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has been studied.géj Possibilities of wsing several methods of pack £illing
nore extensively are presentad.- .
Diessl Exheust -Gages

The effect on quality of tunnel alr riiﬁ}ting from the operation-of
piesel loczmotives js discussed in & repor that describes the use ©f
this typs of squipment in construcbion of some- of L€ cumels of the Delavware
Aqueiuct in New York State. The selection of Diesel—powerea equipment for
these operatlons was based upon apparent advantages in initial cost end in
performance <o contracts where haulage conditions were adverse. ' .

The first 1occmotive built Ffor this purpose was factory—tested‘by the?;f
oyreay of Mines 4o obtain an estimate of the rate of ventilation that—wpﬁl&?’
pe required waen the locomobive was placed in actusl service. After thi L

Jocomotive end others wore in use in.the Tunnels, pericdic oxaminationof

the tunnel alr showed that, under normal operating conditions, the--carbolr

dioxide, carbon monoxide, and oxides of aitrogen content of the‘@if“&id"nct*“
oxceed, limits generally considered permissible in the alr of'ﬁorkingﬁﬁidcés; 
nor wag the oxygen content depleted Lo &ny significant extent. e

These field studies on the use of Diesel engines wnderground and labora-
tory exporiments showed that the odorous -and irritating properties of Diesel
exhavat gases are related to The congentration of aldenydes In theae g&ﬁés{j
In many applications of Diesel enginés, it would be desirable 10 pemove alde-
hydes and gliminats oOr minimize the cdor end jrritation. Attempts to do this
Py scrubting with water in tyll-scals iaboratory +eata showed that only par-
tinl removal of zldehydes is obtained vnder practical operabing conditions.
Accordingly, the development of &n ceonomical method for canplets removal of
aldenydes from Diesel exhausl gas was wnderiaken. ' .

A survey of the literature disclosed thab the reaction Nas30, + HCHO -+

| HpQ > NalE + CHp (1250~) CE might pe utilized in removing aldehydes from o

* Diesel cyhaust gass ThE applicebllity of this reaction- to the provlemn Wag
stijgied in-a serics of bench-scals experiments in which alr containing
approximately 50 ppm of formzldehyde was scrupbed with agquelus solubions of
s0ddrm: swlfite. These ‘tests showed that substantially complete pemoval. of
-aldenydes: Was chiained for comparatively long periods at temperatufes‘u?'td*f
.34c0 F..end with solutlons containing 2 te 2 percent godium sulfites - P
-tests showed also that the repoval of fFormaldehyds decreassd;markédlj when .
moat of ihe sodlvm sulfite had besn oxidized to 80 . : ‘gince. oxida-
tion will ocour under practical exhaust-£88 scrubbing conditions, it is PR
necessaryrtQ‘inhibit'oxidation of sodium sulfite to chtain effective aidehydé

Leh, 5. He, and Westfield,;James,.Back—Filling Proplem in the Antoracite

" Reglcn as It Relates to Conservation of Anthracite and.Prevention of

_ Subsidence: - Burean, of Mines Inf. Circ. 7542, 1946, 18 7p-

24/ Berger, Lo B., Elliott, M. A, Holtz, Je Ows and Gehrenk, H. B piesel
Fngines Underground. VI. Use of Diesel iccomotives 1n Construction
AOf‘the,D@laware,Aquaduct;“Effegt.of mxhaust Gases Upon quality- of Tun-

fi;a:L Jlf&ixf"_:i' $;ireau'-cf#zlz_i_‘nfée;"-}aept.‘ of Tnvestigations b032, 1947, 26 pp.

