fme aof lhose papers feRevribed several netieds of sxenining cosl —weEsrine-plasnt
pperatlons sad preparing c-cartz and formulas for expressing ths efficisney of por-
forwance for purpstes of compelr’zon.22 _-'wother paper described trne emer_._enta_.
developmens of tie xercaizme-TloTation process or kandling {ins coal arcd the per-
rgroance of sgre comnsreiel Instellations that havs bsan pede 2n the Birzitgher
fiald, Alm, 33 The tiird zeper described en improved mstzod of esiivacing parli-
cle gize In sibslsve size —nrtirﬂnu_»_lh Thiz process was developed by zhe J=Fl
and Peilerson Ca,, ‘reoldentzl ta a cooperative agreement betwzen thel corpany ard
the Bureau of Mimes.
& I~ the coritibes woetings st which the Buress was repressnted, it was fenta-
¢ tively plam—ed to ses up en istemetion=l comriztes Tor phandariizizg coal-zrezm-
~ patlom Leat prazsdurs asd forzulas for apnralsing rreparatloz-vlant perfornsncs,

Fyalmatine Coal-Weshery Ze-lforraccs

The Hureau of Mines has wade avellable ko the émerican zoal Industry the 1dcas
om the ewaiuatice of cupel-washery periormance, deveioped at —he sz.er'"av_,nal
2 r‘mfprew‘n o Qoal Zre -ETB...-ICII.J which sesm Tozt izportens frez sn Amcricen view-
pDﬁ_"]..n.'ﬁ Tee woarizis metbods of evslusting westory pe-vormence are iilusiretod
witk previenaly wublfaned deta snd Wwith zowe rew cata ohtnived =2 the resiic of
Exper'-_men.JaJ_ work -mdertsken since The corference Lo grovide informeticn on certaln

controverzial points.

Ferformence can be evsluabod in a8 mumeer of different ways, with the cholse of
the proper method o wae heizng aictsled by she oblectives of the inveelizatioe A-d
the dats weeilabls, Tre performacce of sny clesaing unit is determined by the
. ckaracter of t-e ruw conl trested, L¥e density of the gsparetlon, arcd thoe sharpness
ef tks meparabion effscnsd between tie coal end Impurity, Tous, trres factors ENTEL
“inta performamcs; one 1= fétermred Ly the cpal, cze iz dictated by xasket or usEs
conzideratizus, and coe is ar Iuberest charscleriatic of the rleening it Zianll,
s Bfficiemzy, woick ig the ratle of the aotual o the perfest sceparatisa, iz Infle Toed
“by 81l three Taciors. -t messoves Gircctly tze logs ol saleable poul & the refuss
and thus '3 the performsnoce opltorion of grasbest practical valuse o tre coal-proga-
.ration plant operstor.

Srurpness of ssparshion or sharsness of cul beiwesz coal wnd IwpLrisy ie nres-
ured <t terrs of eilhgr orror ares or proweble error, boih of which sre Cguerrined
from g distrinutlien carve For “ho washing opersbicn, Teese crilerls are aser™id In

15 G

\,HT Yanccy, F. F., 530 Gear, M, R,, /& Crillcal Ixamizstion of Metiods Used in _-_
] Evalsati—g Coal-dszlery ;e*'fnrnu'u*g : Rev, ind. mipgmals, Special Tssue
Ho. 1, Woverber 1550, pp. 4-72. Fres, st Lobermationsl Conference cn Cosl
Freparastion, fewls, Trancze, Juzg L0950,

i-ef Candrad, 3. 9., A Rerost~e Fiobatiom: A Froooss for Cleaning and Dewstering
Fine Sizes of Coul/ : TRev, ind, mindralo, Special Iszus %a. 2, Dedarber
1650, pp. 17-24%3. PFrez, at Iotetnaticmal Coofercmoe on Coal Preparaticn,
Perlz, France, Jome 1250,

ﬂr‘f Notary, dJaos: aps 4., Gormam, Herry B,., and Frassr, Thomes, £ T=st Mothod for
Apvraising toe Ferfzrrance of Sludge Recovery and EEtEI’“Clﬂf—ﬂ"—ﬂE Zquip-
ment/ @ Rev. ird, mi_éra_e_, Specinl Tasus Ha. £, Dee, 1950, zp. 171-079.
Fraz. gt Inberrmtional Oozference on Cool Preparation, Parisz, Frence,

Jupe 1550,

32'! Tarosy, H. 7, Seer, M. B, Eficiency and Sharpress of Heporation Iz Bvelust-
ing Coml-Weshery Performsmce: Min. Frg., vel. 3, Jume 1951, pp. 557-317.
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corparizy the operaiion of wazhing welts making dlssimiler geparatigne, begauses
they are substanbimlly indeopendent
fenslty of separetion,
iow waluss of errsr &yea oT progahls errcor gomet ez gre accoopenied by low effi-
Teble & glves w compsrisan of washary-performance fasters for 25 indivi-

ciency.
Anugl weshing tooss

nispiaced materisl,
tha— twore is ng direet correlation hetween efficiency and mianlaced materlal on
tre pre hand and error arca snd prabable error on the
i7 a- etficient ons when meds
rart even a very sharp aeparatloz mey reprmlt in & retatively low afficis-ey If mace
at & low density or iF the

nedizte donsity.

o= either the charucter of the rew ocal or the
They must not be confusad with sffialeacy, rowover, becalse

:n terms of denslty of separstlom, efficlsncy, Tercentage ol
error arsa, and probakle error, Theas data dsmoratrete clearly

