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of aldchydes would reguire 100 volumes of air’ per pound of exhaust gas to
produce an odorless tnderground dtmosphere, This dilutien is cons_xdora'bly
greatcor then that gencrally necessary for carbon monoxide and oxides of ni-
trogon. It is not surprising, thereforé, that the odor of D:Lesol cxhaust
gas can be dobected oven when mntilation is adequate for the hmul cor-
stitucnie of this oxhoust.

From the foregeing, it is evident that water is not a satisfactory
sorutbing medium for Diescit exhaust gas, as under some conditions none of
ti aldchydos are reroved, and cven under the mest favorable cenditions tho -
romoval wes not greator 'bhan approximtely 8o percent., It appoers dcs:wa‘o_u,
thor cIore, to geok a more cff iulOIlb means for rcmov:.ng aldehydos. s :

Studics are in progress on the remeval of aldchydes by solutions com=
teining sodium sulfite,” Preliminary laboratory tosts have shown thet sodium
sulfite solutiond are offective at temperatu-es ‘as high as 16007, "Howraver,

it Lo nocezesary to rotord the oxidation of sodium gulfite by the addition of
~an inhibitor. Suiteble inhibitors heve been found, and full-scale tesis arc
“in progross. ' . : S - ‘

Parformonce of Dicsel Engines

In studiocs of the offect of barometric pressure upon the compesition of
the cxhoust gases produced by Diosel engines, consideroble data were obtained
~incidentally on cngine performenceo: Analysis of those daia led to the de-
svolopment of methods for converting mozsurcments of the pcower ou put of
Diescl cngines to standerd atmesphordic comdltlons; 2 problom that has con-
- fronted the Diesel-engine industry for mpany years. The fundamental theory
undorlying thig problem wos defoloped in 1941, lh/ end the recent testa of
three difforent, normelly aspirated, commerciel, four-stroke- cycle Dicscl
ongiros ot difforent buromotric 'oress?res permitted an extﬁnsion ar\d exyur.h-“
muntul verification of this *t’qeory.__

Mino Rosecuo Telc;honcs

The Burcau bas oxperimented with' battery-powered +telephonic equipment
“sinec 1925 in attompts to develop 4 safe and dcpondable meothod of communi-
cating with roocue creve voridng in dangerouc cXplosive’ geses, A system
consisbing of trensmitiers, recolvers, and 1,000 feet of two-conductor coable
hag beon doviscd and used successfully in actual rescuc and recovery work
mdorground. The eosembly consiste of two dynemic-type regelyars, .Onc Worn
%7 o mombor of the crew and onc by an attcndont ot the fresh-air basc, one.
Yhration-powered transmittor, onc voice- powcred transm+ter » 1,200 feot of
ET Elijott,. Martin A., A Ratloml Bn.sis for Correla.tm,g Data- on f‘ompros- '-
smn—Igrmtlcn Engine Porformanco Obtained at D;i‘ferent Intake and Ex-
haust Conditions: S.A.E., Jowr., vol. . b, l%l pp. 532-543,
Eillicit, Mortin A., Conversion.of. Measuremcn‘bs of Powor Output ‘of Blesel
. &glnes to Standard Atmospheric Condlitions: Trens., 4.5.M.E:, vol.
68, 1546, pp. 525-53G.
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two-conductor cable, and a reel. The cable 1s used in place of ths rope
formerly employed for a signal and iife line., The conventional 5&S‘I~cord
type of life iine was never satlisfactory; freguent failures ccourred in
trenemitting pull or jerk signals owing to fouling of the rope or its. ela
tic¢ity. The greater.ease and scope of telephone-volce commmication remove
neh of the difficuliy and uncertainty Iormer]é_y eypemenced and allows the -
work t6 be dons more safely and efficiently,lO

Allaying Mine Dust

; Gual duet pres ents. an ever-—prssen‘t coal-mine explosicn hazard ana
'pe”sons foreed. to breath large quantities of it mey be mede sub,jec‘t to re
piratory int eotion. Dust-allaying equipment for applying water or wetting
solutions on the cutter bers of mining machines, on mobile. loadere, on
belts or conveyors, and on loaded cars is being installed In more mlnes
every year. These installations sre fer from baing stenddrdired, and,:-to
gssigt in the adoption of the best-known present practlces , the Bureau ha
cu:vayed aval,Laole equipment and the installaticng and systems now in. use.ﬂ/
A report has been published glving in dstail suggested arrcmgements okl cius
allav:mp equlpment ag 2n aid to both mamufacturers and mine officials toward
obtaining the mogt efficient systems, e