_5"{.—




¢

remgvel for extented periods. Previous work outside the Bureau of ‘Mines?é/ :
had shown thet hydroquinone was the most effective inhibitor for the oxida-
tion of sodium sulfitc. Under the conditions of the bench-scale. tests at
160° F., the addition of 0.3 percent hydroguincne to a 5 percent sodium syl.
fite solution significently retarded cxidetion. For exemple, at the end of
5 hours the concentration of sodium sulfite wag 3,1 percent without inhibitof
end’ 3.9 percent with inhibitor. ' : ‘
& series ol full-scale scrubbing tests was madc with a scrubbing soly-
tion contelining 10 porcent sodiim sulfite snd @ifferent concentrations of .
inhibitor. The scrubber used was very simple znd consisted essentislly oy
& perforated pipe submerged in the scrubbing solution. The temperature of
the serubéing solution wos about 130° F., end thc throughput of exhans+ gas
at NIP was approximately 3,000 cu. Tt./Br. " The condentration of sldehydies in
the irlet gases ranged from & to 60 pm. The results of thess tests are
shown in figure 28, It will be cbsgrved: thet with no inhibitér the reémoval
of aldehyiee dscreascd moriedly affer about 2 hours, whersss, with 0.5 per-
cent ‘hydroguinone inhibitor, removal was setisfactory for 15 hours. From
these resulte, it is apperent that o large fraction of aldehydes can be re-
moved from Diesel exhaust gas for exiended periods. In the practical appii-
cation of this method, the conventraticn of sodium sulfite and inhibitor will
depend on the conditions of operation, The cost of the components of the
scrubbing solution is nominel, so that the solution may be discarded when it

isspent, -

Lombustion Performance of Fuels in Diesel Fngines

In preparation for work on the perfoimance of difféerent fusls in Diesel
engines, a series of tests was made in the CFR Piesel engine to determins the
combusticn performance of this unit and to sssess its utility in casbustion
studles. ‘The results of dome of these tests made at e compression ratic of
15:1 and with injection of s ccmmercial Diesel fuel having =z 55 cetane number
are shown in flgure €5. This figure cléarly shows the existence of two types
of smcke in the exhaust from Diesel engines: (1) Unburned Or parily burned
fiel (predominating at low fuel:air ratics); and (2) unbuined carbon (pre-.

‘dominating at high fuel:air ratios).: At the low fuel:air ratios Yery little
fuel is-burned, since Figure €9 shows very little carbon dicxide aznd consider-
able particulate materiel in the exhaust ges, AS the fuel:air ratid increases
a point is finally resched (0,02 pound of fuel per pound of air) at which sub-
stantially =11 fuel is burned, The region between 0.01 ahd 0.08 fuel:air
ratio is smewhat anilogous to the lower limit of inflammebility. At higher
fueliair ratios the tendency to form locally overrich regions increases, and
smokes conaisting chiefly of unburned carbon increasea. The results in figure
29,-when’ccmpared'with_similar resulte for commercial Diesel'engines,'show '
that the cambustidn performince of the CFR Diesel engins is inferior, In
epite of this; the CFR engine maj'have'qertain-advantages in the study of the
combustion performance of fuels, beceuse 1t ‘mecentuates faulty performance,

22/ Kie-Khwe, J., and Alyea, B. K., & Oonpariscn oF Orgenic InHivitors in
Chain Reactions: Jour. Am. Chem. Boc., vol. 55, 1933, pp. 575-588.
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Figure 28. - Effect of inhibitor on removal of aldehydes from Diesel exhaust
gas by 10-percent sodium sulfide solutions. (Temperature of
scrubber, 133° F.)
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Figure 29, - Effect of fuel:air ratio on carbon dioxide and smoke in exhagst
gases from a CFR Diesel engine operated at a compression ratio
of 15:1.




pment for 2-way

ing equi

wn
o
O
-
o
4+
w
Q
Q
]
L
L
=
w
-
c
[+
=
=
=
(s
|
o
L.
4
he]
|
=
-
Lk
w
z
4+
@
0
=
o
-+
s
oy
1
Q
>
[ o
(o]
(8]

j= 1
o
[+3]
>
5}
-
[ =
5~
D
0
-
n
o |
e
g
| .
3]
[=1
[= 9
o
«
el
=
1]
=
L
@
[~
=
Lut
I
.
o
arl
[eF]
| -
=
o
. -




Flectrical Eguipment for Mines

”

From ite incepticn, the Burean of Mines has investigated electrical de-
vices end machines availeble to mines foxr the parpoge of encouraging the
development and use of equipment that would help to prevent fires, explo-
sions, and shock in coal mines. The investigaticn of such:equipment 1is.con-
gucted at the‘Central'(Piﬁtsburgh,'Pa.) Experiment Staticn by the Fiectrical-
Mechenical Secticn of the Safety Division in accordance with published regu-
lations termed "schedules.” - Eguipment that passes the prescribed: tests and
inspections is formally approved. and then is designated-“permissible“'equip—
ment, that is, permissible for use in gassy coal mines, The Federal Mine
Safety Code for Bituminous-Coal and Lignite Mines of the United States,
effective Juiy 2b, 1946, gave permissible eguipmment substantial recognition
as = safety measure, and its use was prescrived under definite conditions.
After permissiple equirment has been installed in = mine,. it is highly
importent that it be carsiully maintained; -otherwise, unsafe conditions
zight developi26/ o - :

