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FESKAFCT AND TETELOTMENT, SYNTHESTIS-CGAS LABJRATCHIES AND PTLOT FLANGS,
WERCANTCWN, W, Vi,, AND GCRGAS, ATA,

Experlmental Work un Synthsals-Ges Froduction

Fischer-Tropach gasoline Zs sxmensive boocause of the hiph coet of ajmtheaie gea

mde from cual., It ie mwoving & mejor wdertaking 4o devolop a new coal-geeifiea-

© i process that will weduse signiTlecantly the coet of aynthemle gae for tha Flscher-
Tropich process or the smat of Wirager Tor the Rergiue process. FBxiendive szperire-
tal wrograms of eborasory toc demonotretion-plans s¢glc ars peing coarrisd oub to
evolve systemmilcelly but rapidly & new, gucczpasl, coul-gwEificabion process. Opsr-
ation of experimental gasilfication equlpment trovides date reguired for the desien of
1arge planta and alao disceloaco new froblame reguiring solution., All data Rpe ana-
1yzed to dstermine metiodr of cutilng costs,

The two gaslrisstion procesoen selevted for wajor stuly aopd axeTviment ared

1. Gesifica=icn of finely pulverizad raw coal, scirained in supsrheated
team conbaining oXymen.

2. (gaifies~ion of coal in place mderground,

Tnderaground Jasificoticrn ol Cofd

The mdergromd maificetisn of conl, for successful application, will depenc
b, upon TRny dinterrelated factors, Certain of these factora cannot be evaluated with
F - preasnt knowledge, and fechnieal anl aconomlc contrul of the prosess can be fchiowd
' enly Wy meens of lavge-zcals field-tesi operationz mder patural conditioms, togeth-
ey with laboratory teets desigmed to eweluate some of The wariacles encountamed.

foraes, Alm,, Projoct

The gegond experlment at deormms, Aln,, i pleaned to ovtain fundamental enginzer -
ing d=ta upon whizh to base *urther cevelopment of the method, Thig work wes plannsd
by snd will be condunted midar the supervision of Bureew of Mirea enginesrs, Con-
gtructicn sndl operetion of tis mroject will be hendled by the Llabomn Eowver Cn., under
& nmmrofit centract with the Fovernment. The Guepgee site, Inelnding purfasc aresd and
tha 1wrAerlying eoal bed, waes provided by Lo Alabem Fower Cc. without coet to the
Covertmert.

(hiectives of the propesed underground geeitZcation eXTerIment are;

1, Tc dulermine tie gquantity of zoal that can be geeified from & glven
initial comhugtisn meove and the gheps and s¥xient of the bwrned-orh
gren Mormed by this pasifiscticn.

?. To determine the wracticabilisy of & fimed-mroduct gas oublst; both
at tre outcrer of the ceal ted and tlrough the use of mertical Lora-
holaa, It io thz intenticn to test wardious designa o’ Tnlste and
outlets, ingluding ke sesls required.

3. To Actermine tha cperaticral sharacterirtfcs of The axTerimental in-
gtallotien wdar euch variecions of conditlona as mey be dealrabls,

auch as: the lenmth of rassgge raquirsd, tos op-lmum rate of i,
and ths preeoime Crop encoumtered.
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L, To determine the omlity and guwaatity of the air-blow yrodust e
manaratad wmde the pxperivental conddtiome, A gecandary phaes will
‘we Lhe delarmionticn of the guantity of tar and relulwd produsta
cilained.

K. Ta abtain all poesible intormtion regardiag the sction of heat an
t=e ownrlying streta.

4. o mecertain such fmdatentel technteal snd ccenowle fscto having
benring on 8 choice of plent gites, nplant ingtallntion, and oper-
ATing IrocesSees 85 coo be ohtaiped withowr: iwhsrfering with the
Sppppoing maor o0JBcTlves.

