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gosl, based upon clean coal, ranges from 10.9 tc 35.6. The thickness of
i coal bod, charecter of the overburden, and stripping ratios are gimilear
o those In an area in Ohio, where ths opening of a strip mine wag consid-
ed. by an oreratoy, whe requeited a loan from the Smaller War Plants Cor-
aticni. A resport cn tha area, inoluding_the,estimated cost of cperaticns
the Chic mine, was presared for the Smaller Wer Fiants Corporation,

Prtraction of Pillars

© The' extracticn of Piilars in minea developed in steepiy dipping beds
presencs many preblems.  The methods used at a mine in Waghington were
tudled. The dip of the bed at this mine rapges Trom 47 te. 60 degrees, A
ection of the bed is-as Tollows: ' ' ' :

Interbedded coal and shalé |...,.... 3T 0 to Yy ogp
Shale PEPUING i iiei s L B bo. 3 oM
vlean 2oal L.oiiiiiiiiieeiilie..,... 51 o" '
Boney cozl (left in Tootwall) ...... Ot 4"

prroximately 300 feet long on the strike of
- A panel wsually comprises thres rooms driven 8 feét high on 50-Toot
The full width of bed betveen Foot and hanging walls ig. extractod
sdvancs in the lowor room in tho panel. " In the two uppor roéms,.tﬁe 5.
ot scetion of cleen coal in the bed is extracted on the advance., Coal in
0 two uppor rooms is transported By scrapers to chutes spaced aprroxi-
ely on 50-foot centers, and the coal ragses to & shaking conveyer in the
' . This conveyor transports the coal to the main chute of the
« Extraction of the full thickness of the bed in the two upper rooms
the pillere between rooms is done on retreat fron the pansi, .

‘Mechanization

The Improvement in technigue of miring coal 8nd the relation of thig
c8s to incrﬁased extraction’ and, hence, conservation of coal depezits
‘réviewed, 19/ -

‘Thé‘tﬁchniqué'éf'coal'mining progressed slowly .untll the advent of ,
Wnized mining., THe introduction of the cutting machine wag a.step for-
3 bt this mechine had 1itie effect updn improving the percentage of
$vaa?y of ceal, Provicusly, the Physical fiftness of the loadors and the
%% Output df-thc_mihers‘fixodjthq cutput OF & mine, The miner was an
woiendent contractor, and supervision over the miner's working place vag
Tricial, ¥ The inercased cost of labor with tho resultant rising cost of
Gu??ibn;‘ﬁhiCh:ﬁeccésitétc@fhighqr seiling prices for the product, snd
Iroads of substitute fuels (01l ana gés) présented the problom of in-
ing the cutput por individual with the view &f roducing the produstion
’;Pér ton.  Since 1923, the amount of toal lcaded mechanically wnderground

Tﬁgngqs, Albé;pr,, Mochenieation in Coal Mining Wakos Rapid Progress:
.‘ﬁi;,;aQQVMQtﬂ; vol. 27, Ho. k75, July 1946, pp. BG%-305, -
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heasg :m“rea%a frem 0.3 percent tc 0.9 percent of the total producticn Prg
underground minss,. . . E ]

Tho 1, vcstment necessary to oquip & mine for mochanical loading ig
secat, and in order to reluce the fixed charges per tom, miltiple- -ghifs
cm«'ﬂa.t ong wore instituted, the working ares was planned so that t‘neu
maximen tommage oan be obiainoed from 5-‘8"?01 territery. In eoly areag thig
rosulisd in changes in the mining L thot effected & higher ‘Dercm*tag
of rocovery than was DOQS"bl'*- whor cading methods were used Iien\.'
the introduction of mechan? Loading been a facter in “W”‘O‘ﬁng the
percontage of rocevery in so

tion has brouzhi the industry, particularly in .

e o ree from forcign impurities. Whore

ineding is used, tho mincr 1 ble o discard the impurities such ag
Toney coal ‘anﬁ C'&_;—; vei a‘b tho blge +hb coal isg loaded. The

npchanical leanlnr' Dlan s at thc mincs,
ib ro"' cnu cf higher quality than the hand
ting machines, which had boen dig-
cardod 2t some minus, e-;rc now leaded underground end succeossfully cleaned
nochenically, The recovery por acre b such propertics ls increased ma-
terially. ‘ ' '

