IRTROPUCT ION

Approsimately half of all the fuel snergy used in the Un’ted States is new Ero-
vided by wll and natural ER28. A pereistart srd repid growth in encrey detmnd o fpa
the lasv 7 decades has been anssrbad lurgely by the liguid end L0l rather than
5aild fuels. Im 2Gh8 the snergy provided by coml wag gubstantiaily tie seme as in
1520, Meanwhlle, the use of oil and retzs’ Eag ezgh hed increecad fivefold.

Jn a per capita bagis, the chongs 1s more sigrificant. Coas consmstion res
iropped from sbeut & tuns per perscn te L-1/2 tona, while oi1 hes incrsaced from
b-1/5 barre.a o 14-1/3, and nazural gas from VL5 cusic feot to shoat 23,000,

Tazse facts woyuld have oniy ucadem’: interest {f the Urited States had unlinitad
fUtTlies of gll fuela, However, while the Natfon'z reservas of coul ars sdeguube to
nest our needa for centuries, thoze o £0il a-d netu—al gas appeur llrvitled, 1b g
oorvious, therefore, that the Sreurity of our liguid-tus) position would be Brestly
cikasced I1f the supply could bs based in np incressing degree on solic fueic, such
Es goelfend oil sha’e, which meke up mere than 95 porcent of our [Fuul regorvas,
ingteed of naturel o1 and =2, In additicn, this would create wew erTnloynsnt and
kelp to atawilize tiw markst far todL, Wiiich may be fucing tomparetively blesk
Eroemants Ir the nser future unless 1ts parltior with respect to otier fuess ©u
improved,

Seope af Syobhetic Fua® Hesearsh

The reports on =yobhetis 1130l Tuels Tor 19%y deal primarily with progress in
abiliziig coal and 221 zhuie ag raw meberisls. Tt shaz's he netad, nowever, that
L1e program ecbraces very inportans work on —he corvarsion of agrlciltural wastes
iato Liguid fusls, Logethor with slgulficat researck on secondary recovery Trom
strizper oil Fiells and oo refining frocesses. NKotahle ITIETREE a8 Deel medce Tn
2&0i of these prograzes, and the resulte sre srahched in the latter purs of this
11| i

Survey of Bepolrres for Synthetic Fuss FProductian

Altaaueh 1+ 13 well-%nown tran k15 courtry has enormous depmaits ol coal erd
o1l =héle, sulzable areas for gyntistle fuel pients must Erovida in vdditior wazer
and a rumber of other rascurses spd Jacilitive, To determine ths sxtent T whion
guch sombined roquirements cun be Het, the Serratary of the Interior reguasted the
Lezertuwant of the Army tc mage a corprehenszive sorver of the Thited Stutaa £a
dlegka. Thia work ie beisg sarvie? out by the Jorwa of Englasers, waol? tha Sa-wors
wer conglderation inzlude <he gvallunilily of rew materials, weter, power, brans-
portetion, lebor, housing, and Tarkets, s well 42 the problem of retional daterse,
Jarple surveys o devalcp techn!ques kmve hoon carpletad in porticoa. of Colorudso,
fentucky, Mantana, and Tewas, Twe reports suMmurisliz results of trhage praliminsry
surveyd were iseued during 1949,




 Twe gemercl survey 1s now under way in Alasks azd the 3% States b Loy o
degoaits of Taw watsrials suiltable for synthetic tuel marufacture, and reports for
many of the Stoten will be 1esued during 1950, The sanple survrers o _pondy nuva
skown that there will be no gcarcity of reaw meberis.: or suiluble locaticons [wr
sonmsratal piante, Parts of four States Wers Found to kave svalleble deposite of
rew matertials thal on sonversion would yield 156 billdor berrels of liguld fel.
These srans could supoort piants producing ap %o T rillion boarrels a day of guso-
1ina and oil, or sbount A0 percent more thun our present comsampsion of all cilzs.

cgat of ProSucing Somthetic Liquié Fusls

The tecinology for preducing liquid and gezenus fuels Trom cosl apd il shale
wes dsvelosed o a cemsidzrable degree 1a Burape and in some cthor foreipn sountried
hefors Warld War IT and has been extended rarpldly in the Unitec States Vollh by the
fovermment wnd irdustrTy 2ince the end of tha war. The question now 1s net - Can
liguld Fuels be made from seild fueis? but rather - What 1s tke best wey of doling
Lha Job¥

Tre Govermrent's synthetis 1iguid fuels resesrch and development program ie
predominantly Lechnicul. However, 1t 1s epssenljal from tine to time fo appreirs
progreEs in tapemR of product coet, which ig the moet important tuctor considered
by prlvate indastry ic nuking new Investmernha.

Sn fuap Az thas cogt of producing syonthetle iiguid fuels 14 cenzetrned, 1t is
‘gportant Lo paint out et the outzet than The Iepartnont of the Interior dee:s nct
huwve precias ¢ast figures, AL Lhe sane ~ime, precinse ostimeter ure neot aveilable
in the United Jtates, nor will they be uvaflisble untll canmere ias synthetle Luel
elants cre astuzlly In operaton.

Or the obher Tawd, the Buresu of Minss has accumulalet = large find of infor-
maticr rogarding costs. IS has aperated ar oil-shele demongt-ation mine and retort-
Irg Tlamt Tor agprexizstely 2 yoars and an oil-gnale retincry for saveral montis.
it iarly, o coal-hyirogenatien plant has conpletzd dsuccezsful initlel runs. Wita
—ree demarebwatisn plaatn in cperation und o ges-dysatihesls plant using coal t» he
somplesed In 1350, the ymsietic Tusl program iz now ertering s moot velwsblo
mariod,

Boforc presenticg a brisel summary of the prel!minary cost estimates, it will
be well +o poirt out thab Lhe cost of producing gynthetic fuele under RBuropesan
ceriitiome has littie orf ne relmtionship to the coste Lhet wiil be experivnsed in
tho Tnited States, Tals can ba f1lustrated quite ginnly far tke cil-ghele opere-
timmz. T Svoulund sbost 1otor of oll chale is produced per man-skifd undergroend.
T a rooent L-wosk test ir toe oli-shale zine at RIfle, Cole., produstion aversged
1% tons per men-shift imdsrground. 4 sinliar comparissn mey be made for retortiag
oparptione, A lrgle Eipepheraton rotort, 2 used in Scotland, prodaces 3 to 10
barrsls oF oll deily, The retorts desipned For Awerisun plents mased on pilot-
plust wark new comp etad will produss ower 3,000 buarrels of oll a dey. These
spamples 13lustrate major differsrced n the operatioms. Numsrous minor improva-
mente, which sure toc detailed to.relute here, have been Inceorperatcd throughout
tke mining and Troceddlvg,

Material diffsrences wiil alse szist In the coal-hydrogenation operazions in
tre United States and in forelgn countries, As examples of these dilferences, “he
a06% of soel geaerally 1s rmch lesg In the United States than 1n most urcphoan
soumtries, Ry surelful wbilization of all oft mages from the plapt, concervalion
of neast by sxchange hetwecn oubgoing hot produe .z and fmecming ruw aatzrisls wnd
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hent efficierey o the blart will s inersased from eround 33 wpercant in Burcpesn
Practice to shougt 30 percent.

It 1s therefors essential that in the United States aynthstic fuel coat asty-
Bates be based not og PeEt practices that DEYs €x18% elaewhers {n the worla ktut
inatead on the asplicetion of the nost modern tachnology 4o Amarican conditicna,
It is balieved that this hes besn deme in the eatimstes trat follow., It must be
understacd, however, that these are b7 no means fipal, Present cast levels ars
due largely ta owr linditesd krovledgs of the technology, By the vary natwrs of tre
resasrch mnd demongtratior~plunt work, changes will be made constuntly teagrd
bettar operation, end thase ara confidently axpestsd tg ‘Lprove the econemie Fodi-
tion of synthetio fusls,

Production of Jet Fuel, Heating 01, and Dimesl 011 Srom Qi1 Zhals

The: ghale would be mined from the Melogany ledge ~f the eli-shale formatiens
of wastorn Selorado, Thie ledge 16 about 72 feet tnick ang Fielde sbeurt 30 grllong
of ghale ofl a for, A 1ittle more than 14,000 tong of ghale g day would be nosdeq
o Bupply the IU,DDD—barr¢l—a-day blant. Fron an ares approxivatsly 1 mlla 8quare,
102 millien toms of ghgle can be mined. This emount of ehale would supply s
lﬂ,DGG-barral—a-day plant for 20 yeg-s,

For the purposs of ocoEt calculetions, terrain Wouid be slmiiar fo that o the
moumt&inogs cowtry neer Rifle, Cols, Mhy mining oreraticoms then would be st gn
slevetior of about R,c0n Teet, which la 3,000 Fect ebote the folerndo Idver., Thae
naceasary Froceecing aress would te immediately helgw tha =iale TlIff, The plent
pite for arude_nil Froduction wonld consisw of three arsas - tig firet end highegt
for crusking, the Bacand for shelem Btorage, end tha third Jor retorting. Vallays
Heer eimost any potentdal retarting plant alte in hie Brea are large enough for
diszosel of a1l the Spent shale during the 1ife o the plent, The erude fhale
oil might be piped to a refluery nser the Colorado Rivar, sr !+ tould be partly
Procesent to reduce the viacosity ang Flrped to = digtany Peint for relining,

Eining oneta are based on nini®g snale Prom the Matogany ledge 11 twe levalsm,
& zop level, 35 feet high apd &0 reat Wide, woulld be givanced horizentally ynder
the roofetore in<g the ledge, 8lxty-foot-square Flllare would be lart in g
checkerbosrd matiare o sSupport tne overburden. The gagand or bench lerel, 34
feet high, would follaw tke top-lavyal advance Bizllar to the berch of g GuERrcy,
The grade of the mnele mined £rcm either leyal Rvereges ekout IC gelloms rer tom,
Tha broken =271 shale would pe trangoartaed By trucks 40 m cantrally lacated
srusiiing plawt arnd themoe by conveyor belt 4o the sroceseing stook pila.

