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(]-EKPRAL VA.UAFI&P: Gentlemen: Napoleon knew and stated tha-¢ armies 

travel on their stomachs° ~e l-now that the modern military machine 
moves on petrole~r., products. Our overseas shipping tonnage of petroleum. 
oroducts in %orld War II exceeded that of the arms, amr:mnition., food, 
cloth'ng, shelter, and equipment, all of it combined. You can see the 
importance of petroleu~n oroducts. 

W~ all know from his biography arid from his history and from the 
m<~r_y things that have been written about General Doolittle of his out- 
standing qualifications to talk v.ith us this morning on this w.~ry 
important subject. General Doclittle started his career in the technical 
field ~mzderground as a mining engineer, He then made his repu'~atior 
above ground in the air and new he. has returned to a combination of on 
the ground and underneath the dround~ 

.~ gives me great pleasure, to introduce to the industrial ,j"ollege 
of the Armed .~'o.~c,.s~ and to our gues~s,~ General James "-u. Doolit'~leo 

GE!,~RAL DOO~I~ .... :: Thank you very much, General Vanaman. General 
Vanaman asked me to talk to you gen~-,emen about the petroleum ._ncus~ry. 
To cover tZe subject even sketchily in the limited time that has been 
allotted to me is a very large or<ier indeed, so i have jotted dovma 
few notes tc assure continuity to ~ talk and have abc:.rt 21 charts that 
! would like to show, feeling that through these charts it wilk be 
possible to g'.ve -the information far more quickly than through words alone. 
Also i !rove a few extra charts that ! bode will answer questions should 
any be asked after I am through ~:rith my rer:~rks. 

I want to soeak first a%out in,£ustry in general and will use the 
petrole~.~.r, industry: as a basis on which to give my impressions. 

Chart I, page 23.--The petroie-o~o. •industry is broken up into five 
basic functions: NnoloratJ_on, which is the~arch for oil; production~ 
which is drilling for oil .'--~nd bringing the oil to the surface; manu- 
facturing, which is converting t].e oil into its various useful forms; 
transportation, which includes the transportazion of crude petrole1~r. 
and the transoortation of products; and last, marketing, which is =~he 
distribRtion ~nd sale of petrol.:~um products. 

There are also two general f~mctions, research and adminisl.ration, 
wh.-.ch deal. with all of the basic i ~'unc~o.~o. 
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About 25 Percent of all the industrial reset~rch that is done in the 
Unit,sd ?t-ates is done, hy an~:' for -,~h.. ~ p:;'trc!eum industry. ~etro!e~in 
r.~sonrch c?:n be broken dor,~ into %'.-¢o fua%dam.ental parts: product rezearch, 
or research on the dove!o~ment, imncovemont, and use of products; ~.~.nd 
nrocess research, vcbich is research directed to the end of improving 
refinin C methods. 

4 ~eoroleum research is sometimes considered under the three general 
suhhqaditugs: oil, chemical, and general. 

(>i l  research deals v d . t h  hydrocarbons i n  general and includes ros:;-rcb 
in ccnn.o~ction-:ith th:~ b.msic functions: oxFloraticn , production, and 
~..._t ......... ~t =rl.~ o 

Chomic~,~.l rose, arch deals largc;ly v/.th materials derived from . . . .  ~ - ' ~ ' ~ ] ~  

whicl~ are not wholly hydrocarbons. ~etrol~m ch,~micals have many industr" 
us.os. They are used in synthetic rubber, p~as~J.cs, detergents, soivents~ 
o%o. One of the really large fields for petrole,mm chemistry is in ~<gri- 
culture. From petrolsum-baso ma-tericls are made f~rtiiizers, selective 
v.~eed con,.re_s, insecticides, £~_gicides, ........ t "~-~-.und various grov~h- 
control chemicals. It is possible through chemical application to keep 
a tree from blossomiEg until the sprin~ frosts ~,ra over so that the 
blossoms are not nipped ~..n ~k.~ fruit lost. it is [~ossibL-~ to k,~ep the 

-- +~" " ~ . . ~  on :A Dr:]servtltlve fruit on the tree until it ri>~ns ,ul17 and "!;hen i.o --= ~ " 
vrhich, oermits t,h,. fruit to be sbfo<".cd_ .. trec-~-~_o...~d instu:id of .... -~o-~':~lng 

,.n.~ tree dur:'...n< shiom,'::ni, m:'an.~ b.<tt,cr, sv,-,:.ot~.~r fruit° 

General research <1o~,Is vribh bas-.c or fundamental res,~arch :rod v:i%h 
t'_~e dew~lopmont of Ch-~ tools ant'., instr~mmontation necessary %.0 do res:~arch. 