Under the eigat schedules now in sffect, a menufactiurer can have nearly
every type of eguipmént ussd at or nesx the face of activeé mine workings 1n-
vestigated for its liability to ignite gas or cozl dust or a combination of
these, During the fiscal year 1947, 26 approvals were issued, These in-
cluded 9 loading machines, 7 conveyors, 3 distrivution boxes; 2 cutting
machines, 1 gtorage-battery locomotive, 1 mining-machine truck, 1 mine
tractor, 1 blower~fan unit, and 1 sound-powered telephons.

. Requiremente Tor Multiple-Shot Rlasting Units

Although there has been a need Ior vermissidle multiple-shot bvlasting
wnits, only one L0-shot generator unit has peen aporoved to date. This,
" however, was withdrewn from sale when it proved unsatisfactory in service.
Ta encourvage the development and memufacture of satisfactory designs, the
permiseibility requirements wers broadened after & study of experimental
models was ccmpleted.gzin .

Mine-Communication Apparating

Emergency mine-ecmmunication apparatus, for use in rescuing trapped man,
was further dcveloped and tested under varying conditions in hoth anthracite
end bituminous-ccal mines. Figure 30 shows an arrengement .of apparatus
underground for two-way conversation with = station on the gurface. Prelim~
inary experiments indicaie that, in sddition to its primary objective of
emergency scrvice, there is elso the definite possibility of ernlarging the
8¢ope of this apparatuS'to include daliy utiiity, such us comrmnication from
moving cages in shafts and from man-cers en slopes to hoisting engineers,
thig contributing to safcety as well ‘as efficisncy of trensportation.

_35/ Fleim, B. J., Care nd Maintensnoe of Permissibdle Elcctricai Mine Eguip-
ment: Trans. 3ith Nat. Safety Cong., vol. 1, pt. 2, 1647, pp. 285-289.

xé,/ Burezuw of Mines, Scheduls 168, Multiple-Shot Blesting Units: Approved
April 16, 1947, 5 pp. -Duplicated from Fedcoral Register, vol. 12, Xo,
82, Apr. 5, 1947, pp. 2650-2651. - :
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Toxic Mine Atmospheres

In connection with reguirements of the Federal Coal Mine Inspection Aot
approrimately 16,000 gas and dust samples were a:nag;zea which reguirsd l*lore
than 110,000 :mdlva.daal deterninations., Information was presented on
- methods Ior the determination end protection against toxic gases. 28/ e
‘significance of Bureau of Mines approval In selection of r'esnlratory protec
tive devices was discussed with emphasis on 7he selgction of ithe proper de-
vice znd necezsity i‘or prope“ mamtenance .

Relationship of Saiety znd BEfficiency in Coal leng

Leeldent records have an mporuant, pearing on determination of the most
ef‘fective- metheds for preventing sccidents at cosl ‘mines and hence dn the
cost and rate of production. Analysis end interpretation of stetistical
data reveal the prevalent types of accidents and their causes, either on &
naticnzl or a locel basis, end provide inTormeticn necsasary for accident-
preventicn work. 5v/ -Date are-given for the number of faialiiies in differ-
ent brenches of the mineral indusitry, and trends of fatall ty rates are
discusssd. There has been a definite downward trend in the fatal-injury
rate for tike pericd 1531-46 and & very la::ge decrease in fatael injuries for
the past 5 years. The rats fon 1946 reached an all- tlme Low

Gaseou 'plos:Lons and Use of ﬁ.xploswes

Increase in Charge Limit of Permissiple Bxplosives

Teagts to determine the factors that affect the ignition of gas and dust
in a coal mine, using larger welghts of explosives, were contln ned during
the year.. ‘

The pringipad findings of this yef""'s_ .iﬁV'estigation 31/ are sumearized
as follows. '

fne hundred and forty tests were made with blown-out, blown-through,
and crevliced-type shots. oo . ) o

