mentioned door in the North
Butte mine and the bulkhead in the High Ore mine was several hun-
dred feet. Moreover, there was a compressed air line there from
the High Ore mine. Hence, these men could have existed for several
days in this airlock, even had they been unable to force the bullchead..

The 2,600 had no connection to any other mine, but it connected
both the Granite Mountain and the Speculator shafts and had sev-
eral manways to the 2,400, and the 2,800. The 2,300 had two connec-
tions with a High Ore drift used also as a drainage level. In one
of these connections were two doors on North Butte territory. the
other, the more southerly, was sealed-off by a concrete brattice in a
door frame to keep fumes from North Butte mine when the High
Ore-Modoe fire was at its height in May, 1917. One man was found
dead near this latter bullhead and four others in the drift, though
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they might have gone to safety had they chosen the more northerly
exit and barricaded themselves outside the doors in North Butte ter-
ritory and inside another door frame with concrete brattice in a
door opening in High Ore territory. No North Butte men escaped
to the High Ore on the 2,800, and the one man found dead near the
brattice and four near by in the south drift to High Ore on the 2,800
were the only men found dead in any part of the mine near a bulk-
head or brattice previously placed by mine officials.

MANWAYS BETWEEN LEVELS.

There was o opening to any other mine on the 3,000, but this level
was connected to the Granite Mountain shaft and to several good
manways to the 2,800. The 3,200, 3,400, and 3,600 had been driven
Jess than 300 feet from the Granite Mountain shaft in a direction
toward the Speculator shaft, and on the night of the fire the men,
except possibly one or two, had gone out, due to breakage of pipe
in Granite Mountain shaft supplying water for use in Leyner drills.
These men below the 3,000 level were all hoisted to the 2,800 level, as
no men were found dead below the 3,000 level, and few if any below
the 2,800 level.

Between each two levels from the 3,000 to the 1,800 were several
manways and,in general, the North Butte manways were kept in first-
olass condition. Between the 1,600 and 1,000 no men were working.
The 700 and 800 were connected to both Speculator and Granite
Mountain shafts with open drifts between shafts, but had no open
connection to adjoining mines. The 400 and 600 were connected
only to the Speculator shaft, but the various levels from 400 to 800
had several maniways in fairly good state of preservation, and some
- men from the 800 escaped to the Speculator shaft on the 400 on the
night of the fire.

DANGERS OF INTERMINE CONNECTIONS.

In the opinion of the writer the Butte practice of making numer-
ous connections to adjoining mines is dangerous. The main objects
of frequent connections to adjoining mines, which are almost univer-
sally commended by Butte miners, mine managers, and safety men,
are: As exits in case of disaster, as an aid to ventilation, and for
drainage purposes.y Although it is true that approximately 170 em-
ployees of the North Butte mine escaped through underground exits
to the Badger, High Ore, and Diamond mines on the night of the
fire, yet these men, together with many others, could have been saved
had the Speculator shaft not been. partly out of commission on
account of repairs and had there been a more extensive system of
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doors -controlling the flow of air to or from both the Speculator and
Granite Mountain shafts. -~

A largé number of lives were undoubtedly lost, because on learning
of presence of smoke in the mine many of the men hastened toward
the Granite Mountain shaft, following the precedent set. when North
Butte employees were compelled on at least two occasions during the
High Ore-Modoc fire in April and May, 1917, Jess than two months
before the North Butte fire, to flee toward the Granite Mountain
shaft for safety. During the High Ore-Modoc fire the North Butte
mine was closed for nearly two weeks because of gas and fear of gas,
and on the night of the outbreak of that fire North Butte employees
were being overcome by fumes from the High Ore as their first warn-
ing of danger. Conversely, on the night of the North Butte fire em-
ployees of the High Ore mine, working on pumps at pumping sta-
tions along the High Ore shaft, some wearing Draeger apparatus,
were overcome by North Butte fumes and brought unconscious to
the surface. O’Neill and Lorie, of the Diamond mine, were over-
come and killed by North Butte gases within 50 feet of the Diamond
shaft, yet the Diamond mine is connected to the North Butte only
indirectly through the Badger and High Ore. Several other Bell-
Diamond employees were overcome by North Butte gases in the Bell-
Diamond mine and many of the Bell-Diamond men had to be hoisted
through the West Grayrock shaft. Badger mine employees, who
had no reason to fear gas from the North Butte mine because the
general direction of air currents was toward rather than from the
North Butte, narrowly escaped disaster when the smoke from the
North Butte quickly reversed the usual direction of currents.

Clonnections should be made between mines only for drainage pur-
poses and for gaining admission to existing mine fires to extinguish. -
them.