Hazards of Trolley-Locomotive Haulage

. rro]_'tey locomotlve baa'l age has been an. 1mportant factor in the, supermr
efTiciency of production in the underground coal mines of the United State
T% has _proved to e rapid, sconomical, and efficient; nevertneless, 80 ANy
hazafdous Teatyures and unsale oonditlons are involved .as. to justify. the .-
view uhat the system shouvld be scrapped mless operaticn can be:modif ied.

1o bmng about safe conditions, The hazards héve beern re"ognlzed for yeara,
and although efforts have been made to combat them, the. size of - equipment .
and extent of mechenization hag increased withdut flndlng w::r}'able means..
of safegwarding lives and property against dangers of shock gas 1gnit10ns,
and fires, Alternetive methods of transportation are being 1nvest1gated “
s &8 solutlor\ to the problem in the event that trolley Systems” gantiot be T
prope:lv saleguarded. _@/ Among the methods under study by engineers off the
Bealth and. Safety Branch are stora.ge-bat*ery locomotives , conveyor systeInS,
and Dlesel Jocomotives. . - .

15/ Forbes, J. J., Griffith, F, E., Cash T E., and Pete‘v‘sen, Ma.x S'-,

Mine Regous Life-Line Telephone Assemblies. -Bureau of Mimes Rept.” ~-

of Investigations 3875, 1945, 9 rp. .
17/ Owings, C. V., Suggested Methods for-Installing Dust-Allaying Equips
' ment in Bituminous-Ccal Nlne Bureau of Mines, Rept. of Investi-
gations 38L3, 1945, 31 po. .
_/ Herripgten, D.,-and Wa.ncke, k. G., ‘Eazards o: the Trolley-Locomotlve
}:aulage Systnms* Bureau cf M:Lnes Inf. Clrc. 7528 1915 5 57 pp.

.
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Diescl Locomotive Tes‘ts

Technlclans and engineers ‘of the Health and Safety Branch have inves-
tigated the use of Diesel locomotives in mines and funnels to discover
their limitations oy ?dvantages. One series of tests, on which a report
. haz been published,__.._ wag conducted by the Bureau of ‘Mineg on’ the Cascade
Punnel of the Great Northern Railway to determine the effects upon the tun-
nol atmosphere of a Diesel freight engine. The tunnel was not provided
with mechanical wventilation. The observed concentraticns of carbon dioxide
were not hazardous, nor was the oxygen content of the tummel air depleted
to a: gignificant degree, Carbon monoxide was: only .slightly about 0.0 per-
cent at eny time., Oxides of nitrogen were found in a ccnsidera‘ole area bo-
hind the train in concentrations exceedlng 25 parts per millicn, usually
considersd the mad mm permiseible in working places; persons at work in
the tunnel might be affected, but crews on moving trains would not be endan-
gered. The foregoing contaminations were chasrved for trgins pulling up-
grade; no appreciable contaminaticns were observed for downgrade trips.

ke from the loccmotive re&uced visibility in the turmel.

Liquefied Natural-Ges Fire in Ohlo

On October 20, 194k, a disastrous fire occurred at the liquefaction,
storagc, and regasﬁica‘tlon plent of the Fast Chio Ges Co., Clevelznd, Ohio ghchs
,as tho rosult of failure of an insulated cylindrical tank in which liquefiecd
,natux'al gag was shored at, less than 5 pounds per square inch pressure and at

,_tempcra‘burc of minus 250°F Eye wiilnesses of the failure of the tank re¢-
ported that streams of liquid or fog igsued from its side, and that almest.
immediately the tank opened and discharged its entire contents over the
‘plant and adjoining properiy at a lower elevation. The gas cntered storm
sewors, was ignited, and exploded.. Heavy loss of life and property resulted.
The Burcau investigated the disaster to obtain technical information that
might help to prevent similar occurrences; representatives of ‘the Health
‘end Safety Branch joined with members of the Fuels and Explosives Branch in
:the investigation and in the report .issued in 3.91}6 "Definite concluaions
Werc nct reached regarding the cause of the disaster; however, 1t was doter-
tincd that the. possible causcs of feilure of the. tank were improper design,
-Use of stoel mnsuited to pressure’ and. temnerature condltlons in such a tank,

r a fTaw in the. platcs or on the Weldlng. : ‘

Proccdure :E‘or Tcstmg Solf Containcd Brcathlng ﬁpparatus
Dcvelonm*mt of new typos of self - contalnod oXygon o oompressed-air
Gathing apparatus made adv:.sablc the reviglon of the spoc:.flcatlons under.