Coets For the retorting operstions have been based an the gag-T1ow Pracees
develoved by the Bureau of Mines, T+ shouid pe uhderstood, however, that thig
12 By 1o mespa the nly revorting process thet 2an handle American shales oy e
large scals, Jarticulur sttention should Ye dirested o B very rromising retoprt
neing teveloped by the Unien 01l Co. of Califurria,

The refining progsa; adoptec. Sor the rost ee.culations I this report cansilats
of delayed eoklng of the crude srale oil Foliuwed by mild rydrogenstdon of the
coker digtillata BYRT B catalyst, 4311 the SYaPE are well-knewnm coMmercial opers-
tlons thet shonla offer few difficyltiag I aprlice~ion. Tre removal of aulfiry

- 111 -




and nitrogen iz no lLonger & serioua probklem, ond the crude shala oil can be wrocessed
to glve = high yield of the more velusble produsts bolling below Tom0

Winirg-cost estimateos wersa hased on actual aperstions at Bifie. Estimated cap-
1tal experditures for mine devalobment are $4,200,000 including 45a4,160 {12 parcent)
for eoxcaveticme; $1,577,700 (37 percent] for instaliations; 41,716,500 (41 porcent]
for mining squipment; and $381, 650 {1C mercent) for contingenmcies. All coata wers
compizbed at prices snd wags rates prevuiling in 1340, EBguipmest estimatas Wers tagad
on notual guotatfione for dellivery. Excavatlon costes were determined from cperations
ot the demoistrutlon mine, Deprazlation was anleulrted by assigning each item of
sepital investHent 41 AVETRES service lifs, cxpresged in working shifts, ranglng
frem 2,000 for light rehicles to 15,000 for excaTeticis and permanent ctrucfures.
alonletions wetre made for a tya-chift-s-doy operation, working a T-day weak.
Meintenance coste ware caleninled ms & perocncage of the equipment coshs prao-rated
through the 1ifs of the eguipment in shlfte.

Table 1 shows the produst distributiso. Table 2 sumarlzes the capltal ilnvest-
memt For the 10,000-harrel-a-day shale-oll plant, including nining, retorting, and
wefining. Tee Investmant amaunts o 84,235 & barrel dally o crudes shele oll, or
#U £81 a berrel gally of Fipighed aroduet, It has beer sugeested tha< the capltal
investment for the plant shepld dncluade houws g Tor tke worksre, Lt 1z deubhfal if
1ihls is nsceccary. Assumling & stgnle gperasiom witn rogsonanle ronlse of Jab
pecurity eml aiequate wagesz, ths aogt of Fousing gnounld be carried By the employess.

45 showr in tsble 3, the estimatsd ogerating cost of nialng, crusting, and son-
veying the rew ghale to Ths resert gtosk pile i 55,6 pente & ton. Thes Includes
mamagenent, overhead, geprecletlon, tazes, and insurarce.

For tha restorting and refirinug operationg, ejuipment JCE%E WeTa compiled frome
gyprliers' quotetlons; from published dota in thie form of =kerts znd curves; ol
from tie sire, welght, ard maserisl used, Freight and srestlon labor have haen
imﬂﬁﬁdinth:ﬂwﬂlﬁdcoﬂs.

The ectimate for ubilitiszs and general plant fRntlitias represerts a lerge
partion of the total plant investment, Corsiderable =FToTt wud made to chiain
ralighle egtlmuues for these facilities Tvom such sources as tae Coloredo Fabllc
Sepvics 00., Parean of Heclammtion erginesrs, and others whe have mad actual
sxpericncs in thils lomallityr.

TAELE 1. - Deily produsizan w? a 18,200-barrgl-s-day gtale-gll plant

T Teberialn — UL GERLE. cvovrsrnnnsannneers LODE 14,035
fruds shale olleecsessmaanse . NELL L, 000
-

Tradusts B R - 1 [P e Dy L30

Diesel Fa8leiuwmwsnmnerr--nn- de. 3,390

Fuel oll.e.isensnann=asvrananrs do. Ehﬂ

Total fuel....ee. s wee.. Ao, &, Bl

Byproducts e ATHIOTIE s v s renanmesonne  nnrmss LULE a7
KB e o v vnn aussssmeisasssrans de, _f2.6




TAELE 2. - Capital investmert far ICJODG—barre%:&~day shale-cil plant

Cepital
Section of plant 1nventmend3J

Mining and erushing U $ 4,200,000
Hﬂamh@..”.“.“.”.“”.“.”.".“.””.”.“”.“.. 7L 445,000

General facllit’es chergaasls to crude cil P e ma s e, 2,780,000
Utillties chargeable to vride oil R 1,282, 000

Total - plant {tems For crude-oll produckion ...,.... 15,937, cog
Jperating capitul (104 of plant IThems) ..., 1,534,200

Total for crade-cil production e e earireraanes 17,551,000
-_'_—-—_-nn__

Peani:g .-..-n...q-;q-q..---..1ll-v-|¢a||¢i|-nl.p-------- lﬁ,lQGJOCO
Fige line {2 miles) R 150,000
Jengral fecilitiss chargesble o refining c.uieinnnnn..,. 3,435,000
Utilfties chargestle to B I v in i irai it nannas 2,507,000

Total - rofindng plunt Ztems N R et t et heearaesny. 21,882,000
Opervting capital (0% of refining-plent 1tems) ...vveass, 2,148, 00

Tatal for refining R e e e er et s aasae, $23,850, 000

Total L‘.api‘tﬂl in'n'lE.‘Elt-rrLBD.t B I T $hl,351|mﬂ

17 Arounts for plent Tteme IneTudn Interest ul 3 177 Dercent 5 ¥eAr on n-

- vested capital during the construction period, Capital is megumed ko
b2 expendsd 10 percent in the ©ipst yeor, 50 parsent in the serong
yesr, and 40 parcent 1n ths third yeRT,

TABLE 3. - Summary of o erating coste for producin
14,035 tons of crushad ol ahkala datly

Jast /ton
Hinir-:
Ilrect eupsrvieion R $0.0171
Orilt ing e e e e, LohT7s
E;EEtinE .--;.|-o|-tv«l|-l¢--l+||l¢¢nn.----—;rt-. nUEhE
Londingr M e i raaaae ey L 30A
Lraneportation R LOERE
Soceling A L T S T T T L1555
Elsctric distribution T L0232
Miecallaneous R TR T Raal3e
Crushing and canvaying;
Iirect suparvision R R T T T P L0020

CEUEhiHE Juni--a-.-.---.---+.v.--¢.qr-.|---;|l..- 1U322
Conveying T e i e rane LO08G

Overiead .
Juper,, eng., management T gL
Lebor burden ,..... .. R L L L T T, 235G
Depreciotior R L T T QR0
TEXBE «.---.---..u..-«t.-ni-p---ai-.|+-..---.¢¢-q |OGES
Insurense B L0088

Subtl.‘.lt-ﬂl q-|-1-|-l1-r-ltu.lt-qunp-n.'n--l--mi- G-5535
Contingensiae R _eozeh
Total cogt -t--ltu|||||r--a-|+u---1--¢1 ﬂ-585?




Dailly operazing casts 414 presgntad far the todlrfdunl eperoticme, - mining,
retorting, end refining - in tahle .. The average cost of the refinsd product is
43,07 & barrel or 7.2 cenls = gallon. Jot fual copatitites shout 60 percent df the
total product, add about cwo-thipde of the Jet fuwl is 1in the beiline renge of gaso-
line, but the octens namber of tha gasoline frection must be lmproved to meet motor
fuel specifications, The qouene niber of the gesaline fracstlon can he improved aml
additicnu: Totor Tasl gan be prodused froo ths Tie=el el apd the nigh-tollling
fpraoticn of tha Jet fuel 5F modifying the refining procedare to fnecrease the aydro-
genation, Further work 1o ne¢@SERCy tefere ve-lable ostimatez can be magde [or gusc-

lina ¢psts.

Tt muss bo slearly wnderstaod that these Tigures given for the shule oll und ite
procucta are fosts and do ol inelade return o lmvestment. A= gusk they cannct be
comparad direstly with the sel 31L price of pe.roleu: produsts at the refinery.

Asaaming e return of approximatoly £ parce-t 8 yeaT O the opzrating gapital ant
the syerage unamortized part of the capi<al investrent, sftor incore tuxes of 40
porcent,l; the reguirad murgin nbeve cogh 1s YU certs & tarrsl. Adding skic to tha
coet of Ej.ﬁ? gives $73.77 o barral, cr approximessly 9 cents = gallon, o the necessary
rof<nery reslizetion. It 1= oot 1nsended to suggsst that this is the sotumsl return
that sheu'd bhe rea”lzed to shirest capital, but rathsr to point out that oll-saals
procegeing 1s not far frem the poins of commercial utilizazicn.

There is cne Surther problem thet must be considered in commection With the estshb-
1ishment of o shala-ofl industry, namely, the market for the product. The ares wround
Rifle iz aparsely populsted anl sould net sbeorb the autput of a 10,000-barrel-a-dey
plant at the tresent tlme. Censtruztion of o pipe line of 30,000 to l0C,500-barral-a-
day capaclty couwld provide trensportation to swlitable comsuming centers [for a sobal
ract of gomewksl less than I sont s gallon, Im this cass, howeyer, five plents of
15,000 barreis a day sash wowld havs o bz bailt to pupply the plpe line, which means
o large capizel suzlay for hoth planta and pipe line st the stert of commereial devel.
armarnt.