Al Llie outset, fectors pertinent to The faptgn of an underground gasirication in-
atellation were eTwiled prrefully. Thess incluled prgomlring roeactions, geoliopgl of
}= poml-hearirg stratm, angd methods ol Ariving wmésrproumd paEangewLyd . drilling
 korzheles, and kandling, prifwivg, and wtbilizing product gaa. Thease gtudies, togeth-
m* with the sxXperienue galved Iw tie Tirat Picid-scale expariment, determinsd the
Jea’mn of the exmerirerSel uwlt now beling conebructsd,

A "mds" of an sndstaromd greificetion syetem consists of; (1) A geeification
anezber, walch js & peessgewey in She vosl bed; (2) entry and exhaust ports for Wlast
wnd product gee, respectively; snd (3} mechinery and plping neceasacy to propigete
mad comoral ths pasification.

Lo it is the zoomes of the exzeriment te gtudy the characteristics of tle wit, "
s simplert Adesign posailic wes Anzired. 'Thuz, the s¥perimental zlant consists of &
prraight-aine SAJ98gs I e goal, with ourfaca connections at are end through an outs
crop aoal, and &% vericu? points wlomp ine lenwth throush verticsl borghcles, The
praenge 16 dividsd ioto Sy aeptiong, cach 300 feet in _ength. Esch gection zry be
el sepArstoly 4o 8 gasillizatlion mit, or ssveral sertloms may be comblved to form
o larger Imiz. Tae mogsage in Lhe coel bed cunsista of two perellsl entries 10 aet
wida, seperated by o Wil 'l pillar of coel 12 Jeet +hlekx, The horeacles are drilled
i-tg croeasite connectingg the entrise. Mhe 1nef 300-foot section coneiets <of &
pipgie 10-Toot-widis entry. It iz sanlicipatsd that +he oingls-eniry pection will meo=
voAs “rmdnecatnl dats upon which to plan Tuthar cperaticng, A wile choles of opar=
muing meihuls mey be wrel during the szperiment. Tnitially, it i plenned to uee 3
simzle, corbinusus, mmidfrevlivnal alr blest. IT conditicns necesaitate, a reversind
air hlast way oe waed. The use of Bteam &lac = peaelble, sither interm’tten-ly, hfl
ir a cyolic wmber-mes oporatiosz, or remtinuouply with ai-, CrFgen bhag been cons Edere
FPar aae fr mdersromd guslficelion, bt ita eoot 13 prohibitlwe In laves quentitiees

mmd mrat of —he ezperimersel work will be done wlth alir.

“wa congtruction of an mivrgromid papification writ, derimed to operste 1 7PRT
cr Limper, roguires equirment 2nd eongtTuction work un & magnitude comparable to that
of & smpll imdustrisl poant, Tho Tirst requiaite was 87 A1r COMRIESELT capabls of
dziivoring approxbmtel; 10,000 cubic foe per winuta ot 30 pounda per equars inch
e predaurs.  ATLer arhaussiTe inguwiry, Lwu var-suwrplue wnite Wete formd. (e Wad
& ms turkinz, declgred for a Toulry cracking unit. Comhimed with an axlul air o™
presgor having wocamecliy of 23,000 cubiec feet per minvte at LE pramds per square
irah mepe, shie twrbine could be adavted to lle instellatieon. The other it wee &
twmeatoge recizrecaling cempressor, desigied to de liver 3,000 cubic feet per minute
at 120 pounds per aquere inch sags. DY replacirg tha hiph-pregaurs cy_inder with #
qenend low-prasgare cFlirder, the wachins iz nede cepabls of dslivering 7,200 cublb
font pap wioube at 30 tounds per oduRre inch gage. This 1e belmy done, snd the
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L8. - Rig used to dritl MNo. | churn-drill hole. Hote IE—ingh bit in
foreground and baller standing upright at left of rig.



Figure 43. - Water-cooled ssal installation at borehsle Ho. 5.
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mohine will e imafalled at the oite, The gas twrhine will be Inetalled 1f gas
P;-oﬂ.ﬂctiﬂﬂ 1= auecsdal ensugh to Jjustlfy 1ts use, Two lobe-typa, rotary, low-pres-
gure blewers are being installed ap stendby cqudrment.

An office building (fig. ¥3), & lubaatary, end & warshouse have besn ersoted
bt the Atte, Theae buildinga are of mrefabricated-spiee” comatrustion. Also, &
 yoodsn-Trams , galvanizel eheet building hes been erscted to house the rompresacme,
 plowers, and their slectwical combrols (rig. 46).