._2/ Bcrger, L. B., and IVic(‘rm.r'c,E L H Obsorvatlons on tho Usc of & Dicsol
Frelght Locomotive through a Railmay Tunnel° Burcau of Mines cht.
of Invegtigations 3867, . A9k6, 20 pp. .

20/ Eiliott, M. A., Seibel,.C. W., Brown, F. Wi, Artz, R, T., and Bergor,
L. By Report on the Investigation of the Fire at the Liquefaction,
Storage, and Regasiflcatlon Plant of the East Ohio Gas Co., Clove-
land, Ohio, Oct. 20, 1G6EL4: Burcau cf Mines Rept. of Investigaticna
3867, 1946, Li pp. :
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vhich the Bureau tests guck equipment for spproval for use in irrespirablol
and poisonous gascl. Teste were made of recently developed types operats
by uee of oxyg;sn—generatira chemical charges, by compreszcd-air supplies,

and by covpregsed oxygen. Suitable tosts and standards of performance wer%

establish_éd‘whioh‘ all types of spperatue mist meet Tor approval, and a r
viged schedulo wag published.?}; '

Singlc,'shot".}a'lasting Units

The. arrangements and specifications under which tests are made for
Burecau approval of blasting vnits used in'gassy'mines undergo.modifica—ti&
as newﬁev'ices , and plagting practices arc devoloped. A reovigsed schedule
ror tosting and approving singlc-shot units was -published;?_. B -

.

Coal-Mine Heslth Hazards - L

Teboratory and field investigations _of . health conditions in anthraocl
and Ditumincug-coal mincs Worc carricd out in connoction with requirements’
of tho Foderal Coal Mine Inspoction Aot by Hoalth Division perscrnol. Tus
and gas samples Wore collected and snalyzod. e e T

_ Potrographic cxaminations and qualitative -and guentitative X-ray dif
fraction doterminations were madc on grose samples of T ‘
matdridl; and rock-dusting material in ‘bithminous coal mines.

made of unhygicric atmosphores in enthracite mines. TB

dust disséemingticn of eloctiic-auger, proumatic rotary, and pn

drills using 4iffdrent £ypee of drill stocl and bits were studied.

Coal minc inspectors and Safoty Division perscnncl woro trained in de
tormination of uphyglenic dugt in Soal mines. Tho coursc included -source
formation, propertics, ‘dissemination, and bohavier of dusts; methods of -
sampling, deternining ‘Gemposition and copcentration of dust in air, and "
counting duet particles; ‘physiclogicel effccts of exposurd 4o duets and per-
migeible limits, and principles uscd in.controlling dust. :

_'-'A,'repo_x"t‘ Wazs'pr,_ep‘é_r.ed.?é/ describing the cells or conteiners uscd o
hold a known small depth of the dust-containing iiquid from impingcr, £il-
tor papor, and other samples collectod from the air while the particles ro-
vealcd Dy & microscope arc counted to cbtaln an index of the concentration
of dust in thc sampled air. Informetion is given on such subjects as The’
kinds of cclls availeble, winds used, actuzl dopths of cells, end construc-
tion of single, ‘incxpensive cells. o

21/ Proccdure-for Testing Solf -Comtained Dreathing Apparatus for Pormiséi{’
bility: Bureau 6f Mines Schedule 13C, 1946; Federal Register July -
17,  19%6, vol. 11, No. 138. . '

eral Register, Dec. 1l, 1645, wol. 10, Ho. 241, Ve
23/ “Brown, C. E., Beetty, R. L., end Kirby, T. B., Duet-Counting Cclis:
‘Burca ‘of.‘_,_M:_i.nOE_s;Inf. Cire. 7331y 1945, 9 Pp. g '

g2/ Burcem of Mincs, Single-Shot Piasting Usits:- Schodule 12D, 1945; Fod- "
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L LA study?.i*./ vag m2do to obtain infermaiion on the approximate size of

tho smallest dust particles rovealed by or tho limlt 'of visibility of various
i mleroscopic systems. -The information was desired mainly for'use in inter-
proving and evaluating resulte of number-concentration and perticle-size de-
torminations on samplee of unhyglenic particulate matter collocted from in-
dustrial atmosphercs and in developing better methods for such determinations.

