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year to year as nnm eghipment and new standards are evolved. A reé
ule for uestlng ard approv1ng pefmlsslee electrlc eOulﬁmenu was pﬁb

Pem =g ib'lé’, Mine ’Eqﬁi_gment o

in copnection with the nreventlon of expliosions and f¢res. A list
m1881ble mine equipment tested arf;jppfove& under Schiedule 2D during
calendar yeer l9hknwas published.

The aﬁxlllary fan’ as commoaly nsed is 1ntexm1ttentlv ooerated AT
fr equently installed czuges recirculation of mine atmpsnhefe, wnlch'“
in the accumuTatlon of meuhane that maf jof=] 1gn1ued by an electric sbgrik
otheI: "_\;éLeanS S+
a number o; éXDlOSlon dlsaSters.‘ The experieénce and observatlons
safety Bureau epglneers condeim the use of this system in coal 1ing:
‘ponen%s Of‘uhe systcm outeide the Bureau believe that such blower Tans
be- BanTy Used: i¥ tertain regulatlons and vestrictions are imposed
1siacto*3 rulﬂs have not ‘yet beeit’ proposed.  Reports of.inspected. O
in WthQ blower fane aré employsd show that 95 percent wers operated

'_trib 3 and that in g madOflty of -thege cases definite harzards exis
The clrcumSuances of o nuwber of -toal-mine explosions where blower
a- contrlbutory factor are rev1uwed apd the conclusion is drawn uhat
uge of sucn fars 1s nOu Justlfled. : o :

D651gn of Ventllatlon Alr-InJectors :

The 1ngect0f svstem of tunnel venbtilation wsually realizes only
more than half the efficiency obtainable with a correct relation of |
to tunnel arves. Methods of designing injectors end predicting tue¢r
mance under low-pressure alr*¢lOV conditions were developed, based on
constent-momentun theory of Frg of . W. S. Weeks and confirmed by exnerl
in low-pressure jet c981gnu.37 With-high-pressure-jel deaigns,
of thé fornulas presented in the paper with -€xperlments is apgroxzmate
suiflclent for purposes of ‘design. Formupas ere presented fOf
the’ desvgn of corpressed alr-opevaued ‘injectors, and a Verrtuii -
posed Tor general ut lity if mines for' auxlllarj'lndectom—plne

3L/ Bureaw of Mines, Procegure for Testing Junction Boxes and. :
Driven Mine Eguwipment:for Permigaibility:. Sched. 28; apbroveﬂ Feb.
15, 1945, 16 pp.; Federal Register, vol. 10, lo. 41, Feb. 27, 19
; 2050-2240, (TypO’wannlc errorg ir the Federal Reglsuer were cov;_
..1n SgthL_EE )_"ﬁ e
! hOOYQf, & B.,‘?erm*551013 Mine. Equlpment Aﬁp?ovea Dpr1pg‘194§;i
tu g Mihes Thf. Cires 73516, 1945, L pp.
j_/ Harrlngton D., and Warncke, R. G., Some of the Hazards of Aa}llla
' CRARE A Goal Mines: Bureau of Mines Inf. Circ. 7298, 19LL 27
QI/ MﬂﬁlfO} G..b., Design of Injectors for Low-Pressure Alr F¢ow._
of Mines Tech. Paper 675, 1945, 50 pp. - i -
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ngectors can be d651gned for high eIfIClETCy or for high Y'at:Lo of total air
low to jet air flow but- nQt for both, a8 a reclnrocal-relaﬁlon exists be~
3 an efflclenc and quantitys. - ‘ o g

Appl on of gir Jets- to m;ne vent*latlon is, surveyed 1n another ub- -
ation.,,7 Examples. of applicationg of i injector methods to ventilation )
blems in other industries. are. described,  and new applications -can be ex~
ted to- evolve from the. information presented,” A wethod is proposed Tor

ing easily constructed injectors to.regulate split. air Tlow. in coal mines

a way that conserves some of the energy now lost at regulators, The

ssure change in g alverg¢zg,alscharge to ‘gtmosphere offers & means of se- .
ing pressure and exhaust.wn clOGe 3uxtaposztion. ' '