28/ BSchrenk, H. E,, Methods for Detection and Protection against Yoxic
- Geges: .Trens. 2lst Ann, Conference and Exhiblt, Wesiern Penrsylvc.r.la
Bafety Council.and .A.JIJ.GﬁIl,uUClet r of Safety Enginesrs,’ Western
: Permsylvanla Chapter, Apr. 23-25, 1946, pp. 38-12
Pearce, S, u., and Sch.cumh, g, H., Slg’llflcd’lco of Bureau of Mines
Approvel in Seleotion of Resmrator,y Devices: BSafcty Eng., vol. 93,
- Ho. l, Jenuery 1947, pp. 5459, inclusive.
Ashé « B., uamty in- Mml_.b: Mir, Cdng. Jou“, Feowu;.ry 19%7, »p. 35~
3 .
Bartmann, Irving, ami Greenwald, H. P., Tes ts of Pemlsalale Explosives
in Jéué gﬁper_mental Coal M:me, Proc, Cozl Ming Inst. America, 1G46,
EDP. -t . . o
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In previous blown-through tests the charge weights ranged from 3.00
0 8.00 pounds. It hdas been found that, in general, the igniition hazard
increases a3 the charge weight increases. Recent work has Shown that in
some cases this relationship may not hold. To be certain that smaller
wolghts of explosive would not be more hazardous in blown-through testa,
edditicnel work was done this yeer with weights of 0.50 and 1.50 pounds of
the gelatinous explosive, both file-lcaded and at density-1 losding, with
& 3-inch burden betwesen the shot hole and the free face., No ignitions were
cbtained in these testa. :

Initha creviced-type shots, the results showed that conditions govern~
ing igniticn of gas are more camplicated then in bléwn-out or blown~through
shots., The general resulis are: ' ‘

1. With creviced shots, file loading is, in general, safer than
density-1 loading, but the difference is not as great as in blown-out shots
- end undegr somg conditions is reversed. '

2, Differences in results were found when the crevice opening wes
opposite, respectively, the front, center, end rear of the explosive, but
‘these differences are no greater thean might cccur in duplicate tests.

3» It was jmmaterisl whether the crevice opening was circulsr or
rectangular; the crogss-sectlonal arez of the cpening was the Importent fac-
- tor, provided that the verticael dimension of the crevice did not exceed the
dizmeter of the shot hole, In general, the probability of ignition in-
»Creased with increassd arsa of crevice. If the crevice was cut 8o that its
;height was greater than the dismeter of the shot hole, the rclaticashin be-
tween the area of the crevice and ignition probability no longer held. The
“dgnition hazerd of a long, nerrow, vertical crevice is less than that of a
leng, horizontal erevice.

_ 4. Sheathead sxplosives were found tc be safser than unshesthad explo-
Sives, but the gain in safety caused by sheathing was less in creviced shots
than in blown-cut shots.

1

\ S+ Weight of explosive was an imporitant factor in an unexpected
(fashion, 88 will be indicated below.

The data cbtained with unsheathed explosives of verying welghts are
Wmarized in the following teble., The relation of the groups is shown
nore clearly by figure 31, on which the area of the crevice opening is
“Dlotteq along the ebscissa and probability of ignition along the ordinate.
‘There ars s0lid lines for two weighats of cxplosive loaded density-1 and
@ashed lines. for thres weights of explosive file-lozded.
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The evidencs is S@evhat surprising, ey a crevice having an ares of
1.8 square inches; the Probavility or ignition from 1,50 . exp ‘
1oaded density-1 ig not . than fran twoethirds of & poung file-loaded,
.with'filerloading, t robabilits oL ignition wag found 4o decrease as the.
“Quantity of explosivegincreased. The hazards arising_frqm creviced'shots
are nore’ severe than tﬁose-accompanying blown=out op bloﬁn—through shotg,

Permissibility Tests

The conditio
are set forth ip Sch

bnitted to determine their salety for

Joend dusty cogl .mibae ‘Seven of thes required tests,

@ Ctheps wers withdrawn and not, tesbed,; ing devices wWere sub-
mitted for tegis during the fiscal year, .- ST o

R

Qﬁ June 50,'1947,.the Permiseibls list contained the nameg of 186 ex-
Plosives and ¢ blegting devices. ag Clmpared with'lSO"explosives_and 9 blagt-
ing devices on the ligt ag of Juns 20, 1945, ope of the explosives vhich

Eurean of Mingg, Procedurs vor Testing Explogivag lhcluding Sheathed
Explosives) and Blasting Devicos fror Permissibility and Suitability:
Sched, 17, EPPYOved Junnary 20, 1945, 11 2., with emendmentg
arproved Mar. ik gng frg, 7, 1945, and Jqune 24, 1gke,
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