Administration, th<: other .~' .~" ] ~'~ ~" /± ...... n .... ,...., g~n~_a_ =unc~zon, deals with " - - ~ - ~  - ~ "  

finances, legal probl.:;ms, public, relations, industri~.i r<~l~itions, p~rsonne 
and so forth. A great deal of ros..:.'~,.rch ~md fin,.-~ constructive t}-i~fing 
is being done in connection .,ith .-" ~ ~ " '- m;rso.m.;_ refections in oraer ~o improve 
the r<laticnshio, be-twccn ":mTlo~,,-cc and em?loy<:r to the end of increasing 
]0rofiu.ctivity; ~nd, tit th~ s::uuo titu:~, oi~.~'v;~.<-_..o o.~oh individuo.i th,~ o:~ocrtunit~ 
for advanc~:mont and onjoy~ont il-i his v,. ~orK..' 

Industry, in gcn<{rml--I am talking, I rdalizo, in .~ w~ry .~!om.-:ntary 
"..~:~y to m;ny of you folks, but I fool those initial r~m~rks ar<~ necessary 
in order to clarify things t1_.~-h will corn,:- up later--is very lik~ the 
conventional lin<; and staff military organiz~ticno The head office in 
man}" industrial organizations corresponds almost ~xactly tc the general 
headquarters in a milit{~ry or.ganization, b]<rkoting divisions correspond, 
I should say, %o t~'o combat units in the fiold~ .:'.Ithoug.h i% is p~rhaps 
a bad analogy to consider custom6rs as "on:;;miOSo" Thor< ~, are the smao 
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problems, the same ~.~u ....... tannin. ~o betv~een ti~e headcuarters and the field 
units in a military organization and betv:een the home office an-I the divi- 

~,~: ~-~'~ The ~e~._~. un1~o alv~ays feel sion offices of an .... ~s~.~l organization. "~" ~ "~ 
that the headquarters are not r~articu!arly interested in, or ar~ not cog- 
nizant of, their local problems and the head, quarters ai~'.~ays feel that the 
field units are inclined to give too much importance to their local problems 

and lose sight of the over-all picture. 

Yfhen i went into industry in 19~0, some 19 years ago, I frequently 
heard the statement made that the primary ~urpose cf any business is to 
male money. That concept is completely changed. No business can remain 
in business and remain successful if its sole purpose is to m-~ke money. 
khe primary purpose of any industry is to render a necessary public service. 
It must ma~e money in order to continue in business and so continue to 
~u~ ..... tna~ service; but the making of money is a means to the end and 
not blue end. That is a very imoortant change in industrial outloc~ and 
is an extremely healthy sign. 

!ndustry's responsibiliJ;y is fourfold: First, responsibility to 
stcc" holders--the stockholders ~m~st get a fair return on their investment. 

Secon:]ly,.responsibility to em!.:ioyees--they must Eet a fair '.:.~ago and 
proper treatment. Thirc~ly, responsibility to customers--they must get 
a {~.~ood product at a fair ,rice. Fourthly, and perhaps most important, 
in.$:ustry's responsibility to the public at large--ev~;ry industry m~.~st 
h:~ve an mn~<,res~ in o{vic affairs and must be an inf~u~-~nce for public 

good. 