. A serics of tests25/ was made with a Traube's stalegmometer for thin
liguids to see if it could be used for detormining the concemtration of .wob-
ting 2gent- in solution as it camé from the mozzle of the watcr spray uscd in
dust-control work.” This determination is important, es under similar condl-
tions and presumebly tho seme concentration of wetting agent in solutlen it
wes obsorved thet the offect was not wniform - in ‘Some instances tho wetbing
agent addod seemed to have no more effect then plain witer. This was probs.
ably due to ilmproper mixing, which rcsulted in 3 concontration lacking in .
uniformity. . a ‘ j .
.. _The rosults indicate that Traube's stalagmomctor, which is commercially
availablo; is a device that can bo used for accurstely determining the con-:
centration ofr wobting agent in solutich. Determinations can be made quickly,
on the Job, by a.persen who is not cipocially traincd in laboratory technigue.
The instrument. should find wide application in Industry to help intarpret ro-
sults and control concontration whercver a wotting agent is used in & wator’
solution. ' AR ' S ae

Usc of Explosives and Gaseous Fxplosions 7

"0250 in Chirge Limit of Permissiblo Explosives

.. At the roquest of the coul-mining. industry sceking mozns of incressing.
L producticn, the Burecau. of Mines ‘undertook an inveatization to cstablish
ther larger. charges +han the. existing limit of 1.5 bounds of permissible

oxplogives could bo used with sefcty. Since then a continuing study has
can. conducted in the Experimontal Coal Mine to determine the factors that |
explosives. By 1945 the results were. so cncowraging that' tentative safe .
conditions wore esteblished under which pormissible explosives may be used -
i‘!_ﬂuﬂntities- up to 3 pounds per shot. - These were set forth in a new per-
1 ‘i';blémschcdule.?é/ . The tentative approval to roise the limiting. chorge.

e, Lo ; i ) .
Y, Brown, C. B., and Felchy, F. L., Sizc of Smallest Dust Periiclos. Ho- .
©. . véaled by Varicus Microscopic Systems: Burceu of Mines Rept. of In-
s vestigationms 3821,.1945, 11 op. - B Lo
/" Eaimon, J.'P., Wetting-Agent Concentration in Weter Solution Determined
'lé:)',' the Drop-Number Mothod:, Burcau of Mines Inf, Circ. 7351, 1946,
gé_/ Burcéu of Mines, Protedure for Testing Explosives (Including Sheathed.
<" - Explosives) and, Blasting Devices for Permissibility and Sultability:
Schediile 1F, Approved Januery 20 end Merch 1k, 1945, 15 pp.; Dupli-
cated from Federal Registor, vel. 10, No. 26, Feb. 6, 1945, pp.
176-1483; No. €0, Merch 24, 1945, p. 3131,
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of, permissible explosivé per shot hole froh 1.5 %o, 5 pounds has been axy o
o8 to Dooember 31, 1947, “Before meking this approval Deriencnt, if 1o g
sirable to acquire more Imoyledge of 2ll the factors that afféct +he Agny
tlon of gag-air’ mixtures a2t the coal face by the flame or by the Iroducty;
of dotonation of cxplosives, || . : R T