Where pillars wore not oxtracted, the rapid advance of faces made go_s
ple by the use of mechanical eguipment resulied in extraction of a1l the .cof
in the working _pla.ces. This wae not always possible in some sccticns becmisg
of roct falls, "I““ls increoascd percentage of sxtraction was due principally’:
to the shorter time the rocf was exposoed, and caves wore roducced to & mini

Vorious typos of mochanical loading devices are in use., Thess types -
fnciude mobile loading mechines (oither track- (fig. 8) or ox ancr-mounted)
conveyora (with or without soif-loading heads), and scrapers.

Mobile loadingz mochines arc bost-suited to the mining of level beds of
coel or to working on the strike of pitching beds. Howover, they have had
limited uwse in '\-!Ol"kl!]u placeos whore tlie piteh was as much as 18- l/l{- pbrcent
‘upgrode ond 23 porcent downgrade.

Cenmvoeyors are oither the chain or shaking type and are particulorly

cd to mining thin beds of ccal but arc uscd to advantage in mining thick

on heavy pitches. As conveoyore can be oporated in & narrow spoce, they .
can bo used whore the roof is not good. In Alabama, the Southwest, parts .of
Pernsylvania, Weet Virginia, and other Statog Where there sre thin beds of .
coal, the use of conveyors has made poseible the recovery of coal that could
not bo mined economically by cother methods at this time. '

Seraper operation ie best adapted to places where tho roof does nev re-
guire cloge timbering et the fecs. Irregular bottom.or floor, howavor, is”
«__j_saawn-ga,geous to scrapoy work. This dovice is 2lso sultcd to the ‘extraction
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Figure 10. - Planned reforestation of spoil banks.,




f coal from thick, pltch.ung heds where physical condz_uirns do not permit
s 110 use of cther tyb :2 of equipment, In ordcr to obtsin moaximam tonnages
‘-pcr won in o scv'a.pev cporation, the production from scraper walls and devol-
'Pm,c ghould be g0 balanced that a. lax'ge cutput por men on wells ig not
ffzct by a small production per man mon from narrow work on developmont., In
thin beds, vhers scrapors cen bo uacd, hcaoings should be driven wide in
pdci to outa:.n maximum tommege por foot of entry and to provide space for
‘ gob brubh;ng, {roof or bottom &oc:n:) It would eppear that if conditions are
wited to scrapers (good reol, hard and smooth bettom with no excessive
dips, market for smaller sizes of UCul) these will show & Tow total cos
r ton (slightly loss lader cost but ccngideradly less investmeont) t;m
onvoyore In cozl beds of the same thickness. .

.- As the thicker beds of coal approach dbpletion thin bode may be nmed
conoically with mochanized devices Tor loading the coal, The rapid de-
clopment of losding eguipment, howover, has added to tho com'olcmty of -
pchienical mining, Carcful plenning is required for the return of capital
nvcsto@ in cguipment bofore obsolea Senes ocoure., Coordination of svery

tion ig RECOBSAXY . A study of mothods coordinating transportaticn

'un.un loe.-c.lng iz egsontlal and sheuld show tho way to inerezsc tho.ouiput

"por v_m.t and, hence, roduce the cost per ton., The mon working '\é{ith the

b3 _M."uld h¢ properiy trained and cducated to conduct the coporavions

. 4n roceont yeors there has been 1"'13:1(1 progress in the +echn1que of min-
_cou}. by the stripping mothod, which is censidered mechanical mining.
arc- the topegrophy of the areca and the dopth. to the coal. bed arg faverobls
or strirping, & lorge percontzge of the totel production of coal ig cbiained
Iig mothod. The production of s rip coal has Increased ropidly in some

tes, and for the United Stotes it has incressed from 2.8 porcent in 192k
13.5 porcent ia 19L3, - ' ‘

- In. 1843, strip mincs in Alobomn wroduced 427,039 tons, walch waa 2.5
cont of the tct_J. output of ezl .nrod. in the State.