Produnticn of Gasolins scd Chemizcals by Seal Hydrogenstion

Detailed estimates have been wade of the capitel investment and pperating zoets
for w 30,000-bRrrel-g-day coal-nydrogenation plant using Wyoming, Nerth Dakots, Monteara;
I1linole, or Pltteburgh-eesm coel or lignite.2/ To simplify the estimate Tor Lhis
sumary, the coats for ovaly one coal Will be chovm, Tris eetimate L3 bagsd on & mad-
errized hydrogenstion plant which takes adventage o postwar improvemsnts. Jot all of
the squilpment hnas begen tested “or the particu_ar use propesed, hut Li s in 3 dewvelop-
ment ctage, The desmenstration plart at Louls‘ana, Mo., will be used to cerry forward
muzh «f thie develspment wore,

These wsllmates repreasat the gomblned efforts of American sné Burapsan engireeTi
who are the worid's resognized sutheritics in th1g fie—d. They aleo worked witn the
crginecring azaffs of tne companies tlat balls the domonstratlon plants. In addition,
tne [insl estimescs wers roviewsd by ather {mdustry people who srs famitler with tEis
work.

I/ Rsturn after +0 vwroent Iheons tnx iz € percent of §2,7TRE,000 cperating capltel and
4 parcent of 427,619,000 initlael capital 1nvastment .

gf Oirst, L. L., enl others, Fstimated Plant and Jperating Costs for Froduslng Gaso-
‘ing by Coal Ayirogenation; PBures: of Mines Rept. of Tnvestlgntloms U364, 1949,

B2 op.
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totle 3,
mlre 1z not ‘neluded.
or nearly 247 mfllion dollera for the plant,

TABLE 4, - Qperatinz costs for 10,050-2a1rrel -0 —gaw enile-0l” plant

oAt of crude oil

Jost/bbl, af

_ Ttam fost/day | 2rude atfl
Coata of apersticn snd meintensnoe:
Mining =nd CT'lﬁhil'lE: L L N A T R A R 4 E,DD:—_} $D¢6UG
REtW'tiM LR N R R 3_.':":-'6 .:C'U
Generel facilltles chargesble %o rrude oil... fan etat
Utilitiec chovgeable to orude ofll/ L 5,..,.. 956 3T
Taotal direct cost .. ... .. oe.on.. Creemens $10,8Lo £1.085
Flxed cosss {deprecietion,2/ taxss, insurance) L, 125 JA1E
Total cost of crude shols ©ll suev.uveaas | $14,57L BL.407
EEEE_EF_rE%T%hﬁ;Pvnﬂnmts
Tzl /ubl. of
refined
Then Cagt fAay producte
Refininm operation and mesintenanee:
RE-‘:'II‘.IL.E Wl m LRI RS AN B AN AAFRFA L d s d e s e $E,|?U_'j $|:_:|.,.|r_l-;f!|
Pipe liILBE wmord = om oy RN R RN N %k ok kFw ok kmaE N EEWaEoEE L& * 5“- .':'DG
Gemeral faeilities chargesbla o retfindng ... 1,221 133
Ttrlities chargeable Lo refintnglf .. ... v 1,850 L2lh
Toral dirsct refining osts ..........e.0. ] $ 5,880 $1.118
Refintng fixed vosts (depreclation,?/ texes,
= T y Ly LS0A
GTGEE ':DSt 'D::‘ I'Efiﬂj.ﬂg ------ LRI BE S AR I I $1IF,357 $‘1h‘621|'
I:"Dst :‘I’ Eru‘ﬂuﬂ El‘-ale 'Dil R+ B A a A0 h kkos baw ormosomom o 1&'!9?& 1.62'11-
Grose coet of refined products (averege af
ToF0 2enta /B51100) v uvrrairrrinionennnes 429,331 $3.314
Lezs Dyprodact credits:
Amroris 8% ESA00 wer s s aaaaae . 2,025 0.229
Teke at $3Mon ..o Cer e ees 148 021
Het cost of refined producte (sverage of
T.30 cents/FR1T00) . iiiiieirieiierraaes $a7,1.8 $3.008

i/ ImcIudes water, steam, and 6lectricity at prices adaguate to cover
coss of meintenence and operatlon, deprecistion, taxes, End imgur-

ance on wEiZlties,

2/ Fasod on expectsd 1ife of individusl units of mining and crushing
aguipmant, giving cvarage depreciation of 13.5 percentfyear, and

15-vear puyout
utilit’es,

The estimated capltnl

Th=

- wrii -

(6 2/3 percent/yssr) for other plant 1tems, sxcept

investment Zor a 30,500-barreli-a-day plant iz shown o
4s 1t s assuned that ke coml will be purchesed, the Investament in the coal
tnitial cces amcurnts teo $8,227 per btarrel day of product,




TAETE 5. - Qapdital laovestment for S5, 000-harral -a-day

apal hydpegonation plant

Sectiom of plant Cust
HFﬂTQgEDﬂtiDH TR IR LR P N R I | $ 99:52§,UUU
Gas prodacticefny eecvevansnannaaan. febdran b A%, 204, 000
Geveral and auxlliary plasts end facilities ... 09,574,000
#ald , 802, cou
Tollars/5arrel/daY sesiirrearariien G,se7

fnal rvequirements of the plant and tone output of products are shown in teble R
The gasoline ie o aigh-ostana automeotive gesalire low In sulfur (below .01 percent)
and higher in urometica and E.L.u. per gallon traw gaseline dbtalnsd from patroleun.
Tke phenols are carkolic acid, cresole, and xylencla.

Drerstlng costs are shown 1n Sable “* apnd for geeollog amgunt to oeariy 11 cents =
gnllon. As in the oll-shele estimates, these are costs and do not irnelude return on
the inveslmsrt, Tais item oust be added 4o determine s solling price. It shrmld ke
roted, bowever, tnat all other 1tems, guch &5 imsurance, property caxes, soalal secur-
ity, eEzn=ral gdministration, etz., zre lneluded. The plent Is emortired over & 1%-year
perlod, « Adequate provieisn hes nazn made for maintenance amd sapervlsion.

TARIE &, - Con’ comgumption ard finel produets

Bitmirous =oel, tons/day:
Fun-of -mine [o{=2 B N L LT e lS;llT
I‘!DiﬂtuIE ELSh—fl"EE Eﬁﬂl TR R LR :LO ;GE'Q

Preduction, bbhl,/fday:
GEEAL1TE +erarnnnrsrarrrnrranaeess | 81,030
Tiguetied petrolewt gases L ....... | 7,1b0
TEANAOLE 4 v ememmn v vrmnnemenn- eoes | 1,230 (450,000 1b.)

TatAl sewcansvsssisrnrnasntnrr EQ,GDG

TARTFE 7. - [mily cperating ceete for 30, 30C-barrgl plant

Y

TOBL, G312 YEY TOI suwecarerinrrnsceitontassssssntninnn 3 h0,92%
ther matarinlE (. cen oo s v s mr s msma it bk aa 17,443
Other direcs CHOED ou v vurrsrssrecnreasaatosannnns . 28,6836
TRALFE™E COSES snnnencsiterrrasrirannsranssnrassarnnr 18,138

Fixed noatz (15 years emortlzation) seeeciaranrrrerraans 25 a7
TOBAL 4 asasuannnmeosssssanrnrnasatssasasasatanns $161,212

Cradlts:
Fhenzie at $G-l@flb- P Y R L L N R R R LR ) $ higoaﬂ
Ligquefied petrolewr gaaas at 50.06/gallon ....ciasens 17,993
Total crecits ieeercssrtrarrranraarnaransnanas $ 62;993

Oogsz of geeoline .. ivsisarnsassanns, et masarearranaa 48,219

foa= of gaeoline, cemtE/EE1lON veiverecarasssvsinissnns 1.8




At present, it is doubtful that a coal-hydrogenation plant producing motor gasoline
primarily would be an attractive commercisl investment. For example, if it 1s assimed
that approximately a 6-pércent return after income taxes 1s required on the average un-
amortized part of the capital investment (5 percent on the initial investment, of which
3 percent is for return and 2 percent for taxes), the net realization to the plant for
the gasoline must be 14.5 cents a gallon. Comparable grades of motor gasoline now are
selling for about 10 to 15 cents at wholesale.

Coal-hydrogenation plants offer widse flexibility with regard to quality of Product,
and commercial possibilities are somewhst more bromising if the plent is operated to
produce aviation gasoline, For example, the product distribution readily can be changed
to that shown in table 8.

TABLE 8. - Product distribution in making aviation gasoline

Bbl./day
Gasoline, 91 OCLANE .uiiuiyevereerrrveneoancnsnnas 12,210
Aviation gasoline, 100 octane (100/130 grade) .. 11,910
Ligquefied pPetIOleum ZBE .uuvevessonereeesonsrnns 2,580
e T 1,230
P X A 27,930

: The total product from the plant would decrease from 30,000 to 27,930 barrels a
| day, primarily because of the lower output of ligquefied petroleum\gas that results in
part from use of this material to make alkylate.