gther. A skarp acparatlaon
o m ooal of favorsble weshebility cherssteriztzcs,

caal contaloe sn abnormal arnourt of roeterisl of ioter-

TABLE &£. - Comparison of perfornsncs sriteris for & rurker of wsehing cperaticns
Specific Frch- Parcent
Bixe of coal, gravlty of Error|able |Misplaced] BEEfi-
Olesning unlis faches or mesh|ssparasical/| fo.1 2{|arca | srrorjmaterial ciencgdf
aﬂquymL““.oﬁrxﬁ 1.56 T 510,051 1.4 -
Tolivereean. |-/ to 3/6 1,50 L& =R LY T 99.9
nadd i E e 10 1.37 B g 28 | oo 5.5 97.1
D0 e gesgnnrens] 1-5/8 30 15/16 LT a0.3 LA | Lo 3.5 -
Do%?ﬂ:ﬁﬂ...... i to 35 1,83 1.7 2 | Ok i 5.9
Tooia3 sua. .8 B0 200 1,65 100 . =5 | .o27 5.0 8.5
Jig, TEUM. sanseas|m 2 T L.y T.0 g% | 087 L.a 97 .3
T sanmeenunaa|d ta O pTECY 1k L g8 1 ,111| =21.0 ToLE
= TR i B 1= I & 1.67 5.4 TE | LaE6 8.7 ga.l
DOveennnsnnnea| 2 tod 1.593 5.8 81 | .x03 3.L 8.0
Tiz, pulsator.....|3 te 1-1/4 1.L% 19,8 T | L03T) 7.9 gl 0
Taraceoansnnss)z-1/ to 14 3.0 B3y 55 | 30 2.2 0g .4
Jig, TLEEET. ... |l-3/4 to © 1.53 .3 75 | 088 4.0 7.3
Ja, haskﬁﬁ....... 1 to 0 72 L.z 33 | 130 5.9 g7 .0
Wt tadlodl...... 3/32 to O L.78 6.7 63 | .O0TH|  b.b 23,0
Yo e SR [ T I ¥ 1.70 .9 g ] L1072 2.5 95,3
BRenilevetT e ra o]l 30 5716 1.63 104 75 | Logh| BB 95.8
DU enneeaansn-| 510 to O 1,70 12,5 | 13c | Weet| TR gl b
¥enmies CONE...--.f5 G2 2 1.5 g.7 3301 033 2.9 90,3
D0 aennn e eansd 3k Lo 378 1.55 3.8 63 7 073 2.5 o2
EFdrctanor. eees - | LL/16 to 25 1.85 L.z A2 | 095 2.5 05,0
Frath flotation,..}1l0 ©o O L.AT 1.5 (N L, = iz
DOuarenssnrsy il 0 o] _ .65 b,y 125y 25k 7.2 QG Lk
Eurphreys Spira&ﬂf B 450 Z.ch - 27 | L3ET - 91.8
Preuratic tebled/ .|1/2 to L/b 1,68 2.0 ab | 131 G2 B3
Cantruflow, ... a..|2 T2 O 1.79 1.8 93 § .179] 3.2 93.2
éf The grecific grevity at which ihe distributicn curve crosses the JU pergent ordl-

sgte, indleating ecual Zistribubieon of material ketwssn washed coal and Tefnse.

2/ Wou adjusted for material haavier than 2.0 apeclfis graviiy.

3/ Fruser ard Yancey formula: yield of washed ceal divided by Flell of lpat ozl
of same ash coztent,

L/ Tsvoratory test, all atiers plaxt teals.

57 Cyoloze.
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Figure % - Kerosine-Hlotation cells in an Alaboma cocl-preparation plant



Clesmdyrs avd Besoyery of Tine Joal

Amgthgr cgmamercial application ol the kerosire-rlotatios prococess, develop
the duresd off Mines Zor clearing ani Jdswatering f£2ne sizes of poel, makes thre
piemts now In operstlcn iv tre Birmingham, Ata,, dzstrict. {82 =ig. 2.1 Ome o
theze pleats treate an urderfleow produzt f-om dewsterirg snreenz; the other twg
cwest fize zosl {sopreximately lh-mesh o 8] wet-percencd ous of Lie -l -nine
coml, The Tices tkat are soresnsd oud of taw ran-gf-pine cpal are removed, clesncd,
and dewatered dirscstly, <hus prevenbing the Farnation of sludge &rd slurry sni Lhe
probloms slwags associazed with lhea.  Anobker advartage of the prossss fs thel fize
glzez of Ligt-grade ciking usul formerly wagtod are now recoversd. e latest davel-
oprertz ir thds methsd of clsapirg ani Iewatering Mirn-gize zoal Fave hoen gublisieﬂ.ﬁéf
Subsequers Investigatlons lave beer firected fo ixprovenmsent in the desfan of
tetion ceils tg increase treir capacity.

24 hy
ooauck

ke Mg-

Recestly, =he Eunphreys spizsl corzeatrstor hes been investisatedl/ to orovide
tle coa:r 1ndustry w1%a icformaticn ta Molp in ke zelesiion of coul-cleaning equipment
apd to supzlement sreviously piblisked results of detailed serformamce slodies of *he
wet teble, gmewmstic taele, Tatch cyslons, acd jigs of poeumatis, plomgsr, prisstor,
and Baum typss. Tke sniral was used Zurdrg World War IT to treas the chrome -besring
eanl: of wvooy Esy, Oreg., and ir the Fears since its developrecs it Lot Seen sdopted
for trea-ing orez, agrmetalllss, aze cosl.  One coal-washing plant using the criral
fpcersrator wort lnto cosratico 2o the Permsylveria anthrscite =icidy in 19L6,
augrler proant has rocenbly Teez coxpleiod,

and

wovls Trom Alspaps, Eemtucxy, Weslh Virginias, ond Washington were teafod in the
TISPirEl esreernrator, =1° Bawplas repressntivg nstursl S-mesh finesz soreemes fromn
run-gi-rirs coal szcezt the West Virglnis zoal, whkich Was prepered by crushing 3-
“Inch 2lagk to pefs S-mesh, The produchs Srom the zplral were cxamired by float-and-
Einx ard zoreea-zizing tecte to delerzine wie meslanice of tke separation Setween
“ronl szd mpurity, Tre buols perforfepss cleresteristics wope Polld tg Le ihe s=we
far all of the coals Zestod, 43 @ Test: of <he molifring Inflicence of parhicle
$ilze, tne spirel ‘5 urable Lo DRke sn =fT7¢iert wwo-prodnet separation belween coal
and Tmparily on thess osals withost sdditicral hrestment, Alss, & classified feed
tanl be Lresbted with Zigher efficlency Ther 12 pousibles on g natursl raw CoRl; corn-
fequently, semizlsssifisd feeds, sach as =silt-henk or clessifier-taferflow macerials,
tAn probebly Se treated with higher cfficienciss fkar t:gse atowe Tor raw ccals,
The “nhersrsly low efficiency.of the unlt mey te overcompsrsated undsr ce=ta’- con-
diticns By ikhe low operasing costs afforded by iT3 sztreme ginplicity,

Ir the azbhrasite megion of Dezmsylusnis, » fisld Bt1Zy of exiziizg commercial
launier.oareen instaliatione Saor DrerErirg Sine sisnse of snthrecite was fndtis<ed

In Beptemier 1550,

= Vo suprlemsny this Tisld study, = Mull-seals pile: lawrder soreen s been deo
#ElBned wnz constructed et the Anmtiarecite Beacarch Latipratory, Schuylkiil Haven, Pa,
1z imit 15 urderecing Se3is &t & regicou: Fire-scal clesning plar: in cpooersilac

‘EEFﬂhﬁanirud, E, W., and RiIcry, Ho 2., Recent Developeenls fn Combiwalion Cleartng
snd Deswaterdrg of Ploe Jisee of Yoel: Bursau of Minse Bept, of [nvestigation
YTOT, 199, 26 ra.