oal-ere HeaTtn Haza“ds N
Laboratory and Ileld 1nvestlgatlons of heglth condltions 1n anthraﬂlte
sbituminous-coal mines were carried out in comecticn with requiresnents
2 Federal Coal M1 ine - Inspeetion Act. Dust and gas samples were collected
I1yz¢d. . Plans were made for the ievelopment and study of & wet-type.
gor drill-for use in bituminoug mines, SUDstltqtlon of a quartz-free or
OW Artz materisl -for the high-quartz sand used under the wheels of nine
lotives is; probably the best method of controlling this SlliCOSiS hazard."
- T rom, sand used for this purpose. is digseminsted into the gir by handling -
un aalng, drying, . tvanspo ting, sprinkling on the rails, passage of:’
Anis ovar the tracks Wnare sand has been used, or walk¢qg over deposits of
Medical exXaminztiong of miners and tests of sand oe—;‘
estaLllsh a2 deflnlte connoction of thls material. and the centraction -
llCOSlS."'_ : : : 2 "

Afflluer-bapek EBthOd&—/ was deve1oped for ontalnlng dust concentratlon
ompaiable to those obtained by the widely used impinger method: The
d, congista. of the removal of dust from air by drawing the air, with
erated pump, through special Filter Daper; removal of the ddst from -
. by simple sheking in 8 dugt~free llaawd Cand counting the dust by
brocedure used for ¢mn¢ngar samples. Llnt ess, hlgh-met—strength
e le*er paper 1s.usmd Light -transmi rission determlnatlons nay.be made
.aper_before and after sampling to obtain an sstimate of duat concen-
t-the time of _sampling, Comparative determinations on 51110a dust
ir of a test Chamb°r and on.ccal dGust in the air of 2 coal-sampl ng
el that the reaults of regulur light-field counts on the Tfilter-paper
greed with the average of the results of two- simultaneous midget--
Samples each collected vlthln 5 cm. dlstapce of the fliter—payer

20¥, .G, B E., The- Rolo. of Alr Jets in Mine vantl?a ion: ‘Am; Inst. Mn.
. Met, Eng, Tech. Pub. 1912, July 1945, 16 pp. - B
" Cu E., and Scnrenk H. H., C@ntﬂol of Silicosis Hazard by Substi-
1on.of Quartz-Free: o Low—Quartz Material: for Sand Used Under. Mlne
omotives: Bureau of Mines ‘Inf. Cire. T29T7, 1944, 5 pp.
1, C. ®B., Filter<Paper Method for Cbtaining Dusz-Concentrat+on Re-
£8' Comparable to- Impinger Resulis:  Burean of Mines Rept. of Inves~
tiops 3788 A9k, 20.pp. - T : o '
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sample, . Reg sults .of &a{k-¢1eld counts on the. fliter-naner samnles «ere‘hg
two times higher then those on the corresponding impinger sampl es, indi
a hﬁghe; e:f¢cwencJ'bJ the f+lter—pape“ met od for collecz1ng 11ner paf

duszs Qnd sho ld facllltate Lndustrlal hyglene aGt‘VltlBS urtchlar ¥
on the conuro; of -pneumioconiosis, : ‘ :

Use of Egp1051ves and Gaseous E5D10810ns

Increzse in Charge Limit of Permissible-Explosives

As one means of increasing coal production, the coal-m,nlug 1ndasnry
lOHB requested that the Bureaun of Mines’ cons ider the usé of permlsSLble
sives in charges. -greater than the. then - -permigsible 1linit of 1.5 poands.
‘“then; a cortlnulng istudy “has ‘been conducted in the ExpeV1meﬂtal coal' i
the Lperzmedtal Cozl Mine Sect“on, ‘withthe advice and collzboration

‘ Exploa;veo ana Cogl- ere Inspectlon D1v151oqs, to determlne fac+ors a,'P

HPTGllmlnar}dﬁfﬁdleS have establ,shed tentat¢velj safe cordztlcns an&er W

Derm1531ble elp1051ves may be used in guantities up to 3 pounds per sho,
These cop Ltlons .are *ncorporatei 1n the latest perm1551b11=tJ scheaale' s

COallmlnes.; iests requ red Tor anproval of a sheatnea exn1051ve are d
cribed. Under Schedule 1F stemming is no longer reguired for use with
blasting device, For charges over 1,5 pounds certaln additional safety pre
cautione as to depth of hole, mmethod of charging thé eXD1031ve, tegting
gas beforu and-after 41r1ng a shot ana llmlts on toxic gas emission, mis
observed.

