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DR. AS}~0N: Good morning, gentlemen. By this time in the course, 
you have come• to realize, no doubt, that energy resources are ~nong the 
most potential factors that any nation has in economic mobilization or 
• economic warfare. Amon~ these ener~z resources, of cotu'se fuels ~re 
prob~oly the nest significant. We are very fort,~uate this morning in 
having with us a man who h~.s spent his entire life in the analysis an& 
development of fuels. 

You have ,oll seen Dr. Ficldnerls biogrcophy. I will not ~o into 
"ny det~.ils but will siz~oly mention, for yotu ~ remembr~:nco, the fact that 
he is a z~n of wide experience c~s ~ engineer, u~. edu~at0r, ~ud ~_u 
administrator. 

It is with a great deal o±' pleasure, therefore, tXPt ~,~e introduce 
to you this morning c_nd welcome again to the College Dr. Arno C. Ficldn6r, 
Chief of the Fuels on& Ekqolosives Division of the Bureau of ~Enss. 

DR...I~,'.D~-.R. Mr, 0h:~,irman, Gentlemen: The subject of fuels is 
~sn og:tremely interestin£ or.c a~d one thL~t is very important. The general 
public realizes this fact in the current shortage of fuels. :L few ye,~rs 
~.go when some of us c£qorossod concern about futtu'o supplies of some of 
oi~. minaral fuels, ospeci,,.ily the high'value liquid fuels such as gaso- 
line, we were G-rooted with consi&erc~blo skepticism by those who thought 
we would colways i~sve enough oil and gasoline /'or all possible needs. As 
c mattcr of fact, we thought wc would m,~ve~' enough for our lifetime c~nd 
perh~LDs for the next goncr~.tion. ?To asstumod that the tromo:'~dous dcm~.nd 
of the l~,.to war would f2D.l off after the war wo.s over. We er.tered the 
war with ~. capacity for producing petroleum of obout five miliio:~ b~'~rrcls 
~ dory. ~.fc were producing only four mil].ion bar-~'ols, but it w~s not 
difficult to oxp~:~d our production to meet the noe.ds. After the w~r it 
was tho~xht that the demand would drop back to cfoout four and a half 
million b~.rrcls ~. day, ~ut the public thought otherwise. After the 
wc.r, there wore groat increases in the number of trucks, buses, farm 
tractors, P~.d ~irplP.nos, an& those ircrcascs ,~.d&e& up to r, dom~.:~.d for 
gasoline that exceeded :'.!i cxpectr,.tions. Tl~cre also w~.s P,n unprecedented 
increase in domo.nd for houso-hco.tin:T 6ii, ~5ut the moans for oxp_.~r_ding 
the oil industry ,,.,ore not ,~.w-,il~>.blo; for cxamp!c, tho'l,~.rge quantities of 
stool required for drillir.g more ~,,ells, for building more rcfincries, c_nd 
for transportation by t:,.nkors, pipe linch, and trsa%sports~ .as m result, 
tho &emnnd for oil bocs~ae greater thc,n the qus.ntity th.9.t could bc 
sup:=:licd. It will t.~ko time for production to catch up with dom2r.d. 
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My subject to}~y does not dc~l s o  r~uch with our iumediatc fuel 
needs as it does ~ith our total fuel reserves a~;~_d the reserves of the 
gaited States in com~.o~risot~ with those of other com~tries of the ~orld. 
IncluCsd arc coal, lignite, oil sh[~tle, pctrolct~:~., oa~i nc~tural ~as. These 

co;~rise o~u" nincr,~,! fuels. 

Co~n~ersion of So lCd to LiNui£ or G~,seous Fuels 

Each of %Lest fuels h~s its prcfe~rod use, but th.cr~ are chemical 
methods for tr,..ns~o ...... m~ one form of fucl into another° If wc woru short 
o ~ gas, for inst:u~co, :~-c could m~d,~o .... s from co~%1 -~'~ from oil. As a 
n~;ttcr of £act, gas~s c~re so .,:,ado i:~ industry ~.n<~ have boca for years 
by the carbonization of coal :u:..& the gasification of coke by t.ao "water 

gas process" ?~atcr g:ts is cnrichcl with oil (a process of carburetion) 

to bring the ~'as up to the ~e~d .... ~" "~ • _ . . . . . .  ~mn~ value. Wc also can :~ke solid 

f~lol brlqucte from ,oil by certci~ ~_ cr,9.ckin~7 procc:~.scs which produce :t coke 

or carbon resi~u~n. P,~trolc,~. co]co c~,~-~ be used for fuel the sc_'.~c c~s 
cos, l co~<e. That b:~s bc,u'. ,!one for many years in refinery to,~m.s like 

~,~itin<~, l~<.l~u~.n.-- ~ "- Such solid fuel fron p:~trolcum is a "cy-oro,iuct~ an< 
or<iin~-~rily i~ is not econo:zic:.'~lly :lcsir~,ble to ~:,ckc ~,~oli~ fuels fro'~:~ 
pctrolc~,~m. On the other han'l, it is p:cactica! an(! dosir~,ble to ;~.ad<c ].i~uid 

~ aua gaseous fuels" ~" ' .... ._ . ._tom coal, and they ~,:ill be so an.do ~ the re!ntively 

nce,r future to .L .... ~ "~"" su~p,e.,~n~ dccl~ ..... ~ s~r,.~plics., of petroleum. 

~cscr;.ou_o~ of the V?rieus R~n~cs of Coal 

I ~:~il! shSw you :t ch2;~'t illustre:ting the relative reserves of the 
cliff croft L-in<s of fuel. Before i do theft, I s?~:.ll describe the different 
kinds o~ coal bec~.u;~e in this chart our reserves of coal ~;re given ~ 
.:.~_,~-re~:t v~rictics. These varieties ar0 ~ra&e~ .n,ccor&i:o_g to tae rat/: 
of ~:~'~ch kin& of coal in the geologic:'.l sce.lc of' development. 

Coal has its origin in buried anl metamorphosed vegetable ~atter 
acc~o~.~ul~teC in ~:.st gcologic~'l .'ges. Preliminary to tl,c ,ievclopmc.ut of 
coal is the form:~.tion of a peat swa~-~p. ?~cn pc:-~t is buried ~_:Icr 
~-~e'Sinur~ts to a rel~tive!y shallow depth without being subjectcd to great 
geological p~-oss~u~c, it is tr~'.r~sfor~e& to ~ rown c~'/[. Theft is the first 
stage in coal formation, it is ~, ~u~consoii¢~,tcd :~atcrial. Bro~m coal 
frequently is found in beds 30, 40 or b0 fact thick, buried ~&cr earth 
SO to 60 o'~" 80 fact in thichncss. Such shallow bc~\s ~a~c minc<l ~y open- 
cut mcthols. After the earth h~s bce~ rc::ovcd, the brown co~i~l is 
scooped ~ by scraper conveyers. That is do~e on a l:~rco scala in 
central @crmany, ~rown coal is the lowest rank of co~:,l. It is sfoout 
50 percent moisture ~s mined caqd, therefore, b--~s a low hcatin~ v~.lue, lass 
thc~n half that of our gee(\ bitt~L~inous cos~l. 2ro~a~ coal is nin~. by 
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,~:e.er<T, rour(! "~" :~ ~ . .... tno,.s ,Jrhon the over!vip.g cover is too thick for ccenomicel 

strip mininG'. 
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If ,% peat be<: is buried Acopor, if rocks form r,.bsve it, ._~%C if it 
is stVojocto~! to pressure, then it iv consoli.:iate& into c~ so].i~\ mz~.ss 
si:qilc, r to bit~.u~inous co~,l. Such consoli.!atoc! brc?m cos~l 'cv~iied ii,cr-itc 
iv the second ra,~c ~ ~, coal re-ernst ion. Lis~.itc is fo,~c~, in _,~,n~-parts of 
the world r, nc! occurs cxte::sivcly in the United St.p, tos r~zO, Crnac!%. It is 
ch~rr, ctcrizcd by h,~'~ving ,%bout 30 to 40 lo, ercent moisture as mine!, ~Ithough 
it appe:~,rs dry. its l-o,%ting value is about half t}',.~t of Po~:.::.syiv~qia 
or ~'~rcst Vircinic, bituminous coal, t}~ot is, from 6,000 tc ?,500 ~,t.u.'s 
pcr poxmd. It ,Aocs not store well n.or c~%n it be tr,~nsnorte~l -,vcr •long 
.!ists.ncos. The moisture Cvo.Tjor~tes when it is o~sseS to the wo:~.thor, 
c~.using the lignite to brc~l~ ~lo'~m c.~.cl slack into sn~,ll pieces. It must 
be store'& in ti~D_t silos or other con#.itions which will prevc.qt-or 
rotar~l the ovs, poration of the moisture. 

.S~fob i tw~ino~s C osl 

The next stGgo of coal fory:~%tion is cc.lleg~ subbituninous c(m~l. 
Sub'cittmni>ous Co~,l is bet~.~L~n the lignitic a...u~ a. the bit~,u~inous r~/:s of 
co¢,I. Like l_~,te, it contrins ~ .... ~.-' -~:~ -<ot ',:o co ...... ~or,~le L~oisturc but :.inch 
,%s lignite. The usus,l rc, n;se of moisture content is 18 to 28 percent 
moisture c~s mined. It c.ppears ,sry. Sub'_~itmuinous coal also ~,<~catb_ors 
:u~.d si:~.cks on exposure to the ~9.tnosi~,hore. T>e L:oist~c cones o_?f loss 

~'~@ic!ly t~..~, it doas fro~ ~:~:_~tc. It c.~. Do shippc:i so~.{cwhp, t longer 

dista.ncos th['~., ii~jnito, o,nd~it cs~t be stored if Cone with co, re to retard 
cvapor~tion~of noist~,L~c. It has & i-c:~ti>_g vr, luc of r,i.'out twO-tLir~_s that 
of goo~ bitu;:inous co,%i, i.e., about 7,500 to i1,700 ~.t.u,*s an ~ine~. 
it ~%oes ' not cok.a whet_, nc,.~tod ~sd neither li,;~.:itc nor stCo[~;itus.'inous cocl 
c~,n bo used for S~2cin-. coke. 

~i ttuminous Coal 

~he next hi,;her sta,,",o in r>~k is '.-:itv~..ino'c.s c,~al, £it[uwirous co~%1 
con]prises 60 percent of our ceo, l reserves. It is ,~ur o~c~l:",:',r~, soft coal. 
It foes not sl:?,ck ~,,hen exposccl to the wer~ther. ~}'.c moisture content is 
lower th,ru~ that of sul'bit~uinous cool ~nl li<;~%te, at_& r~,uScs from two 
-corcont to s~oout 15 p~rccnt :~s ;.:in,~d. The h-~ti'_,~g v:~luo is h~,:ncr omc~ 
i9. low-ash coals rsngcs from ok, out 13,000 to 14,000 ~.t.u.~s. Of course, 
~sit'~minbus co~'l with :,, hi(~h ~.sh contempt ]:c,~. a pro.?ortionr,!l~:- lo',:er 
h.sht ing v~.luo. 

Most bit,m~inous co~.%ls, when hc,~tecl in ~ closc:I vessel, ¢:ivc off ~7~s, 
, ~ leave ~ehind c.. coherent coliulni- n:.ss known c.s li-Tht oils ~u~d t ..... , ~ 
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coke. Coke is very i::portc, nt in our in~.ustrial ~n& w~,r  cconor'.y because 
it is ~tcccssc2y for making pig iron in the ~:lcst furn~tco. Not ~,ll thc 
coc, ls tLt¢,t coke arc suit:?olc for ra:~kinc mctcllurgical coke. The coke 
from woodsy coking coc,ls is not strong e~=ouL'h to withst~,ng the c.ttrition 
th~;,t t~os place ,.~,hile 2assini~ ~J.ow~. the bl~,st furnace c:=& rubbir_~ ~,,;~.inst 
the iron ore ~-¢~ li-uesto.-.~.o. Also, sor:o coc, ls .... *~"- . . . .  c~::.:,>..x,, t o o  n u c h  ~ , s h  =,r t o o  

r::uch su£fur. Hi~fn sulftu" content is ,~-~.csiro~:ic ~.~occ~se the sulfur gets 
into the iron ~ngx iowcrs its qu~,lity. H!~ll c, sh content i.,~cro'~sos pro0.uc- 
tion costs bec.?,usc it results in a ir,,rjer slag voltuao to be hrndio@, in the 
2~last fume, co. Therefore, in consiiorinc :~ur ~'osorvcs of cokin I co:~l, ice 
c, re po, rticui~,rly conce~z',c& ~:,'ith those th~,t are of goo~ onouch quo, lity to 
use for the 2ro~:~ction of "clast-furn:tce coke. 

Bit','~.i~:ous coo~is arc divi£ctJ into hiZh-, nc&itun-, ~:.~i lo~r volatile 
cools. The hish-voL-,,tilo coals have c/oout 30 to 40 percent .volatile 
m~tter. (Vole tile matter consists of the :ic, soous ~n< liqui& n~tter that 
is circa off when the co:,l is h~atcd in ~, close<! vessel,) The nediu~- 
volatile co2Xs contain from c?oout. 22 to 30 ~ercc=t vol<),tile n~,tter; ~.d 
the lo:,r-volr, tilo bit~uinous coals cor.t~.ir from ~)cut 14 to 22 porce~t 
vol,?.t ile matter. 