“eer, M. R., Tsnesy, d. F., A3lgn, ©, L., and Eckbouze, B. d., Letoratory Fer-
formavoe Teeks of the Emmphrers Splret ez o Slesrer of Fime Jgai: Am, Tnst.
Mir. =nz Met. Erg, Teck, *uh. Z944F, Trans, im, Ips+, Min. =od Met, Eng.,
vol. 1A¢, 3550, pp. 1057-1U57: Min, 8ne,, val. 187, Octoher 1953, pr. 1057
0BT ddeciscdos, Trans, Sm, Ines. Mla, acd Met, Eag., wol, ifi7, 1940,
bp. 1150-376€2; Hin, Eng., wol. 137, ¥overker 1900, pp. 1140-316Z2,
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with the Hudss= Cosl Za., Scre—icow, Pa. This pllot unit 1= 18 #eet long by ] Zogt .
wid=s end 15 T=cad with ;;.F—mEbh stainleas-steel cloth of approximatcly 60 percens
open arca,. It is being used to determine the maximum quantity of fine coal thet -

can he recoversd Trom meteria: formerly lest in the pleat affluent,

Proparatios Characteristice of Toking Coal

Carhria Coucty, Pe.

In the proparation thasc of the Burean's Investigetica of kmown relovershle
cokilng-coal ressrves, the first three reports in & planned asries, sivlng in ﬂ&tail
the preparation characteristics, by counties, of the principal coal beda 1q EEch .
sounty, were piklished. Too Tirat reperi, covering Cambris County, Pa., 38/ qtﬂws
thet the mein washing problsm, a# in the other two cousties studlad, concerss the
poieass of sulfur., The imeporient coal reserves are in the Upper ¥reepori, Lawer -
wresport, Upper Eittannisg, and Lower Eittuoning heds, Crusrzing the Eittanning
pouls to Tine size gave a significent sulfur reduction in the flozt coal. The )

reeport beds, particulerly the Upper hed, were mol morkedly respoosive to chash_ng”
far relessc of sultur. All samples coilected in Cambris County, sxoapt one Lower:
Freeport-bed cosl sampie, ind’lszeted that a satisfactory metallurgical-grads washed
product could be oboainsd by moenenical eleaning eloce or mecianlcel clesning in -
cemjunchion Witk fins crushlng, The quaiity of the Lower Freezgro-bed ¢cal weands®
to improve toward the northert part of the eounty. i

Indians County, Pa.

Accordine o the second report, which cevers Tndiana County, Pa.,ﬁﬂf thz prin
glpnl coal reuerfea ars found in ths Upper Freeport, Lower Proepcrt and rower - j
Eittanning hed Isolated pateches of Flttsburgh-bed coal sre present, and the Uppﬂ-f
Ezttunniag bea is found in minsole thickmess af some locations, bub croduction frﬂm.
thege zgpurces is not large, Tre Lower Eittannlng hed is nmderately reapanelve to; :
Fine cruwihing for relsase of sulfur impurltles, while the effect of crugking hpunf
the relesse of sulfur fror ths Upper anﬂ Lower Freeport bedz at many pleces 18 Big
cifieunt from & prastieal sia-dpoint. ithough $he coal from 11l three Drporbant .
beds at certain selocted lozuiions shows & low sulfur content, the upgrading of*
large areas of coal it [odisma Ceusty to metellurglcal gtancards 15 a dirffizult
techaologls underteaking. TUpper Fresport-hed coals contafzlng 1,75 percent or less
prlfur can he wperaded to metsllurgical standszds without difficulty Lut raw coals™”
containing more than 1,75 peroent sulfur ususlly roquire precise conirel over e
washing operaticn and ecomomlc diszossl of &4 high-ash middling product, The quality
of the Lower Kittamming ved tends to imsrove toward the rorthern part of the countys
while the reverse apyears to be true In t-e csse of ths Tower Freepart bhed. "

Armatrong County, Fa.

The imporiomt cosl deposivs 1n Indlana County ezbend to the west into ﬂrmmtrmﬂﬁ'
County .0/ Tn additiom to s smell output from the PIttsburgh and Upper Kittanring s,

3] Crentz, William L., and Steels, Ferm, Preserstlem Dh&rﬂcter‘ﬁtlﬂs of Cpal
Qccurring ia {fambria County, Pa.: Buresu of Mines Repb. of Ioveatiges iema’
b7y, 1950, %0 po.

39/ Crentz, Williem L., Stesls, Fern, and Bailey, A, L., Preparatics Charactertst
tics of Coel Ocourring 1n Imdians County, Pa.: Buresnw of Mined Baph. of
Tnvestigaticns ETE2, 1951, 33 po. i

Lo/ Crentz, Willfem L., Sieele, Fern, aad Balley, A, L., Preparaticc Charasterid- 4
tica of Cosld Qocurping In Ammsirong Sgunty, Fa,.; Fwresu of Mines Bept. af
Investigations k783, 1991, 25 pp.
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heds, the Middie Fittanziwr bed i mined %o & smell dogree in Armstrons Ceunty. Zhe
Lower Fresport bed iz opened gn some tlaced, b 1t ig usually too toin snd soetiy in
goourrerces Lo support large-scoale operations, & atudy of ine weshine charscterils-
tice of Lhe Armetrong Comby ooeii showe that the Upper Freepors und Lower Freepors
pede sre resporzsive to fiiac crushi-g for release of cuifur impurities, waeveas the
Lower Tlotanming bed is imaffeciad. The Jpper Fresport bed ig ihe zslor sourse of
aroducsion and offers interestine possibilitiss as o svarce of co¥ing cpal, Tho cui-
fur in ihe ceal ranges from less toez 1 soroeah o more thsr 3 percexnt witnou® Form-
ing & perceptible geosrachlc pattern. Precise preparatory methods would vpgrads tne
Tppor Frzeport bhed to metailargizal stardards over 8 wiie area. {FomelusivTe exzAmina-

tfen of the washing crarscieristics of the Lower Froegort had in Armstrong County ie

bampered oy the szail purker of wining operswicns. The meager dats obtained 12d4i-
cates a pussibility of prerzarlng a zatisfactory metallurgieal fuel Irom the oeal 2o
the nartrwest sosticz of the county. The Lower Fittannirg Led, whilch ia seoomdsTy
i importence to the Oppor Freezort bed, 15 a zigh-asr ard high-gulfur deposis, The
higs sulfwr contsnt, Tuck of whieh aczurs in trase forms of sulfur thslt cannot be
removed by specitis-gravity separatlon, Temoves this bed from gonsiderat’ion as 4
eouroe of metallurgizal coal,