The average realization of the plant for aviation gasoline (toc earn approximately
6-percent return after income taxes on the average unamortized part of the investment)
must then be 16.6 cents a gallon instead of the 1.5 cents a gallon for automotive
gasollne, The 100/130 grade in the coal regions is quoted at 16 to 18 cents a gallon
and the 91 octane at about 15 to 16 cents. In this case, the plant would have a better
chance of making a profit., These costs, however, are by no means final. There is
reasonable promise that they can be reduced in the near future,

An analysis of the cost of the coal-hydrogenation products shows the following:

Percent of

product cost

O B 25
Other operating costs ...veieserrvnroeenss 4o
Fixed costs (15 years amortization) ..... 35

Total .ttt ioenreennnesnecnnsns 100

It is estimated that successful applicaticn of the new continuous coal~mining
machines in a mine specifically developed for their use will make it posslble to produce
coal in underground mines at less than $2.00 a ton. More important, however, are pro-
spective reductions In the cost of conversion., New catalysts are under development that
should permit material reduction in the 10,000-pound-a-square-inch operating pressure.
This could result in a substantisl reduction in fixed costs and some reduction in oper-
ating costs. Success in these two changes alone could reduce the cost of the product by
15 to 20 percent. :

Some further attention should be directed to the byproduct credits in these esti-
mates. The use of liquefied petroleum gas is growing in most areas, and the demand
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ghoald ha ndeguate, A plant ciose 1o & good market but distant from a sourcs of metural
L.F.3, {liquefisd petroleus gasez) should be able to reallze £ sents a gullon for this
praduct. Frenols, 1in gensrel, are worth rore than 10 cents a pound, ard this credit
appesTA conservative for = faw plants. However, a large owder of hydrogenatlan planta
wigat tend to create an mrarsupp.y of pherols unless new uses Welrs developad.

fperation of a “imited oumser of aoal-hyd-egenasion plante to prafuce chemicala as
a mejor part of the producks may be voIy attractive. In addition to phenolz, coal-
hydrogenation plants ¢an producs lmportant guantities of benzene, tolusne, zylens,
nepkthalens, and tar bases, all of vwhich have market prices considerably hizher then
1igquid fuels., Several of these chemizals era important to petional defense and may be
in whort supply In case of war., BEven inm peacetima the demand in some cazss ie likely
to outstrip our present capaclty to produce,

[t 1= cloor “rom this discussicmn thet = =oel-hyirogenation plent is not yet 1o aa
fuvorable & poszitlon as an oll-saale plant 5o for ap converslom costs are concernsd.
o tha other hand, because =oal suppliss are avalleble over a wide area, the cesl
3luents have grester orportunitie: tfor rea’izlaos lower prodact-transportatlian costs,
palacting favorable merketz, and produsing high-qguelity produsts that will bring &
premiun prize. A suitabls comblinat’on of cowl supply, plant location products, arg TET-
kot canfze a long way In neutralizing ifferences in converslon costs.

o far, only the aurface Ims besh seratcked in the develommert of synthetic fuel
procedses . Coshs tkat now appear in or near the cempetitlve réengs can be redwuced still
Further. New devel_opmente in the processes for coal ure 1n the leboratory. More
effestive cataiysts, which perTit operation ot lower prassured, are in sight., Inry coal
hydzogenal ior, pernitting the usz of lower oporating pressures; ilwmination of pagto
sreparnticn, and Zrester plent thvoagaout has made steady progress during o4y, In
acditlon, perussl of Lhe detailed reports will illustrate the cturdy fourdaticn af pra-
suctive science, the sxi_l and underztandl-g, thul ars being bullt up ir the lshoratory
progrets .. These deve _opnents lead toward zimpler and cheaper symthetic fual Processgs,

gas-syniheste FPlaots

Tho Duresnu of Mines 1z alsg cortleting o gre-gynthesis demonstration plant at
topigivna, Mo, It ia antilcipuiled that the firal units will be pleaced in sperefion
durirg -9%i. Twc sectioms of the plant, the giygen unit snd the coal gasilisr, ards now
completed and have been opernted guzcezafully for several months,

fmzt culculsticns for commercisl gas-syntlosls operalleos using coal will ke haoped
on the cemonstratiocm <ests, hut it will be = Fear Sefore these estlmates coen be xade,

& comiersisl olant producing mawnly molor gagosline from raturel gae is belng con-
structes by the Carthapge Hydrocol Corp. at Eravneville, Tex, Lope figures for this
plant would help materially in cotimuting costs for the was-rynthesis process and for
asroducing oxygen oh 4 larea goale. A& the plunl oporates on natural @as, it wiil not
Farrizh date for the coal-gasiticablon step, This intormetion, however, will e avsll-
able Trom the pilot-plsnt work belng condustes by induatry ard the Goveroment.

Gas-Synthe=zis-Frocess Levelopment

sewveral gasification processes ars tn the pllot-plent stege of Investigution In
e Furesu of Mines, These include three pilot plants operating on pulverlzed ceal ond
oxygen, together with a fisld-scale expsriment on the poszibilitiss of underground gee-
i“tmztiaor of cowl. Comsidershie progrese hag bheen aade, but a grzet deal of work re-
mufns in develop hg the moet sconomical methiod of carrving out tns gazi“ication step.



It iz provable thet the ¢oszt of symbhesis gas alwawxs will be a large Craction EﬁD
<o 7O percent) of the cost of Liguld fvels from the gas-synthesls process, when coal
iz usad as the rew matardisl, Tals relatively high coet of =2ynthesis gas hes arlanted
Durean of Minss work on the syntheszis process in the direction of 2igh efficiency of
eonversion te figuid and minfmym yield of normally gasecus fuwel, Angther objectlwe in
the synthesiz process development has been to provide sufflclent flexibility for contrel
of produst dictribution {that is, reletive amounte of gassous hydrocarbtonc, gasoline,
and DHeesl oil).

Pllot-plant develspment of one precese is salwoat completed. The liguid produst of
Llie srocess Ls about 65 perssat gasclime (T5-80 motor octans nwrber without tetrastlyl
lead addition}, 1% percent Dissel oil (80 cetans mmber, 20°F, pour pednt}, 10 percent
vax, ard 10 percent oxygensted orgaric compounds {chiefly ethyl slechol snd acetic acidl,
Tre hest of reactlion 1s removed Yy circulstiog em oil througt tie zatelyet bed and
thrcugh a8 heat exchanger, A3 compared witk the Ruhreksmie procsss, the yie_d per un’t
of reactor wolume 1is 8 to 10 times large- whern <he cusaous hydrocarbem yield is about
th= sam=s, The anpunt of ga=equs hydroccerbors can oe radused te sboub cne-half, but the
Fizld et product trom a given aire reacteor will decresse conmeurrently to four to five
tives tkat of the Ruhrchexle process.

These impraovemesnts 1ln the synthesis operation, cospled wlth progrees {n grslfica-
tion, will ass’st in mchlaving lower coste for products of gocd quality.

Al from Coal

Dememetration Plarts, Loulelara, Mo,

In 945 pejor ectivitiss At thke new Coal-to-91l Demonatration Flarcts nesr louieil-
age , Mo., underws=nt & transivion from the plant-design and sonstruetion phease to com-
plation of equipment installatigns=, teatng, "breskx-1n" rurs, and initis’ operatiocns.

Firat of their kind In <hie courtry. these two demoretration plants abave 5t. Louls
¢ty the Misatseippi Riwver will empleoy different procseses to convert coal and 1ignits to
high-guality symthetic ligquid fuels. Tasy werse fsdicated cn the snniversery of VE-Day,
May ﬂ, a3 g proving ground for American coals, ejulpment, ard processing methods,

Tre initial undt completed - the 220- ta 300-barrel-a-Jday Coal - Hydrogenstlon
Plant - waa turned aver to the Fureau by the sortrector on Jenuery 31. Bullt by the
Hezhtel forp. of California, this plant was deslsmed for precaures up to 10,300 pownds
e sguure loch In two maJdor operatlens: {1} Lljuld-phese hydrogenation, which accomp-

. liszes liguefaction of the coal; and (2] wvapar-passe hydrogenation, whish coaverte the

I liguefised ~oal to gasoline and byproducts. AFter comsldermble pressure testing and
mecranicnl check-up work, the first vepor-phase apdragenstion *est run at 10,000 pourds
prosaure was conducted In April snd lagted Y dayd, a@ing crude petroleunm first and then
lignite tar.

At +the dedication In May, dpecification Dieael fuel produced from 2ignite tar
during tkis rar was used to fuel 3 Tlegel-elestric locometive that hauled a leoaded,
cight .car, opeolsel paceenger traiw fram 85+, oudc to the plawte mad bzek - & round trip
digtunnz of aprroxXxitnately 220 miles. Burlirgtcon officiumls and the engingar expresssd
corplata zatisfretion with performence of tioe fuel, Syothetic gaseline made Zuring the
guma run aas peen used slinge May in sll plart passenger automobilias, trucks, and
CIrunze .

A T-week "bresk-in” mm Tor the ligquid-phase hydrogenstion system Was completed
pucceesfully ocn Decenber 2, +the first tims in this coumiry thet subslbontlu]l geenlilies
of 0il have been made from cosl. The bazie plant dasign proved to be zound s0f cpera-
hle, snd thia InZf4al vmir was mada withort serious Tnterruptions, even though the

aperatora had only the limited hizh-pressure experience obtalin=d during the vapor-phase
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operal o d1n Aprfl. Eign-tenperature conl-ter oll wos UBSd ub the chearging stock =t
-Fe gutsct and later was raplaced with = el paste conteining 25 pesreent bitwsicous
canl Trom Roox Sprirgs, Wyo., 'Tae man wes terninated wasn the gtock of Fock Spriogs
conl waz exhausbed. [Under surrest plems, 2 wide vwariedy of comla f=on obher tields
w311l be tested _zter.

Saitensire uss of automatic certrols In ke Hydrazonetion Doemons*retior Flaat has
renuited in 2 comparatively muca smelsET opurabimg Toree bhan was customwery i the
pommrroial symthesis fusls plants of Germarny.

With this mlant now in opsratlen, ths Topartmert of Lefense Ls rlarming to test
tke produsts, Units of each service-the Army, Huavy, znd Adr Farce-will detewmpine thedr
aitebllity for specislirnod purposss. Both cosl-bydrogenation and zii-gnsls planls
al5a offer sources far byproducts valusbla 1n time of wor. Traresaas are Delng devol-
sped for the extraztizc of thess products 17 newdel.

Tesizn work kas beom finishod on the sooond piart = an 8- to L00-barre.-a-day
dez-Zyntassis Lomonstration Fland - and coratructlon was wobimeted to 99 TL percent
conpoose on December 1.

Two units of Lhic plans, the exygen praducer and the onal gmre!fier, are in cperd-
tior, The geygen unit nes wosn in continadas sepvice since Auwgust and performasce kaa
been very satisfactery. The Foppers -type coal geslfler, gperating ot le5z “han
cepucltT, mude ile First Tun in May. i3ince the- 3% runs rave boen sondunted, each
wibth definile Tact-tinding objectives “n a swurch Tor the beat conditZons for coal
mapif fcatlion and eteam resntions. Ef70rta are soncortrated oa reducing the oxyzen ond
coul requirenents for syntheools gas, s major soss factor i the mroduction of synthetic
Tumls.