I am 5oing to sa~r just a fe,.>: words on the history of petrcie'mm and 
then :'.,kip on. Petrole,~:~-z~as mentioned in the Bible. It was first used 
perhaps some 5,0OO years ago in Dabylon as a binder for mortar., Its 
first recorded war use v:as in @:20 BC in the siege of Plataea, ~:d~er .'~, 
fasci~-,es (bundles of s-ticks) were saturated in petroleum 2itch and sulphur, 
then piled against ~he ~ralls of the city ~nd burned, in about 400 AD, 
"Greeh Fire"--petroleum ,itch mixed with fj.noly divicTed quicklime which, 
-::hen exposed to mcistur<,,s ig:,~:[.t.~,i soontaneous!y--Was used very effcc- 
~J.veiy~ In anciez-t times, :~.~3tro!eum was used for mun~ifying, v~-~terprocfing, 
mortar, medicine, burning; and, after the invention of the wheel, '.'~s a 
lubricant. In 1415, it was considered or used for street lighlinej in 
the city of London. In 1810, it was first distilled into coal oil and 
used in place of the, sperm oil, crhich had b~con used previously for 
I i~~htin<q. 

In 1859, the first well '::as drilled for oil by Edvr:in S. Drake near 
Titusviile in Fsnr.~so'ivania. Oddly or.,ugh, oil had often been ~ncounterod 
b,~foro when drilling for ",¢::ter or stilt brine, but this vr~s the first well 
drilled in th<~ hope of striki:~_g oil. Earlier "oil" wells w-ere abandoned 
v.<~-.th disgust because the oil eel!uteri the vrater or spoiled the so!to 

U 7,:U ! :i:!'-: 
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A hun@rod years ace oetrolcum ~<~s usol i:xrg~iy ~s a medicine, ~ith 

some sl]_.~:.~ usage as .~. fu,~i ant ~or ]-~ .~'h:- 2if by y.cars a~o it ~-'~s used 

-~rimurily for light ~-r_d fuelo Eoc.ay ib is fifth .~::~on~ %nit~d States 

in,:9.~s~ri<s ~p~nd it is us'~d for a :.~m..iti%ude of purpose. So 

2.arh:.ps th; suestion.s -:-sh;~,.t we car: get %he most argzam~nt o n  are ':What 

is pe%role~m? 7?h<~re c~o.ss it some from? Zf:m~t caused it?'" 

.e~o~.~u.~°~'-- ~.~ .~ is.a comnlex mixture of hvdrocarbons~ and impurities. The 

orinoioal impurities are s~iphur, nitrogen, oxygen, and various other 

inorgcmic m,..t~_z ...... i% comas as ~as, liquid, aid solid. ~hs ~ ~-.' ~"- 

ky::lrocarbon is Ch.~ (methane). qm~ most ~o~l~c °~= = .......... ~ ....... d hydrocarbon molecule 
~ r "  ~ -~ o l l n e  b~s a thousand or more ~ a~or.s, in the ranga C 5 to C12 , }'re _~,_~ gas 

CI? ~ tc CIS, kerosere; ,~±[: %o '~[31, Diesel fuel an(] heating zu .... Lube 

oil ~::<teriais .cover the ....... ~ ~,,r.f.J:, %o ~ b ~ n ~ r a  . . . . .  ~" C 2 0  ~5;, . :  a n d  .~'° u p  %0 C ~  i n  
t h e  heavier industrial and aviation oils. 

i'etrcleu~., is ~.~.~ I~ ~;) ~er carbon 15 perce_..o .</>'~'~ros~.=~o-~-~- 

Some ~:et~'oleum comoounds are axtrem~s!y ccm.plicated, so complica~ed that 

todmy v;e have isols.ted a.p4 idar.%ifie< ~ on19 ~ about one percent of -%he 
~ ~ ~ . 'C!  ~ O i ' ~ l  ~ -total n'~:~ber o f  oo~:ooun£s z oau,:., i:t oru.~ oetroleum. As you .... crude 

oils vary greatly; ~rcm ~ .... ~=~]n5, z.<:~os.,- colorless nonvisoous lic~uids 9o 

he~vy, ~l~:ost solid black tars° ..he v~.iue of th,~ cru<l:~ el! is /etarmined 

! & r g e l y  b y  0 h e  l i , ~ n ~ r  . . . . . .  .,o . . . . . .  :-~ .& l i g h t  c r u d e  i s  o r d i n < r i l y  m o r e  v , , , i -  

u e % i s  t h & n  ,< heav~." c r u d e .  7 n o i d , ) n b ; _ - i l y ,  i n  C a n a d a  s o m e  r a w  o r u d e s  a r e  

so __~:~1! ~h ~-.=~ that t>~-:y..~ cam go direct ~. ~ron -th<~ v.'el]_ ~nld b e  usod in farm eeuip- 