. To. this end, 125 further fests were rede In the Experimental Coal Mgy
with & high-rate gelatin-type permiseible cxplosive, . The explosive oo
tridges uced werc 1-1/2 inchos in diemeter and B inches ong.. They. wer
loaded to the roar of borsholes of 2-1/h-inch diemeter and, Tived by. o Na
detonator at the rear of. the cherge. Under each set of test conditiong.
Tive successive tests were made to determine the provability of ignition o
the gas mixture near the test face. TIwo principal serics of tests wor
made. In one scries, termed blow-cut shots, the exploaive was Tile-londgs
i.0., the cartridges were laid end to end in the borehole, which yas no
etommed., In this case the flome and rroducts of the detonation t-rere"ej ct
ed chiefly along the borehole. COne of _'I_;he.ob,je_ctives‘of,thaﬁe.tests-.was
o dctérmine the effectiveness of sheathing upon the sxplosive cartridges,
The sheath. ig 1/k inch aick and covers the full length but not the end
of the cartridge; its purpose 18 to cool the flame and combustion yroduck
The tests revealed that in a 36 inch-long berehole the maximin charge ¢
unsheathed. explosive for no gas ignitions in Tive tests was 1.k poun
whéreas even 3 pounds of shesthed explosive (maximum welght that could-be,
loaded to collar of borehole) gave no ignitions. T

The purpose of the second series of tests was- to study the danger in-

volved in shot-firinz in coal beds, where the boreholes intersect fiss‘:’:‘?&'
or cracks through which flame Trom the" explosive might Teash ‘das nedr he—
.coal face, In this work, artificial flesures in the form of circular and
rectangular holes were introduced bepwéen the borshole (whidh was. phetmed)
Znd & shear cut 6 inches distant from the borehcle, The Fellowing faztors
vere Investigated: (1) Effect of shape znd cross-sectional area of .-

sure; {2) effect of location of fissure in relation to explosive charge. in
barehole; (3) effect of welght of charge, and (L) effect of - sheathing .on
the probability of gas ignition. It was found that with £issires oft 6~inch
length there is little difference in the probabllity of ignition in the..is

presence of round or circular holes &nd rectangular holes of different .
shapes but of equal creoss-sectiomal areas. This was true for file-loaded
explosives and also for a loeding densify of onpe; i.c., when the gartridges.
were deformed so as to £I11 the entire cross secticn or the ‘borehclie.
Study of the effect of increase in crcss-sectlonal ares of fissures dls-
closed that the probability of ignition of the £33 by the explosive in- .
crogses approximately linearly with dincreese-dn fissure ares. To . investl:
gate the effect of location.of the fissure relative to the charge . in the
borehole, tests were mads with 2 round fissure {1-1/2 inck dlsmeter) in-
tercepting the charge at the base of the detonator, midway . in the charge;'s
end at the front of the explosive charge. The Tresults indicate that the
fgnition probability increases slightly as the intercept of the fidsure
meves toward the front of the charge. o . IR ’

1792 - 48 -




I. o0 Thay

To determine the effect of welght of explosive charge upon ignition
tests were made with fiasures of constant shapes and ereas. Preliminary
data indicdte that with file loading end also with density-one loading,
chenge in charge weight from 1-1/2 to 3-1/2 pounds d41d not inecrsase the
© probabllity of ignition. Thisz factor is being studled further,

To test the efféctiveness of sheathing upon explosive cartridges Fired
" in borckoles in fissured coal, tests were made with file-loaded chargos of
1-1/2 end 3-1/2 pounds in the.presenco of rectenguler flssuree. The re-
‘sulte indicate that shcathing on cartridges reduces the probability of gas
ignition conslderably below that of unsheathod explosives, but it does not
~ complotely eliminate the hazard, The conclusion vreeched from the work

" dorio thus far with shots fired by pormissible oxplosives in stermed bore-
holes in flssured coal is that the prescnce of cracks of fissurcs greatly
eohances the chance of accldental ignition of gas near the working face.

: . Effect of Shc_é.fhs upon the Gascous Preoducts fa&om Permissible Explesives

.~ The continuing development of safer explosives for use in mining coal
" ip of great intercst to both the manufacturer and the user of permissible
oxplosives, Tests by the Burcau of Mines and by testing statlons abroad
have shoewn that the ignition hazard of sxplosives fired in the presence of
" gassy otmospheres msy be reduced by -the use of & sheath. - The introduction
of sheathod cxplosives in Belgium in 191k, the sdoption of sheaths by

© Great Briteln in 1933 and by Germeny in 1538, and the continuing conswmp-
tion of sheathed explosives attests the importance of sheathed cxplosives
In Burope. Although in this country shoathed oxplosives arce not used wide-
ly, intcrest in them 1s shown by passage of Stete laws permitting tholr use
on shift and by patents granted to merufacturers of explosives, The forma-
ticn of polsonous gases in the detonation of oxplosives alsc may prosont en
- important hazard if they arc produced in sufficient guantity. - A recent