A coopuratlive agrocucnt has been concliudeld with the imepricen Jed Agsoclation for
crbensive tests Wlth purs oxygen In a Esrpely gas proiustr that wea Installed to
aupply a gtand-oy source of gas Auring z2rlods in Wwiich toe powdersd-coal gas.Tler is
not funstioring. Jperetion of ths Kerpeoly umit, as adlspted for using oxymen, 1s a
Fatner of wide iater=3t bots in sy-shetic fusles work and the ges fndustry geperally.

construstion of the gaz-parirization secticc of ihe demonatratiom plant 1z ex-
pected to oe cuopleted serdy 1o 1550, and it will be put in operaticn after the coRl-
gazification unlt is tunctloning ir & routloe munoer.

Wusy new corweercial-size plant-coss estimsbes end enginssring studles wers ooh-
Aaeted during the yeer,

Ar dinvosstigation of petroleum-residuam hydroperation Irdicated that for & miant of
16, 5x-oarrel-a-day sapazlby, vpereting with a corbinsd liquid- anéd vwapor-zhese unit
withom intemcdizste pressure ist-down, the toiel constructlon cost would e approxi-
makely &14,000,000,  Pey-sut time in verious lezsticms would Tangs hetween 4% and 7.9
voesrs, depsnding on the price of feed stock, whish for tae two limite cited was $1.45
ana $1.%0 a berrel, respectively.

4 comperative cosh estizate was mede for rrodusing dAfferent guantitise of mnctar
or aviation gasoline and lst fueis In a 30,000-berrel-an-day oA -tprdregenal fon wilt.

Byproluct hysrosarben gescs from synthetic fuel pianss were eveluated Tor use as
8 source of city gas. Use of these gases may fave Tur-reaching offects on the gas
industry when a synthatic fuel “ndustry le esteblished,

4 study wes made of She cost factors for @ 10,000-barrel-a-day syntactic fuels
plant, situstsd in Aleska and using Aleskan coels. Capitel and product costs were
estlmated at well over twice thoes for the same plant I the Unitad Htaten.
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Ir anotnzr cetimatae, the cost of plent Teoilitfes to makes, purify, and compress
hydrogen to 70 atmospheres wes found to represent 6.5 percent of the cost of =
G, 000=barrel - -dsy corl-hydrogenation plant,

Chemical and byproducst cogrs from coal oydrogeration a=leo were caleulsted, for
sath planta wanld ha abupdant sources of tar anids vaesd In plastice and osher indus-
trial producta. Ietaliled engineering studies combinued cn eguipment for compersial-
zrala hydrogeanation piants.

The problem of preparing preliminery plart desdign for seteblilshing congtrustien
and voersllicg vost wshimated for u 30,000-burrel-a-day coasl-geelificeticon and gase-
syatiesis phlant 1z WD pereent conzlete.

Leboretorigs_erd Filcot Flants, Fracescn and Tittsburgh, Ta.

The work of the lsboratories and pllot olsats at Bruceten, Pe., during the salen-
der year 1549 has been concermed chiasfly wilih the develiopment of new ar f=aproved pro-
seiged [or Lhe productlion ol Liquid Misls Lrza coml. Thils work osy e divided lole
*wa broad categories: {1) The synthesis of ligquid fuels from the gasificatlca products
of moel (Fiacher-Troperk and relmssed processzs), and (2) the lirsct kyirogenstion of
coal [Bergius process),

Ir the first zategory, twe pilot-plect units were speratss on the 1iquid-cooled
(b 2l circulation] pracee: to stuwlr ths effecs of satslyet zrain sice and syntheeiz-
pas compesitlor.  Hecnuse o operating G1d7izulzsles enzountered 1x this “fived-
casa.veT-bed" system, 8 "moving-catalys<-hed" warz adopted in whizh the catalryst is
liftad by an increased liguid w=locity snd kept suspended frn a stresm of idgadd and
TRS ,

ftudlies alsa wers made of operating tecanigquss and design modilizatians of the
cirsudeting slurry jrocsss, in which syntnesie gas iz bubkled through a suspsnsiocn of
fively powdered catalyst in Digh-bolling rapge sil.

Tre zoarch Zor saltable cormercsially awvailabkle ceotalysts for these processoaz was
contlineed,  Tivanslve researchk o The reletlon of catslysts Lo the synthesis meshaniso
incladed the effect of particis sizsz, alkzli cortent, reduction conditionos, curtile
aortent, free-carbon ccontent, oofaze ares, and poroszivy of the satalyst. The sio-
ghitubtion of nitrogen for cerbon im the oryssal lsttice of carbided dron symthetic-
aamorls -tyno JATAZYESA has opencd a aow Mleld Por exploratiorns into tho nochaxnism off
consect catalisis ard for taoe develapmernt of highkly active cacalysta.

gtudies of ths 00 process, by wiilon sldetvde: and elcohols are produces STom
prefinie hydrocerbone, have revealed a trocess varletion of merxed compoerciml signdri-
cance. By using an alechel as the gtarting material, =z nomolopous alceohol {:Dnsisting
of one care cerbon atan tikan bhe origlial] iz prodused, This Jlrect ecooversion ol one
glemnol Iate the hocolopgoss alechel normelly iz o todious, multletags procges in com-
aercia_ operatiozs. The reaction Rlec has Inporsant implicsticng in the iscrer-
Trozsch process end mey even replece 1t In the manufactare of aynthetic liguid fuels
if catalyet and Teaperdture conditions can be found umder whick the alcohol homologs-
tion Is rapld erncagh at pressures of noet more thoan aboul 7O atmosphoras,

Two coul-hydropenatbion pilet plents were pleced o opersiion, one Tor she firat
af lilcuid-pheao stage unt ong for the second or varor-phusse crerstion. Thasa piante
are concernes with t2sts on raw materials, cntalysts, and aoerating proceduares,
Gtudiss in batch actocslayes of the (orversion of conl to oil by direct hpdrogenasicn
dicated toav this converelon could be carriel out most efTicicntly by dlviding the
liguZd-phase operatisn into at lesst two gtepe. Extenslve lsboratory testes to diescover
now sutelgsts az offlcasicus aa tin for the bypdrogenstion of &dal beve indicated that
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the stnte of physieal distribution of the catmlyst in tha reactlon mliture is
Imporiont.

Anayels af the products obtalnsd Irom the direct hydrogenablon of coal and
those ghtained by ayrthes’s of hyirogen and carbor nonezide was improved Ty the devel-
crment ol kew equipment and technlques. OF partirnlar importance iz the use of
sophercurrent distribution for the separating and tdertifying tar =clds produzed in
the liguid-prasa mydrogecatiom of aonl. A study of thees phenolic materials has
yleldod some information sgmeerning the constitution of coal and indicated poszibtle
sndustrinl pracesses for seperation of the marketsble vonstituerte.

Work wee continuwed a+ Pitteburgh oo the creparstion of syatheslis ges by Lthe gac-
1fication of powdersd coal with ouygen end steam in a vortexr corbustor. The Tedulls
vere defr’tely encouraging, and an opersble, high-capacity ges gewersbor probably
will ze deweloped. Thz cast of the oxyger udas in the gaslfilcatlun of coml 18 an
Arpurtens Fastor in the econdmy of the Trocess. An Investigeiion iz betng rade af &
pogsinie mestod for a mors suvonomical production of cxygen, hased <n the fuct thet
many organts HerbTanes ars apprzclably more permealile o axyger thon they arc to
ninregch.

tollecting, arranging, classifyice, wnd Tndexing of tho forelgn documents fram
forran anmé osthey sources contalcing informstlon of irperest on synthelic 1lguwid faale
wepe comtimaed. The review and cempllstion of the litere=ure on bthe presaurs of
hyirogenation of Liguld and sqlid cserbonacedus matorinls nas been sompleted, and the

cvprent 1iteraturs iz belwg thoroughiy coversd and abstracled,

gynbnesiz-Gas avcratoly ard Field Foots, Morgactowr, wW. Wa., =ni Gorgas, Ala.

T luboratory mand Sfeld tests at Morgantown, W. Va., and Gorgas, &ls., respsctively
an Irtens.ye search wae Lelbg made Jor a cgat-ogasiTication process that will reduce
r=terielly ke codt of syatassls gus - hydroger and carbon meroxide - requirad in the
produszion of syathetlc liquid fusels.

D March 16 st Oorgas, the Alabams Power Oo. and the Buvesu af Mines, having
rompleted aite jpreparstions, put in operatior taelr guoond cooperative cxpsrimsnt 1im
the wndorground gaeification of corl. Geses produced by burning mmmined ool wnder
controlled conditlons offer a potentinlly lov-cost fusl for venerasion of electric
puwer ag well ad npteTrisls for comversfon Lo Liguid fusls. In eddition, undergrond
pasificstior promlises Lo racovel the anergy of thin or impure coal eeumd Loat caoh
now he wized econcmicnlly.

Tws paraliel entries were driven Inte the goal bed [o= 1,200 fect and s singls en-
try ¥or an aidltional 300 feeh. A crosscuts linking tacse srtries, the underground
workings were connecled with the gurfuce by five large berehoies torough Wainil OCOEres -
sed air may be admitted or product gases Withdrewn.

a1l upersiicons thus far have heen conducted in the 307-Toot Bingis entry, =nd
there has been no sitficulsy in pelotdining combustiso. spproximately 3,000 tore of
coml haz been wizrned, end no limlt has yes been fouma =5 Lo the quanbily of coal taat
cun e comaumed tram an ares surroundlng & aivon, Initial snlry or RASEAIEWLY in th=e
sesm. As ‘nstalled, .l eguipment and the goo ‘nlet apnd gutlset pHRsSAgZes rave oueratec
grita succeasfully,

Thers has Deen no enphasis on quellty of gas during thesa initial operaticors, for
the essertisl oojective 1 -o produce a gde wand then To sxureice cantrol. If 8 pXo-
Aucer gua 1s obtained, the quality may be Imoroved through ths uze of oxygen ad steam
with Lhe aid of fluid camalyzers.
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At t1wes, undar tha propar eonditions; tue calsrific valus of the product gas
has heen high enough to mmke it comhuetikle, Howaver, owring to the bypassing of
alr throweh void spaces Whderground and subsegrent combustion of the product zas
before removel from the Aystem, the erergy content of the cosl 88 brought <o the
gurface kee heen lorgely in the form of sensible heat. This rovld be nged, ot
Couree, for generating steam at the aystem mztlate, Thera is svidewce that g
good-quality producer gas s balng made =Ilong the burning coal rihs, but 41t has
not yet heen possinie to resorer such gue,

A meaFure of suCCEss has hean attoined in %locking the woid epaces, which
cauee the air-bypess difficutty, by introduclry finldired sand into the origizal
antry tirough emall boreboles Trom the surface, Roof mation avar from the lips
of the originsl entry apparently raz Yaft no vold gpases, and uo trouble of this
nature 1s entice’pated thers.