"'h ~ o2 C~m.r% _2, page 24.--.. =er,~ are vo.rious tkeories ~s -~o the ori~ ~~s__n 

petrole'~~1. PorhRps the most . . . . . . . .  ~i~, o f ,  ,~.!i :n , :~sc  theories is : " ~ -  it 

resulted from tkc. decomoosition of organic mattar, probably roughly 90 

~.~ro~._t microorganisms ~.~ !0 percen-~ fis~:, o.:~irr:~.l and veg~tablo ma-oter 

in salt :':'~:t:~r basins. This wr.s oo,-:=red successivcl[i b~r l<~yor after 

• :.ayer ~ " o~_ sz_.~'~+ in sedimentary.- ::.~si]~s o '~,~]. .... s c,±~ • occ~.~rre'-i millions of y~ars 

agC. o ,~.s t h : :  "z;ci[~lyt o f  t h e  o w r i y i n :  S i , ' , y e r s  o f  s o d i m e ,  h i  i . : ~ c r e a s e d ,  the- 
crude pe%ro!e~n, .r~}:s_~itin 8 f'r.t::~ .,:: oor:<osi%.ion of the or@anio matter, 

w%s s.q~,eezed_ out of she c~'~,~v..,~ b.;~,.!s _~nto the nci.~hbcring., sands° In 

-'" .... s".r..£s it w:ts t-,-~o -~,:~ som,',ti:~:.L.s--;:'~nd soln'-bimos r:o%--ui,~dcr an immor- 

~ious ovcrl%'. P.;troi,~um is not found in lakes or .und:~rground channels. 

T - ' -  is found l_~g~l~ in san£si;one and limc:stons, in th;o porous sp-%oes 

~,3t!'/O..'J, Yl th3 S.;~.~o~o~... .=l,.:OS~Ozl{: Df~rtioles i~otrolu!.IYl~----8.YlCi somc 

,~,te~--oonstitutss . . . . . . .  z.~or 3 ~ ...... .... <;ro<..~,~ of the volum.:~ ~n" c.xtr.omcly porous 

material ~o,/no_,. %o one poro<..nt it. ~"*~ri~! hh;vt is n(;Rrlv imTn)rvious 

P.)tr-oi<)~r~ is co~nonl¥ foun£ ;'_n .'.N%i. clini~,s, faults, o.nd str,i.tigraphio 

%raiSe Chart 2 sho~vs wh;=t %,hca.o s~;ructuros look liks. 

;%! .  ! : .  L . . j  'i I L '  '.,':' - ; i  :~ ," i! '.. 
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real meat of my talk. This chart shorts -the producin C ~nd possible 

producin~ areas of the wor±c~ :. In black, you v~ll so< areas tha-~ are 

alre:{dy producing; and in crosshatoh, oossib!e :nroducing areo.s. You 

will r,.otice that in beth ~[ort]'" and South ~:~.erica there are very sub- 

st;~.:qtial potential producin& areas. A point of particular interest is 

the tremendous ootential in Russia. 

Chart 4, page 26.-.-This chart shows the producing areas in the 
.... %~-~ + ~" . You ,.viii nc, tice .... : ........ States and d}:e po~en~lal gas and oil areas 

. ±a .... =c Seaboard which is a potential ore- one little ~iece u p  on the ~:t" -~: 

cucin~ area but vzhioh i:~.a n~% ~.'et produced any oil. You rill see tLe 

substa~tJ.al pote~tial produci:q~ area in and adjacent to Florida. H o w -  

ever, very little ,oil has been produced in Florida; last year just under 
~,  ~ ~ ,  ~ ~ , -  
~d, uOO oarre!s of oil 7~as oro:iuce:! t]:ere. ~ne tidelands o~±~ }ilorida, 
ofC ~" " " ,~ .. r~ -~ <' - " :~:±SSlSSlDpi, 0 ~-, Louisi~.~na, off _'exas, &s well as ofP_ ~,~l~orn!~, 