- 8tudy of the effcets of sheaths upon the produétion of the polsonous gases,
carbon monoxide and nitrogen oxides, and upon the total volume of gascous

- Moducts hes been published. .2l gemg effects of sheaths upon nitrogen and
carbon recovery and upon the oxygen condition as debermined in the Bichel
&4%e and C-J apparatus arce discussed here. S

: In the Bichel gage, the gases are produced by GotonEtion at low losd-
ing densitics without stemming. - The O-J apparatus permits tarping and the
Use of stomming, afferding a higher degres of confincment. co

. Nitrogen balances vere caleculated for the gascous products from a large
fumbor of permissible cxplosives. The nitrogen racovery, which is the per-
Centage of nitrogen in the original oxplosive which appears in the gascous
Products of detonation, gives some indication of compleoteness of reaction
of the nitrogon-bearing csnstituents s @ low nitregen recovery bteing indic-
tive of incomplete reaction. . Low nitrogen récovery is often, though not

e

£Y/ Ficidnor, 4. C., and Brower, R. B., Ammual Roport of BoScarch and
Technolegic Work cn Coal, Flecal Year 1945: Bureau of Mines., inf.
Cire, 7352, 1945, 103 pp.
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alweys; associated with high production of ciddes of nitrogen. The nity,
gon-recovery rosulte (fig, 12) indicats that detoretion of unsheatheq 8%~
rlosives in the Bichel g58¢c was essentlially complote; but that the add_{_tmn
of o sheath often causéd marked doorcase in nitrogen rocovery - ds low asg
56 porcent in one cage, In the O-J apparatus, nitrogen recoveries vere
somewhat lower for unsheathed cxplosives , but the eddition of & sheath a4
not causc so merked a decrease in nitrogen recovery.as occurred in the "
Bichel gage. In other words, eciplosives under confinement ere not 8o &d.

vorsely affected by sheaths as are unconfined explosives. _

- Carbon balances are indicztive of tho completeness of reaction of the
carbonaccous material for unsheathed cxplosives. Tests in both the Cur
epperatus and Bichel gege indicate essentially complete reaction for ths
unsheathed explosives tested (fig. 13}, With sheathed explosives, carbon
recovery wey be morae than 100 Percent, because in the computation of the
carbon inmpnt it was aseumed that only. the carbonacecus combustible materlay
of' tho explosive and the sheath entered inte tho reaction and thet-none of
the sodiwm bicarbonate of the sheath wag deccmpoged. 'Some"decompositiqn_ of :
the incrganic material did ccour » 88 shown by the high carbon recoverigs
in some toste, Witk sheathod explosive in Bichel-gage tests, 'the recover-
1e8 ranged from 6h.6 to 125.5 parcent; in the -7 apparatus ‘the rocoveries
rénged frem 79.1 to 121.8 percont. Those results indiento thaet & sheath
mey counse Incomplete reactlon of tho carbonaceous material. - o

The oxygen-requircmint ratio, whick {s dcfined as the ratio of the? -
oxygen roguired to complotely oxldlze all the carbon and hydrogen in ‘thé
grssous products to the oxygen required to cxidize 211 the carbon &nd hydro
- &on In-the original cxplosive, is also indicative of the completeness. of
roaction. Incompletencss of remction or the T ormation of free carbon is
indicated by an oxygen-requirehert rotic’ of less than 100 pércent. The™ .
oxygen-requirement ratio results sre presonted in Tlgure 1k. These result
2gain indlcate that -the additlon of a sheath may cause incemplete redction
particularly in the Bichel gage, T I oo

ZEfects of Type of Amwonium Nitrato upon thé Gaseons Products from Sheathed .
Pormissiblo Explosives L '

Tests were made with two permissible explosives ; sheathed and wn- - -
shcathed, similar in a1l respects except that one sample -contained spray-
process armonium nitrate and the othor containcd groining-kettle emmonium
nitrato, to determine the effect of type of ‘armonium nitrate upon the pro-
ductlon of oxidos of nitrogen. ' - : -

It wes found thot eddition of o ‘sheath caused epprecicble incréase of
Ooxides of nitrogen with the graining-kettis armonium nitrate, but no signd-
ficant increase was produced for the spiray-process nitrate. ’
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