E A 20-inch mentfold pipe Zdivae cotmecks tha alr copmeesscr to the boreholen, &
. yalved tes conpictlon at efch borehole will ellow %= uss as elther en inlst o= ex-

. paust port.

To provide the watsr noedsd, s 150-gallon-per-minute, H00-foot-hoad, ecwtrifugal
i hre Baen installed omn the Werrior River, approximetiely Sfll- wile rrom the 2its

E of the expariment. Water is required for cooling the product gae, the water-jacketad
e borehols seals, 2nd the compresacr, =nd for miscellansous purposee. Five-inch

£ pymrred Tl hose was obtalned from wer purplie 2nd 1 weed to dsliver wawer from the
E pump e the eite,

A Eptries ars being driven in the coal bed, usling couveyors to 1oad oos the coal
{tig. 4T}, Thia egquitment incluwles one 30-imch beli comvayor, extendel in 290-Poat

R pootlona) twa 300wfoot tAr conveyors, extendad im 6-foot langths; =snd opa short croas
f conveyor, Cosl 1a drilled, blasted, and hend-leeded into the conveyore. An aversgs
L advence of 18 f2et par akitt has been Bchileved in eech entry., Teing guch eguipment

- af was reddily availatle, rapid orogrega 48 betng made ot reasomanle coat, and the

P ertries ore axpacted to te completsd abort Dacember 15, 148,

My 18einch and three 20-ineh chuwrn-drill holee sre being tored from the sur-

. face to the eniry (ses fig, %8), Strata through which eazk borehols passes have besm
F mrepawrs ~roubed by means of for O-lnch churh-drlll hoisa epaced Ly fest Trom the

b center point of the l2rge hols, I is signiflcant that, in each loeation, the last
two E-irnch holez refused to tere grow wder 200 pousds per sgquare luch pressure,

& At eeveral locatioms, the first twe lwlea consumel mppreciatle quantities of the

E grout. - one of them reguiring 300 bage &Ff cement, HRefuesal of groat by the Isst Two
4 holes, therefore, indicakap the: the wmdsrsromnd crevicen Ave gep e’y atopoed.,

- The two 15-ingh snd three 28-inge* borshelas zre oeine Ardlled by & truck-ncuntad

E o8ble~type rig. The two 18-inch holem, which have bosn conpleted, are sa-iafactory

- far 8y and posaibly hot-gae tramamiopicn pureposen, PBate of a2dwarce in the borshals=a
e been =lighlly mure than 1 fool per hour, oo an average shifl w@siag,

The five largs borehoien will be gealed &t the awfaco by 8 length of wAter=
Jesksted ploe set in concrete {Bea fig, 49}, Ths asal will extend appraximately 29
“eet below the surtnee <o reach herd etrotd, Coneress Will prevert gas fTom seedine

g Arotnd the meal 4o the ratmosphers.

The twe if-inch-diemster horsholes will bs wnlined helow the seal, Ths thrss
28~1neh bareholes, however, will be iined with cast refrdstory concrete, It i =x-
Eected fhat the natral streta will crimble and poasibly aleg &t high temperature,
Ylocking the borshols. To prevent tiis, & refractory lintng will be casl. A 20-
inchediamster plpe cazing will be aet in the hole, The refractory consrose mix will
b romred in the h-inch annulus betwsen the »ipe ard the well of the hole, The pips
C8dings w113 rempin 1n the hole,
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1n edditicn to Lhe large-accese boreholea, & nwsher of G-inch—‘iametar halsse
ere boing drilled to meseime temperatire rise in the coal bed. Holes are being
slnced in o pattern srranged so that the mrogress of the combustlion Zope MRy be
troaeed. ot 1 deelred, alas, to obsaln heat-trensfer de~a with respect to the owr.
lring atrata,

Thes entry seal will ecanist of = well, extemding acTodd both entries snd 25
2apt {nte vhe strata oh sither side. This well also will extend aprroxlmately 12
feat inte the reof reex and 3 Zeet into the hottom, It will be canatructed of 2
dovble thicknenn of firebrick, vacked, and sesled with gonerets and grout. An oub-
let pipe will he eet in the wall, Tke deatgn of an sdequate ssal 1s & raquiaite in
mdargromd gaalficatian experlmentation.