Float-oand-Si=k Conbrol Teehs

A . e/ .
An trtensive studytl’ of cosl sampling and float-snd-sink tesling was mads te
provide statistical data for eatimatlng the sire of samples =esded Tar zrecize werk

in fioat-szd-sink sesilng. The basis #ata cbtalned in thess tests cavered the slize
" ramge of 4 imches %o 14 inch, divided for testing into four sizs Ingrewmenta §ohat [
_is, L= by Peinch, &- bF l-inch, - by 1/e-incx, L/2- by 1/4%-inch), By statistieaz :
_aralyals of the dsta shraized In these gxperiments, the fundampenta: curves of Flgurs

10 were prajeclted to sbow the relatlion hetwesn particle size or ssmple wWelght mand
standard devlation in west results. Sased on these curves the getimates of Table T
" were set up to shew lhe sampie reanlred in relatilen to =ize of pavticles in the coal
‘zample .
TAELE ‘[, - Weights of laboratory sumzle required o fulfill ecouracy
af limcs & to F, figurs 10, Tor dewree of mizing ocbtained
ard “or perfect rendon mixirg, im pound
. Size: 358 by L 1z,
' Float M2dizings Sizk
As Perfect Az Porlect As Porfect
- Line found ixing £ aued mixing found nixi—e
A vairaranananns P 52.0 il I 7.0 N 7
B iveinarrrrcnnat s 22,0 &0 21,0 Lo 36,0 Lo
trraiieamannas irarmaeaana 5.8 1.5 3.8 .9 5.9 1.0
tiama e gramer ks 2.0 - 1.5 -3 2.3 L
B e 1.2 RE B .3 1.1 3
i i 3 N W .G .2
i T Size; W by & in, T
KT T T L1500 | 5,600 | &9,60 [ 2,700 | 22,000 400
11,500 3,200 4, 000 1,350 11,500 2,500
=, 260 76O 3,550 I 2,200 HOG
B iieresearararm 1o 350 1,850 Ly 860 270
LT TN 180 196 580 95 Ly 15k
A NN T LR 2685 129 320 £l 255 T
ki Tandry, Bertrani == Bailey, ATGEur L., Zhoal Sampling FoT Floet-and-Hirk
Sontral Tests7 : Rev, ind. zindrale, Special Issue No, 2, Decemher 1590,
T pp. 123-133, Tres. at Internatlonal Confercnce on Jpgl Preperetlon, Paxie,

France, June 1550,
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Besesreh Pilogt Flant

A ocoal-preparatlon rescarsh pltol plens wizh Jscilitiss for szpsrinerdel treat. ¥
rent of cosl on 4 pilch-plent scals hsas Leorr erected oz the Exworimenisl mins prgp;ﬁs
vy of the Bursau of Mives et Bruveicr, e 22/ This rosearch PrEnt iz Ie the sgee i
Lulldlng with the boiler plant sorsing ihe Synthetic IZquid Fusls Reessrcr end o
Deweicpnont laborstories, and tze eguipnent iz arransed so tiet o commen conl-
hardling a=d refuzs-disposul facility serves both plazis. The pilat plens CUCsicky
al' @ permarent izstalletdon of coel-hendiing eguinnent o unicad coal from rallvey
sers or srucke, convey It ivto tre building, and distribube 3% to a zerics of ovep.
hond hing adspied to Teed ary Jualrsd prepsratics facilities trat wAY te Ingtailed
in the pllot-pieay sres. T2z pilot-plans eres now =as 8 S5-Toot heavy-medioy BEDR-
retling cone, with the necossary ascesgocy equiprent to meke a conplete Zoasvy-redis A
weskIng writ; @ cozplete ball =iil pilve-izing tlant, with provisicms for ArTing engl i
in the 3271 and an imsbsllasion of froto-flolation ceils adspted for trestment of -
© test lote of Tize coel by the frotb-Tlaotstlion Irocesz, or for the rocowllbicniam o
nonmagaetiz-flotsbion media for the heavy-medi-m weshing sysber, .

CoiAl Preparasion for Sxnthefiz Fuels

The Bursau hes investigated the bitmixous-soul f2elds of thoe T=ibted Stetos
ceztalning largs reserves of bltuwrlnous or subbituninous ¢oalies thies may ho econgm- 5
ipally uged for synthcsis of 17zuid fuels.ﬁif Sampres wepre Lakesn In coel Fields of -
FPerminyivania, Ohio, West Virginia, Indiera, Iillzoiz, Kentucky, Utal, Wyomira,
¥ontena, and Worth Dekots. These woere Lested <o show how the coal would be expeched
to respond to washing trestmenl for preperirg a fuel adapied to symbretz:z foels
marfacture, The cosld exemired varied greatly in t@e’r reaponsiveress Lo prepera-
tory trestmemt. Winlle major emchaesiszs was placed on ash reduction In these bests,
ethop cheructeristics, such ag petrographlc spenstituents and sulf=r content, wers
affected by prepurabory treatnort iz s messure usunlly somewhat comparsble to the
28z reductien, These factore, as well ag preparetion losses snd oporatinug noetks,
mast all be comsidered in azpraising the valus of weshing these coale,

Irring Low-Ba-k Cogls

Fluldlzed Irvingz

An part of the gerersl irvestigation of processing acd upsreding low-vark coals,’
erperimmmtal work conducteX to date In the fluidized drying oilot Flart has glven -
further proof that the fiuldleed Arying process 15 smenmehle to advance calculabien - |
a5 to ratea and Field, ard that sny nomecking fusl con be drisd by thizg technigue, -
Un the basiz ol srevicusly reported wWork end 2 report summarizing il tesisc maZs om -
subbituniocus coal from Colorsde, Wyomisg, and Alasks, and lignifes fram Texss srd
Greece,&if the foillowirg conelesione were mades .