The low-ve!~,tilc bituminous c~;~,].s r,rc the most vr,!u.c~ic ce~,Is that 
we have in this couttr~r. Beet, use of their low ~oroo!=t~,f~c of volatile 
z~.attcr, the? proluco very little smoke :/~[I o~ro c,~.llo< sc::isr:.okcloss/ ~is 
n rcsu!t, they arc in ,),c[!e~%g. for h¢,,tse,hcc, tin@~ purl~osos an0. as in4.ustrial 
fuel in cities tb~";t h:tvo so~.,o~:,dlat drastic smoko-o,batomcr.t ordinances. 
Also, the iow-vol:~,,tile coals h,~,vo very favoral~Ic cokin~; pro~2ortios, 'They 
c.rc not usol o,s cc]<inc coals by themselves, ]]ut -,¢hon 2,lon<s of 20 or 30 
pore:in% of 19w-voiatilo coals c,n'~l 70 or 50 i~orccn% ?,f hich-voio, tilo cools 
are use&, a blast-furr.nco coke is obt~ine@, which-is strong c~:d rosist~ut 
to ~orasion~ L.ost of the not~,ilur~icc, l coke n~.ic i : :  t.~e Unite'd States is 
2rof, uce& from ~olon<s of 70 to 80 percent of hi(5%-volc, ti!c ~.~it~nqinous coal 
:ut{~ 20 to 30 ~tcrccnt of l:~:¢-volntilc ~citt~.~inous cc:~,l. There is c, conflic 
of _~.oua:=,l for the low-volc,0ilc Lit'cu:!inous co~,.ls :',],'ising from those usos~ 
From the point of view of :.~.i!itar? security, it '~,~"os nccossc, ry ¢~uring; the 
war to ~]ivo i~riority to %hd use of low-vol:,tilc ~,itur:inous co:'~Is for 
n,~/~in~ L',-oto,!!urcic[~l coke. Coke was very in oort::~,,t in [_:aint~:~ining the 
req:aize& !T,:,~ucti,~ll of steel. 

The reserves cf I, "..:-vo].!',~llc ~,:,itui~ir.o~is coo,], arc rclativcl2/ small-- 
only 2.2 i~orcent of the totc,l coal reserves. The ~rinci!~:,,l reserves core 
fotu%& i~ tile Poccilont[..s ca& iqcw River ficl:Ls of ',.:,~ost Virgini~. ~tn< in 
control Pc ..... sy_v,~.~,. S ...... ~ re.serves occ~" in A-,'ho~nsas nn~, 0klahona. 

~;%_cn low in c, sh, low-vel:',tilc bit-~ninous coc, l hc, s c, ~'r~ hitch hcati.~ 
v?,iuo--i4,000 B.t.ll..Is the hi;;host h~,',,tin~ value -oer polL~.,~ of ~,:;'.y =,f ,-Jut 
c3c,ls. 
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~h~thracitic Coal 

After ~,-o p,4ss the lo~:~-v:~l,~.tilo c~o,ls, w.o co~..o tAc hi:~hcst 
. . . .  ~. ~:_~, ~c~. ~Ic co~is. rnrf<ing ,~rou~, fro~:: m (-oolo¢:ios.l point of view, the ~n~"~ : ~" 

Those arc con_nrise~, of soL~ie,nthracite, true c.nthracito, onq,% moltc~- 
sr~t.~_r~cito. For :tll l m:-ctlcal purposes, this grou" 2 nc~y be roforro~, to 
e.s ,~.tlu'.4cito, and princips.lly Po:~nsylwm.is s;~.tlu-acito. 

~Luthr~cite h,o,s froze, two to eight percent Vole, tile =~.uttcr. ~t burns 
without smoke. It is herd Kuu:!rosistant to rfors.sion m~. n~IK:cS ~ oxcel- 
le=~t ioncstic fucl, if the ~sh'is n~t Oxccsziv61y hich. UnfoZtt~Lqtcly, 
c,uthr~tcite froouc~-:tly~ is associate-< with here c, sh-fo;-ning natcri~'.l ~n,,m 
is f :;tun< i~% r::~.u~: bittu.:inous co:,.is. 

Sonianthrscito is o. tr::~.siticn~ co..',,l Letwoon l'>w-vo!ntilo bittu~inous 
co:-~l :';%,1! ?_nt.hr,[:.oito. " It [.~.ny ~,ro~uco just n trace of s~uoke on ignition, 
~.n.C. iztstc~,¢! qf buz'~ilc ~Ith c. ~.'luo flo-'ne, ns ~.oc~ t.nthro.cito, it st[~.rts 
with ,~ ltu.~.~ .... s fl ...... . It o sntalns about 8 to 14 ~:,orcont volatil0 =,~tter. 
Sugh c~Cls are! fou:sd in Vir.,,inia, F onnsylv[,llin, m.d., Arks.nsas. ~ 

• o • • 

TSL'Io i 'shows the cle, ssific,%'ticl~ of 2u~.oric~n'~ coals b? r,%~o :l/ 

The i[r~.tional Fucl iqo~orvos 

.In ~.iscussin?, our reserves, I s!-nll refer t~" four br.:Mc~, cl:'~ssos: the 
,.~ the anth~'~.citic co~.Is, the bittu.~.inous co~is, "~ ~.o. 

].igu%ft ic .Co~fLs. 

Fi,g~o i is n :Tra~l:ic:.l presm~t:~,tion of the f~etional fuel roser~os 
as of 1 JcmA~n.'-~ , 1946. The var'{ous ninoral fuels, [s,~lid, liq-~i,% ~.n~l'gas~'ous, 
~,'ore calcu!~,toC', to the equivalent t~.:.'s <:f IZ,000 ~, t.u. c(m.l. " The, t is:, 
~m.owing the he~t~.n,~ v~.luos of oil, ~:~s, rz~.C, the v~,rims r;Ln}[s of coo, l, 
cnlmC, at!ons wore r n<e on the basis of their ee~5~ivalc=:ts ~o 13,000 ~.t.u. 
coal, ~rhich represents the avorn~o ~)f ou~- bitu~.incus coclS in he.ating 
v,~luo. -~horoforo, the ~ree, s on t'.",e Crnl~h .-.re ~iroctly oo..~par:~31o. The 
~ir~-qoh is p!ottocl se that e~ch -'no of the s..n::~,ll squ.?~ros represents two 
billion tc-',s Of I{'~,000 .B.t.u. coal. 

t~colo, ic~ lly rLf~rr: cl ant! Rocovor?.blo w.~l Reserves 

O~r total coal i'osorvcs in teens of ~,~ct'~?~l toi~m:.Co have boon estina.tod 
by the Fe(loral Godlocic~l Survey (these c]:o /~oologice~lly inforro(l estimates 
~nd by no :~o~us prcvoC~ rcsc~Tvos) c,t c bout 3.~ tr~ll.~L ~ .... s. ,~hon th:~t 
amotu~t is cc~lculated to ~n ccf~ivmlo:=t of 13,000 5. t.u. co:~.l, it cones ~lown 

7"_zol~.~e~,-~ A. C., Solvi~, ~:~. ;~., .... ~ .' }'l'o&oric, ?~. H., Cl~ssification 
]-.r..~. Chc, rt of Tyl:ical Co~Is of the U.=~tc(. Stc.tos: 

of Invosti~!~atioLs 3296R, 1939, )~p. 3-4. 
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Legend: F. C. - Fixud carbon• 

Tablu .i.--Classificotion of coals by r~nk 
V.}:'. - Volatile matter B.t.u. = British thermal units. 

Class 

I. Anthr::;citic., 

,'Fi] 

i: 3 
f~ 

. . . . .  ~! 

g. ' :  " : [ :  "11 

r~.~.:/, ' 

12 - ',', 

t l  

~ ° 

;:gi~ 

•-.h..-./.- ~ 

O~ 

Bit~'~nous2_/ 

III. 

IV. 

Subbituminous ~ :2. 

3. 

I. 
Li~nitic... ;. : 2. 

..... Limits of fixud carbon on B.t•u., 
Grouo : mineral-mr ttcr-free basis 

[u ,~-an ~ra e .... .......•..•. , ~. ., ~o porcont or more 
(dry V. M., 2 percent or less 

Ory 92 - ~ "- ~ ~ - ~ . ,  F• C., pcrc~n~ or more and 
~. l e s s  th.:.;n 98 p c r c o n t  ( d r y  V. ~i . ,  

8 n e r c ' ~ n t  o r  l e s s  ~.nd m o r e  t h a n  
2 percent ) .  

• 3. Somianthracitc ..... ; ........... Dr~ F. C.~ 86 percent or more nnd 
:less than 92 percent (dry V. ~[• 
14 percent or less and more th:m 
18 percent ) 

i. Low-volatile bituminous co~.l iD~ F. C., 78 percent or more and 
• less than 86 percent (dry V. :~ 
22 percent or less ,~_nd more th,~n 

14 percent). 
" - ~' "" 6 9  . . . . . . .  + and 2. iedim~-voi'~til~ bitm~.inous co~.l ,,~'r?, . .~o, ~ . ~  Or more 
,less than 78 percent (dry Vj~L., 
i31 percent or less and more thrm 
.22 percent). 

n ~ . ~,~ ~ C less than 69 percent 3. High-vola%ile A bitm'~inous ~o._i D~ ~• ., 
kdry V.L[., more ~h~m 31 percent) ; 
and moist~/ B.t.u.,L_/ 14,000 or 

! 21ore. 
'~" ~ ~" 13,000 or more and ,i+. liigh-volatilo B bitumin$us coali~,~so~/ B.t°u., 

less th:~n~ / 14,O00. 
5• High-volatile C bituminous coali~ist S.tou., Ii,000 or more and 

':~ ~ less t, han~. /  13,000. 
:Subbitw.~inous A coal . :i:bist B.t.u., ii,000 or more and 

o •  • • • o e  e e •  1 

, icss than~ / 13,o~0. 
Subbitm~inous B coal ........... : Moist Bot.U., 9.500 or more and 

!loss th::n~ !l,O00. 
:Subbituminous C coal .......... .il~ioist S.t.u., 8,300 or more ~nd 

loss than~ / 9,500. 
• B I th S 300 Lignite ......................... idoist . t. u., ess -.n , • 

' ~oo )Drown conl ..................... i/oist B.t.u., loss than 8, • 

Requisite physical 
l~ro.~ ~ tl~s 

~,~onagglomerat mngl/ 

Either agglomerating 
or nonwoathoring~/ 
Both weathering and 
nonagglomerating 

Consolidated 
Unconsolidated 

,j 

. i  

-r:::--. : "  ": 

, . \  .,.,, 



<r>' 

[~ ', !] 

i_/ If agglomerating, classify in lo~-volatii~ group of the bituminous class. 
~/ P~ndJng the r~port of ~e Subco}m~itteo on Origin and Composition ~nd [{ethods of 

Analysis, it is r~coglmized that there m -~~ bc noncaking varieties in ec~ch group 
of the bituminous class. 

~/ ~{oist B.t.u. refers to coal cont~inln~ its natu~4~l bed moisture but not including 
visible wat~r on the surf~c~ of the o'~. C ~ . 

~/ Co~.!s h~ving 69 percent or more fixed csrbon on the dry, mim~rai-matttr-free basis 
shall be cl~ssified according to fished c~rbon, reg~.rdL~ss of B.t.u. 

~/ 'ihero ~re three v~rieties of cecil in ti~e high-voi~,til~ ~ '~ 'omt~m~nous" , " coal• group~ 
namely, vari ty i, agglomerating and nonweathering; vsriety 2, agglom~r~tLng and 
w< ath~ ring; .... " ..... • ~r~,~t~ 3, nonagglomerating and nom~cathering. 

• i ,/ 

.k 

f' - <•i! 
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to about 2.5 trillion tons. That total is su<<:,~vz.~w,~ ~os follows: -he 

li~.ite, the lo%.,~ost - " . . . . .  uo~..s of rc,,~., of conl, is oq'aiv:.,Icnt to ,:~,= ~)illion ~ ~ 

Uituminous coal; the s'~fobitvc~inous coal cc.!cul~,t~s tc ~2:.out 600 billion 

tJn.~; the hi7h-vc!n, tilo i:it~u:~inous co~,l, which inc!uCcs o~" oo].:in{~ coals, 

I,,YD5 ]:illion tons; the Iow-volc, til3 !:it~wninous cools, which arc very 
.,il~zc,_. tc~s. This ..... o . . . .  t valuable iy. ::.~kinc; mc, tall~Lr~Tic~,l coke, 57 ~" ~''~ "' ..... 

co.~-~riscs t,~tly C, v(~ry s:lall ~ "  " " ' "  . . . . . . .  ~ '-'- " , ~ - ' " o  sq t l~ , , ro  of }it~,~.:'-nous 

coal. It is our :.=ost ~,~i ...... .lu con,l at.& v=fort,,uv~tcly it will "oe ex- 

!-~.au,~tac1 ~-,. '~.t~n e . . . . .  u,.,Lr~,.A y e a r s .  T h e  o r i . : i n , ' . i  o n t : ' ; r n c ~ t o  r e s e r v e  i s  50  

...... c o ~ , t  e:,i~c,~'~'~stod; 15 b i i i i o r , ~  t o n s  rL~:'..m,i~., 

,. ~,_.;t there encu:h oil sh:-,Io in the Goolo~:,ists h n v e  c s t i r ' n t c i  ~'~" is 
-, ~ + ~, calcr~atos U_~_~ ~eA St~,tcs to "D:-'o,%uco 9~ !~il!ion ....... r.~ul~, of oil ~ ..... 

over to SI billion tons of Io,~00 ~.t.u. co%1. 

The -fetroler~m reserves, a.s of I Janu~ry 19&6, wore equivn.lcnt to 

- i . 5  ~illion tons of co~l a n &  n:~.tttr~'l Ue.s, 5 . 4 :  i,i!iic'~ to::S. 