Existing connections between mines should be closed with air-tight
doors, preferably of steel or concrete, on concrete frames and with
edges sealed by concrete. Doors should not be hung inside of con-
crete frames, but should be placed flush against the smooth outside
surface so that they may not be readily affected by settlement of
- ground. Where doors can not be made air-tight the doorway should
be sealed with 2 or 3 inches of concrete and picks and hammers should
be left on each side of the door with signboards giving directions as
to the thickness of the concrete.

Although but one man was found dead at a concrete bulkhead or
at a brattice of any kind erected by mining companies in the connec-
tions to other mines, the existence of bulkheads on the 2,400 and 2,800
levels to High Ore connection may have caused some men to retreat
and later on to lose their lives. However, the bulkheads in the door-
ways of concrete frames on the 2,400 and 2,800 exits to the High Ore
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mine were placed by the officials of the High Ore mine to protect the
employees of the North Butte mine from poisonous fumes from the
High Ore-Modoc fire in April-and May, 1917, which was still burning
when the North Butte fire ocourred. It had been found 1impossible to
make the standard iron doors sufficiently tight to exclude the poison-
ous gases angd the thin concrete brattices were placed solely to give
positive assurance of safety to North Butte employees who at
least twice, in April and in May, 1917, had been hurriedly taken from
the mine to avoid gases from the High Ore fire coming through the
identical doors which were concreted later. Any loss of life due to
bulkheads placed by mine odicials in exits to other mines is charge-
able directly to the mistaken policy of all classes of Butte miners,
mining men, and inspectors in demanding a multiplicity of connec-
tions. At thetime of the High Ore-Modoc fire the North Butte Min- -
ing Co., unwilling to risk the lives of employees while fire was "
uncontrolled in an adjoining connected mine, closed the North Butte
mine for nearly two weeks.
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PUBLICATIONS ON MINE FIRES AND VENTILATION.

A limited sdpply of the following publications of the Bureau of

Mines has been printed and is available for free distribution until
the edition is exhausted. Requests for all publications can not be
granted, and to insure equitable distribution applicants are requested
to limit their selections to publications that may be of especial inter-
est. Requests for publications should be addressed to the Director,
Bureau of Mines.

The Bureau: of Mines issues a list showing all its publications
available for free distribution as well as those obtainable only from
the Superintendent of Documents, Government Printing Office, on
payment of the price of printing. Interested persons should apply
to the Director, Bureau of Mines, for a copy of the latest list.

PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION.

BuLrerin 75. Rules and regulations for metal mines, by W. R. Ingalls and
others. 1915. 296 pp.

TeECHNICAL PAPER 82. Oxygen mine rescue apparatus and physiological
effects on users, by Yandell Henderson and J. W. Paul. 1917 102 pp., 5 pls,,
6 figs.. )

TECHNICAL PAPER 229. Accident prevention in the mines at Butte, Mont., by
Daniel Harrington. 1920. 59 pp., 2 pls.

TEcHNICAL Parer 251. Ventilation in metal mines, a preliminary report, by
Daniel Harrington. 1921. 44 pp.

].\IINER‘S’ CircULAR 10. Mine fires and how to fight them, by J. W, Paul. 1912
16 pp. »

Rescue and recovery operation in mines after fires and explosions, by J. W.
Paul and H. M. Wolflin. 1916. 109 pp.

Manual of first-aid instruction for miners, by a Committee of Surgeons on
Standardization of First Aid. Revised by R. R. Sayers. 1921. 214 pp., 99 figs.

PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN-
TENDENT OF DOCUMENTS.

TecENICcAL PapeEr 67. Mine signboards, by BEdwin Higgins and BEdward
Bteidle. 1913. 15 pp., 1 pl, 4 figs. 5 cents.

TECHNICAL PAPER 77. Report of the cominittee on resuscitation from mine
gases, by W. B. Cannon, G. W. Crile, Joseph Erlanger, Yandell Henderson, and
<. J. Meltzer. 1914, 35 pp., 4 figs. 5 cents.
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A.

Air, North Butte mine, analyses of_.
See also Ventilation.

- Air currents, reversal of, advantage

See also Ventilation.
Anaconda Copper Mining Co., ac-
’ knowledgment to——————-
Apparatus, number of sets used_---
recoveries with -
wearers of, from different mines_
names Of_—————-
precautions (6]
use and care ofo———ceeo—mo-—=
See also Oxygen breathing ap-

paratus.

B.

Padger Mine, connections witho .-
rescue work through . ————---
ventilation frome————co—oe-—v--

Braly, N. B., acknowledgment to-—--

Bulkheads, construction of - ————-
examination of, importance of -
failure of ccmccm e
precautions for_ - [,
views of e —— e
See also Men, entrapped.

Bureau of Mines rescue cars, Serv-

Butte & Superior Mining Co., ac-
knowledgment tO— -

C.