%2/ Freger, Themas, and Bsrrett, 0. T., Federal Bureen Operates Coal-Fraparasion
Research Flazt: Mechanizetion, Septether 1950, op. 1131-319.

43/ Fraser, Themas, treavz, Willlem L., amd Barrett, Orrin T., Frepareticn Charas-
teristies of Boxe Cosls Avellable for the Syntihetic Liguid Fuels Todusbry:
Bursau of Mines Ball, U595, 1550, 152 pp.

&Eﬁ Parry, V. F., azd Wagrer, E. ¢,, Drying Fine Coel 4n the Eotrained s-d 7luid-
ized 5Siefte: Min, Eng., wol. 187, Beptegber 1950, pp. 97L-982, Trans, Am,
Inst. Min. acd Met, Eng., vol, 157, 1950, pwn. 974-082,
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- 1. The tepasity of a drying unit is about 300 pounds of water libersted by the
-. furl m=r hour amd esguars foot of cross-scctional ares.

_ 2, It i1z practicel to remove 90 4o 97 percent of the total molsture in tho
“pmal by drying In the fleidized colum withput spparent devolatilizatiom or Tod:i-
“gicatlon of the chexisal struwcture of the coal,

- 3, The rapid evolution of mpisture and shrimkea= of the cosl cause comslderabie
oo degradation of tioe coal particles during dryi=g, In general, the docrease fno aver-

. gge sized of the cozl particles 16 ayrroximetely equeir to the bed moisture. of the

T ppal trested,

. L, T4e frying of @ given casl =0 any given degree is o stralghiforward beat
halange problem,

s 5. The aricd ooal dusts esre free flowing and flow throug: erifices by grevity
gt reted simller to ths flow of Flulds, Tes=ts show that the ficw of dust in pounds
per minuto pquals 4.5 x L=~ 2, where D is the dismeter of the arifice in inches.

; &, It 1z e=iimaied thet the Tnvestment costs of fiuidized drying uni=s shkould
be In tihe racees of $150 so 3200 per tom of dailly capacity, dependlng on the moisture
combent of the coal, and The costs of removicg water fzom cpal in tho fiufdlzed

ﬂéd:L‘E:[ed Fleigzner Zrocesa
o

W In s ctudy of the meockenizm of drying 12gnite 1o 8 modifiled Fln=_~:1.EE::"_F_-'_r":'i:iaHI P
éEs uzing steam st L00 r.s.l.Z., 1t was fndicatcd that the degrec of d—ying and dis-
4 fntegration is determ’red by: (1} Size of lignite; (2) tize of comiact hetwmen

grltmnite axd d-ying egernt; (3] texperature of dryize agenbt; (%) hmidity of drying
0 Bgent; snd (5) torosity of ligpite bed in drier. The steawr consiongticn for dryiog

wez calculated as ©.8 pound por pousd of water removed; ficel mofsture content of
E drled ligmite wae spprozizately 1k percent; &nd the Lumgp slze of Hlgnite wuas pre-
berved much better thaw In ether metrofs of dryioe.

Sugrage of Ligaite

! Lignite recovered Zuring the censtruaction of the Garrison dsm across the
E,'-SEGUI'*_ River, zort: of Bismarck, N, Dak., 15 being placed in storsge i largs
ﬁélliun—tqn pilse. Duri-g tie legt year, 380,000 tome of lipnite was otored,
._:hri'ﬂﬁit-g the total In storsge to 050,000 tons, When the Barrison dan in comzleted,
PFProzimately 3 mlllion tons of lignite will heve been recovered snd stored. The
?"mﬂu’ﬂ metrod of stockpiling, worked oot successfalily on seversl plles of Colorada
Mbbitumingus soulz, has $o Gate besn successful with this North Dekota lignite,
ﬁ?ﬂ Proper methodd of piling were ueed, Under the condiziens prevalling =t the
éﬁ;ism Dam s{te, the {nvestipations ifodicate that thie lignite can be siored for
Mefinite perleds ia large smeapped piles withowh firing sponteoccusly, If the
g_!}t_'eaurs methods of plling are ricorously followed,

4B pert of an iotormal service to iigmite comsumeTE om o the storage of lignite,
indastrial rtockpller ave bheen vislted, and advice Xas besh #iven g oelhods

- .hn-F

L: E Dlipelt, W. A,, The Meckanien of Drylng Lignite: Proc, Horth Dakeota Acad. Sci.,
’ Tol, L, 1950, Woverker, 1390, pp. 33-39,
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of zafely storing ligmite. Al2o, experimental worz on storage of steam-dried 14
hes been continued in & simulsted gilo-type storage of dried minus—3f8—inch liﬂhitg’
Liring 8 1%-montk pericd of cobservazion, mo elgms of hat spots or gpormtanequs lens.
tion woere roted, [ndicatiog Lhat this fype of atorage Ie suitable Tor emeller Sizé;
of steam-dried lignite, .

UITLTAATTON OF COAT. AND DTHER FUELS FOR COMEBUSTION

Fuel-Ensineering Service

Fuel-erginecrlng service to Gover-cment esteblishments= 21 the selestion, test.
ing, an? use of fuel &nd fel-burnlcg eg:ipmect and in tre econgmlzal use of stemﬁi
wed sontimaed, BServices an 19% special problexs wers given 40 differs=nt Fedeps} -
ag=asles, In eddilion to thoss described fp the follewlng caragrephs., .