chhnique in ptrip mining has 3dwnccd f-rcf'l the uge of toms ond scrop-

S8 In tho curly doys to oleetric-powered shovels of large capceity (55
bl J&fd.s.)) of Lod”v. (Refor te fig. G.) Zloctric coal-loading cquipment
3 been inetitutod to roplace hond loa ding Beth rail ond motorized cquip-
Lt are used today $0 transport the conl from tho mines e tho tipple,. and

¢ ceal is propared mechanically.

trip mining is porticulerly cdapted to crecs whore the coal bed out-

8 or lics ob compuratzvel_; shall w Gopthe - 60 feet or less (at greater

Pths for short dictances). ' The. thicknoss, paysical and chomical cherac-

letics, and dip of: the ¢oul Lo d., the composition of the overbirden, and
touogranh;« govern the oxtent of mining in strip arsoas. '

3,

¢m the la,yman g point cE‘-T'mw gtrip nining oappears a gimple proce-
Powevcr, this met wéd of mrlﬂ.g hag m&nyp‘t_ alls, 'and unloss & therouch

7 -
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and oxteneive study is made of the meny factors Involved, the venture is

bound to fail., The investment in equipment is great; therefore, the 'pz-o‘én
rosorves et be large to reduce the Tived charges. Explorotion shoulq .

thorough, cspecially on beds known to be irrcgular in thicknesz and oxtont

The charastor of the overburden shorld be studied to detorrmine the Propoy
method of breaking this material, Thoe many other phages of this mothod,

ciuvding drilliing, stripping, loading, transportetion, and preparetion Elig
be given consideration. : ’

£
The advence made in

L strip mining have made this nothod of mining & 4,
cided Tactor in conservation of coal depeosita. :

The recovery of cenl in underground mining in the States where atrip
mining is izportant ronges from approximoetely 50 to 60 percent.

Strip mip
ing recovers the rmximum arount of cocl from a given orea, tprroximately 75

e 85 pergent, and is ¢ nenns of'prevonting vasto of o natural rosource thig
carnot be reploced, .

& contraphase of conssrvatis
land, which mokes 1t usoloss For
vegetation usually will mnke lond
forost reserves, and, in some pla
roclain lond by thase nea 8, and 1
tion iz o profitable investnont,

i

rn

n otrip rdning 15 the overtwrning of the
=0, Irosion, weathoring, and naturel’

«ful for grazing, recrcationsl areag.”
o5, agriculture. Years arc regquired to
t has boen proved that plammed roforestas-

w o

u
3

-G

Exporinonts in systematic troe planting in Indinna ond Illinois showed
that this method of reclaining spoil banks ie successful. (Rcfe: to-fig. S
19,) Cperators in other Statos have followed the cxample set by operators:
in these States, Not enly cen the reclained surface be converted to timber
iands, but these lands have been used for grazing and fruit crchards. Hew:
industries should follow strip nining in these arcas where reclamation his-
beon instituted, '

Strip mining (which is mechonized nining) and the application of ncche_-.n
ical loading dovicss in underground coal mines have beon factors in improve
ing tochnigue iIn oxtraction of coal amd in improving recovery, which results
in conzorvaticn of conl deposita.

Australian Ceal Mining

One of the Buredn's mining engineors with recen® and oxtonsive experi-

ence in Augtrolia ?cscribed the ccal-mining industry of that country in the
tochnical pross,il

He pointed out that Australian coal mining has drawn heavily on tho -
mericon industry for doth nining practice and machinery. The minecs are
ghly mechanized, though results are not equivalent to thosc in this country.

e

1L/ Hewkine, R. A., Austrelizn Coal Mining: Min, and Met,, August 1945,
vol. 26, No. 464, pp. 382k, _
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cel arc primarily industrizl, freoing-the industry of mich of

¢ upon clmaglc end seasonal fluctuabd cns.