~..~ ~ a fc~ir -,rcsor_tatior_ o ~ ov~ tTucl reserves However, this FL.~c I is '~ 
"ccc~Atse tl-c ~?.t~u-r-1 ~-~.;~ and th.," ~o~I ,].ou.; reserves acre c~r,,,ss~ in terns 

of ~;rovc,l an& recovcra::.Ic oil a.n.i ~.;n.s, .~..,,~c ~s,,~., ..... ~s are revise& 

anmuGly '~y., the ~o~,-_~t~ ~ ...... "~ on Petrolc'w.: Aosc'~vcs of the &<:cricc~. Pctroleu_m 

c~.~...~t~u~ .of ~~coi:)Tists ~,~_,Icr t]!c si~onsorshii_, Institute, a:v.:- ~- si'.,ill~r .... " ..... 
~f the ~crican Gas z, ssociatiom° ~;.: ostimt,,tes c,rc :~ascd or: ..!r ill i~:< s~& 

proCuctio~ ,k,ta fron the variuus c<~:O~,nios a:.A fro::: C..:.vcrnmcntn, l a,c;ancics. 

Much more oil ~~& G~s reserves will Lc discov~re&, iZo rclic2:,la estimates 
"" t~_o can ~,.c [~de ~,_,~" the ~otcz'~tial c,mouizt cf oil ~u~d Cos in the- ocrth z~ 

cs.~rth !~c,s zL}t !~ecn -,.enotv?.teQ with ' ~ ~ " ~~ 
cne:~[%o~, oressuro arc [!ot gtv.?~ilK;,ic to ~-~I~'~.~ tLlo :%[qouzlt of oil ~-r 

das in a 2ool. On t,~ other x .... d, ,-~eo!o:<zsts c:~-,n i-lot .... ~tcr~,.s of coc.l 

an& c_ny ~.vo.~la.o±c f r i l l  c o r e s  an&,  *"rcr:. t h e  C.un~r~..± ~ooi%<7f o f  ~ . . . u ~ e ~ . . ,  
m~e c~',Icul:~tions qs to the r.~mb,ar of to.us of co, c,1 in th:-.t rc~ion. Thc, t 

wc, s ",'.one for th,~__~ U, S. Gc~,lo."icp~, Survey "-',,b. ~'~. -~. umq~f ~I, : ..... v~.~t'&,l±d 

devoted his life to th~ suu,.~, ,'3.~ cor, l ~ .;serves. =~,Is f~rst cstinato wc, s 

2u~.,,~_u~,~ ~" ~'~-'-~ ~,_., lg12 c~<L ,._:~-~ s last csti.~zto it. 19,%6. The Sv~vc ~'_.. o ..... ~,~s mc,&o 

some furt!-cr rcvisi;:..s a~_(, I have useri tn:~ t?~:Ic "ivc;q : .... Dr. !:.,h'n.thcr, 

~,:_o Director ~f the Survey, n t the S~.,,~,_,.,,.~.c Liqui£ Fv.cls H<,~,~,rinf; in igJ:S. 

~O;J.e COOl "::~nln~ ~~,"'~ ..... ~ .r- ~'" , ...... • " ~ , :  ....... .,,c ~ ~.~z~J,'. t h c , t  t h c T ;  a r e  t o o  o p t i m i s t i c  , o ,~,~ t h e r e  

=' ~ " " S o  a r e  i~.<!icqti::c.~,s un,'..u ~: -o , ,  ~,ro .o~ the h i : ' h  s z q c .  ,,.'e m u s t  ~>_ot nl~,ce too 

:rach confi..ionce ,In t ..... ,~ estimates :f ceolo~TicnD_ly infcrrc~\ rcscrvos 

They refer t )  c o a l  ~'," the .~"~'",';~,"~' . . . . . .  ,ec , . , , .c ._  . . . . .  ~ coal. Thc Unite& ...... ~ ,. ........ , .,~ .... .%.',Jr . . . .  . .~ ~ ,,-. ~ ,~ 

i~:;. 1923 estimate.\ thrt for the United States ~',s c, whole the n, vorq-;o loss 
• ~ ~ - ' ~  • t ~ . , ~ - + " ' . ~ : ' s  ,.)]~ tz!~, - . ' o s d r v o s  w e r e  i n  rz i r . i := ,C coal w a s  : ~  c u t  o n u  . . . .  1.:. d ,  o n l y  . . . . . . . . .  ' ~. 

.-- • n. ~ 4~q r e c o v e r e d .  Co- ~q ~-s l o f t  ~.,,h .... c~ i n  < . i ! l a r s ,  ~-nL s,or, o of t h e  : : o & s  a r e  t o o  

~ , - ,  o r .  ~ ' - - O S  ~.~O(!Orll thir. to justify "D.'v='iIqc %t i~resont i,~y costs., ~' .... ~ ~ sos iz: 
~ ~, ,:,o :uoro or less ths,n in 19~3. A naticn-wida stuC~y mochnz.ize& mines .~,, 

"*" this su]~jcCt ~hov~Ld-O me, do. The " ~ -" c:;ar~, in ±~ ~l~o I, Sots not ~!iow 

for the nit_it=;; losses. 

"'4 ~ *"-- ," --": ~"~... ~. -.~r~, 7 .... ~--2"X~ [: .~. \ ~ I t - "  ~c '-~'~ C.~ ",~ , r  ~r.- , .., 
. \ \  I I  t .  ~ : I ~'- I I \ ~  ~ , I '  I -<' 



~:e c.rr4:.h , in Fi.,Tar<; 2, shows rccovcrr,L!c c?~:l assuming; '30 /,,orccct 
recovery. ,<ccovcry ws, s z'o&ucc& from 65 l:crccnt to ~C l~urccnt as 
p r  o~,s /e ly  ~ ' " "  . . . .  ~,~,z=.:~ : l o r e  ruo~iistic " u l ~  .,,~,...,_..;-', s. : ; : :o ,..1.:..:,;~'.r_co for irrecovore, blo 
thin so,m~.s th~:t :m.y  he, re ~oon inclu&cd i : :  the ,'o(;io,::ic~! csti:'i~'~to. ,Each 
of the s:n<:ll squo:ccs of Fi ,~Lro S roL<rcsc:tts +.',ie ~illi<~n tots instoai of 
two billion tons of :..'cs~rve° 

The ,:r~q:h ~,~ . . . . . .  Fi{~T..re i represents r~survcs :'.so~_ I ~,_._-tD,rj 19'.::6 ; 
r ~ "," . . . . .  , ' , i t . i  r< i - ,  . o r  t o  cori, Fi;~tre 2 a-:,resents reserves as { ; f  i J~,~u .... y 1947. '~" " 

the recovera!)lo v:'.luos cf _'~i,:-ure.. ~ ~' r re o_~o-~.,~f~ ~ ~ .... the v~,lut:s .-iv ~,. ~,, in" 

±.y_ro i. Tho oil c:~& .:,':.s ro,~crvos in ".ooth fi{:uz'cs rcl, rcs<~:.~ recovcrc.);Io 

vP, luo s. 

The l-~ctr:.,lo'~L':] ::-,r~:.l,h i~.! Fis'~tro 2 represents y.r:-ved reserves ,~f 21 
Liliio_.: "~s;".'ois cf crude -,.-,etrole,~n:~, the eostivo, l~.t of ,..8 ",:;i!!ion t:.'.ns 

of coal. 

Provo,l ::ntur:~l .,",T,s reserves incrc,~.soA fr,~.u 135 trillion cu.ft, on 

I J ..... t,,,r:, !~-:~,, to 16C t:~illicn cv,.. ft. on I ~,.T'u~ .... ~,:,_, .... 19.L~7. !n terns ,of 

13,000 D.t,'a. cot2, the increase w,,.s from 5.2 to 6.2 billi:'n, tots. 

Or: an  ~nu .... ..... ,'%~ basis, coal ms.& ~,"~t¢ ...... c,,',nstitute 97.5 i~orccnt of the 
,:~,ti~nr.l :-~!:.]cr~:~l fiv,.cl reserves. (S~:', T~.L!c 2.) :=:,.~wev:r, wc ~J.~st ko:r,2 it, 
i:]iz-d th~,t this so-calle& rec.w'r:~'Ic reserve ~m'" <:e t: , l,,"~r~o. It is 

b : ~ s c , /  o.~_ c, .,':'co], ...~ ~ c ~ l l v , _  . .  ~ '.,.~.,. ...... u,,",~.-.~cl u s t : U r n . t o  : : , "&c  2 0  t o  3,3 y . c a r s  a . : o .  T h e  
~ ; c s t  t . :ay t o  & c t c r : . n i : z o  r o r . s o ] = e . ' . ~ l y  c o r r e c t  r~;sc '~ 'v , : ;#  is t : ,  c ~ r . & u c t  P. c o r o -  

&riliin~7 l:~ro:zr.~u ".n ro,;icr,.s whore t]Lorm c,rc ~ D.o "liltoS, The ~ret~%o~% lo, ck 
~ ....... ;n thiclcacss s,n& n.rc~L ~f co':l .~o&s is in the ',#cstorn ~.:,,.t.,es. It 
i s  l ~ r o b p . e l e  t h :~ , t  o~E- 2~', . . . . . . . . . . .  ( ' e ~ t  ....... ' ~ 1  r e s e r v e  o s t i : . . e . t c s  w i l l  ~'~.. r , . v i n e d .  &o,.,n~- 
w r . r d  ~.s : : o r e  e x : . : l u r ~ t o r y  , l : ' . t ~  1 ; c c o m c  e . : . ; r ' i l ' ; , ~ I c ,  The D o t : c n l e , , z n  ~,l._d nat~_r~tl 
Cc.s e s t i m a t e s  a r c  ~ ; a s c . i  ,-<: l . r : ; v c d  :,.':~.. r c c o , ' c r a b l o  , : : . i l  " . i .A  c a m .  ~.n~ . . . . .  
l o ~ : :  ,~..=~ -~ ~ , % ~ t r ~ L l  ,.-:c.s r e s e r v e s  t , ; i ] . i  . : o  i n c r o o . s i r < - : ,  ',<,,._~_:'~ . . . . . .  ~,..~ t h e  c s t i : n o ,  t o d  

cop .1  . .~ ( ,~ .~ ,  . . . . . . . .  ~ , ; i l ] .  pro,>::~ly be,. &ccro~~se&. 

.~,t_q o,f  ,-~rv.~. . . . .  A,.,,,~ oz, z~..~:~o ! 9 , ' - 6 ~ . P r o d u c t i o n  

Tho r'~',ti ef rosorvos to r:mLual cor.sm:v)tion_ is interos ~-'~L<,~ "~oco.uso 
. . . .  t ~ .... ~-1--,'^ 7 Of .... ~_. its .:,c~,.-'-:..] o'r. t:-o lifo "~ ..... ~ ,,~"~" 

Tp,l~lo ~ ":'ivcs much ratios for tho v',rious fuels ci-._ the br, sis of mn r . s s t ~ / , o &  

~nual _,reduction ,~.... re .... ~.,~tl,_, that of 19.L-6. T ~'-~.~ i)rcsc:~tly :,~ ..... o ~(,~ 
reserves of cru(l~ - - , - ~ "  , m - ,  .,:::.- :qr.,tur~,l ,U:;s .'± .... the osti_.natc& rccovcre?alc 
oil fret oil mL_,a!o woul& bc sr~fficicnt to mul,L:.ly }resent rate,-, of ~ro&uction 
o f  n . ~ . t u r ~ l  . ' :ca -;:.<-' ~ . , . o t r o l o ' ~ v .  f o r  ~.. - . c r i c ~  o f  58, .. . . . . . . .  . a ~ .  ~ s ~ : . . ~ , : ^  --" . . . . . . . .  ._ t n ~ t  

from then on no :.~oro cas or oil is &iscovcrod ('...r:-ici,_ is not true; ::ore 

will ?;e &iscovcrc,!) ~z'_d that t]-c ann~,u,~l consu:~.]:tio: ". cf oil ,,.:-~,!. <:as remain 
t h e  s a n e  l ~ u t  t h r ,  t t~_o~;',-, ' , , , ' i l l  ..... D r o & u c c i  - - = ~ " t h . ' t "  • " - ' "  " . . . .  . . . . . . .  zco,._.±~ fro,u the est_i:::~,to& 

.~e, then o u r  co:,,l rescrvc,~ wo'c_l:~, l".st r]~out 

7 , ! 0  y e a r s .  A ~-c~, . . . .  ~ .~v:c, .T o s t i n ' ~ ? . t o d  t h a t  o u r  c o t 2  r e s e r v e s  w : ~ r c  ~:~c.~.le 
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RESTRICTED ,~. .;-D ~' .: 

2,4 oo V//Z//~//X//~///;///Z////Y//X~ 
~ / / / ~ ~ ~ g  n ,te ~ / / ~ ~ / / ~ ~ / ~  
IS / / , / ,~ / / / / /~  / 484 billion tons ~ / ' / ~ / / / ~ / / ~  
V//X///X///Y///;///////Z///X///XA 

' ~ .~"~"~Subbituminous co~ ~ . ~ " ~ x ' ~  
~.~~"x.",~"~ 598 billion tons X"~\"~,. \"~xi 

I - -  

m 
u. 1,200 
0 
Z 

I 
~o 900 ~ H ! g h - v o l a t i l e . b ! t u m i n o u s ^ ~  

600 

300 

0 

Fi OU re 

Natural gas 
5.4 billion tons 

96 Petroleum 
4.5 billion tons 

=4 t 

ot 
ol 

1 

Shale oil 
21 billion tons 

Anthracite 
15 billion tons 

.--Estimated mineral fuel resources of the 
of January I, 1946, and expressed in 
of bituminous coal of 13.000 B.t .u. per lb. 
value. Medium volat i le  bituminous coal is 
between high and low vo la t i le  coal. 