&t the request o tEe Veterars' Adnlnistration toftel boiler-plant Gperﬂtizg,=
cash comparizqns were mede of the wse of oil, gas, and coal, and the Propsr Lype of
fucl-burtoing equipment waa recommended for Tour profects. A atudy was made of B ait
Zospltel boller plant et Dwight, I11,., ant recomesndetlions were zade “or new hgilﬂﬁgf
new fusi-burzing equipment, axd fuel; recommendatilsos were madec on ke troper chofee:

fuel-buarnicg equirment for & large boiler plant =t Perry Poelns, Md,, for new fuel
birning esulpment at Auguess, Ga., 2od Tor & oew oroject 8% Manile, Fallippines, s

iy

A series of ftegts was sleo nede for the Teterans' Adrinietration oo ckain gra
Lype fusl-burning equipment, normally burcisg rize, to 2etermine she relative per--
Fermange of rics azd barlsy anthracites of variouw zize consists and volstile can-.
tents;i_f Efflriepcy and cepecity were limitod Ty the grate-iink deaimn, az well ms
the dealgn of the furnase, when barley wes zunotituhied for rice, Careful malntensuoe
apd operatice were particwlarly necessary with bearley. Is gererel, the efficilensy’;
aed cepacity decreased wilh decreased fuel size end voistlls contert, the rances oo
the 230-hp. bolier %oated being fram 63 to T4 pevesdt in eiriciency and from 130 to
170 percent In bolfler rating. With barley, the =ize consist affected both Eff161emﬁi;'
erd capacifty to g greater extent than the volatils content, but with a noroel amouwm®:
of underzize the efficiency decremsc from the subshitution of barley for rice wad -
about 3 percext. "

glon sad for one project for the Depariment of Agrisulture, Asceplunce tesis gs to
effliciency ard ¢cmpacity of now boller equipment al ihe Bryent Street surping stebian
wers made et the request of the Department of Engineering of the Distrist of Coluzbls
A& zurvey and recomeendations wers wade for hot water ssd feabing squipment for twe
bulldingz at the Bureau of Mines Mownt Weslier Stetion, Bluemont, W. ¥a. 4 new do-®
zeatic type of automabic stoler for hurmlng antirecite wes tosted at the request of
geveral Federal agonciea. Coopersuive work with the Afr Prehester Corp. of Wellsvil
H. T, on the preveniion of depssits and corresion oo air preheaters was conti-ued..

4L the requesv of the General Servloes Admi=“=iration, many operating tests were
made ot fxperimental sugilisry sir-jtet eguipment icstalled to yrevent smoke emiaslon !
from large, underfeed stoker-fired bollers, wien using cresper high-volatile cosl, -
ard to improve efficfency at the kigher loads, These tests were part of a comprehen-
giwve progrer to determins the best syuilpmen: for severa: planis of thia type being
opersted In the Waskdrgbon arca. Cereral Berviges adzicietration was eisgo supplled

L&/ PBurdick, L, R., &nd Morgan, R, E., SUraing Acthraciz= Barley o= & Chain-Grate - .
Stoker in 8 Two-Arch Furnace: Eureau of Minss Reps. of Irvestigatfgne L7230,
9%, T mp.
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. butans fuelsg, previously purliahed sg Burean of Mires informetia
- The handbosk covers <he rropertles of thece fusle, Lhe safes

- whizk the Pusls are used, the equipnent neadod, Erd the ape

1,928 from the Zepuriment of the Alr Foroo

" the District of Columhia novernment; 293 from tie
5 225 fram the Departmest of daztice; 184 Trom
©, . he Fedsrel Sccurity Agemey: 32 rox the Gon
© the Public Healt: SBervize; 16 frow the Departmert of
[Zert of Agrieulturs; 1 frem <he Bircay of Mincs;
3 from the Buresu of Reclemation; mnd i Zrom Eewsrd Hnivers
[ Pereent 1neroage over the previcus Teaw.

. W deposiis, 20 mizcellsnecus peclel anslyses, and
“¥ere pade,

OF chemical reagents, epd 14,781 tegt-kit veplecepers itoms -

A Power: Buresu of Mines In®. Jire, 7580, i530, 12 oo,
'7§f Ba

".iryal

with information u=d recomzendst|ors on Lne decert

ralization of zonl purrhas
the developnent of methods of purchas

ing and
ing coal In varions recipns.

Ferformance tests of cpeeielly twistod metal Btripa fsderted In the tuhes of
fire-tube bollers to Zmprove healt trarsfer wore made at the requesk of tha Depart-
meat of the Nevy. They cperate o grest pumber of bollers of thia type, and 1t was

|5
found tZat an aversge fuel saving of abovt $230 per goar Per buller cauld be expected
from 2uch eguipmen,

AL the regquest of Ske Public Bulld’ngs Admiviztration snd tg
Service, plans were develozed for 8 new coal-
for the Woshlpghon ares, the general it po of coul fecided upon, the specificstion
anslytlonl limits deverrined, snd recommendaticrs ae Lo gesrd made. Federal coal-
parchasing agests were supplied needed informetlos an mines for vee in weking awards

of coolracts, tYs bilés for suspiyirz coal to g mrher of sgencies wewvn gtudi=d, and
mecoamenAnt iore mede for awsod,

@ Federal Supply
starsge supply of shout 00,000 tons

An investigatize wes pads of ks pozsinle frn
the aeed Tor grester defensc sfforiz. A saperiT/ o= the burning of wood Waste Fap
commercial fest and power was rublizhed covericg the conpoalilon and burring chanrac-
teristics of wood, che types of wood-vaste Taels, their resting values apd anulyses,
the transporbation and storage of wood

» Turrace designa for wood burning, and a teby-
latlon of genceral inforzetion op presont -dey wWood-nerning instellaticns,

romsed uiEe of wood fusl An ceme o

A hanﬁbaokiﬁf ®as prepared from bazic informaticz on the use of Propare and
n Circufar 7513,

¥ precauticong to he
sbeervod n theivy use, the pethedr o trasportatiosm, the various TUr;ocEss For

Ttz wsed in the Thized
Ztates.

" Boiler Feed-Water Corditloaing

Analyses and resSring recormendutions wers

nude o 3,714 gatpies of boiler
water during tie fizcel wvear az tollows:

3,58% from the Department oo the Army;
;1,701 from the VTetersns' Admindatration;
553 Trom the Department of tre Havy; 547 from bre Tast Crflce Departient; LUWG from

2 fibllz Housing Admintstraticn;

the Bureaw of I-dfan Afraives AL from
ernl Services Adp'=iatretign; 21 £r
Commgree; 13 frer the Depart-

% Trom tEe Sm?thacrisn Tretitution;