show tremendous potentialities. Some o:C the ti~ce~anc ~ ~ aro~. off ~zas, 

Leuis'ana and Californi-~ h~.s been explored and h~s been pro~ed to be oil 

producing, The tidelands off i~!orida have not yet been extersivel~, 

" " ~,_, D±~ tC S ~ F  ex~}iered, so their v r~lu.- is Drobiemat~cal, It is impos °:" -~ 

vrhcre oil is prior to driiiin:i:o You can sa~ ; only whore oil might be, 

if the traps -':ore not forme.i, or if they v:ere not present -,qnen t:e oil 

~-,~ - , - m  t '~ time it was .... gr,~t~£, if th(~ oil leoi:ed . . . .  o~,~ durin~ ag'~s bet:reen 

formed and the present, there ",~.~i'. b,:~ no oli, 

Chart 5, page 27.--The ex91eration for ~il . . . . .  is an extremely into ~stl'n~ 

part of the r.~;trci.:::um in~fus4~r,/'s v~-~ri.:. It is nowad~tys customc,:,"y be first 

fly~ ov.:r ~+-.~+~,,I~.~.,~.,~.:.._ oi I. territory cad look it over frc~ th~ air.. it is 

"c, ossib!e 50 %;11 . . . . . .  -~ grce.t dc~l ~or.:-b~., ", outcroooi:-_,~._ .~, so_'.~ ~-~.mrs oossible 

-he ...... o .... a_n i:~ea, as to the goner:..! s tr,4cture An c:<nort can got V~oiU:.~.bls 

,.~nc ....... rlbutlon o~ veget~t'.on, In the polar in. orm~.,!on from the type ~ : ,~:~+ " " 

arcas--I ~:~s u:v o.t Foin-b 3arrov;, ::~-ere %i-.e "" is ..... ...... ~ <..~_oiorl..,. .~,)~ oil, 
last August--it is possible to tell th0 .'.-~roas of permT~:Crost from the 

vegetation. Permafrost refers to ground v~9~ich is compi.~teiy frozen all 

tqo time "~xcapt for the toc foot or .: ~ ,or ,-rod a half which tb~ws during 

the su~r..er months. If there e.r:" r~ny b~ch. ~ ~_.~,,,+~..',o you k~o:~r . . . . . . . .  the ground is 

not pc~mT,.~.nently frozen boc~usc these trees h:-.ve d,Jep roots ~.nd co.~no% 
grow in t}-e. ~ shallo:v soil r:.bov.~ . ~,~,-~ 1 ,  "~ o ou ...... ncnt..,. ~ roz~n ground~ 

Throui]h the use of acris.l 7)hotography it is oessibl¢ to got <~n 

oven be%tot indication of the type of soil, topogr~,phic features of the 

.... "- . .... , country, Through :~ study of to~r~,l~_ and the g.~n.:~rrxl geolo{y of ~ " 
aerial ' ~ " ~' pnowormp~s and careful ~" ..... ~'~-~ " ~,m~ncd spoci~lists 
F..uch valuc, ble " ~ "+" in±orIr~.~lon may be obLain:,d, 



Aerial reco~maSssanee is ordinarily fo!lowe<~ L'y-ground geological 
parties wl":o s~uSy surface inc.ications empiob, ing conventional seo.ogmca,-" ' " 
m e e , ! : o d s .  

It is necessary to resort to core drilling, which is more exoensive, 
if it is desire,4 to ~etermine, for sure, what is under the surface. 
Ordinarily such drilling is carried o~ly to shallow deoths; under i, O00 
feet, "cut can give valuable information regarding the formation and 
structure i~:ediately ~der the surface. 

Coeghysical metk.~'ds arc now extensively used in ex~)loration. The 
most in=errant teohnicues emFloyed are seismic, gravJ.metric and magnetic. 
In the seismic method a dyn~m'r.ite charge is set off and the reflected 
r urea are piohed uo and e.na!yzed. A soft surface like slay tends to 
absorb -the waves and return a wea l: . reflection. On the other ]-.and, a 
harG surface, for instance limestone, reflects the waves well and causes 

a definite zigzag line on the seismograph.. Throufjh ac::v..rate interpre- 
tsrich cf the seismograph reoordir_gs and by si~coting enough holes, it 
is possible to get a topograpl~.o indication of t>.e. underlying formations 
and structures, incidentally, ~forma~tion"" deais ~,~ith the geological age 

o.f the layers, and "structure" :ioals with th<..~ir shr{oe and ccr..figur~<bion. 