(I small square . 2  b i l l ion  tons.) 

United States as 
equivalent tons 

ca lo r i f i c  
distr ibuted 

Low-volatile 
bituminous coal 
57 billion tons 

~G 

FIGURE i. 
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Natural gas 
6.2 billion tons 

Petroleum 
4.8 billion tons 

1200 Shale oil. 
21 billion tons 

1050 

Z 
C) 
F- 
F-- 

Z 
le- 
O 
o') 
Z 
0 
,,_.I 
J 
cc3 

900 

F i g u r e  

750 

600 

450 

300 

150 

0 

Anthracite 
7.5 billion tons 

5 ~ . )  0 

Low-volatile 
bituminous coal 
28 billion tons 

4- /  
3O 

. ~ E s t i m a t e d  r e c o v e r a b l e  m i n e r a l  f u e l  r e s e r v e s  o f  t h e  U n i t e d  S t a t e s  
a s  o f  J a n u a r y  1,  1947 .  

A l l  f u e l s  e x p r e s s e d  i n  e q u i v a l e n t  t o n s  o f  b i t u m i n o u s  c o a l  o f  
1 3 , 0 0 0  B . t . u .  p e r  l b .  c a l o r i f i c  v a l u e .  M e d i u m - v o l a t i l e  
b i t u m i n o u s  c o a l  I s  d i s t r i b u t e d  b e t w e e n  h t E h -  a n d  l o w - v o l a t i l e  
c o a l .  (1 s m a l l  s q u a r e  e q u a l s  1 b i l l i o n  t o n s . )  

FIGO~E 2. 
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iaD±e 2.--ssD~nazea 5ecoverao±e..~,~lnera±-rue± neserves 
of the United Statesl_/ 

Description 

1 

Reserve 
1 Jan. 
19A7 

2 

Assumed ~uivalent Billions o#]Net Tons, 
AnnUal Bituminous Coal, 13,000 B.t.u. ~ Reserve 
Produc- m oerlb. Calorific Value 2/__ ~ Divided by 
tion Reserve Perccnt of Ass~.ed Annual 

• 1Jan. Total Fuel "Annual Production 
19~7 Reserves Producti0n 

3 ' 4 5 
1 

6 7 

..,~ }} 
!f-,h~ 

q 

. . . .  fi 

ii u !i 

0 

Anthracite, billions of 
~t tons .....* ....... 

Low-volatile bit~Knous 
coal., billions of net 
to~s~/ ................. 
High-volatile bituminous 
coal, billions of net 
tons'.~ ! ................ . 
SubbiU~minous coal, bil- 
lions of net tons ...... 
Lignite, billions of net 

TOTAL, all rari<s of 
co~l~ billions of 
net Lons........,.. 

Petroleum, billions 
of bbl.~/ ............. 

O i l  ~" . . . . .  ~,~ oil -~"- 
b i l l i o n s  of. b b !  . . . . . .  

,Natural gas trillions 
of CU. ~.~/ 

7 . 5  

26- 

0 . 0 6 0  7,3 

0.i 5 2a 

675 0.4671 70i 

409 0.03_4 299 

470 0.004 242 

0.6 

2.1 

53.5 

22.8 

18.5 

•0.059 

0.124 

0,485 

0.0i0 

0.002 

124 

226 

i445 

1587.5 0.660 !277 97.5 0.680 1878 

20.9 

92 

160 

1.73 

~1.73 

~.i ' 

4.82 O.4 O. 399 12.1 

: 21:2. 

~.15 

] - . . ~ 6  

0 . 5  

f / o .  

o.157 

53.1 

39.2 

TOTAL, all fuels,... •1309 1.236 6_/1059 

i/ R~coverable coal reserves are one-half of the coal reserves estimated by the U. S. Ge01ogical 
Survey and given by W. E. Wrath,r, Director, at S~thetic Liquid Fuels H~aring in 1943 and 

i 

i 



u 

;~ 

i i 

r .--2 " -  ' : "  

• corrected for production to i Jan. 1947. MinLmm~ thic~ess of beds included in the Geological 
Survey estLmate is 14 inches for bit~Linous and anthracitic coals~ 2 ft. for subbit~inous coal 
and 3 ft. for lignite. Beds are included to a dGpth of 3,000 ft. below the surfacc. 

2/ Heating values used in conversion; anthracite, 12~700 B.t.u. per lb.; low-volatile bituminous 
coal, 14,000 B.t.u. per lb.; high-volatile bitm~inous coal, 13,500 B.t.u. per lb.; subbitu~nous 

"~" " " 700 B.t.u. per ib ; crud~ p~trol~a, 6~OO0,000 B.t~u. per bbl.; coal, 9,500 B.t.u. per lb.; ~1,on]te,, o, 
natural gas, i,000 B.t.u. p:r cu. ft. 

~/ Includes som~ medium-volatile coal. 
~/ Proved reserves only. 

Not included in the total. 
6~ Assm~ing that one-half ton i),O00 B.t.u. coal is recu'rod produce to one bbl. oil ~nd ~ ~t one- 

fifteenth'ton i3,000 B.t.u. coal is required to produce 1,000 cu. ft. of i,O00 B.t.u. gas, then 
to supply a current annual production of 1.73 billion bbl. crude petroleum and A.l trillion cu. 
ft. natural gas will requir,~ the conversio~ respectively of 865~and 273 m~llion tons or a total 

o£. i,~ mi.ili~ns tons of 13,000 B.t.u. bitt~ainous coal. 

m_~Imon tons of coal now produced p~r year would raise ~ho total This ~,_mom~t add<,d to the 680 ~ ~ "" 
oroduction of equivalent 15,000 B.t.u. coal roauired per year t~ produce all of the current 
consumption of, gaseous, liquid and solid fuels from 680 to i~818 million tons per year--nearly 

tJzaes the present production. 

--o.3~9 ÷ 0.157 - 5?.6 
in round numbers~ 58 years is the lifo of oil, oil shale, and natural gas reserves as 

sotmccs of the asstt.~ed amnual productiqn of oil ~.d ~as, ~Jven in the table. 

in those 58 y;ars the tqtai co.~,i production at the ¢:,ssm',~ed annu~:l rnte of 0.680 billion 
tons of ~quivalcnt 13,000 !~.t.u., coal would be 58 x 0.680 - 7e~.44 bi~ion tons, thus r~ducing 

th~ co,':~l r~serves to 1277 - ~9 - 1238 billion tons. 

1238 " 1.818 = 681 ~'~ , ,,no years lifo of coal r,~scrw~s as exclusive source of coal, eli and 
gas ,~r~ provod p~troleum oil sn' ~1 e and natural gas ~_c~e.v~s~ ~ ~ are eyJaausted. 

681 x 58 = 739 years total life expectancy of all ~ ......... at i9S6 rate of oroduction 
~ om coal, follov~ing e_-~aution of of co~l; oil ~nd natural gas, ,,he oil and o~s~,~' to bo ma~do ~ 

prus~ntly proved reserves. 

L, 



. . . .  ? . , ~  . r . ? , ,  ~ ~ -., . .~" , 'x  "~ , .  :~: ":. " ' ~  t ~ _ " ~ . ,  ' 
I i ' " ) }  " ' " -  ," , ~ :~ . ' "  , ~  " " " ;  ~' ' ~~,',:= %', ',~ i~:<: ' i '~  ~~ li ~ ~  ~! 

for 1,000 ycrrs c.nd T, robc bly for ~,000 ye~trs. However, increasing doubt 
as to the i>orcenta/m of :?.iuc~lc cosl that will bc fom~i to exist on 
further o~21or~tion Im.s led mc to rc%ucc the foruer cstinato. It also 
must be keL)t i~: mira th:~t the" co:~%q'?tion of oil, gas, and other fuels 
will incrcase. A reote of incro:~,se such as hc.s t~kon i,lace in the l,ast 
15 years c ~ . ~ . t ,  r o , l u c o  the i~rcsontly ! ~ . o w n  nr.tionn, l fuel to ~; low htuudrod 
yc,~.r s. 

Incrcasin< C'st ~ollow~nc Don]orion ,f ~ic'~or Resources 

Fro.~ n ?r~Lctic.%l l)oint :~f view, the hichly 2ro:luctivo life of n~.r  

coal reserves is c<,nsider.%bly loss than the cmlculato~ oori=%s because 
the richer nn,.% more ~.cc'.~ssil~lo coal <le'2osits :.re @.eiJloted first, leaving 

D.~ . . . . . . .  or the ~o.~r quality c,~d thin beds for later ,%volapi~cnt. A ",~,~ of the 
finest coal beds of the A!~pcla.chian region are ncr,rly oxaustod, such as 
the ..Slbssbur~ and Moshannon of Pcnnsylvn,ni~. , the Sharon in northern 
Ohio, the Brazil block :~f indi:ula, n~v.,~t the G~or.:~os Creek Big Vein of 
~-[.~myl:un,l. 

The hic, h-{~r~'le coking coals of the fau,~us Pittsburc Led; the low- 
w latilo so::ismokcless coo2s of West Virginia; :~d tke high,;;ra'Li, low- 
ash and low-sulftu- bittuninous coals of thu Appals~chian r<~gion %re f~'om 
15 to-0 percent cx~msted. M~.y of these remaining coals c, ro bocomin[ 
nero costly, .luc to the necessity of opcr~tinc on thin~cr m~d g.oepcr 
se~ms and tl~ nscd for washin{.', pl,'.,.nts for the rm.',ov.%l of im2tu-itios 
present in th:~ Doctor quo2ity co,-i. 

Rice, ~ ~&_.~.~r, an.:i Tyron s~..h-~<::'.rizol t~.is sit~'ttion in .% pal:,or 
cntitlo<[ "The C~.,"~-"~t" ....... ~"" of C~,%1 i{..~sou/'cos" xr~.-.~, "' which t~,,e., follo~,rlng 
is quoted: l/ " 

"The central pro?!en in conservation o f  coal resources is not 
absolut~ cxh;,ustio-'~ i:,~ the romo$c future but a rcl~tivcly ~r.rly in- 
cr~aao i~ cost through :~onloti~n sf ~b rich dr "ad n~ro ~cc~siblo 
I~-~it~. The :~z.thr~cito '-%1 o~its ~f Yo.'.",.n~ylw.::i "~. ~.rc ~9 i .:.rcc~nt 
exhau~toi, . in - !  the c~throcito inlustry i~s c, lrca&y en~ero~ the staco 
of incrc.'~sinc costs. In the bitur.inous fiol&s the life of certain 
cf the finest scmns of the " .... .~ "~,~ ~-'~'~+~] .',i<..al~..chz ..... is ~..,~ to 30 to I00 
ye~a's at 1939 -?~-o~!uction. 2esort to thinner :;r loss r.cccssible 
beds, +f which i6~.r~70 reserves .kOl'e OW~.l~',~,~lo, will incroc.so the 
.%ifficultics of :r.inin{~, mr_d ~un.!cr roally diffic{tlt con<!itio:~s thu 
Inb:~r ro<:uiro:l per ton no .y  !0o ,{~qu]?led .or qT~:~,Irul:iC<. Avoidable 
wastes in mininc ]_'ituminous cool, ran~;o from.5 i)vrccnt to SO per-- 
cent of the scc~:~.s :.ow workocl, .the .c.vcrc-:i]o being7 19.4 i-orccnt. In 
an ordinary year the :..~voidable loss is IZ6,O00,O00 met@ic 'tons. 

--.i? ~ f.ico, ~@6or<o S. ; Ficldnor, A. C. ~, "~-~-/ Tr~On; F. G.~ C.ulsorvntion of 
Coal Rosotu'cos. Tr;:%s, Third. World Power Colzforonco, ~"~ .... hl." ..... .%to.., 
D. C,, 1935, vol. VI, PP, 671-72.i. 
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"Prevention of these wastes is less a tecDmical than an economic 
and institutional problgm. In ms4q, y cases recovery of pillars pay add 
slightly to the cost of production, and ~nder level agriculturml l~nds 
d~z~ge mzy result from surface subsidence. A very small increase in 
total cost, however, would m~e possible a very largo increase, in 
recovery. 

"~iie wastes in mining hs.ve sho~,m little sign of abatement in 
recent ~ears. great progress has boon m~de in re~cing wastes in 
consumption through the ~dw~.ce of fuel t~chno!p~;, Improvement in 
fuel utilization h~,s enhanced the inherent value of the rom fuel." 

. Distribution of Coal P~eserves 

:Table 3 gives the d$itribution of the recow~r-~hle cos, l reserves 
according to r~o On the basis of heating value, five-tenths of one 
percent of our co~i reserves is p,nthrmcite. Low-volatile, bit~uninous 
co:,,1 comprises 2°5 percent; hL~h-vol~tilo, bit~.uminous coal 55 p~rcent; 
subbitv~TAinous co~l 28 percent; and lignite 19 percent of the recovers,hie 
coal reserves. Subbituminous coal ca& ligu~.itc Constitute 42-ocrcent of 
the coc,1 reserves. These r[mks of co,~l arc little used at present ~m.d 
only in the locality wh~rc they oc~ar. They are logical r~,w m~'terials 
for future supplies of synthetie liquid fuels bec~,,usc they ccau~,ot be 
transported long distances in open cars or stored without ,:Jcathcring 
and sit, eking. 

Table 3 ~ ~ ~ ,-~ ~um ..... r_z~s the distribution of the coal reserves according 
to r~a=k ,-~d energy content. 

Table 3.--~o±oglc,.ll~ Ir2orrcd }iccovorc.blc Reserves 
of Vo~rious R,'nks of Co~i Comprisin~T the Tot'~.l Coal 

Reserves of the Ur, itod St~,~s as of i JP, nuary 1947. 