Firing of the coal bed in the mdsrground yasesgeway is schaduled for a8rly
1949, Combustion will be begun 81 the bottom of Ta. 1 borahale Ir <—he entry and at
the epd fopthest from the ouwbcrop, Al will be supplied et Lorehale Mo. 1 and perod-
urte of sopbustion taksm off et horsholes Ne. 2, 300 fest eway. A low rabte of alr
hiest will oe used initislly, sradumlly increasing as cotbuation Ie established. At
~irst, the oiblet gae will comslst of carben dioeids, nitrogen, a2nd water wapor Snd
will wave na valus. As the temperatyrs in the gasification chamber risee, carton
monocids will he formed, roughly in secordence with the carbon monoride-sarbon dlagide
termarature —equilitrium data, Yhe gaa Algo will be enriched by carbenization prod-
usts, mythens, kydrogen, light olls, and ~ar. Tt 1g planned to air-tlast contlnuously
44 ome Aireciive tlwoughout tho gaeificsation phase, The required blast pressura I8 ]
expectal to ripe, owing to falls af roof —ovk, mrobakle swelling of thiz rock, ash
spcumidetion, and slagging, The mresewre rise may 1imit the length of pArIsage thet
cov e abillized, A3 gpeificetion procseda, effecwive comnact may leesen betwaen the
tlast air and the coked coel face, Lose of cootach w11l ¢Aausa the zZone of Aactive
copbustion to meve slowly in the dlrection of the air-gas flow, When the mgrelilics-
Livn shase ie well-esteblished, ssveral zonea will e pet up in the wndergrouwnd ges-
ificatinn chamber. The mir blast fi=gt will enter the blast prehsating zone, whare
pombustion hes ieasensd cowing to loaa of pomsuct with the assl face, Hoet previowsly
sbaarbod by the atrets will be oickad up by the air in thls zone. Heeond will be tae
ee=ive compueilor come where good contact with the coal fres will result in the mro-
Austson of carbom dioxide, Thivd comes Lbe reductiom zane Whers the het gee, Wwhich
naw conteins no oxyeen, will react with the incardencant coke face to form carban
nerarlde, T the fourth zons, the coal im carbonizead and ihe roof end floor rock
mraheated by pensibls heat in the gue. The products of scarbomizaticn will enrich
the gas, Thasze four zonea compriee the gesification chamber in the wdergrouwnd

TELE BEZEWEY

—abaratory Erperimeris

& horizoatel, rectengulsr, lasburstory-scale rotort has peen built to inrestigete
acme of The prehlems and mroposec methods of wmdergrownd gaslflcation of coal Bt &
~mction of the time, leber, and cost raquirsd for fiesld-geale eperaticns. The re-
tort (fig. 50} wee comstructed of standerd refreetory metorials, wall-1nsulated with
dimtemeceous sarth, 2ad the whale contained ln & Btesl jacket, open at the top. IG”
1st mpd exhiuat opsnings to the refor ware previded with regenerators or heat ex-
changers and sutbahis equipment for heniling &ir and rroduet gas. The retort wae
nltsrel repeatedly in size cnd congtractlon 28 srxperiteatation mrogredeed, remp ining)
hewszver, ossentially horizerntal ani rectanzular, Thees alterstions are grouped 1o
taple 11 for comperison.
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TARIE 11. - Alterations of retort

FrLOPE rrerenrororivatannararear | BL7 ] C i) B T
TIEB of charmal ... i mens W W W W ) 1]
of FELOrL +euu.ass., Toot 9 g 13.75 13.75 | 13.7% | 13.75
Width cf eTort ...vsiease.  do il ol f T T T
poal Aemth .evvavaavsisas inches | 1h 1k 1h 16-1/2 |16-1/2 | 2
coul camelty c.iv.en.... pounds | 2,400 | 2,400 | &, 300 5,300 | 5,200 | 8,200

]_? f 414 not have regenerators.

h:  Two types of chamnela or air raeseges with oimilar comptruction (except for re-
s gt A] were ttilized by the unlt, ‘The fivet *type of channe] travwe’ed the length of
she fusl bed four timee in the shape of the letter W. The second-type channel tre-
¥ yorsed the length of the Mel bed twice dn the shaps of the letter T. Twenty-four
rofractary bubes were instel ed &l dffurent positions on the floor of the retort

& ror gen stupling and meesurement of pressurs and temerature,

, The regenerators consisled o’ glesl shells 4-1/2- by 3-1/2- by 3-3/4-feet,
£11ned with 2 layer of IngflAating brick amd a layer of firebriek and f1]1led with

[ prcken pircen of pafrantory. An avtomatie-mizing-ty7e gac burmer was uasd to proheat
fthese ragenerators to opermiting temperaiurs.