7. This i3 sbout g k-

Beoorts end recommendgtions sovering 27 anaivses of varlous zepies, sludgen,

3 analyses of bollep Copoands

A total of 1,148 syacisl Bureav of Mizes Pledd water-test Tits, 12 764 vottles

WAl diztrihuted to
Y

Brkley, J. F., sod Morgsa, R. E,, Durning Wool Waste Zgo Commercial Heat ang

rEler, J. P., Questicns and Amswers om Fropa=e gnd Batans

Fuele, fuestian wrs
Anawer Hendbook 4, 1950, 25 zo.
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sarieis Governrent aciivities, These snounta sre incresger gver the previous Fear
of whous 98 pereent, 24 percent, and =3 percent, respectively. Diztribubing these
¥iig mnd rescents from a coentral source saved CovercTent agencises dbout $EO,GGG
this year A5 corpared to opsn marzes purchesc.,

Conewlting ssrrvice was given to tde Red Lake Tndisn Mills, Redhy, Minr., oy
the uzs of chemlcsis houghs o specificatior to replace 3 more costly Proprletery
botler corpomd; the Bureau of Fards und Dockz, Department of the Hewy, on tEe use
of hollier wewer achifgame And onoan pperating manusl for treatmert of boller water
1n the Ma»lense ar=a; Lhe 59, trabetnts Hospltal, Washingten, D, C., on &he con-
tral of hrins corroslor In refrigera=ion plant; the Foreat Froducts Lehoratery,
TDepatrtment of Agzigulture, Madidon, Wis., on thz control of giudpe Tormsilion; the
OfFfLce af the Thiel of Ergfneers, Tepurtnent of the Arcmy, oC cremizel arglyES:E TTa-
esdurcs for uze in Furope; the Disiriet of Colwmzic GoTeroment on thie use of exteruai o
smedowater trestine egidoment and on the chemicul treateent of Zot-water heating sys-
teme; the Tistrlet of Columbis filtmstlon plent on bollor-wster treatzeqt Zor o=
preszure boflers; the Fublie Fowelng Administratiosn on boller corrosioz av Dembridge, |
Wns=z,; the Departmsat of the Air Force ohb candensate-lins corrasion 1o siations in K
Alaska; the Votersns' sAminict=ation on sontrol of Zeposits din nozzles 1n epray equip;g
gont ard or. return-lins cgrroslcm; end whe Housirg Author-ity of Baltlzors or cetting Cad
up B centrel bollsr-weler contrel and regesrch lgboretory. 7

p—

At the request of the Putomac RIver Huvz® Cormund, Wadgmingtez, Do C., visits
wore made to thelr lazsl lsbarsiary to s pmiruct in holler-waser testing; to tie
Merine Berrcacks, wesnlngsoa, Do O., wWhers recormendat long were mads on contral of
afesm lomses dus to lesking tress and oo aontrol of railer-scele formetiom; o tae
Murince Barrecks, GQuuntico, Ve., on retiro-ling sormosion wroblers; to e HNovsl
Cormpmicut ions Atuslon, Weshirzgteon, L. G, and the Neval A7r Statzon, Amacostia,

7. ©,, on holler-woter diffloultdes; and to the Muvel Resgsroh laborstory, Acscostils,
T, 7., on maklng boller-weter Tostz; oo deslgn of chemical ani feeflng egatprent,
apnd o the cantrol of cheripgel dosagos.

Terious ogencias reguesbked That studles be wrede g5 the'lr lpshalletiora as
Follgws: Boiier plaat of tée Poblic Bousirg Adri-istratioz, Belizville, Mi,, where
rocormendat lons wers made oo boiler-weter tresbment, resuizlng ic sppresishie sevings
frew tre climinatics of 8 propristsry beller-water cozpolnd; MNaval Hoszital, Bathesds;
Ml., where a comprebeasive stuldy of resrn-iine corrostor was male and the cHumes
datermined; Naval Fowder Faatory, Tepartrent of the Hevy, Indien Zsad, Kd., whers the
capme of excegiive boiler-weser carry-over and Tethols for It prevention were dener- L
cired ard pesheds were recomended For the eiizinstion of exscsgive return-liee coTro- F
ton costirgz shout $20,000 snnually; Wavel Hospltal, Buresu of Yeris and Docks, -
DVepartment of the Mavy, St. Albens, Long Izlend, N. T., wosre tests and studiss wers
made Ta verify ths need for s hydrogez-zeollts softoner arort To be purchasedi foT
combral of return-ilne serrosicn, bub it was found thei sstisTactory water comditions
concd be raimtained without ths need for tijs egrizzent, resuliing in @ 2aving ol 83
expenitture of ztout $10,000; Navy Fictograriic Center Leborstory of the Huwsi Adr
Ttatinz, Aracostia, L. C., where recommendatilons were qede for ploanirg ssdiment frov
tre waser Filters g=d for clesnimg siime in the fllm-rinaing tazks ard chespor cherl-
sals bougti on gpeclfications ware substimuted far a srooriztery compound for treas-
ing refrigeretlon water; Detention Hzadjuersers, Teited Gtetes Departwent o Juatile,
H¥aw Tork, N. T., where the boller plent wad to he surveyed, Tecormendsbicus were 19
ne meie wn boiler-weter troatmest, and the sngineer was to be instructed in boilsr-
water testizg and control of chemisal trsatment,
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A Fuzesu of Flzes Mandhook cn boiler-veiew treatme&t&_f CQvers easortisl Infore-
ration assded by ciErators, partioularly iz Governmont Pawelr pisnts,
gzd conbtrelling ciozical trestmens of Toller watar,

crl weiler-weter czuaticiiy and how it ia maizta’ned 1
ziffercat types: of cherical teefers an:
o9 toz ume of aoda msh, caustiz sods, End prasphete shonicale Tor control of boliler-
nosoaie Tormetion; fratrumcbiors o- the wme of sannin iz boiler-water tresiment; = dis-
casslon of control of corrosizo 4n bhoilers duiring aperstizg snd idle Pericds and on
the use o7 volatila smines Tor contron of curroslon in return lines; Instructions oo
boilor-weter BWlow-dowvn and Tto Sonirsl; exnd an erplsmation of builer-water anelysad

ard how Lo epply such intormsticn to the contral of cremicsl residuwls 1+ hails=
wuter
[t [

far apslying
The handbook insludes chaptevs
N comtrol; 8 deseripmion of
methods of adjusting dossgesz; & dizcugsion