Cables, clamping of, need for-_.---—
placement Of e .
See also Drill holes.
Cages, location of e
Canvas pipe, use Of e
Carbide lamps, use Of e
Carbon dinxide, amount in
headsS o e
in North Butte mine air
Carbon monoxide poisoning, cases of_
Chippy cage, use P
Chippy compartment, use Of e

Compressed air, use o] 12, 25, 28, 30

See also Warnings.
Connectlons, intermine, danger of__
North Butte mine, dcserintion

location of o=

9.9200-foot level, plan

USeS Of oo mmm e m =

Qee also Granite Mountain shaft.
Crosscuts.  See Conunections.

43392°-—22———1

INDEX.

Page.
14

32

18,19, 23, 24, 41

45-47

Diamond

Electric cables.
Blectricity, use underground of———-
Elm Orlu Mining Co., acknowledg-

Fans,

D.

mine, air interchange
With o=

Doors, air-tight, need fOreommmem—emn

automatic closing of, need for_—
in connections, US€————-——-——=—

See also Connections; Door-
frames.
Draeger apparatus. See Oxygen

breathing apparatus.

Drifts, fireproofing Of e
Drill holes, for electric cables, ad-

tages Ofcoeoco—m ——mm—-

Dynamite, amount used daily —-—--

E.

See Drill holes.

ment to———cmeemmm—m——m

Escape, methods of, résumé of -

See also Men, escaped.

Bscapeways, at time of fire, descrip-

tion Ofcccmeommmm e

reversal of omommommem—
use of in combating smoke_-—~

ventilation with———-cc—m-—- 10,

See also Sirocco fans.
Pratalities, number Of e
Tire, prevention of, means for—.——

See Granite Mountain shaft;

Warnings.
Trireproofing. See Doorframes;
Drifts; Shaft; Stations.

Fire protection, method of—cceeme
Tirst aid. See Mine rescue training.
Tleuss apparatus, advantages of--
Sece also Oxygen breathing ap-
paratus.

Gas, leakage of, cause of, view of__
prevention Of e

to adjoining mines, effects

OF o=

Gem shaft, fan at, use Of C e
Granpite Mountain shaft, fire in,

causes and progress of _
section Of cccoommmmm--mmm=moo
See  Hoisting compartments;
Chippy cage; Chippy com-
partment; Levels ; Shaft,
fireproofing; Ventilation.

49

Page.

33,34
13

12,14

17
14,15

36

14-17
11



50 INDEX.
H. Page.
High Ore mine, connections with - 43 | Oxygen breathing apparatus, supplies
. rescue work through ) 19 used with _ . ________
ventilation from__._—_________ 10 use Of oo

Hoisting compartments, description

Humidity, in bulkheads_ .-
normal, North Butte mine____

K.
Katz, S. H., Allison, V. C., and Egy,

W. L., work cited--_.__ 37
L.

Levels, plans of, need for_____._—- 34
Linton, Robert, acknowledgment to. 8
M.

Manways, description of__=: 45
Men, entrapped, efforts of________ 24-31

precautions for —.—_._____ 39
escaped, number of__.________ 17
rescued, number_—_____ 17, 26, 80, 31
See also Fatalities.

Mine rescue training, need for_____ 37
Modoc mine fire, gas and smoke
from_.__ . 17,47
North Butte mine, output of .- 7
See also Connections; Hscape-
ways; Granite Mountain
shaft; Levels; Specula-
tor shaft; Ventilating
: system.
North Butte Mining Co., acknowl-
edgment to . _ 8
North Butte mining district, location
of, plan showing__._____ 9
panorama of______.____ Frontispiece
0.
Oxygen, amount needed to support
life _ e 26, 29

in bulkheads- ...~ 39
for apparatus, consumption of_ 21
in North Butte mine air--..__ 14

O

Rainbow shaft, fan at, use of______

Rescue, methods of .
See also Mine rescue training.

Rescue apparatus. See Apparatus.

S.

Shafts, depth, and location of___.__
fireproof, need for-.__________
view of .
timbered, fire protection for___
Shaft stations, description of______
fireproof, need for..__ . ______
view of __ . ___ o ______

See also Levels.
Signboards, importance of_._______
Signals, safety suggestions for_____

Sirocco fans, use of________ 10, 12,
Smoke, means of combatting____.__
Speculator  shaft, rescue  work
through
See also Ventilation.
T.
Temperature, in bulkheads._.___ 25,

normal, North Butte mine..-__
V.

Valeric acid, as warning, use of___-
Ventilating system, North Butte
mine, description of____
Ventilation, Granite Mountain shaft_
shafts for oo
Speculator shaft . ____.___

air intake, volume of_____.____

air outlet, volume. . _________
See also Air currents; Badger
mine; Compressed air;
Fans; High Ore mine;

Speculator shaft.
W.
Warnings, method and rvules for_..-

Water supply in shafts, importance
Of

Page.

33
35
14, 18
17-18

26, 27
14
37

10-14
10,13

12,13

10,13
12,14

36-37
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