Tho States of Tasmenia end Vietoria gmoratb hydreelectric powor; the
re,mn nder of - the country mist dbp(}.."lu on an annual supply of 10 to 13 million
ng tens of bituninous coel, 5 nillion long tons of brown cozl, and on char-

GOaJ-; wood, end immorted fuel 03..1

The brown coal comes from o State-operated open pit at Yallouwrn, Vie-
'toria. Avproximately 75 parcont of the outnut ls consumed by the Victerian
Governmen® power glations, ond the other 25 percent iz briguettcd by
State and s50ld to the general *oubl* C.

dcpos ts arc *#1(1@1,,! uis-urlbuto_, bdu m,%t cf the tonnago to
Incnt-widc merket comes from thres districts noor Sydncy, Now
A large proporsion of the production posseases’ excollent cok-
Generally, tho seams arc horizontal, 6 to 1k fect thick,
anxi have frequént locol wndulstions. B

' The universal systen of mining is kncwn as "bcrd-wd-pi ll'1r' " which
15 simil‘“r' to the Anericaon bloclk f';utun. )

vrfoce hendling consisto only of zizing ond lozding, and somctines
Hond Plbki"ig. In 1645, ono corpony storted to conotruet o heavy -ricdia
clea.n_‘ng_ rlant

_L_h g“aar* conl rescrvog fro lurg;o, both in pillars and in wndeoveloned
h;qu Creas, and could bo insreonsed fur thor by tho intreducticn of rodern
goal~cleoning ncthods Tor the lcw cr-grade coald, :

ckhoff Shearing Machine

In introducing ond develeping niew types of equirtent and methods for
‘5'11‘10‘:‘42'::«’unfq anthracito mines to Inprove the competitive pesition of anthra-
¢ By lovering prﬁduc tion conts and to crlionoe tho safeot Ly cf tne mng
Orkers through irproved working corditions that will accer mpan xderbromd
DDdGrmzc_tzc,;, ady u.nt..-.gc w2g taken of on cpportunity offored bv tho Teehni-
Al Indugtrial Intolligence Qorrittec, G-2 Biviu_u'w SHAFP, for Burcau of
ﬁi Dos norsonmael o '.’i..sl't British and Germon ‘nines ond plents o“‘ ming- oquﬂb-

i“lm menufacturcrs, | Two ightwol ght Gerann sheoring mechines, ; which are

rL8G chain cutting machines mmowturqc. in the Tnited States ; Werg ro-

il
‘31'.‘?.‘*‘,@; ccmplotely, ovorhouled, and arc-ndé reidy for undor@ ound testing.
195 machines. arc thought' to Do espocially sultable fér winning coal in

huoe‘)ly vl chlnb beds as

15 scon u.q _gengway dovelopnont into @ separat
tng sef'ti"*n hos brﬂn‘co plct . o

: 2 rigid-bleds Gorman conl lener; whleh wes wnesverdd by tho Burceu's
g B E) i
Vostigators the principal Europcan wartine development in underground
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mining equipment ,E/ crerated along a face 750 feet long and mined S0Q to
per shift, is not suitable for planing anthracite without alteration,_;noﬁg
ever, design, menufacture, and development of a new type Of'vibrating;blade
coal planer have been arranged for by the Bureauw of Mines. The selection
of a locaticn for experimental longwall mining le under conslderation, pg
51@&& for lengwall work only, in beds of hodeérate pitch, the possibilitiey
of its basic Principle of simmltansous mschanical winning and loading with
out cutting or blasting can be determined only after it is vroved that ap
thracite can be ploned and an opportunity is given engineers te study the
coal planer in actual operatiom. Ite successiul develozment would open thg
way for atiainzment of the conbtlnuous mining principle and would eliminate
freguent uhproductive shifts. T

Scraper-81ide and Shaker-Conveyor Leading Machine

Dolay in delivery of steel parts and stock for the manufacture of th
Pureau of Mines combinstion scraper-slide and shaker-conveyor loading ma
chine for use in developing gangways in thin, steeply pitching beds made 1%
necessary to postpone undergrownd tests in the 1946 fiscel year. ' This 18
ing machine is designed to eliminate trangportation delays at the worklrg
face by providing For mulitiple car loading and in this wey make possible
ons complate cycle of drilling, blasting, tinzbering, and loading each shi
for twice the present rate of advance, TFinal development of this equipme
should maice possible the providing of more working places by the additicnal
territory opened each year. s

Pfect of Scrubding upon the Odorous apd Irritating Constituents of Diesél
- Exhaunst Gas ] Co