A3 T

Bopilor-Watsr Rocearch
St T A NP EATG

fezesoctosn the Tundamertel zevuzes of eorros
Sircouced stulles of prevesntative cheniesla, g
from the aiuncpoizt of

ion 1o sleam condensate-reiurr Iines
uch as amines end smmonia, particwiariy
Scwering lhe cogte of necsgeary chemical freatment. Contrary
S0 some Impressions in Indusiry thet the ure of smines Tor tbdle purpose iz quile ex-
Persive, a wrizten fiscussicn of paperzd emphazisizg the fdes of Zich costs of
Enlie Lrestment polrded out thes field tests have shewn a g2t of less than $300 for
=81 entlire rear for thpee large nousfng develupments of 4,227 dwelling unlvs, or ehouk
CT% zemts por millicn powrtls of stesm, In other gxsmples cited, the aversge Tourly

© casts ransed frox $37 o 3150, T thece eases, 2t wes fomnd fThei the anine merpho-

» Mine proved to be the most esovomicsl wmine to use,

L. AL the repuest of the Tepartwment ol Justice, an investigation was mede of
Suppefed AiffZeuitles In dyeing Trom tie use of & amine, vwhere stesm wsg «aed ip
dlreet comtart with wool meterisel. 1% wan found thet the 41P7iculties peoulied fron
fhe presence of iron rust Previously gecmmzigted In the pipelines.

A lzhorstory study of = methol o

: rEovizE corrosion producls that plusged con-
demzata-retiurn piving

It g dJovernment -operstod hesting plant szhowed there wes pome
rit in using polyphosprates for t-is zirgpze, but 5 saving of ahout $1,0ﬂﬂ per
1 ¥er resuited whew equally uctive pateria] avallehle on the open merket wag gubsti-
buted for a broprietory compried previcusly umed.

.

A swmary on the results of aboub 2,000 tests obtained wit: £00 erhrittlement
i detectors 19 0 steticoary hoiler piants and of asproximately 500 teste o 20 loco-
Iotive boilars wus rresented at the 1950 Annual Meeling of tre American Jociety of
"echanical Bngircors.Jl/ Tre mesulta showed bee etfootiveness of sodium zitrate,
bracho tan~in, avd sera-caustic “remtments to prevent orhrittlement crackivng.
Hlﬁrate snd guebracho sre Insibitars againat intercrystelline corrosion in Aot
cﬁnﬂﬁnﬁr&ted caustic zolullans., The zsrg-csustis Lreatment prevents the formasion
“Concentrated solutions of caustic “hat guuse corrosioz, The survey also shpwed
2L the frejuency of fest-specizer failura wes mat ofPecbed by the A.8.M.E.-recom-
seided sulfute.tomcarionate ratios, zlsze it wes approx’mately the soze sz when =g

EE Boldmen, Loufsz, Soiler-Aat=r-Trostoent ¥anoal Tor Fegderal Pleny Opezstors:

Bureau of Mines Tandeoek 5, 1991, ok TP

‘Jerdk, A. A., Discussion ol "New Polar FAln Troulmemh fow the Cpotrol of Heturn-

Zime Corroslec.” by F. L, Eashler and J. B, Brown: Proc, Tedbh fnoonl Waler

Jozf,, Eng. foc. of Westersn Pernzyliwania, 104%, pp, 121-122,

CSerk, A, 4,, The Prevertior of Emprittlewcmh Urackirg: Carbustion, wel, 22,
No. 6, Decesher 1950, pp, 52-3%,
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Treatment was used. The report alzo discussed the 26 sages o cracking of Stﬂtinﬁ&ﬁ”
beoliers studied durdng the pericd 29l2-N9, OF these, 24 were definltely dure ta ey 0
brittlemenl cracking, snd cracks were Zound i- butt strape, Srur metels, flbe peyd
ans tuhe ligements, The beiler drms wers welded in siv of the Flantd snd werg
riveted iz the others, Eebrlbilement-detscior tosts did net show eramysh nitrgte_aﬁﬂ
g tenrin-fype Inhibltor to te pressnt in consentretans ho Prevent cracklog, glip.
five of the pla-is were meintainirg the prescribed sulfats to cexhanats raticg HtﬁhEﬁJ
tire of fellure. However, Lhe sffectiveness of tre Tat es sod not be accuratEl?i_. -
proved or disproved, Ineswuci es mone of Lie plants had caomplebe Jate Lo skow thatﬁ“
the ratios bked slwars beer moiriainsd, :

ent;

Beeults of tests on embritvlement craciing in Great Britain Prequently wary 5
with thoze ¢hisin=d by the Burssz, 2 ciscusaloni?/ of s regort o such sr invests.
Zotion srowed that +he mithor's Thrdicgs were nol inconsistent with the pTE?ieualy
publisied American werk, The zams sf@a=ts o cohcerhrated slreaz end nighly COnce
trated solubionz of pare sodfun byirczide wers sbtainsd, The sugbho-'s raguits gn o
the inhibfiing effectz of tamniy Wers alss I sgreement, ipsofar, us they werd, with
wur testa., .

Zaboratery study discloced thest a rrojected use of & proprietary compound to i
acli-clean a boller at a8 naval ipstella+ticn in Margland would result 1n serious mﬂ
terloratisn of the boller; stepping the proposed dcld-¢iesning cperelicom uzdoubiadly
g8vad u boiler valued st meany thousaniz of Zollars. VL

Zrnoze Ahstopents

Sioks -abetemsnt work iarougtout the Taited Ztabes comtirusd tr be very active,
Cifiss requesting BFurcau of Mines publicaticns end congulting service Inclieded the::
Tollowing: TVistoria, Britist Columsdia; Windsor, Conn.; Elgin, I1%,; Louiswille, -Ev3
Rurford, Meine; Detrait, Mich.; Wesiawken, N, J.; Aveterdam, N, T.; Tayter, CRioj it
Erie, Pa.; Austin, Tex.; sod Tacoms, Wash, Somaultizg e-d fiz1d servizes were
Eiven warious Fedsral sgencies on yroblens of ghetitg smoke ans dusk, including
fcceptance tests of new dust-precipitaticg equipment Tor the West Cenbral Heating -
Ststion in Washizgton, L. 0. The ¥atichal Smoke ibatement Hoclety of Englend exhib-
ited Amerizan publicatieons snd charisz an smoke sbatemsnt at Marshester, Ergland, :
Work on smoke-ababement wroblems Tor bre Irterzational Joint Commission was cootinwed
by its Tochnical Advisory Roerd oo Alr Bollwtis:, waleh i-cludes s Buresu of Mines -
engineer, Studies wers meds regsrding the sduceiion of persacnsl and changez in
Tusl-burning eguipment o- vessols of the Grest Takes using the Detrolt Biver, 5
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