~oscrvos in Equivalent Tons 
of,,lo,O00 ~ ~ ~.'~6~. Co~I 

Billio~'~s of Percent of total 
Not Tons R~cover~io 

Reserves 

Anthracitic C:al ............ . ....... ~ 7.3 
Low-Vol~tilc Bituminous Co~l ........ 28.0 
High-Volatile ~it~nninous Coal ...... . 701.0 
Subbituminous Coal 299 0 , e o e . e e e e e e l o e e e , ,  0 

Lignite 242 0 , e e o e e e o O o e ~ e o p . e o e e . e e  . Q a e l  . @ 

Tots1 ........... . .......... 
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From the st~.ndpoint of regional distribution, the principcl 
reserves are grouped in the Eastern Province (Figure ~) consisting of 
Po~m.sylvcnia, Ohio, ~#aryl~nd, West V~irginia, Virginia, eastern Kentucky, 
Tennessee, ~nd Alabama; the Interior Province, consisting of Illinois, 
Indiana, western Kcntuck~j (comprising the eastern region of this 
province), and Iowa, Missouri, eastern K~nsas, Okl~Aoma, end Arkansas 
(comprising the ~ostcrn ~egion); and the northern Groat Pic, ins, Gulf, 
~d Rocl~/ Mountain Provinces, extending from North Dakota :-rid Montnn~ 
throug~h!f~roming, Colorado, Utch, end New Mexico 2m~d including Texas. 
The recoverable reserves of these provinces ~e summarized in Table 4. 

Table 4.-- ~ecover~hle Coal Reserves of Various R:~.nks 
Distributed by Provinces 

Provinces 

____ ~3illions of l~ot Tons 
An thrc.- B i tu- Subb i tu- 
citic minous minous 

__ Co;L1 Coal Cor-i 

Eastern..° ............... . 7,4 
Interior.. .... . ............ i 
Northern Great Pl~ins, 
Rock7 Mountain, c~.d 
Gulf ..... ... ............ o 

Totals ..... . ...... 7,5 

Lignite Toto~Is 

262.6 270.0 
254 254.1 

180,1 384 46___9.77 I033~8 
696,7 384 469.7 1557.9 

0nly one-third of the total to~ago of co~,l ~qd liznite reserves 
occurs in the Eastern ~.d Interior Provinces. ~kTo-thirds is found in the 
Great Plains and Rock" Mountain Provinces. However, there is c groat 
difference in rc~-_ between the eastern o~l& western coals. Pr~Lctically 
all of the Eastern c.nd Interior Province co~is, except the r mthr~citic 
coals, are cc~king bituminous coals; ~d the Appalcchian region c)als are 
strongly coking, This region supplies most of the coking coals used in 
the United States, It also contains ~Imost all the rcserves of low and 
medium-volatile bituminous coal that is of high v-~lue for metc11urgical 
e-ud domestic use. On the other hand, 80 percent of the Groat Plains o~qd 
Rock7 Mountain Province coals are subbitumincus c?~Is and li~:~ito. These 
coals do not c~kc on heating. As mined, lignite usually contains 28 to 
45 percent o.nd subbit~Lminous coal 15 to 28 percent moisture, On exposure 
to air, the moisture is ~iven off end the coal "sl~.cks" into small pieces, 
It is not stable ~md c2mnot be stored for ~_uy length of time except under 
water, in carefully covered piles, or in closed bins where r~.pid l'oss of 
moisture carwot t:=ke plcce. 
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Lig~.ite and subbituminous coals ~.re used for industri:~.l ~.nd domestic 
fuel in the D~.kot~s, M onts.na, Wyoming, Colors, de., rnd western ~obrnska, 
However, the total ~rket is smn~ll because of the low density of popula- 
tion in those ~reas, ~.nd these low-rnm.k fuels ce, nnot be shipped very fear 
on ~ccotu~t of their low-hooting vn.luo ~nnd their tendency to degrade in 
size ~ith acconrp~ying possibility of spontsmecus i<D~ition. 

M~st of the bitu~minous co~l in the ~¢esterr~ States is freo-buruing n~d 
nonce~<ing. [<elstively sm~ll deposits of cos ls suitable for the production 
of netallurgicsl coke occur in the Trinidad-lt'ton field of southern 
Cclore.do ~nd north>rn New Mexico, the Stu~m.ysido beds in the Castlog~nte 
field of Uts/~, end in Pierce ~ud Kittitas Cotu~tios, ;¢ashington. Some of 
the cools are slightly c~ing but do not become plastic enough to form 
coke that is sufficie~tly str~ng for use in the irwin blast furnace, In 
generol, ~u~thrr~cit~, ~.nd coking cor ls of motallur~ical ~'~do occur in 
the E2.storn Province, coking co~ls of lower grade ~nd l~wer bitu~inous 
rank in the Interior Province, ~.d ncnc~l~ing ce~ls ..of 1L~?~iti-, sub- 
bitttminous, :~nd bittu~inous r~m.k in the Gre~,t Pl~i~s ~.nd Rocky Mo~unt,%in 
Provinces, 

Figure 4 sho'~s the cec~l reserves by st~,tos. Th(~sc ~ro the 
gcologic:~.lly indic:~tcd reserves r~l e.re twice the recovor~blo reserves 
shown in Fig~tro 2 end T~ble 2. Thc V~om~t in each ste~to, oxprosso@ in 
equivalent tons of 13,000-B,t.u, bituminous coal, is pr~portional tO the 
height of the column erected in the ste~to. The white speco represents 
lignite, the vertical crossh~otching subbittuuinous corl, the inclined 
crossh~tching bittuuinous coal, end the sold& bl~ck represents onthrncite~ 

The Pe~tusylvania coltu~ is l~rg~ly bituminous coal with ~, little 
e nthraciteo All of the ~est Virgini ~ co~½1s ~re bituminous, inclu(ling 
low-, medium-, ~nd hi~h-volntile bit~inous co~%l, West Virgimi~ hoe 
the grootest reserves of the best gr:~[o n~uJ~ hi{~est rem_k of bittnminous 
coal of ~ny state in the Union. Pou~Asylv~nio. comes next in line. 
Illinois h~s the greatest terra.age of bittuminous c:~al but it is inferior 
in gr~Lde an<! rnnk to the App~lachie~ co,-.ls, The conols of Illinois, 
Iowa, Missouri, K:msns, western Kentuck~j, nnd Indi~n:~ ~re inferior to 
the Appn~l~chia~ co rls for the pro~.uction ef metr, llurgicrl coke and :Lro 
but little used for this ptu'pose. The Ohio c~als grade between the 
Illinois 02~% %~ost Virgini(~. ce2~ls. 

On the B.t.u. b~sis, ~y~zing has the largest reserves, Tihe wyoming 
coltu:n% is the tallest on the mo~p. It represents 590 billi:n to~.s of 
subbituminous co;~l e.nd 30 billion tons o± bituminous coal; North D~/~ota 
is soc~n~l with 600 billion tens ~f lignite; C'~lorado is thir,l with 
21G billion tons of bit~linous co~.l :rod 104 billion tons of s~bitttuin~us 
co~,l; r~d Montana is fourth ~,rith 316 billion tons of lignite, 63 billiola 
tons of subbituminous coal, ~,n~J. 3 billion tons of bitttuinous co~ol. These 
four st~tes contain 5l percent of the N~tion~s energy reserves in the 
form of coal ~md lignite, 
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Coal Reserves by States  as of  January 1, 1937 
~nthracite,  subbituminous ,  and l ignite reduced to b i t u m i n o u l  coal equivalent,  

according to "Energy Renourees and National  Policy" (I). 
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The Io~ge li~_ito reserves of the northern Gron~t Plcins region 
~). J. Oxton~s f~'om South D(~kota through North D,.~o ~a, ~a~& eastern l:o~t~o~ 

into Sa, skatchowan, Cmuhd~, The best coking coal west of 0kl~Lona 
occurs in south central C~:lorado near Trinidad. This field cxtonSs 
into northern i~ow Mexico near Rnt91~. ' This coal field supplio~t ~t~e Coke 
ovens of the Colorndo-Fuol a~,d Iron Conpr,ny p,t Pueblo, C~loraJ.o. A 
considcrcfolc reserve of l()w-ra,nk but us~,ble cokin@ coal ho.s boon 
&ovelopo~ recently by the Bureau of Mines core,~.rilling progr~.u in 
western Colora~4o. This deposit will be ivportant in supplying not~Lllur- 
gic~l coal for the new stool plo, nts in Ut~ ~m5 C~lifornia. Those plo~.ts 
haV0 difficulty in securing E~05 c~klng coPl. Their present supply is 
from the Sunnysi&e be~ in Ut~uh. This reserve is limited an& the coking 
properties of the coal orb poor. It u,~kes coke~ but it is the lowest 
ramh coal theft is-used in this country for malting coke. A gooc! deal 
of work is being &one on trying to i:.~rovc the qt~ulity of the,zoko 
from thc Ut~h cool. 

Illinois has the fifth largeslb coal reserves, All of tile Coal is 
of bittu.~inous ra~G~ an& cokes to souo &egrooo However, muci~ of the coal 
is so hig~ in ash aa~ sulfur that it is not considered suitable for the 
proSucticn of notnllurgical coke, With suite'?ale wa.shing, a fair portion 
of the Illinois ~nl midcontinont rbgian co~Is c~m. bc use(l far z~et:Lll'argi- 
col purposes ospoci2,11y if blcn&oi'iwith high-grade cc~storn co~is from 
eastern Kentucky ~& West Virginia i 

Numbers 6, 7, ~_i 8 i~ the &oscon~ling scc, lc of coal rOsorvos o, ro 
West Virginia, Kcntuclqz, a~d Ponnsylvo, nia. ~.,~ost Virginia k~s some of 
the finest Ci~,l in "the c Dt~try. It is low-, medium-, noel high-volatile 
bitunineus cool. 2~II of it cokes on& much of it is low in ash'an~l 
sulfur. The hoo.ting value ~s high. -~ • ~(~storn Kontucl~j a, lso hc, s very 
hi~-q~-li~y metallurgical coking cool, ~(! <TLs-naking coal. lfostorn 
Kentucky coals are 5f low ra,nk (-~.d ~;rp~Io They arc n~,h in ~Lsh -~ 
sulfur ~md-aro si:uila~r to Illin.c.is, Iowa~ and Missouri co~J~ls. A ln rgo 
prop,~rtion of the best qu~lity Pm.d choa@ly ~' n~nec~ co~l s ~of Pormsylvania 
have boon scri~.usly depleted. Those e~rc our principal stc~tes .with 
reference t'o ccc,1 reserves. Production is highest in the eastern 
states omd ~ho Illinois region. The grew, test production, including 
(~thre, cite,, comes from Po.:~nsylvo~uia at the present time. West Virginia 
is next an&' Illinois third. ..... 

The latest published revision of the Goolog%cn]. Surveyts estiuato 
of total coal reserves Jf the United Sto, tcs (not including Alo, sko~) is 
given in Table 5. The tot~Ll for all romks of cosl is 3083.4 billions 
of not tons, n~nd this c]uotu~.t is equivalent to 2,~'~7.~.2 billions of net 
tons of 13,000 B.t.u. con, l. The total infori~ed c:;o~l reserves of 
Llo, skn are ostir:~te~, by the Geological Survey 2~t approxinctcly ii0 
billion not tons of which 85 billion~net" tons consist f subbituninous 
coal 2_nd lis~nitc. Those ~ro very o@proxi~nto goologic~,lly i~_ferrod 
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Treble 5--Geological Survey Estimate of Toto.l Coal Rcsorvos 
of United Sthtes, 1 Jcm.unry 19~14, 

in:Billi)ns ~f Net Tonsl_/ 

0r&or 
of 

Reserves State 
• ' ~h~thrc- 

cite 

Bitu- 
minous 
O o r , 1  

Sub- 
bitu- 

minous 
CoP l 

Equiva- 
lent 
Bitu- 

Lignite nin~,us 
" O o P ~ l  

3 

5 

7 

2 

8 

6 
1 

Alab :'.:.a..',.. 

ll~b.o ,"v_.t& 0rogon 
Ark:msP.s 
Colora&o 
Goorci~ 
Illinois 
In&iana " 
I OWn. 

Kontuc].~ 
Mnrylan'~ 
l,[ichigan "' 

~,[isscuri 
!:'ontDmn 
Now Mexico 
!Torth O~rolina 
I[ ;rth D.o/<o ta 
Ohio 
Ot:lab~I:~ ~, 
P ~nn sylvan ic " 

South Dckota 
Tennessee 
Texas 
Jto2~ 
Virginia 
!,~Qshington 
%Test Virginia 
?tyoming 

0.2 
0.I 

l i. 9 .  • 

0.5 

66.5 
0.7 
1.3 

212.6 
0.9 

197.2 
51~ 8 
28° 7 
29.6 

12!~9 
7.7 
1.9 

83.6 
2.6 

18~8 
0.i 

91.7 
54.7 
6 5 , 0  

1,8 

104, 0 

62.9 
1,9 

25.2 
8,0 

87,9 5,2 
20.5 
11.2 52,4 

110,5 
30@3 590.0 

O ° l  

3 1 5 . 5  
: 

600.0 

1.0 

22, 9 

6 9 , 0 .  