The 1nvest1gat¢on was con%lnued dnrlng thﬂs fiscal year, and 2ok Hddi
al teats were made in the Egpewlmental mine,  The chief, obgectlve was T
taplish-the  kimiting conaitlons under which a highly-inflammable cas’ mixt
(8 to 9 percont methanc - air) near the coal face will or will not be ig

* by the flame or products of detonation from the 9“91031ve. A hlgn»ratu
gelat1n~type permissible explosive wgs used in mogt of the tests. This exp
sive was chosen becalse, under: severs experlmental conditions, ignition:
surrounding ‘#riflammsble- gas-air mixtures were obiained and therefore it
possible to determine the additional precautions necessary to prevent suchy

- nition, ~The explozsive Cartrlages used -werer 1,25 inches -in diameter ani
inches long, and ‘sach welghed about 0.47 pound. “The exp1031ve in a¥l'
was loaded 1o the rear of the borehole, and was fired bya Nos & det onatdr
the rear of the char&e.r In"Tile loading" the oarwrlﬁges were placea Il

L1/ Bureau of Mines, Procedure for Testing EXQ1051veD (Enclua1n6 Sneathe
plosives) and Blastlngnbev1ces for Permisgsibility and. Suitability:
Sched., 1F, Approved January 20 and March 1k, 1945, 15 Dp.; Duplicated
from Federal Register, vol, 10, No, 26, Feb, 0,- l9e5, @n‘.l47o—1467'
Fo. 60, Mar. 28, 1945, p, 3131,
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‘Figure 9. - Relation of dimensions of unstemmed boreholes to
limiting charge of gelatin-type permissible ex-
plosive to prevent ignition of gas at coal face.




den51ty of the’ exp1031ve. Tests were made under four ‘sets of coq- :
(3) Blow-outs, in which’ flame and nroducts of he exp1051ve are T
oiected mainly parellel with' the Bxis “6f the Borehole in. solid.. coal; (2) blow—"
roughs, in which the products are eaected ﬁhrouga the rupturé of a weak:
gewall of a borehole in solid’ ‘&dal, ‘either to an adjacent uhdercut or to a
iéar; (9) i 1SSures, in Which the’ prod.ucts aré 6jected largely thiqugh fis-.
' 1mulat1ng llssuves, and (hj.suspended

en loni off the unstemmed borehole and- the max1mum allowable weight of
gelatln-type permﬁsslble e1p1031ve to' prevert 1gnit10n of gas at the GOal
based on five trlals) “Tn general, shobs with flle-loadea charges are
kely to- 1gn1te aas ai the face ‘thert charges ‘of thHe ‘Same weight packed
the boreholes (loading den31ty 1) P“ellmlnary tests with® tinsternied © “Lp B
‘ges also shoved that an 1nflammable gas mlxture in“the" borehole, 1nten»‘*”*

In the blow-uhrough_tests, all;maﬁe_wlth stemmlng in 2 25~inch-diameter
les, no ignitions were obtalnea with any quanglty of. explosive up to 8
ds’,. the highest tried, with''thickness of wall of the borehole as low as
" ‘These results applled to both under-cit and shear-~cut faces. An
T test: gave : 1gn1t1@n with a 6-inch wall- but, ihis,may have been caused
1ssure in the Wall d 3 ‘

ellmlna*y tests w1th artificial fissures, in the form Cof 01rcu1ar noles
Odiiced between the shear cut and the borehole, indicate that such openings
itute a definite hazard when explosives are.fired in the presence ol gas
¢al face, regardless of the smount of stemming in the borehole, lgni-
T gas resulted, with a fissure of 2,25~inch diameter through an inter-
wall of coal 18 inches long ané with a ¢1ssare of 1. 25-inch dismeter
6 inches of coal.
tests with charges of explosives suspended in the center of a gas—fllled
tions of the gag.resulted with as llttle as 0.09 pound-.of explosive.
tal Tiring of explosives under such condltlons presents A very grave
€nltion hazard in a coal mine,.

Tests of Permissible Explosives'