Tha following cperAting procedwrs was etAandard pmcotice for g1l zxrerimenta:

1. Ihe retort was charged, and all sguipment and instruments were checked,

2. Prehsating of reperncrators with the gas burners wea bBogun.,

5., An alr blast of about 1,000 cuble fest per hour woe pedded through the retort
after the regenerators had resched 1,500° F. Combastion of tha coal took
place autommtically [rom conbtest wilh Lhe hob air. (In the Tirst experimants,
epmbugtion was eterisd by lneerting an ozyger-gms lance into the channel, )

L, The air flow wos reversed pericdically to elevate temperatiures avenly through-
out the fuel bed. {The =ime af thess reversals wvAried with tempsratires
attained}.

7« The &ir flow was Incraused 1n eteps, for apscified poriods, to a predeter-
tined maxlmm, which waried with differeunt teste.

€. When the scheduled reximm 24T Flow was reached, reversals warge made sivecy
1-1_;’2 houre .,

T. A& atean parze wee used between reversals when the sercentage of carboc
menoElde and hpd-ogen together wag LD o more.

Predgurea and temperdaturen weore pocorded 13 minutos efter anl 15 mimutes
hefors & raversoil,

Compopite samplea of the produact gapen and grab oawples at wvarlous peinta
4long the chaone]l wers taken periocdically.

Humidity determinationg of the atmoephere and zroduct graen were made
rerlodlcally Lo ohbeln weterisn]l balences,
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miqa Por, 8 serica of 11 ezperiments has been anrried put on the underground
gueif lcetlon retor. Menlion omn be made of exparimantas I, T, a, 10, and 11, which,
in gerersl, were the best of L ceries, Oowevor, A great deal was lasrmed Abouh
wrocsdure in opsrating the retort from those eonaidered unsuccesaiad from the =tani-
polalb of guslficetlion.

Frperimenta 1 ond 2 vers triul russ - the first, 3 hours long and the geecnd,
W voure long. Erxperimert 1 predused =2 amall amomt of cole around the alr passage
cpr oatout bwo-Lhirds of 1te Longth. Ezperiment 2 cakead ghot thres-fourcha of the
charee srd produced Sommeretursze e Beveril polite sxcesding 2 Lho0% F. Thess teste
were Lerrinasod when the izlet #nd outlel essagss became plugsed. To realiss highse
tepperetures witkhin the fusl bed, Pire-trick regererators wore ingtallegd at the
iplots of the rasort.  Improvercns in opsratlon wad evicdanced hy the fret that ozreri-
st 3 oard 4 lsoted 85 and L84 houra, respectively, 2nd produced 4es heving an ave
heating volue of 59 ard 75 B.t.u. rer cuble foot, regpactively.

Trs First four saporimeais indicated the meed for & large= returs capecity if
abosdy cporabion wms Lo bo serioved. Subzequently, the resort was enlarged, and
sxperitomt 5 owas carried st with ussrly twies se maeh Ml e nsed in preavisud rohns.
Tepewipenl T laeted 186 mowrn, consuwning 72 oercent of the chergs Bt an air-blaat
wome o7 1,200 cutis Mean fer 6. A though carbo- monoxids in whe priuct 288
weachel i TEximwIE soneshiretion of 17.03 percent, 1= did not level off at this 2oirt,
fdicatine thet o gtesdy ooerwolion hed pot yet besn attained. He-—ort capacity,

L]
e

~ksroPors, was enlergad toother 22 parcent.