2,0 
1.6 

297.0 
1.0 

204.5 
53.8 
30~0 
,70.9 

125.6 
8,0 
2.0 

86.8 
211.0 

2 t .  0 
O.1  

309 o 0 

95.2 
56.8 
8 ~ , . , ' ~  

0 . 5  

26.2 
20.0 
91.2 
21.8 • 
50.0 

114.8 
462.0 

To tn~l i5.7' ' IS30.O 818.2 989.5 2 4 7 4 ° 2  

Totnl, all r:~.r~s of coal ............... 8,083.'-= billic:~: not ton 

Investigation ,of N~.turc.l l~ossurces, Hoarim~s bcfol-c a Subct,mmittoo 
of the Connittoo on Public Lear!s, U. S. Sorm.to, 80th Congress, 
'.L~.y 15, 16, ~<I 20, 1947, pp, o~.o 
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estimates based on in~.deoucote ~lata. ~'~b:~ut ~Ii of £1c, ska Z s coal 
production h~.s boon bittuninous coc~l from the .Mc.t~.nuska Vc~llcy nc~ar the 

t.~e i~cn~nc, fields ~n the AS.cska coast, ~.d subbitur~in~,us co~,l from 
Rc~ilro~.d ~bout two-thirds ~,? the J~isto, ncc from the coost to F(~irb~ks@ 
~pprexi~tely 165,000 not t,~n~s cf bittb~ir:~us coal ~n'! 203,000 net tens 
of eubbittu~inous co~l wore prT~(!uced in £1askc~ in 19i8. 

No n~.tural gas reserves h~.ve besn ~liseoverc-?. stud potrole~ h~.s been 
~levelope~ at only one plc~ce in Al~.ska, the Kc.ts, lla field no~.r the Bering 
River coal field, ~here seeps first ~ttrs.cte~i ~,ttonticn in 1898~ This 
field yielde~ about 150,000 bc~'rcls of ~il before oporsoti~ons ~,~cre dis- 
continued in 19G3. Geologic~,l in~lic~tions ~re f~.vorc.blc f~r l~,rj, o ~il 
reserves in no~-thorn Al2~ska, on~ exploratory work is in progress. 

On. an oneriv basis, the recover,nblo fuel reserves ~:.f the United 
States, excluding Alaska, consist of four-tenths of one percent crude 
petrolc~, five-tenths of one percent n~tur~l Cas, 1.6 percent oil from 
oil shale, s~d 97~5 percent coo,1 ~.d li~.ito. 

Worl~ Fuel Reserves 

}low let us lock at our fuel reserves in co::~.ris'~r~ with the reserves 
of the rest of the w>rld. The world! reserves ~>f co~l, like curs, ~.re 
based prim~rily on geological estimc.tes° They ~ro n^t proved reserves, 
nor ne~.sured reserves, nor nin~ble reserves, but ccolo:-%cc.lly inferred ¢:r 
indicated reserves. Our coc~l reserves ~tre ,i,i percent, less ,th:~n h~lf, 
of the cc~.l reserves of the world. Our pr~ved oil reserve is :~l percent 
of the worldts proved oil reserves. ~'fe produced ~l p~rcsnt of the ~:orld 
pr~,d~cticn of coal in 19,16 ~ud 63 percent ~f the crude petrolc~Uo Our 
percentage f world coal production w~s about the sa~ as our percentage 
of the world reserves %f co~l; our oil reserves are ab'~,ut onc-thirl of the 
world reserves, cm_d we produced two-thirds ~f the ~rli' s production of 
petrolet~mo We e~ro cons~uuing our oil reserves much faster th~a~_ the rest 
of the w~'rl~. (~nd our oil reserves h~v~ been much nero intensively 
prospoc~e~. Prospecting f~r oil is just beginning in the Middle E~.st 
an& alro~.iy their reserves ~.re estiz~ted to be much gro~.ter th~n ours. 
Their wells ~.vcrago so:no 9,000 barrels a d#.y, whcr,~s ours o,vorage ,%bout 
ll b~.rrols a day 2.1th:ugh those in Venezuela average ~o~ut 250 bo_rrels 
a day. They are Just beginr~ing to ponetr~,te 8me lush reservoirs of 
oil in the Middle Ez~.st. 

Table ? sh~ws the world ~.lincral fuel reserves as ~f 1 Jenu~ry 1947. 
Coal is expressed in z~.otric tons. .~ metric ton is abtut ten percer~t more 
in wci~zt than a sh~rt or net ton. 
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Table 6.--Total Inferred Coal Reserves of Alaska Estimated 
by U. So Geological S~rvey as of January l, 1944, in 

Billions of Net Tonsl,/" 

lo 

2° 

t~ 
Os 

Accessible by 
present me~us 
of trsmsporta- 

tion 

~ithin 40 miles • Remote from 
of present means present mea 
of transporto~ of trans]?ort 
tion. Does not tion 
include preceding 

Re~ion 

Arctic Ocean drainage o. 
Yt~on and Kuskob~im 
drr.inage ba,~ins ( ex- 
clusive of aroas south 
of the Tam2aa Xiver 
tributary to the 
Alaska Railroad and 
the Richardson High~,~.y) 
Pacific Oces/a drainage 
and Alaska Peninsula 

' ('includes area ex- 
cluded in 2)....o... 

C olL~nln, 
Bitumi, Subbitu- Bit,~i- Subbitu-~itu- Sub- 
nous ruinous nous ruinous ~,inous bit,~ 
coal coal and coo& coal ~nd coal minou 

lignite li~u~ite coal 
and 

l!~!t 
22.0 dO. 0 

, ,  _ ~ ,  

0 . 4  

..0,5. 2._. sssssss _ 22 .0  • @2 

T otais ......... ° 0°5 2.4 2.8 22.4 

Total bituminous coal, ~':~4.3; Subbit,&minous coal end lignite, 8•6.0," 
Anthracite, 1. 

22.0  6 0 , 2  

Total, e&l rsmks of coc, l, 110.3 billion net toni. 

2/ Investigation of "Nattu'nl Resources, h~rings :befo~e a subcom~ittee of 
the Committee on Public Lands, U. S. Senate, 80th Congress, #£~y 15, 
16, r~nd 20, 1947, pp, ~84-5. 
Includes one billion tons anthracite. 

19 

~ :• [~ (~:-. '~V- ~ "~:. ~, .~-n~.• ,'-~".':'::~',-•~.\ 



. . . .  " ' ' • ' " ' I  k ,-.  ) . . . . .  , ,  ' .  ", . U  

North Amoric~ has 3,707 billion metric tons of coal: The United 
statcs has 2,885 billion metric tons; Can~% h~s 815 billion metric 
ten~. South America has only three billion metric tons of which two 

billion ~ro in Chile, :~nd about one billion metric tons in Peru, with 
ez~ll amour~ts in other co<atries. There ~ro additional minor coal 
reserves but no other figures are avail~io. 

NorthAmerica has a proved reserve of 21.9 billion barrels of oil: 
The United States has 20.9 billion barrels; Mexico has nine-tenths of 
billion barrels. South A~merica has 8~3 billion b:~rels of oil, ef which 
7 billion b~rrels are in Vonzueln, five tenths ~'e in ColombSa, and the 
rest scattered. 

The coal reserves of Europe are esti~tod r, ,t  882 billion" metric tons, 
of which Gorn~'uay has 3,4-2 billion, Groe.t Britain 174 billior~, "the USeR 
(in Europe) 80 billion, Pol~d 96 billion, CzechoslovrJ~ia ~9 tSiqlior~, 
Belgium ll billio:'_, and France 9 billion metric tens. 

Europe h~.s 8.2 bi21ion b,-.rrcls of crude ell, 7,6 billion 6~ Which 
e.re in USS!< (including Asia). (~le could not sep~r~,te the figures for 
Europo~m Russia and Asiatic Russia. because they do not give the figures 
soparc.toly for oil.) The rest is scattered= 

In Asia the coal reserve is i, 45Z billion metric t.ons; ~,i601billion 
metric tons are in USSR (in Asia). The figure for USSR is 9asod on 
Russia~s o v m  ostin~te. It w~.s givcu by the Russian, s ~.t the, Third ~¢orld 
Power Cor_fcrenco held in W,-shington in 1935 ~J-d was publ;~.shod in those 
proceedings. Chin% (including Mrnchuria) has 250 billion, mptric ' t ons~ 
There is some question ms to the fi~o for China. There are som% 1.~rger 
figures that ~e doubtful. India, Burma, ~.nd i'd%laym h~.vo ~0 billion 
metric tons, ~nd J.~e_u' has 16 billion metric tons. The rest is sccttcrcd~ 

Asia has 28.5 billion b~.rrols of cru3.c oil, 27.3 billion cf wHicH are 
in the :diddle East (Saudi Arabia, Iro~, Iraq, ~'d Kuwrit~), r~ine-tenths of 
~. billion b:,rrcls arc in the Nethorl~.ds East Indies ~d in the F~.r Ee.st. 

Thcro are 212 billion metric Zcns of coal in ~kfrica~ 206 billion 
metric tons of which ere in the Union of South ~hfrica, dufric~ has 6~o- 
tenth of a billion barrels of crude oil. 

:tustralasia (Aus'tr,?.li~. and New Zeal~nnd ~d Tasmanie:)has 59 billion 
metric tons of coal, of which 58 billion metric tons are in Austr~.li~. 
No reserves of crude • oil s.re ostim~tcd in Austr-l~:sic.. 

That ~-/~es a world totc:l of gco].ogically inferred co,~l reserves of 
6,318 billion metric tons. Th0 world oil reserve total is 67 billion 
barrels, i 
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Table 7.,-WorldFuels Roservcs, I Jonuary 1947 

Country 

Probc~blo Proved 
Coal Crude Oil 

billions of p~,rcent billions 
metric to'as of tot~/i of barrels 

percent 
of tot~l 

Prov, 
n~tu: 

Gr'~ 

trill 
of cu 

North ~h~erica 
United Statcs...... 
Conada2/._ ,. ....... . 
Mexico., ........... 

South D_mericn 

Vonozuol-~,.... o... • 
Coliunbia ........... 
Ohilo,., ..... • ...... 

Europe 
Gormcny,.... .... ... 
Gre~t Britain. ..... 
U. S. S. R. .. ..... 
P oL~zd. ..... ...., .o 
Czechoslov,uki~,... 
Belgium.. .... .o.... 

France.... .... ,..,. 

U. S. S, R. 
(i~ ~',~i~)........ 

Chinch, "~churioo... 

Indic,, BUrL',~, 
.~.i~.l~y2. ........ .... 

J~.~.~ . . . . . . . . . . . . . . .  
E~st Ir.&ics, 
F~r Erst.......... 
Ircm_, Iraq, 
Ar~bin, Kuwait.... 

L~riqa 
b~ion of S. L~rica. 

Au. , t r ,o l . , s  z,. 
&ustr ?,lia.........,. 

World totol ........... 

3,707 

_s/sis 

• 

2 

342 

174 
8O 
96 
19 
!I 
9 

1 , 4 5 5  

1,160 
250 

2O 
16 

2.1,2., 
206 

5_2 
58 

6,318 

59 21.9 
44 2 0 . 9  
13 

.9  

8o_..! 
7aO 

. 5  

14 8°2 
: - 

7.6 

2._s 28.5_ 

See Europo 

3 

A 

~ _  _ L .  

0.9 

O,1 

67.0 

$3 
31 

12 

12 

43 

16~ 

* * ( S e e  next page for footnotcs) 
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The United States ~s 4~ percent of the coal rosorvos nmd 31 percent 
)f the oil reserves. Asi~ i~s 23 percent of the co~l reserves ~d 43 
)~rcont of the oil reserves. Europe has l~ percent of the coal reserves 
:nd 12 percent of the oil reserves (including Russi~ in Asia). South 
~10ricn has ~ negligible fr~ction of one percent of the co~l reserves (~nd 
~2 percent of the oil reserves. 

:" .... ~0 18 F r uols Production in 1946 ...... 

T~lo 8 gives the 19~6 proiuction of m~noral fuels. The United States 
.ro~ction of conl in 1946 ~.~os 689 million metric tons. United States 
iroduction of crude petroleum in 19&6 wr~s 1,7~ million b~rrels. United 
t~tcs production of n~t~l gas in 19@8 w~s 4,906 billion cubic ~oot. 

The ~ror!d production of coal in i9&6 was 1,312 zillion metric tons; 
f petroleum, 2~750 ~illion b~.rrcls. ~,[orld productio~ figures for naturol 
~.s ~,ro not Avn.il~folc. ' " 

The porcontn.gos of worl~ pr¢iuction for the United St~tos o~o n.s.fello~s: 
1 for co:L1, ~nd~ 6Z for potrolou~m. South America. producc~l two-tenths of one 
orcent of the cool e~nd 17 percent of the potrolouz~. Europe, 49 percent of 
ho coc~l :hi 8 percent of the petr61otu~. The co~.l production of ~uzopc 
:~.cludos USS~% production in Asic.. The figaro for Asic., Without USSR in Asic., 
s i.6 percent for co~l cr.d 9.6 percent for cz~ie potrolo-mn., f~fri~'L produced 
~;o percent of the co,~.l am.d tlLroo-tonths of one percent of the pctrolo~mn. 
,~tr~lia ~.~d l[ow Zc~.l~nd produced 1.7 percent of the coo.1 an@ no p~trolcum~ 

Utilization of Coal for the Production of 
S~!nthotic Li~aid ~.d Gaseous Fuels 

It is evident fron this review of the fuel reserves of the U~titod States 
~t nz~plo supplies of coo~l r~ro ~vailablo for the production of the noccss:try 
~quiromonts of ge, soous r nd liquid fuels when the nature.l g,~.s :uu.l petroleum 
~scrvos ~proc~ch o)uh~.ustion ~n~ n~od to be supplon~ ~tod from other sources. 
Ltisf:-,ctory fuel gnsos h~vo boon n~.nuf~.cturod fron c~l or from coke ~nd 
~troloun for m~y years. Processes :~n& equipment for this purpose hs,vo boon 
~ll developed ~n~l the costs nrc kuuown. In recent yor~rs, i~ Gor~.~any i~ p~r- 
.c~ular, processes he.re boon developed ~d put into co~oi~ci~tl opcr~tion for 
~c z~v.nufccture of liquid fuel from coal ~d from li~i~nito. It is quite 
~son~blc therefore to :,,ss~c th~.t plenty of gc, soous :~nd liquid fuels will 
~.vc.il~blo in ti~o future for ~,s nomy years ~.s co,L1 ~z.y be aw~,il~Folo for 

;nvorsion. The cost rill bc grc~.ter tl~:uq the present cost of potrolotuu ~d 

A recent RoDort~ of the Xoy~l CoN~ission on Co~l of C~na<~%, .xw~o,~(~ p. II, 
pl~:cos the nin~blo co~l reserves ~ot 99 billion not tons of which 60 per- 
cent is rccovor~b!o. 