By sdddtional drilling and she intradustipn off pard st the zroper poinots, 1t
ie belleved that tke zroduct E8E P ba recovered, Wltheout enrichment, this pgee
vould not be sultable for demest s 4ze, but it ceuld be enployed Be R scurce of
rowey - to heat a boller to make steam, sr to tur a gag turbineg, which woulc
wake alectricity. BEnviehed througn the uses af wxFgon aud stean with the aid of
Tluld catalizern, 41t mayr Bo sultsbls ag g oyntineels gag for convereion +o liquia
fuele,

At Morgantowm, pilot Flarte employing othar Irinciple:s for the coal gaaifing-
tlon were in speration, Test runms in 2 emall unit, havieg a capaelty of 25 to 57
poundes of puiverized coml an bour, dndieated that thig Flant w11l geeiry wirtually
any type of eoel, regardlese of 1+s ash or sulfur content. Ip & larger unit,
about 56,00C poundc of ccal was ga8lfded duriig the year at retas e to 99 pounds
az hour and atv temperatiprss Spproximating 2,600% . Owing to thess algh steanm
temperaturss, the teste were made witn lewer oxyzen chnsumption then any Treviouely
rérorted for other planta (121 to 265 standard cubic feet Far sach 1,000 e<andnrd
cuble Feet of synthesis €58 produced), The Percentage of gaeitdowtion of thwe
total carbon content of <he coAl was very eatiafactory, ranging from 7O to 90
Dergent,

Dezlgn work is shout 40 percent corplete oo a pilot plant bo BREify SO0
poutids of cosl hourly at pressure: ur to 450 pounds peT 2quare ineh gage.

Further studies end improvemente vers Mude on = motheod for cansinuemig 1y
Teading pulverized coal into the R genoraters. {ne accomplishment was MeasIre-
kent of the instentaneocus -atip of §01Zd to gas Tlewing through a tube whan thom
oluns percectage of the soiid wag @9out 20 percent. The fmatrpnent uged ic
Feneitive enough te dastact g caangs of abous 1 parceat aslids by voluma, and it
dperates hy mezsuring the cadige 1o capacity oF s condenser as tho wmizrtuwa of
eolid and gas Fiuws rstWeai bthe pletes, Meaguremente diave bhean made of the
Lomcgenality of coml and air mixtures floving to s syathesiv-gan gemerator,

A gae-purdfication pllon bilent nes hemn completed axd ie raady for cperatlion.
Frovlisions are boing made ao tiet the Dlent can ve operpted either ut stncepheric
or elevated pressures, 4 moving-bed filtaer, designed =8 & modification of ths
Gormar. shaft filtar for removing Juet from 206, hae been highly gucesesful in
redusing dust concentratimns from 1,000 to lese then 0.1 grain per 100 gubic
Tast of gas,

In gus-treating ftudles, thes most promiaing catelyste studisd for deEulfnr-
1zing ayntkeais ges were thade thet remove hydrogen sulfide and organic sulfur




compounds simultanecasly. Data Zrom nuweerous experizents show that eeversl catalysts,
whan eporated at 4509 0., were capebls of vemovimg nll of the crgende zulfuor and 93
parcenl = the Lhydrogen =ulfids from the gas before revivificatlon was nacsesary.

01l from 0Z1 Shele

Ezperimental Mine, Hirla, Jolc.
L]
A majer advance towsrd the developmeont of low-coot mothode and equipment for
nining the oil-rich Grean Hiver sbele foroation of Colorado, Uhbasa, and Wyemlng wes
achiered “n 124G,

Tre Experimental 011-Shele Mine ip om Hawval Ji1-Shule Heswerve No. 1, ngar
Rifle, In western Colorado, A moumiain roud, 3-1/2 miles lonmg, ascends to the
mine yard st an slsvatios of 2,100 feet. The mine portals, driven inte the haze
of voarkicul ¢liffs, gweslook <he 01l-ELhale Demonstration Plant site and the
Colorudo River 3,000 feet nelow,

Methods, procedires, and sguipment ezploysd 1n the Thderground Quarry section
of the Hxperimental Mine weres denonetrated publicly hefore more thun 500 represeata-
tiveeg of nfustry sad Gowvernment irn Septenbzr. Tae average produectlon rate main-
tained Aduring thi: b-wael domonstratlon run was 148 ftone of samle per mea-shift ol
unserground labor, or 116 -ons per man-shift of totel labor. It is helieved thmet
aa other underszroand mining operation has approsched these flgures, Tas direect
mining cost, oxelading fcprocintion, general offize expasnss, and overhesd, was Z0
cepts per ton of oil eprewle. Tolal produclisg Cop Lthe 20 operating deys wae 3@, 560
tans.

Tdergrowd gperaticns werse carrfed on durlng 1949 in two seta of workings,
inztuding 9 Selactive Mine a3 well 3s the Undergramd Yuarry, However, with the
rajut remants of the demoms-ratior plant atuaniard’zed an o1l shale prodused fram ths
TMadergrour] quarry, operabion of the higher-c¢oat Scleciive Mine wno cuirtailed
sharply in April 1249, Gosratione 1n thls mine now are limited teo resszarch
aranlamz sni the oroduction of small guaniikies - 10,380 tons in 1945 - of
snloaked-grade oll chale, Laring the syear, 173,600 some of o11 shola wae mined
rrom the Tnierground GUUTTy.

Concidsrable progress was mude in all okagas of the research program, which
wad dirgeted cowasd Lhe soluablon of problens assogslated with the- drdlling and
Elastirs of cil shule and determinatise of téa pazloum safe span the=t can he
excevated withowt rocf auppsrt in the oll-shale formation, Percussion-dr-illing
research was virbually coonpletel, and explosives costs have heen lowered sub-
startislly <hrough _esting resszarch,

Experiments vith rotary-drilling ejuipsnent comtlinused thrroughous 1943, Home
progreas was made In developing hetter bits for this tyoe of driiling, but
fuprthayr iwproremsntz ara neaded befors rotary drilling can compete favorahly
Witk pereuccicn drilling.

Asenvs of sanples from core-drill acles completed during the aumasr af 1949
further cupsor= the estimste that weestern Colorado coobalne 320 Lilliocr barrels
of ekale 4il ion pluce, Too 411, 12 foles Tave beeo drilled by the Juresn and 14
by waricus oll companies exploring their own properties. The Bureau slso col-
leatad further data on the cil-zhale rescurces of other Statee.




Tha full complement of equipment necesaary for operation of the Talerground
Juarry a0 one unit of & corércial-gee’e oparpatlem 12 now aveilable. Hew equip-
ment dawelopaed Aurdng the year included:

1. More efficient 15-foot dArill feeds to renlace tha 1l-foot feeds on the
heading Jumbo, These feeds meke 1t posalble to drill a dseper round and subsa-
quently be breoak o greator tonosps with sach blast.

2, 4 benthing Jumbe for drilling verticel blast holes. Like the heading
sumhoe, 1t mounts four 15-foot drill feeds and is opereted by two men. The usual
bencning round consisting of 48 22-fopt holea 1e drilied in 7-1/2 houre wlta this
mAazhine,

2, & telsscopic-lift truck with a meximm lift of A% feas vwhich sarves as
a seallne rig for winers when trimming loose rock from the wallas of the mine,

L, & watar-tank truck mounting a TO0-gsllon water tank and a high-prescurs,
S0=gullon-per-mimite, aelf-priming pump. Tolds unit is used for transporting
water Tor drilline, Zor wettine the piles of broker shale heforea lomding, and
for wettlng down the mine haulsgewsyo.

Demexstratlor FPlant, Hifls, Colo.

At the 0il-Shale Demomstration Flemt nesr Rifle, Colo., ettention was centerad
in 194% an retortling and refining operations. Meamwhile, s procecs englneering amd
evaluation unit wae estzblished to 2tuly procesase, desipgn copmerciml-zcals plarta,
and e3atimste costa for profucing liguid fuels Trom oll shalas,

The raw demonetration shele-oll reficery wes placed In cperation in July,
Tt coasdsts of a shermel cracking unit s2od o continuous ecild-treating and doctor-
awzatenirg unit. The thermwal progsessirg vnlt 1s gquite flexibie and can oe
orarated on any of the wsunl thermal refinihg procsdures.

Srale gasolline and Diesel fusl prodaced 1n the refinery were hurned In passen-
ger cara, buses, Dlesel trucks, =nd otrer equipment during the %-wesk public mining
dencngtration. Performance wag excellent.

Skale was srushed for roetorting operetlons at Rifle and for shipment to coapora-
tors, Trushing the rlcher shalese i the Jaw-trpe crushersa now 1n use has been found
trouhlesome because righ ahale breaks parallel to the bedding pilens, forming long
slake, whareas lean sbhAles breai across -he beddlng. I'estling of different typees of
crusher: is plaoned,

Experinental work on the N-T-Y retorte has heen completed and these unite now
are being aperated on r production basis fto supply the bhurner oll regquirements of
the projoct. Theoe reborte asve provlded feed stoeck for the demenctratlon ahale-
all refinery, together Wit informetion uwaeful in desighing zontinacus roeto-ta,
Eowever, operations thue far have indlceted that the contimaous gas-Flow retors
developed at Rifle ia supsrlor to she batch-type N-T-U retorte for processling oil
ehale.