Onnectlon with the snuules in the Experlmﬁntal mine, 1t has been nec—
-make gallery tests for correlation purposes and To prov1de more -,
ory answers to certain specilic auestlonﬁ than could be. ObtalPEﬁ by

estﬁg Gallery tests were made to deuermlne,ihe effects “of . (a) type of

(b) conditic 6F Vorénole, (¢) length of vorehols, a7 methsa 6f

he charge in the test cannon, and e) weibnt of charge for welghts

-
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of explosives so small that the detonator has an appreciable effect on
nition probability of 8-percent netural gas-air mixtures. Preliminary
indicated that the type of stemming has a marked effect on ignition“prqga ;
ity. Results, based -on 10 trials each, for a 200-gram charge of high-ry
gelatin permissive explogive with single file loading, back initiation
gtemmed with various_materia;s;,‘_showed-tha‘t the more loossly packed,
particle size stermings seem:to,be more effective in redacing ignition
, bility. Shots fired from a: borehole “expanded by previous shot firings
position.of .the charge indicated very definitely that ignition is less dike
than from shots fived Txom mew.undeformed boreholes. Results of tests
‘termine the effect. of the: length of the borehole showed that only slig
grester ignition probapility is indicated’for a 12-inch than for a 21.5
borehole. - To investigafe the effect of method of, loading a technigue o
ternate shooting vas adopted because of the marked effect of borehole.
tidn, The tests vere made in groups of five shots, and the order of, shog
1g indicated in the last column of table 5. After the tenth group of
the ‘borehole had started to expand markedly, end the ignition probablll
thereafter are probably too low. :The results ave far from complete bub
cate that the density-of-1 loading presgerits an increased lgnition haza
this ‘high-rate gelatin~type permissible explosive and.are in contradictl
results previocusly cbtained with two low-rate explosives, for which the
spaced shots gave greater ignition probebilities. - '

. 'TABIE 5 -'.Eff:ect 'of method of losding explosive on ignition of
S-percent netural ges-air mixtures.in gallery. .-
~ Explosive D-7383%, 200 :¢xams,

. " |Probability! Order of
S . | Welght of " of - | tests (grour
Vothod of Loading. | stemming, gm. | denition | of 5 shots) -
Single file; 1 200 : T o2 | (3)  (B)
Back =initiated , l 025 1 (e (12
Asbestos diek r 250 ‘ B (25)  (17)
Fire~clay Stemming.} : : P e 3

. ‘Density~of-l, . -1 200 _ (2) (5)
. BacK-initiated , : 225 : SL,00 (o) o (33)
Air space of L-7/8 inch,} ' ' *
Asbestos disk, ‘/
Fire-clay stemming. J

" Density-of~1, _ —E 2000 o - I - (&)

‘Back-initiated, . o Lo (1)
Asbestos disk, {7 shots) ' ' ) -
Fire-clay stemming.: ' o

Single file, : -l Sy o (8)
Back~initiatod , L
Asbestos disk, A , o %
Fire-clay stemming, ‘;:) : | ' i '
‘ Wire placed over -charges~/] ‘ : .
1/ "To determine whether wire in the spacer might introduce an apprer -
ciablé effect, these shots were made with a weight of wire equivar;
‘lent to that of a spacer placed over the charge. : :

- Lo -
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Tests of the depepdence of 1gn1tlon probability on welght of charge for
ate gelatin~type permissible explosive presented a very ancmalous be- -
 Acdurate distribution curves are being obtained for both high-rate
r-rate permissibles, gelatin and nongelatin types, to determine whether
apove noted behavior is noticeable for other types of. permissible explo-.
The explosives selectéd represent the four common types of permissi-
‘Explosive A ~ high-rate gelatin-type explosive; explosive B -~ low~rate
~bype exp1051ve, explosive C ~ high-rate nongelatin-type explosive;
ogive ‘D = low-rate nonpelatin-type explosive., Distribution curves
] " and € have been completed znd definitely indicate that the ignition
11ity first decreases then increases as. the charge weight 1s Increased. '
fminé whether the ignitions at the lower charge weights mey be due to
Y dctonator Tragments, distribution curves were also obtained using
o, 6 electric blasting caps with: essentlallf the same explogive in--
as the Standard No. € blasting cap, but w1tn tnﬂ combustlble mater-

all instences,the rﬂsults indicate that the anomalously hlgh igni-
4111 ies at tbe lower charge welghts are probably due at least

wever, since the anomalous trend of the distribution curve -is ‘shown

types of detonators; the presence of combustible material. in the
sor plug does not entirely account for such a trend. One possible ex-~
: might be that, due either to the geometry of placement. Of the deto-
ecause it 13 ﬂot strong enougn to detonate the explosive completely,

ed tours of the E1p1051ves lesulng otatlon at Bruceton2 Pa,, were
&1v1auals, among them rvepresentatives of the Govermment of Brazil
Government. Purchesing Commisgion of the Soviet Union. Demonstra-~
made to illustrate the safety of permissible exp1031ves when used
d the danger of using black blasting powder because of thé ease
1t will 1gn1te bltdmanhS -coal: aust when fired into 1t.