• Includes ~V3 billion tons li~.ito and subbittuuinous coal. 
Inclu~.cs lll billion n~otric tons lignite nz:~d bro~,n~ coal. 

22 

[~ I~ ~ ~ ~ ii~.~ ~ •'-~ ~ ~-~ ~ '~ 
>~J..' '--, '.~ ...... " ~i ![:'~ !', '~ ,,~,~,'. ~ Ir\~;. ~, ~ ,, ~ ,, 

L, ......... ". U 



Tablo 8.--~forld Fusls Production in 1946 

Cotu~try 

. . . .  : ~ , ,  

~orth ~hnorica 
United States..,.., 
C<~nad~,..,....,o,,, 
~4oxico °., .... ,,.@~ 

South  A n e r i c a  
Venezuoln......,..~ 
Coh~eia.... ..... o 

Argontinn ,,. ..... • 
Triniia& ~?.& 
B~'urbndos.. ........ 

Perue.....,..eee°., 

Chilo .............. 

2razil .,.......,0. 

Coo1 
nillibns of 
notric tons 

' 

539 
16 

1 

3 

1 

. . . . . . . . .  ' N=,~t~rco2 
P o tr ol o~GJ Gas 

!~orcont " nillions porco'_~t billi( 
of totnl of barrols of total of cu, 

,il. i 

.i 

' ' " ,I 

i, 733 63.0 4, 90' 
8 °3 ~ 

49 i, 8 ; 

.2 

= 

466 
389 
22 

21 

17.0 
14,1 

.8 

I I 

L [ J 

.1 

.1  

2O 
13 

.7 

.5 
m 

m 

E~ropq 
Gsr~any°o.o...,..., 
Gront Britain~ .... , 
U. S. S. R. ....... 

rrnnce,...,........ 
Pol~md ............. 
Czechoslov~ki~ ..... 
3olgiu~n, .......... . 

XsiG 

U. S, S.E., ....... 
In&in, Btu']~, 

Irnn, Iraq, 
&robin ...... , ..... ° 
Chin&, ~churin.... 
East In&dos , ....... 

2_/645 
114 
179 
160 

50 
48 
34 
23 

49 .__.~1 
8.7 

13.6 
12.2 
3.8 
%7 
2.6 
1.8 

60 :. 6 
25 1.9 

IN) 2 .3  

m 

~ . I I I  

219 

5 

_3/7¢d 

1 

3 

256 
1 
4 

8~Q 

.2 

9.,6, 

. 1  

9 . 3  

. i  

m 

m 

m 

m 

Afriqa 
~g~pt,...........,. - 

Union of S, iufric~.. 

2....9.6 2._ o 

: f ,8  

9 
9 .3 

• m 

Australia ~ &  

Australia, ........ ,, 20 1.5 
I I I 

W o r l &  tot,P, l s . . . . . . . .  . . . .  # . /1 ,31,2 ~ lOQ.O . 2~750  ..... 
* Seo following page for foot::otcs, 
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nntural gas, but future developments in the nero efficient utiliz~tion 
of fuels should go far in offsetting the cost of conversion. This is 
the long-view picture. But how about the near viow~ What will be the 
effect of the declining rate of discovery of new petroleum fields? 

Trend of Petroleum Reserves in the United States 

Figure 5 shows that the trend of discovering additional reserves of 
petroleum in uew fields has boon &o~.'¢~r! since 19S9. During the same 
period the nnnual production increased from 1.26 to 1.7 billion barrels. 
~Wnilo the present proved reserves of 20.8 billion b~rrols ,-me the lorgest 
ever established, they ere only 12.5 percent gre~tcr thcn the reserves of 
1 JP~auary 19zX). This approxiuato fi~ro h~,s been .mintainod by the 
upward revision of reserves of previously discovered fields. Such 
revisionc ::re m~lo up of extensions of pools as nero wells ~m0 drilled 
c~& increased recovery obtained in ~Lrilling ~.d refining by the application 
of improve& tec.hnologicG1 methods. In 194~, ~i~30 zillion barrels wore 
discovered in new fields ar_d 1,700 z dllion barrels were ~d&od to the 
prove& reserves by the revision ~md extension of old fields. The total 
of 2,100 zillion bc~rrols was 23 percent higher than the 19~5 production 
of 1700 million barrels. The proved reserve is about 12 tines the current 
rate of proiuctlon. It is a serious question of whether this r~.tio of 
reserves to production can be z~Intalned without greatly incro%sod dis- 
covory ~m& production costs. Higher production costs noah hig:~cr prices 
for gasoline ~d othcr petrolotu~ products, ~hich in turn will load to a 
gze~.ter proportion of conversion cf c~m¢lo petrol~,m~ to the nero valtuzble 
products, such as motor fuels ~_~d ~o~::ostic hoatin~ oils, ,and it would le~,d 
to Incroaslng i~oort~tion of forei~n potroletuu from South America and the 
Persi~m Gulf region, 

However, from the st,-.ndpoint of nptional security, as well ~os sound 
business, it is not ~!esir~lo to pleco too greo.t a &epcndcnco upon foreign 
sources of potrolettu. Recent wartime experience prove& th~ot overseas I 
supply of pctrolot~n coul! be seriously intorrt~ptod, oven from near-by 
sources such ~s South ~%uorico. o~& along our own co~st~l routes from Texas, 
Therefore, it seems essential t!~.t we develop our ~onestic sotu-ces of 
synthetic liquid fuels to the point whore they could be utilized in time 
of emergency c~ad where they ~:~ould place a coiling on the price that could 
~c ch~%rgod on forei&m oil. 

* DPt~, not yet avail~bleo 
Includes 5 million metric tons of subbitwninous co~l and lignite. 
Includes 97 to 122 million metric tons of lignite ~nd brown coal. 
Includes 2~si~. 
Includes 7 million metric tons of li~nito and bro~m coc~l. 
Countries not reported may revise tot~l to 1,380 million metric tons. 
Includes approximately 126 zillion metric tons of li~ito P~,d brown 
co~l, 
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HISTOI~Y OF U.$. PE'rI~OLEUM BESEI;2VES 
1937-19#6, INCLUSIVE 

" ' 4  

.~ ,=5 

. :5  

=-;!~! 
1937 19~t 1939 1940 1941 1942 1943 1944 1945 1946 1947 :ii~i:t 
I I  Pi~TROLEUM RESERVES REMAINING AT BEGINNING OF YEAR ~i~i~!~i ~ 

ANNUAL EXTENSION AND REVISIONS OF F IELDS PREVIOUSLY DISCOVERED - ,:~i 
RESERVES OF NEW FIELDS DISCOVERED EACH YEAR ~i~i!!~ 

iiiiiii~ TOTAL ANNUAL PRODUCTION 48 6~e~ i~i!~il 
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Sources of S.~'nthotic Liquii Fuels " 

A bro~;~ survo~ of other sources of liquid fuels i:= th0 Uritc~ states 
iniicn.tos that petroleum nay be s~pplonontod by: (1) Alcohols from the 
fornont~.t~on of vegot~clo ~o.ttor; (2) conversion of natural gas by the 
go, s-synthesis process; (S) distill~.tion of 0il sh~:lo; (~) liqucfn.ction of 
co~.l or lignite ~'~ the hi~h-prossuro hydrogen,,rich process, n_ud (5) con- 
version of water gas from co~ or lignite by the gas-synthesis proccss. 
~h~y or all of those supD12monto, ry sources z~y co:~c into use ~.s petroleum 
supplies ~ecline to the point whore those higher-cost uynthotic product s . 
becomc conmcrcie~lly co:~otitive with n,-~tur:,l petrolcuJn products. 

Alcohql.--f~lcohol h~s been used so, tisfactorily o,s a constituent in 
blon~.ed actor fuels in us ny foreign cotuntrios. Its present cost is greater 
thnn potrolettu g;~.solino. The ply.co which alcohol will thko in the ...... 
provision of future motor fu~ls will dopen~ largely on its cost in 
comparison with g~solino f:-on oil sh~.lo, li&u~ito: n~nd coal, 

Conversion of N~.turol G~.s~l,~tural gas con be converted to carbon : 
mon0xido ~u~d hydrogen, which arc the raw mo.tori~.Is require& for the 
procluction of liqui,l h~droc~rbons bY the g~s-sznthosis process. ~Lu in- 
]~rovod process h~s bcor~ ~Ioveloped by Amoric~a% in~.ustry and a ]?l~u~t is 
being built by C~mthago Hydrocol, Inc.. at Brownsville, Texas. The 
pl,~ut capacity per day will be approximately 7,000 barrels of gasoline : 
~m.~ Diesel oil o~.& the ovom'-hll cost of the prc~ucts will be competitive 
with the cost of pSt rolc~um vro~lucts. The n~.tural gas will be obtainc~l 
from a near-by fiol& <~.t low cost. 

A similar cozzzorcL,1 plant is to bo i~stallod in the Hugoton g°.S 
field ~f southwestern K~nsc.s. ~ith ~tur-~l gas costi-~g not mor~ th,';~n 5 
cents per 1,000 cu. ft., engineer's of nmoric~n pctrolcttu co.up~a%ics have 
csti:~atod the cost of the gc~solino l~ro(lucod at figures r,~.ging from 5 
to 9 cents per g~.llon. It is evident that low-cost nctur,~l C~,s in fields 
remote from markets will be the first source of sT.~thotic fuels ~o cone 
into commercial use in the United States. 

0poro.tion of the con~crcisl pleats iz~ K%us~s ~-u~_g. Toxo, s should ~ivo 
rcli,~.blo toclz~ic%l ore-! cost -%~'~ta for further <~.ovolopmont of nero no.tural- 
g~'~s pl~_uts, s~d ,ulso for the longor-r~ngo ],roblou of utilizing cos.1 or 
lignite in the gas-sz~nthosis process. 

While the pr.v<)d reserves of natural ,~r~s ore. so1~icwhat larger th~u the 
proved pot1"olot~-', reserves, in terns of ~.,oij, ht or ho:~,ti_-~g v~tluc, they o.ro 
very much smaller thsm_ the soli~!-fuol reserves, and much of the natural 
gas will find a nero profitable ~outlot them Its convcrsio~ ~. to liquid, fuel 
~t the oz~cnse of losin.T one-half of its hc~mtir_~.~ voAuo. 
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Oil sh~le.--The oii-shalc deposits are estimated at 92 billion 

barrcls cf rocovcrcT~Io oil. This amount is st~£ficicnt to supply our 
requirements at the 19-35 rate of const~tion of 1.7 billion barrels of 
oil for o . b : . , u t  50 ycars, or ofcout fou~" times c.s long c s  our present proved 
petroleum reserves. The greater part of the sh".le rescrvc is in western 
Colorado, soutDwcstcrn :',~yomin,.T, and oastor~ Utah. The asso,y value of 
those sb'.ics varies, from 15 to 50 gallons of crude oil per ton of shale. 

Present csti~wtcs of the ovcr-s;ll cost i)cr barrel of pro4ucing cru&o 
shr~lo oil in this country r~nge from $2.00 to $2.50. Oil shale ~y prove 
to be an ini~orton~-t sui~!>lcmcntary s:~u~cc of liqui& fuel in the United 
Sto~tcs. It is a matcric.1 that h~s no co~ucrcir~l use :t ~rcsont. Its 
utilization for the ~roluction of liquid fuels would be m so~u:£ conscrvo-- 

tion ncP.sur o. 

Li.~uid -~ ~ from Coal.--Liqui& fuels may be obt~,incd fron all red-_ks 

of coal, ~ . . . . .  ~ . -~,:. lignite to ~:thrr.cito, b y  one or more of the following nro- 
ccsscs: (1) Trio carbonization of bit-m.~inous coal; (2) the hy:Irogcn~tion 

of high-volatile bittuuinous co~l, subbituminous coo,l, ligT~ito, "~.nd coal 

tar, ano- (3) liquid hydrocc.r%ons by catslytic sy_.tncsls fron-v,~.tcr gas 

(carbon monoxide Pm.:l hydro,zcn) by the Fischer-Tropsch i,roccss. 