Pilot-plant work has bheen devoted primarily teo {1) developing the gas-flow
resorting process, (2} etudying the cambustion of residusl organic matter in
rezgrted akale, (3} Investigating mesms of bresking shale-oil emulelcne, and
{L} preparing pracear Aeafgna for eeveral proposad retorting processes.,
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Tn the gns-Tlow process, pas 15 hested in pobble #foves and pacsed horizontal 1

thrrugh a shale bed which moves dewmward continacusly. Preliminary experisents - oa

resorsod-chale brner Lrdicats tiat the orgenic resicus in shale digshargel from 4
process sush 23 the gas-flew can be utilized to prowids part of the heat required
for retorting, Although several mathods nove besn Coand effective in breaking shals-
oii emulsiony, wmore work remains to ba done to determine whatksr any of thed gre
eaomomizally [femsible. Seversl rew retorting processed ars ander atudy; and at least
amz of taesz, the Bureau's counter-flow process, ra thourht to have peagthilitles
rending pflat-plont evaluation.

Tes copperative agresments bFave been sdded to thoas tant alrsady were ln effect
with industry and miversitiles at the beginming of 1947, Undsr these agreemeats, the
0ii-Shels Demenetration Plent supplisa oll shale, shale oll, and snsls-ofl products
to eosperstors for experimentel work in sxchasrgo for information on the reanlts of
thalr awxperiments ., Furthsrmore, a nevw Lype of wgreement has EBD inltiated urnder
which the coopsrator lenmds squipment to tra Bureaun for test purpasss and in reTurn

raceives the ~asusts of thae tests.

Leberotorias and Pilot Plants, Leramle, Wyro.

it Lararie, Wyo., sclentists in the Bursau's Petroleum una 011-8hele Exyperiment
Station waps me work ssndying the composition of oil shale arnd shale oll, developlng
methods of prosesaing sad using these meterisls. L=sscne learped In the laboratory
thewe are applied in the dsmonatration plant at Rifle, wheore the processing,
snginesring, aid arccmle Pacters can be gnalyzed rore fully In larger eigalpment .

otydies to determine thw hest Tegulred te rotort gil srale wera exteandel to
1reluds & 57-gallon~a-ton ahale. [ata now are avallable from which 1t is passible
to zaiculese suth requirements in the —emperature range af 79I to 1,C30° F., for
virtually any grade of Colurala il skale. 3im’lar dets ere avallahle dn spent
ghale “or ohe fams Lempsrabure rarge.

Far eZarplas, o velad oF 109 B.w.u. par kour, per cubiec foot, per degree
wubrenheit differencs hetween gas and shale —enperstulre was chtainel for ks heat
frapafsr cealficient from u not ges to a bed of Z5-gellon-a-ton cruahel shals over
thz tempersture range of 007 1,150% F., and a gas-flov rate of 31 cuble feat 8
m mate. TFor epent snale, this coefficisub rarged from 85 & 130 E.t.u, per hour 1
over the same hemperature TENRS.

It was Pousd, too, that the presaencs of emall volumée 5f oxygen in the retort-
ing gas decreased the cll vleld during retorting from = to 1S percent .

Becevaries of 100 percent of the organic mattar From oll shele wera chitalned
with a =harma. solutior extraction process when uslng Lydlrogen pressure. Low-ooou
sepuratlon of the conversed argsnic natter from the spent '9ials 1z atill the major
problem to he aolved ln thls process.

led b= =% L rm

In studies af the catelytle svacking of gku_e-a1l fractione, the ylelds that
onr te ohtained 1n using each of gavaral commersial cracking catalysts were deter-
mired. Basclire ¢f gosi ostsma rating cen be made by this proocess, bt ooke forma-
tion on the cstelyst causes £ srort catalyst life. Irrestlzations noW 1o DIOgreds
o the affects of organlc nitrogon nomponds on crecking catalysts gheoutd ald in
develosirg bestar catalysis than thoase now in uswe,

lrm
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americen shale olls oeve higher nitromen sontents than thnoze produced 1z other
sountries and, hence, present dlffersnt problemz. Tas Lheavy gas-oll fractior Zrom
gimle a1l extracted ‘n an N-T-U retors was “owd to contaln more then 4O percont
nitroger compounds. A8 this is ths chargo stoch for currcnt oracking operatiorns,
tre lmportanse of defermlnidnzg tha types of coppcands and thelr reartiorns to craczing
condltlons 1s appareat.

Morecver, avidence £z accumulating that much af the ceolor and gum Fermnetion In
gshale-oll products 1s attributacle to the presence of nitrogsn compouads of the
pyrrole type. The first merbher of the series - prrrols - hes baen izclated ond
tizrtified,

Hydrogenstion pow eppears to ke the aost practisal method of refining shele
0il to reduce sulfur anc nitrogen contenss =znd produse good guality sypthetic
1iguld tuels. 1t has seen possibls with aultable csatalrysts to improvs ths quality
of shale ol greatly by fhia proceszs st srassuree as low ag 500 poands o squars
inth. Joac doposition om tho cutelyst, with senseguent anort catalyst Zife, iz the
ma;zr problem in this prozesz, and efforss are belrg mede to develsp babtter catalysts
or more suitable hydrozenatlion conditicns.

The orguodt voatenl of ofl sheles from Colorsds and gevern forelgon counlries
ranged from 7.3 to 95,5 percent, while the ofl yielde reanged from 21 sercent for
Swedish oil shale to To psrcent for Australlisn torbanite. The crganlc matter in
foir Solurado oll shulee plolded 57 Lo T1 percenl il by wssay.

A pralininary atndy of tha sonstitutdien of the argenle mettar iv Colarsds oll
ghale incicatal that nis xaterial occurs laresly 1o & hizh molsculiar welgnt form
but wito some Interspersed structures of low nolsculsr welght. The high-molaculer-
walght material nonsists, apzarently, of & Loosely interconnectsd stracture of
portially unceturatzd polyicoprensid, resin’ tke scheiwre and ringsm. Bowmwd z2lce im
this atructurs are cxygen-conbaining amd oxygen hetercoyeoiic fragments condensed
wizh some benzenczic ard pyridine ring structurss.

Waxes Sepigneted ss crude sand senlrefined "shule-oil waxes,"” s well as fully
relined pareffin, were zade by conventlonal petroleum solvent extrectiom and
refining orooxeses Srom & shale-oll-waz distillate simiZar to petroleuwn-wax dis-
tildiate, The fully reflned wax net bhe specificatioon for fully rellned pelroieudn
paraffin, while the "shele-oll waxes" containsd unzatureted hydrocarbome,

Tar acids smounting <o % percent were separated from a shale-oll fraction
bolzing from 1609 to 2509 2, Further purification gave a very small percentace
eof prano” and lapger amounts of orthonresol, wetoarecrazol, xylenais and highar
alizyletcs phenol froctiona,

¥-T-U crade zhale oll was vacuum-disiillad fto y7ield a zerdes of residual
pephinlte havinge consistoneics within the paviag asphoelt roange. The properties of
the products were determined by common ssphalt tssts,. Tn gensral, the shale-ail
asphalts corteined more wox and had higher temperstare susceptibilitise than
patroleam asphslta. The shale-oll asphalts wleo showed expoeted arvldonce of
Trevigus craciing.

Liguid Pugle from Agricultursl Heslduss

genivorss Flant, Feoria, I11.

From appropristions aunthorizmed by the Synthetis Liguid Fuels Ack, tha Tnited
Statss Jepartmant of the lnterior hws transierrod to the United tates Laparument
af agriculture $510,000 for research and developmens on the production of alcohol
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nnd obher liguid fusls from such agrizullural resizuss oc corusobs and the ults of
cottonsead, nats, and rice. With these runds, the Burvau of Agricuitaral and
Iniustrial Jnomictry late in 1346 started opersticns In = smzl . industrisl plant al
Pesria, T1i., to delermire Lha ramufasturing cteps maf rostoc of A process aff 1tz owm
deve lopasht.

Fte Ligquld Fuels Flert was located on tne site of the Jorthern Eegional Researcn
Laboruteory #k Pesoria to permit amordination of the prograns of the twoe grovps and
mare repld sva_uatlen of the posalbilizias of tho process,. The Forsharn Taborelory,
tharerore, 13 otudying toe rermostation of the zsexmtose mnd dextrase Suzars to Liguld
furls arl 12 Lesting thz various fuels produeced,

Peolcally, tae hydrolysis pracrac rRar invessiaatlon cenilsts of COLVEertiLE
g of she f=ecticns off erpienltaral rasilues - pontocan: - To pentose fagaTs and
cuhzecionsly somve-sting the 2zllnoes fra~tion to dexsrase. The pontose sugors mey
be fermerted bo she liguid fusls butsnal, iscprapanial, weotone, nzd ehihcnnl o tUay
mey b2 sonverrel to Swrfuru_. Dexbrose, on the ghasr awl, muy heo converted to ths
12gezid furnl ethenol.  Toe furcamentnl econonic advantase of <his particulnr protezs
15 ttat penbocs pugars and dextroese cdll he wimost sumttitetlvely separated; there-
form, Banh pae lx Tt Lura oun e soyverted to maxima yields of end products.

& curvey as: noen anvdusted TEr tae four .argest corn-preduslirg Stales, namsl i,
rowa, T.linols, Heorsika, and Triiaen, 5o dotermine the "sverage dsnasity” of corisdos
mwa' pole Tor insastrial usge In ewsh cously of these states, In tke zones having
the nighest density, 17 apmecollesting centers have been selected, gach senter having
g potenlinl cob-colleotlng snpazity of mops taan 200,000 tons with'n 4 SC-mils radius,
Simrc easn sowlecting arsa if synooynoud So ORs copncob suncharifleation plans having
a procssalng swpanity of 100,050 tons ancually, L, &0, 000 fons of ooxs JTOW thans
areds would be availuble Jor somrarsion ta Tiguld fuels.