s of the gutesanding Tsabures of thic teat wRB ths reletismah’n teiween OXFEeD;
pavenon diozida, mad carlor menoxide, &8 ghown by arslysiv of gas sazples token arter
1he uwir gas had Lrsvelsd B, 70, D0, 70, and 95 vercent ol the length of the channel.
Thoee ~palysed clesrly show & Gacredsc in oEyEsn and on inereass in carbon dioxide,
$tom o dqecrcase in eorbon disxide and an Incresac 11 carbon monoxids se tha percent-
age o trovsl through the ckonnsl fppveages, The S-percent point wea churactarlzed
oy high cEygen, bLho 2l-porcert puint by high carten lioxide, and tle 3., T70-, and
p%-pmecens Toinls BF izerchoing porcentages of carbon menoxide with e mAxioum percents
am at the 95-percent naint g7l in the product 38,

Experimont 5 wes Lo ©e mads at 2,400 evbic fest per howr but hed to ke —ermind
5 'tar 75 henrs bacsuss a ghort clrcuit developed Prom one ieg ol the chennsl to the
atr=r. Thirty-ong peccant of the charge wae concumed . Short-circuiting, or bypassi
fror cne leg of the &ir pussaue =o the othsr ltimetely was ford In All experloents
gziss the W-shrryed charrmsel. The shape o the chemme: wee changsd from that of 8 W
toa U, with & ire-brick beffle sxiending through the middle of the lega from weil
f= wall with an opning Jur She boitom of the UL

Frperimsnzs T ard B werec mile with —nls retort., A Fimal enlargemext of Lhe
petort ineressad fus capacity o obout 8,300 peunds. Ezperiments 9, 16, and 11 wore
gade with thiz last rezort |[aes rig. 51). Tss of Lhe Iagt two ratcrts reaulted 1in
“he Tosl coeccocal exnorimenti of the serieg.

Spvern’ of —he exmerimorts were ended because of various operating diffionltied
beror: sk of the sherge Lo the retort bad baen gagified. These replduss weis
sweripes 3md seels drewiaes construsted din an effort to deterzmire the wmY 1n which
Fra "gel weo 9eing consumed, Brswinpdciong showed ths extent to whieh the JTATER
eartonired and the loow=Znn o the rescticr zones a7 tha time the eXperioeni wdb
Aisesmstrued, ey aloo clearly indiceted that s "arpee pipe'” was formed sround the
ahenmet orizinelly built theough —he churge Lo the —edart. As the resetion progred
—te dime=sicms o the nee pips ireresged. The me Jority of the ueh repaining aftet
the saal™izalion of she fucl W=2 dapoaited or the floor of the retort.
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Deta Trom sxperimemte T, 9, 10, ond 11 heve beer grouped 1n teble 12 feor coa-
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pilet Unit for Tse of Superheated S-eam ant (=yeen

this projec. was wndcriasen (n cogperition witk Dr, Alkert Dedmeels, chRlrren

of the board, SOCCGAS, Belgium, %o abudy the pdergroumd gaalficsticn of nral with
highly superhected ateam and cxyger in 2n experiwental pilot mil. Conditicrs under-
growd in the gasificeticn of coal poams Are to be simileted in the wwo unite undar

- eupAtructicn Bt Morgantown. A mderground gasificeticn 1 epaential ly gaaificatlicon
of coks resulting frcm the develatilizeticn {carbm:izallon} of ceal by lutrres heat,
It ves declded to study the gasificatlon of run-of'-ovar, high-temperatire coie
camanted ‘nta & strong clrocilar wall of obeut 2 2ofoot thleknaaa.

Tae pilot units gonglyuctad are oylindrical stesl chamhers 10 fact in langth
and L teet in Ginmeier, cach holding about 2 toma of coke with & b-Tash-dlameter
charnel sleng thelr =xis In the middle, A large (f-millicn-B.%.u.-per-hr. }-capacity
Trner wying matural ges and CEFZen will be amployesd to blasl the chargs frow ths
top. lhe products of combustion - ateaw anl carbon diczife — will Be mized with
enough edditionel steom ir guch & wey thet 81l of thase rerctanta w11l be introduced
through “ha L-inch charnel at L ,000% F,

Products of gagificaticon will movs dowmwerd end pass into an B-inch stack, The
Tatis of steam and orygen to carbon will be varied to determinme the op=lmm cholte of
- operaling varlables for afTizient Aand sconcmical peeificazion of el in e ouad
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