In field studles of the use of Diessl lccomotives underground, it
been observed that the odor of Diesel exhaust gas cen be detected in the’
underground atmesphere even when the ventilatlon supplied 1s sufficient 1o
dilute each harmful constituent of the exhaust to-a concentration considér-
ably less than its permissible maximum, Because the odor of Diesel’exhaust
gas is objectionsble to some individuels, it appeared deslrable to obt
information cn the feasipility of minimizing or removing the odorous, co
tuents by scrubbing with water or water solutions containing suitable ch
icals. Full-scale tests have been made to determine the effect of scrubbing
Diesel exhaust gas with wator., Bench-scale laboratory tests have been I8
to dotermine the effectivensss of séluticns of sodium sulfite in water %pﬂ
to study methcds for inhibiting the oxidation of sodiuvm sulfite. solutlons

From information available at present, it is not possible to state:d
finitely which compounds or constituents of Diesel exhaust gas are respoh
gitle for the odor., Aldchydes are prosent in the exheust and ars known 9.
have odorcus and irritating properiies. -Eowever, other constituents of the
exhaust gas, such as unburned or partly oxidized fuel, which are present 11

12/ Buch, John W., Mining Thin, Steeply Pitching Seams with the Coal Flan-
er in the German Ruhr District: Mechanization, November 1945, PPs
92-97. L

- 4o =

AifPic

that
the .
the o

© dleat

eXamp.
of 2l
{nigh
bon
eval

PR

fETa




I C. 7417
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Certles of thé exhaust gas. ' Until more informetion is: ava.lla‘ble, it is ne-
‘cegsary.to relate the odor‘end irritation of Diescl exhaust gas te the con-
centration of aldchyles im tho- exheust gas. "This is at best an approxima«
tlen, not only for the reascna outlined above, but alse because of analyti-
“al difficulties in dctecting and differentiating between the differemt-. -
aldechydcs that may be rresent. In the tests described here, total aldehyds
conceritration was determined by a modification of a méthodlg' based upon-
the reduction of silver mitrate by aldehydes, and.-the result i1s exprossed
.a8 equa.valont formalaehyd ) : . S e

Althowgh the. l;mita.tions of wa.ter ag a scrubb_q.ng mediym for Diesel-ex~-
aust gas could have becn predicted from thetretical consldcrations’ y it wes
sonsidsored advisable to obtaln experimental data on these-limitatlions to
anewer numerous inquiries on this subject. - Furthermore, the data dre of
intorest in conncction with the development of permissible Diesel locomotl vos,
a3 thése will be cquipped with water scrubburs for coolmg the exhﬂust 22583
and auc,nch ng spurks. :

~In the stndles doscribod, the f.maust falateToic from & fom stvoken-c.ycle,
four cylinder, comicreial Diésel-engine {cngine B) were bubbled through a
scrubbing tenk containing approximately 10 gallons of water for a perioed
of approximately 6 hours. Arrangements were made to repldce, continuously,
the watcr lost by saturation of the cxheust gas. Samplcs of gas taken bo-
fore and af'ter the scrubber wore apelyzoed for carben dioxide, carbon monox-
ide, cxides of nitrogen, and sldchydcs. Observations of oder intensity
and nzgal and eye irrlta.tmn were made on both ‘c-he raw and ‘strubbed gaseca.

Tho effc—ct of water scrubbing upon t"lb romoval of aldchyaes frcm Dioscl
exhauot gas i shown in table 3. The results indicate that a.gortion of the
aldehydcs prosent may be romoved by water scrubbing. The fraction ramoved
depende on the concentration of aldchydes in the inlet gas, the concentra-
tion of aldehydes dissolved in the weter, the teémperature cf the scrubbing
¥ater,. the surfaco of scrubbirg wator oxpescd, and the time of contact of
thc oxhaust gag in the scrubbor. In full-scale tests it is not possible
to control meny of -theése variables, and thercfore direct com;aariéona"are
difficult to meke. Howover, the resulis of tosta at 1,400 r.pss. indlcato
hat at higher sorubbing temperatuvres (greeter than pproxim;;ce;_y 13LOF, )
the removal of aldehydes is ncgligible when the imlet ccrcontra Lo is.of
the order of 20 p.p.m. The offecet of reduced time off contact: e olso ine