4 wetarial balance dlagram [or bhs penesan Exdrol yzation pkase nulcd on tho
aversgs produstlcor dats srpumilatod fron last yoar's pouning operutlon of the zeml-
works plent wad presared. This diagrum ipnmiswtes thab ooouk TR perceat of tha
pantaosa=e present in alr-2ry cobe is nos corvertzd Lo sentone sugar wlith the prezent
procnaaing procedurs,  The cause A2 bhiz ohepomanor protasiy san be traced bauck to
2 roceat charge in the compositicn of h2 cel1loris waterial. By varying the aydra-
lyzation procedurs for the pertosan Trastion, the amouat cf ynottacked pentosans can
ba doepresssd to an zoovamical level as demonzhrased Ty lspgo-scaly laboretory experi-
ents.

For the dewelopmneat of the imporisst operntiordi steps of ke lignmzel ulane
hyarulyzation phasc, redezigning and siterations of the speciai eguipment have heern
necessary to abbuin ef[lcient pariormunco of the machincry. Adrnptation of toe Myers-
Sherman mi¥ing prosedure solved the orchlem af uns Form nixine of the drled; pentosan-
sxtrasted cornsobe with sulfuris Aacil. A% spazent, the kydrolyastior procediro Under
trvestigation yiclds o cellulogse nyirelyezate with a glucces comrentratlon of T ograms
per 100 ml. reprasenting a gs-paroant conversiorn rats; nowever, a hiphor concentration
of glacodc and an imsroved sonvareion rebe are anticipated.

Studies regarllng the kinstlics of the comverslon of xyloes in the pezatosan
tyrdralyzate to FurMi~al are under way and will lead oo investlpnt lona for a highor
yieldirg vooversion provcss on A seriwaris-plant scale.

Fantosan aydrolyzates can he forpented succezsflly bo Lhe llguid fuels, subarcl,
eoytone, snd ethanel if the hydrolyzate in the Jermentaticn media 13 gupp_enanted wilh
corrmesl. ILerga-scale Jermzolatione with hydrolyzate ligqueors apd cornman’. bave Seen
made in 3,000-gallen tllot-plant runs.




I Busulls of moter fusls testiang ixdicste that the add’tion of cloxgheol greatly

irzrzases The pemsitiviiy of gasoline. Zengitivity ia defined as ths spread bebwesn
the Research Mathod and ths Moter method. It has beesn found that the Bessarca (Qotane
Humber 1z mere affected by the sddition of lond than the Motor Method, Thiz is eim-
nificent gince it 1= tie Research Octens Namber thss sppearsd to determine the roed
rating of high nompreselon sngines.

1n additicn to U. 5. Patent 2,450,350 covering the differsab steges of the
lyrdrolyzetion procesa, various procedurss sz they are roved acceptable ere baing
cxantined For thelir patent potentialities,

-
Secgndary Recovery ard Hefining Eessarch

Tuder an amenleenty o ths Syothetis Liguid Fuels Zxtenaion asct, finds boooms
availenle oo July 2, 1948, to sonduct ressasrch on secondary recovery from 3trippar
01l fields an? in refining processes. The firps £ nmomths of work, previously reporte
waz spent largely in initlating siudles thet not enly would zomply with the intent of
+he smeadment but also would cpordinete the existing programs of the Bureau of Mlres
in thHecr Fieldz, Tn effect, this firet perisd woe ons of "tooling up™ witn spezlal-
ized equiyment and tra‘ned perdonnel. Now that the work hae progressed em ndditisnel
1# montns, Teasurable technical progreea has been made,

L

In *he 1948 Annual Beport, the followirg field hesdquarteprs were named ss
senters of activity cn sezondary recovery research: Barllesvllle, Okis,; Laramis,
Wyo.; Sarn Franclsce, Caldf.; Dallas, Tex.; snd Frapklin, Fa. In addition, z suboffice
o' the Dallse, Tex., Petreleows Field Offize die maintuined aft Wichits Tslls, Tex., and
during tke past yeur a4 subolllee of the Franklin, Pa,, Petroleun Field Office waa
opeiled st Rradfend, Pa. The studles of refinircg zerginal cruade oils cootinusd st
Larenie, Wyo., =nd Bartlesvile, dkla.

| It eoon besame evident that, to obtala proper correlatioms with work mlresdy

r in progress, & hroad view of each srogram wist be taken. Otherwise a dlstorted
pleture would be glven of the Buresu's efforts to find new means by which Ilndustry
w1 ]l progressively lessen tha guantiny af odl in stripper fields Lhst 1s called
"umresoverable.”  Also, in the work on merzinml crude oila, ee tlasslifled becauee of
their high culfur content, cognizansa muet ba taken of related researca.

Engineering field etudiss of secondary-recovery oueraticona were conductec in the
Kid Gontinent, Texas, (elifornia, Bocky Mountalr, s34 Appalechian regions. By col-
lecting and studying dalw on the production historiss and the reservoelr conditions
of reprecentative stripper fields, theose stimilaiive meihods that awre more efflclent
i producing oil wndar given conditions can he ascertained and applied to obtain the
greatest bercefit.

Funiamental researcy on the nature of ths forces thas hold crude petroleum In
Lo wilerground reservelr rocks was esavanced along thres mein frents: {1) Experi-
mental gata were obtalned end reported on shserved zurlece phenomena al ihis sodtast
gurfoces or interfaces of Tlufds and sclida. In effect this 1s & specisl atudy of
permeabilizy relationshipa, {E} Swrfeec-astive ard fiim-Forming aubstancee were
rxtractes from erude petreleum. {(3) Interfacinl tensicn studles were made thl
involye obeervetlon cof phenomens at the contect swrfaces or interfaces of two
liguids or of e ligunid and gas. The combinetions of conditions are menifold, but
tae present work 1s restricted to the simpler caaes.

Pozinserins rasearch on 2econdary-recsrery »robleme 12 diversified so Far as
individusl problems ars concerned, indizeting atiscks on mumny Cronts, but in effect
they all group together, resardless of whers tlhey are studled. 1he object of the
froject is to chzaln more stock-tank pil from setripper fields by sclentifically
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plarnad and engineerad methodes of stimulation. ¥PFor example, ap irtenslve affort 13
being mada to apply tha dcisnce of pock phyeics to the shootiyag of oll and gas wells
wlth explaslves. Ancthsr important study 1o bhils grouwp poriedns to Lhe selective
plugeglne of strate In sir-ges injection wells ao that the ir)sction medixn will eater
thore parte of the mand hody conteining the most 01l and nst aypoaes thrveugh the more
perns=able etrata. Other saginsering ressarch lncludes: Gtudies of warys by which

211 walls muy be mede £5 flow on gas-injection projects - higaly impertent frem ths
visvwpoint of economlc operatior: stadles of dvdlling flulde for ceble-tool coring;
pemas ol Zocatling sbandoned wella, which In fiood mress cause logses of intescted watsor
ard conteninstion of trrash-water surplliee 1T not piugged properly; lovestigatloms of
water conditicning For injection purposes; determimation of the affects of dissolved
gaaes on <he corrosion =f metal Wy woter; otudies of the offest of hoot on ofl
TeCOvVeEry; researca on the possgibilitiss of heating oll sands by electromagnetic
radfatiom. Om2 wreblem dn this zroap that is helneg keld ln aeyarce, but on which
active work should start econ, iz tne wge of roedlsisctopes oe fracezs In water-
ripoding operstiouns. It iz hellsved thet this methoed affords an sccurate "tool” to
determira whers the injected flood water 12 going and how =ffectlws it 13 in fore-
‘ng oll to producsing welis,

The fourth and Finsel maia divigion in the secondery-recovery program includes
thoge problens reguiring specisl technigquee and Isboratery analyses. Thase are
wxanpl  Fied Ly core and water analyees, =lectrlec logging in the skallow fialds to
#ind the "tops” and "bottmme” of the "pay” formations whers well logs are missing
or unreliskie, elestrical anelogy flow studies, and the development of apecial
toole - such ss B emall-dianeser well calfber, Thie tozl 16 urgently reguired in
the Burean's gtudies of efficient rated of injecting water and in determining the
strata that shonld be ralactively plugged.

The wetroleun chemistry and refining program ke: bean directed toward ioproving
the utiliration potentisliziss of the so-cRlled marginel crude gils, aspecially
thooe 8o alacsod because of & high content of sulfur. [urlng the year thia work
hes been clpzely correlated with the Buredsuw's browder progeam ineludlng fhe
American Petrolewn Inetituse Research Prolect WHA, both of which ars designed to
furrish Tundamental data om the charaecteristics of tne sulfur ¢ompounds In petro-
ieurl. Supstantisl pregress wag mads 1o bhe work of delerminlng the characterdstice
af the suw Tfar--earing diatillates of 17 gelected orude sils, States from wihich
samples have baen cbtained so far are Arkanesss, Califarala, Colorado, Michigan,
Mississippl, Cklascma, and Tezss,

The groundwork haa heen 1aid for tha study of trarmael stebil1ty of distiltlates
and the thermel deconposition of sulfur compsunds. Gtuly of these closely related
prablems showld provids valusble information pertlmsnt to the desigro of eguiyment
and development of prosesses 1n which high-sulfur crade clls will be willlzed,

In 1949 the work in hoth fields has becoms hetter organized, snd the emphasls
on aoms of the problams has changed. Thiz hes resulted from more careful evalus-
tion of bhe need for and interest in wvarious peRrta of tne work program by industry
than could be otbtalned st the start, Through Informal digcussions wiltl: varlious
techitical groups, Individusls, and representatives of Iadustry, the Buresu tech-
nologlsts working on the aspignments feal that with zdnimim effort and delay they
have obbained a cross-sectional view of the efflcacy of the programe of sscondary
recovery and fa refining processes to mest present neesds and to bulld for the
fiture. Pwvery evidance points o ftha fact that the prehlems hmve been well-chiosen,
as their soclution zeems essential to the fuel scomony of the countrr.
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