It scorns t . . . . .  t thc gas-synthesis (Fischor-Tro~sch) r ctho~ is ~crha~s 
~ ~ ~ o~lthcugh it Coos not jivc a the P.'~st -gror::ising method for 7b.,cr~c,n use, 

hi(~h-octcr_o gasoline for aviation use. The oroccss is being ir~rovc& " ~  

ultimately n~;y ,;c dcvolopo& to pr~.~c~ avxatxon fuel. At present the 

hydmoccnation nctho:l is best for hich-octc.no aviation Zo.sclino, 

The <,,s-syntnos~s ,~roccss can use as r~m matoric.l ~qy coal, coke, 
llgnito, n~tural ,go.s, or other ca.bon,,cc .... s rL~,toriof[. The coal cr other 

fuel is first convcrtc~! with aid cf stcr, m to w~_~.ter f~o.s, a .21:_ou~o of 
c~,.rbon m~no:,.i.~o ~,_n'.~ hydrojcn. This mixture of ~3:',sos is i:: the -~roportion 
of two vcltu~cs or o-~e voiuno of hylrogcr to o:c vol'~:c :)f car~o~: monoxide 
c.nc\, after suitable ~gurification, is then p~,ssei over m solid catalyst at 

relatively low ~-" "~,~ (I to I0 P.tn. ~ ............ " .~.~ssl.~s ; aud tc...,D~,<~rcs rP~n!-Txng from 

300 to .i00 Z. UnCer those ccnditio::s t}:.c cases co:ubi::c to form oils P~ud 

wP~xo S .  

n . . . , , . . l l ~ . z ~ . . o s  .9,rLt~ , . r ~  . . . .  u l O  h y ( [ r o -  . . y , l r o ~ - ~  . . . .  i o n - o r c c e s s  , o i l s  ~,~,'o h i , s h  i r ~  , ~-,~ ~ . . . .  ~ ~ . . . . .  " 

.he g.~osolinc has c. ~.,~_,~t..~,,~ v~:luo (u:J to 92 octane ~.~hon 

t' treated with tctrac~:yl ice, d) m!~d is suitai:lo for aviation ~:sclino. Gas- 
.~r~f~ ~ hv!rocarboms wl~ich synthosis-~)='occss_ oils c,rc co:m~oso@, l:~rgciy of _ ~'~ , 

. .C  u ,  . . nO  h,~.vo c~ low-octane value, it c:'.n bo reformed to P.~J~.~ 70 n:~bor :u~d 

~..~us is suitc2:ic for r.:otor ~;asolinc. " ....... t~^i . ~ -- ~" . zlow~.or~ ~_ s ]:~rc.ooss )rO~.LlCOS o ~ 

excellent Diesel oil of high octane ntufser. 
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Most of the ~.igh-volatil4 bitm:~inous Con&s,tho subbit-mminous coals , 
an& the li~-qitos of the Unitod States"are ~itable for the hydrogenation 
pr~vccss, ~h~.thracitic coals &o not respond to hydrogenation, and progressive- 
ly lower yichls of liquid fuels arc obtained,, as t~c volatile matter of 
the coal decreases t'o :~e&ium-volatilO An& low-volatile ra1~:. The ash of 
the coal should be as lo%,; as possible, a~.& proferchly ,alder four percent, 
Fcrtun~-~toly, this requirement can be mot w,ith n~my ~o~.ls becouso only onc- 
h,%!f of the total coal used gccs into the liquefiers. This cor.sists of 
the lew~-nsh portion zf the coal, which is separ,~.ted in r'~ spoci~.l washing 
2r~c0~s, The higher ash ror~uindcr is burned ,under the boilers for ;_~ro&uction 
of process s t~ :-~..& power use@. in thei~ioz.~t. 

From a coi~scrv~.tion point of view, it is fort,s:ate th~.t l¢.w- ar~& 
:no&iur~volatilo bitu:]inous c~%Is are not suitable for .,h.d~,.~o.~a xo~.. On 
the basis of ener~ content, these coals co,:.'@r~- ~ so only three i;&rcent of 
our total coal rcs'orvcs, ~.,~y ~.re noedei for the -prod!motion cf met~•.llur~ical 
coke for the steel in~.ustr[ nn( !. for ~.ui:!.ly,_n~ somisnokoless <oz.~ostic fuel. 
The l~,r~e reservcs of hich-oxy~[~'en, p.;or!y eokin<~ coals of Ohio, Indiana , 

%TI I ",~ " " - %festorn [e~.tu~,=y, an& Illinois, ~.n<~ those hi~h-vol:~,tile bit,~..In,>us co~is 
which n.ro hot oxccssivo!y ~" ' ~l~n in ash or sulfur wcst of the Mississip[(>i 
River cmo av0.ii~ble ~ni ])otenti%lly suit~?21c for the ]2reduction c f liquid 

• , ! . , I ~  ' - ~  . , ' ~  - -  . fuels by the hp- 4~..n,,tion ~roccSs. 

The subbit~-~.inous coals of Wyominc, Colora.~o, .rod Montana an< the 
licnitos of the Dakotas, Mont~r~a, "~n:] Text, s ire roadilt; liquofic(!, From 
the point of view of wise utilizntio~ ~- of mineral resources, theme coals 
constitute ~-~,~,L,~ .......... <t.,~ ~,'~. ~e raw materials for svnthetic liquid_ fuels, These 
coals slc~ck ac-A brcolc down into small pieces on exposure to air, There- 
fore they !o not s.tnn< trans~portation to any Croat 8.istance from the :nines 
nor can they be storc~, safely for lent, periods without some l>rec',,utions that 
will retard tLis~ ,'~÷'.o~n~r~n~ ~ " ~ process. C:.-avorsion of th~so co-~Is to liqui,!s 
woul& so!vo tho s~or,~,e~f an< tr~msportation !:robloms. . 

in. ~-'~_..~ assay work thug for con&ucto~ in the B ~ ~,.~u~ ~ "" of i,'[incs la~;oro.tories, 
liquefs~tion ":DrOCOO~IS mOSt ro:~,&ily in coals of more recent goolocical a~fe 
th~. carboniferous. ~pwr.,~ ..... el~ six-tenths of n ton of l~.iTh-,~ra~le 
~Jittu.~.inous co::tl •is reqt~ire~;[ for ti~o prob,.motion of o:-,.o ~rrel of i~nsolino. 
Progressively la-,-ger a~.=ounts of coal arc require& As the i ' c z t k  of the coal 
~:!ecroases, For su."o"oitu==inous coal, the rcq~irc~.~cnt is 0 nlno-tonth~ of a 
tons ~a~-< for li~911to 1.2 tons., 

The g~.s-synthosis or " "  k r~  ~ .. • sc~_~r-~r.~psc:~ process Lad a much wiaor a=pi.lica- 
tion to z~orc ,diverse; raw m,?.tcrie.ls ti~.~un does the hy!l'o'.~nr~tiSn i>rcccss. 
Almost c==y carbann.coous natori~-i can be roc.ctod with steam to [?z'oCuce carbon 
monoxide " "~ " - ' : u~ . , -~  nydrocon, -,Jhich in turn are rc:'.cto& with ~ncn other in their 

hy,.~rooaruons. Raw materials th~.t !:.~;vc %:con used fo'r conversion to liquid ...... 
this pu~ooso~ inclu~o .anthracite, all ranks of bitumin ~us coal, ~"~;co,' li~n~Ite, 
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coal gas, nattu'al gas, charcoc,l, woo~., cad other vcgete~Ic m~.ttcr. The 
German. ~)l~nts hse~. coke from bit~tuinous coal in the Ruler district c-u& 
]~rown-coal briqueto or brown-coal char in central G~r ...... nyo 

In the Appe.lachian region, the nbccss~ry synthesis gas cam. be 
pro~luce~i from the lower grales of anthracite that -Io ~ot fin~l a rcad'y 
r&%rket at the [,resent time, an~i from high-vol~tile bituminous coals 
tuusuit,~l~le for metallurgical coke. 

The Interior Province on both sides of the Mississip}~i River, with 
its very largo reserve of ~>oorly coking co~,ls c.n& its l~rce l-:,opulation, 
is in ~ favor~blo i osition for the development of a synthetic-liquid- 
fuel in,~lustry. However, the largest reserves of solid, fuels th.~.t se~m to 
h2~ve the most promise for future conversion to liquid, fuels are the 
li&~itic cm.d subbitttminous coals of the Dakotas, Texas, ~I western Great 
Plains States, North D~/~ota ~;lo~e has a reserve of 600 billion tons of 
li,'_~nite, on%& WyoL~in~ has 590 billion tons of subbittu.~inous coo.l, Some 
of these coals occur in very thick (20- to 50-ft,) bo~Ls, and in one opera- 
tion in Wyomi~g a total thicknc:ss of 80 feat is mino'~ in ~u~ open strip 
pit. Strip mining unlcr such conditions is ine~c.usivoo It nay be 
abic to contribute enough saving in the cost of raw materials to co..~pcnsnte 
for tho lower 'yielis of liquids c~btair~nblc from those low-r:u~'~ fuels. 
Transportation costs of the liqui(l ].~ro~luct to centers of cons~:~ption is, 
of course, a h~m_.iic%l for plants in those ficliLs. However, this i:.roblem 
will be no ~Trcatcr thc;~ it has bean in th~ ~&evelop~ont of the croat 
ni~.continent petroleum in<lustry. 

Conclusion 

In conc171sion, tile fuel reserves of the Unite:l St~.tes, solie., liquid, 
an~l Casoou~, may ]~e st~narizo& as nmo~itin~- to the enorcy oquiv;,~lont of 
2.5 trillion tons of bitu~ninous 00,%.]. h:~,vin~ a. hcatinc w~lue of IS,O00 
B,t,u. ~cr pgund. Coal :~n:! li{~.ite co;nl)risc 97o5 "lpercel~.t ~f this oner,~j 
re:serve; 55 y orcel~t of this so].il-fucl reserve c'~nsistin=i of hitch-volatile 

_ su~oltuL~nous coal, !9 i>crccnt li:~ito, 2.5 bitttminous coal, 23 percent ~" ' ~" 
Percent low-volatile bltu~..in~l~o toe, l, , . % ! ~ .  0.5 percent anthracite. The 
hichest-rm~k ~n~l the hi{:host-cre~do coals, ,~.~'*" ~th_~'*~; to about one-sixth 
of our total tonnage of coe~i o,na. li{3nite, occur in the Eastern ~.nd 
ADpe1~chi-~ States, whore industry nnd populati:;n .... c nero ccnccntre.ted~ 
~m.otber one-sixth occurs in the Central States ~.~. both si,:!cs of the 
Mississip'~Di River, This coal is of low(;r rn~Lk, :~,n& much of it is ,of 
lower ~/ro,de, but it is all ,;)f .~.i<h-vol,,~ile blt~-~inous r~r~, alth,;u<~h 
loss st,-onj].y cokin S tho;r~, the ccstcrn coc~ls. Of the remaining,: two-thirds 
of otu" soli~L-fuel reserves, 80 percent consists <;f subb't~.~ir~us coal ~n~t 
licn~te in the Dahoto~s, ~'loata~-a, Wyoming, Color~.~.o, an& Texc.s, All of 
these fu~is ca~ be conv.~rtc& by suit~?ole processes to ,'ase~.us ~n(l liqui<l 
fuels. So-~.e ~re , ~  ~ " - o~r~t~n::, cor~mercial processes that have been use~l for 
~%ny yea.re in the gas- an~l coke-manufacturing; in~lustries. These are 
e::~pliceLlc to the coking eo~.Is of the Eastern an~i Contrail Stc.tes. 
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No processes c~o oper~,~ting co~]:~ercially in this cotu~try for the 
proc!uction of fuel ~Tases from the low-rcnk noncoking co2~ls th~.t predominate 
in the ~lestern States, However, such processes have boca developed (-uu& 
wore in co'.Luorcial opcro.tion before and during the wo~r in Gor~Lu~ny. It 
is probable that those :~ctho,~s ccm be modified for the ~asification of 
~ucriccn lignite -,n& subbittuninous co~l, ~.d it is possible also that now 
nothc~[s no,y result from Americo~n resooorch now in progress in several 
organizo.tions. 

COLONEL HORI~0R: I n~.~ sure Dr. Fieldner has covcrel the field thoroughly, 
Sincc it is ~ "~ ~:,ett~.,~. rn.thor l~.te, we will have time for only two or throe 
questions. 

QUS~STION: ?~hn, t is the c~proxi~-.to loss factor in convertin~ coal 
into liqui(l fuels? 

DR. FLZLDI~R: About six-te~ths of a ton of bituminous co~i is 
requircrl to ~,~ke a b(~.rrol of oil, an~! the loss in heating value in the 
convcrsion is ohout 50 percent, That is wn~t I have used in ny calcula- 
tions, Tlu~t is why it is such a drn.in on our coal reserve to nr~ko oil or 
,~.s from co~l, ~nothor one n~kos oil or ~as, o~bout he.lf of the Bot~U. 
vo.lue of the coal is lost in the i.~rocess of conversion into the liquid 
or :~asoous pro rT.ucto 

QUESTION: I ~udcrst~n~ that the current donn~ucl for c~dc oil is 
rcu~hly a million barrels a do.y iz~ o]:coss of the present Unltc~. States 
supply. Assu~ulng th~.t fi~urc is rol[~tivoly correct, how ;~ucL woul~ it 
cost an& how long would it take to pro~3.ucc the difforoz~tial synthetically? 

DR. FIZLD~R: ?,~e have osti:~tcd that it wo1~ll t~ke ton years to 
&osi~n, build, o_u~ ~ot into production plants halving; ~. aT~'ro:i;o.te cc.pacity 
of t~;L,o uillion b~rrols of synthetic oil a day° It requires many plcJ:ts 
c;~d much cool, also nfcout 16 million tons of staol ~d a grc~t cloal of 
water, About 20 to 30 barrels of w~tor, for cooling c;~d reaction purposes, 
,~ro roquiro~, for each bc2rol of oil produced. The invostzJont cost for 
those plo~uts has boon cstinotod, as 9 billion dollars. The cost for a 
mtfficiont ntuuber of plants to nc~e one million barrels a day woul(l be 
half as zrach "out the time to cot tho~ in full pro,luction woul~l bc o.lmost 
the so~c as for two million bnr~-ols a clay cooacity bec~:uso the &ovolop- 
nontol ~crio~ would bc ~bout the so.no in both c~scs. 

COL0~VEL HOR}~0R: Dr. Fioldncr, ! want to thank you for a very instruc- 
tive ~. intcrostin~ lecture. 

(24 Fob. 1948---'50)S. 
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