leated in comparisons of resulis of cests at T0C and 1,400 r.p.m. For
Mample, at compar&blu, scrubbing-water temperatures, the percontage removal,
Of" aldemdou is consideranl,; less in the teats ot the lower %ime of contact
Algher engine spucd):  Scrubbing the oxhavet gas with water removed nc car-
Pon monexide and: onty a-vory small fracticn of the carbon didxidd. The To-
I“O‘-*a.» of ox:n.dcs of nit‘ﬁcgen was negllgible. - c

oniation Rescarch Bull. 15, 1542,
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WABLE 5 - Resalts of tests on the scrubolng of Dlesel exhaust gas with wat
- ——'-_.'-‘-

Vcl¢me of Tempevature Concentrat1on

| dry oxhaust! of scrub- | of aldehydes,

Tast pecd| X gas, cu.Tt. bing water, |p.p.m. by vol‘_/
Ne, - I3 Lh.p.| per hr.ls oF, Tnietd); Outletd/ |-

LT E Z,100 g 38.31 10.%

16 e ' , _ 2,130 99 . 10.6 5,7
ceenl T B991 9. 2,150 115 . 27.9
C706| 9.8 |1 2,060 17 1k,0
g Hole) 98 101.6
caoa < b 5200 122 51.0
L,3851 1 5 870 3L 23,7
Iry gas at. 29.92 mm. of nmercury and 600F,
Expressed as’ ecquivalent formaldehyde.
Weighted average for 6-hour test.

Tho rosults of obsérvations of-odor intensity, nasal irritation and aye
irreitation of the raw and scrubbed gas are shown in Tigurce 11 as a funcition.
concontration of aldchydos in the exhaunst gas, The average intensity of cach
gtimiiug reproscents an average of chserveiions of at least five individusls,
The intcensity of 6dor or irriitation is arbitrarily defined as Tollows:

Odor intensity ‘ . " Eye-end nasal irritation..
No odora . . - : ' No irritatlon.-

Very falnt; minimam odor, - Falnt, just perceptlblo,
but positively perceptiblo. threshold, not painful,

Faint, woak odor, readily . Moderate. .
- parcecptible. :

Easily noticeable, nmoderate . Strong, discomfortiﬂg; _ N
intensity.- painful, but may be endured., -

Strong, cogent, forcible I - Intolerable, cannot o
© cdor, - tndured,

Very stromg, intenseo offect,
may bite or‘irritate;

Figurr 11 indicates that both odor and irrltatlon are relnted tc the con-
centration of aldchydes in the exhavst. In every.instance a slzght rwduction
in dintensity of odor or irritation was obsorved vhen aldshydes were removed .
by water scrubbing. Figure 11 also indicates that the threshold of cdor {ag
indicated by aldehyde concontration) ceeurs at a concentration of the order.”
of Q.3.p.p.m. and that the threshold of nasal and cye irritation occurs at &
concontration of T to 2 p.p.m, IT we assume that an aimosphere containing

0.3 p.p.m. of aldehydes would be odorless, then exhaust gas containing 30 p.p.o

1792 -

P

T

L

| 1]

|

CTTTTTT

ulintolerach



: *seb jsheyxe |@selg Jo uopjey|idl 2k5 pue
“mmucvcuhumm:m#:_Lovcvcuco_ungcmucooauasun_ucmmzumna_;nco_ym_mz'.__ m;zm_m

eumtoa Aq :
UWOTTITH aed sgaed .ﬁouhSOUHmEhom JUeTwATNDE §B) wed 1sNYUXe UT UOTIWIIUSOUGD epluepty
009 00T 0°'T T
- JOPC CN

.\\ ureJ £a A

FULBA

rqeeotiou LTTEBE

A3 Tsusquy Jopo

Fuoang

Fuoans Laop

MOT18ITLIT ON

L
1.

Jursd

e3'8I9poN

§83 1ENEUXS DPOqUNIOSU @ Buoag

JEYEM M POqqnIDs 883 JenwUX® O

UOTIBYTIIT TESBN

STqBIOTOIUT

WOTFBITAIT ON

quted

S BISDOW

Puoaag

UOT3B3T4aT alg

qQEISTO}