‘.Spevlal Tests on.Exp1051ves

Lo B, 746 routine tests of various kinds were made under the Bureau
hedule and for variocus investigations during the fiscal year. .

tests vere made for mamufactursrs of pefm1551DlP explosives upon
Tor general information., These tosts included: Approval in size
rm1331ble cxplosives not previously approved for particular brands;
n-of gaseous products on. six samples-of Lo-percent ammonia-gelatin
Varlous COEPOSlthnS, determination of rate of detonation in -
of 'five samples of dynamite; and ballistic pendulum tests and.a
test with the exp1051ve suspended in the gallery on flve samnles
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year /
and detongtorg, anq eham;natlon of enemy munltlons.

- s

_ Consumptlon of Perm1551ble Exp1051ves

Brie

-l o

_ A pe“mlSSlDle eanloswve dis one that ds. 31n11
sample of the - elp10g1ve that” has passed certain reuu;rea.apsfdvaT tests
-the Burea1 of ‘Mines., In. Dlastlng coal newm_351ble explosives S%ould be
'excluulvely, otnefw1se alsastrous expToslons mad occuTy . The cn Sumptio
*'perm_551ble ex91051ves for blasting coal du_lng tbe_:¢sca¢ year 19E5 app:
“1maued 97,300,000 poxnds. I addlelon,--cr the Same DRLPOSE), apnroylmately
= 37,500,000: pounds of black blasting powder were usad - Bowever, the use
“phis extremelj dangerous exp1051Ve nas dsclined rapldly since 1@5,, when
. k8,000,000 nOunds of black bl a8ting . powder. were used a8 coniparéd with onl;
"about k%,OGO 060 pounas of permigsible. exp1051ves..l3n addition to the ¢
ties -of pevm_581ble expTOSlves ‘and blac? olastlng ‘powder. constmed dgc1ng
fTigeal gear 10L5,;'ﬁerc,were also used annro 1mately 81 ,70C, 000" bounds of
exploslvas,othc; than perm,381bles., The -total quantltlas of-+all ex91051ves
.uséd in coal mincs totalea 216 50u 000 pounds, which is anout 49 neﬂcenu-
“the exnloszveq used 1n 1ndustr for a_l purnoses. C

‘"fgtLlsts o; Parm1551ble Exp1031ves

After an. er¢081Vb or Dlast ing dev1ce has passed all. the qalred test
lt may be placed :on the perm_551ble ligt. ‘This,list 18 constant;y‘belng
‘viged due to sdditions of explosives and blasting devices which ‘Have passe
~the tests and to transfers between the act;veand.inactlve lists,  As of June
30, 1945, the active Iists containéd the names of 178 explosives’ and @ bla
ing devices, This represents an increase of 4 explosives over the llSw £o
the previous figeal year. Six exp1031ves were -subnitied  for tests ' 5 passé:
the reguiréd tests, and 1 failed %0 pass.‘ Two "Were EVansferred ¢rom The. ac
to the inactive list, and 1 was placed on the aCulVe dist as an addltlonal
name for an ex p1031ve alread on the list. Ons Samﬂl° was .also Subhltted fo

- ‘complete tesis: to establish new basic data, The same 9 models of Cardox re

‘main on the list; the safety of these devices with a healer elemﬁnt‘“lth a
change in its connosxulon was established by-new- tests. A new type of et
assembly foxr :Lc;nltlnb bh@ Carao heatet” ﬂleienu was suom;tted and’ anoxoved

»

_Gallery e5us of Sheathed Explos1ves

Flfteen brands: of permlss;ble explosives with sheanhs of various cqu031
tions were tested in the gallery. Most oi' theee were in cartridges 1.25 in
ches in dlameter, g5 few were 1.5 inches in dismeter., 'BEx cept “for the” gela
type. pcrm1531ble exnloslves and one of the granuiar type, all SaﬁDleS passed
the suspended test with a differential of at least 100 grams between the -

. sheathed and unsheatned cartridges. One perm1551ble semlgelath—tyne evplo-
sive passe:l the “test when the cartrwaée diameter was 1.25 inches- but failed
when it was 1.50 inches. For the Jarger-diameter cartridge the welght of
sheathing material was less than that for the smalier cartridge; this may be
one reason why the lax rger-diameter cartwldge was not as safe as the smaller

9-‘4-}4— : ) - bk -
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Figure 0. - Effects of sheaths on production of carbon monoxide,
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