The gravity meter measures +.he gravity of the earth's surface. In 
an antJe!inc, with a center of ~" ...... ' ~a,.ns.~ and heavy material such as lime- 
stone, ~:~..~ gr.~mvy meter will "jivo ~ hJ.~her reading dir,~ctly over the 
to:.-, of t;q<...~ .... mcl.[=~ than over t>:: l'.ghtcr mat<,riu! .on eiti'cr sidco 

The :aagnctometcr oDcratcs si..'::ilarly, but in this case the earth's 
ma~'nc~ic forces are measured. ~ ' ~ - ~  . . . .  ~ . . . . . . . . .  F ~ g n e ~ ~  c ~ . o r c e s  J . r<  d , ~ t . : r m i n e d  b y  

-~.he ~mcv_r,_t and disposition of the r::aznotic matcri~is in tk,: various 
layers. Yore again, it is ocssiblc to g~t "in indication rcg~.rding 
subsu:face structuro. }i:.,ccnt!y very r:<'.i¢] magnetic surveys !~ve been 
m a d e  by tov&ng ~ magne~ometer b~:h~nd n.n airpl~m~ an~] gc!ttir:g a con- 
ti::uous reading. 

Oravimotric exD!oraticn in tl>- ~m<rs]% ~ Gulf Co~,.st e.roas ha~ been 
cc.rried out under gre.'; dif*ic:'.ity. Often there is not enough w~tte'r 
for bon.ts, a::.d still -~.~-c ground is too soft to supp, ort vehicles--oven 
c:p.teroilip..r tr.~ctors. EL.;re helicootors he.v,:; been used very off:~ctiw~ly. 

. .  ~ 0=4- - }~ i ~ : v i n g  hole in the o b~om of t T~o h,~llcopter, it is ~:ossiblc %0 i:~nd 
the helicopter on floats; push the gravitomct,~.r, on .its tripod, t}.rough 
the hole <nJ t:tko r,.adings in '_: matter of seconds withCuz °yen stopping 
the motor. By hopping from point to point in t]~is way, it is possible 
to sp~cd up < @r~-vimetric surv.,v rou!~hly t'~n times o Tar-time Shoran is 
being used to loc~te -~ccurat~ly and permit plotting of the points 
where r.)ndings h a v e  been t~kcn. 

: . . Y , . . . . . . .  , • . . . . . . .  . 
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All of these methods indicate where oil ms~" be four.d, but the :final 
creel is in drillin-:--and ::cbody h:~s yet found a ":..'ay of telling, where 

oil is except by drilling. However, drii!ins is very expensive. It is 
a ~:~mhle so~ consec, uently, all pre.ctioal scientific methods are used in 
cr.<'.er to make it the best possible gamble° 

Chart ~, page 28..--Re!ative drilling costs are indicated o n  this 
chart. The deeper the well the mere it costs per foo% to drill the wello 

Drake's well was 6 9 . 5  feet deep and aocor@_ing to today's standards v r a s  

a very cheao vreli iudeed. The wells in the east Texas area have an 
average d ~+~-~:z~., of aro.,na 5,600 feet and at $8 a foot, as g~.~n i.n t]~.s 
chart, would cost a-)out ~30,000 per well. In v:est Texas, the average 
der:th of wells being drilled tod~%- is around !0, 000 feet, and you v,ill 
see !.h'om the chart that at ~I~ per foot the cost is in the ordc, r of 
~!60,000 per well. At ~160,000 a well, it is easy to apcrecia-Le the 
necessity for taking every possible scientific oreoaution to bj.t oil. 

.qhe deepest well in the world is now being drilled in California° In 
mid-February it was 18,414 feel, deep. According to the chart <;.uat would 

have cost on "the order of half a million dollars to date--and they have 
not uet struck oil or a fs~vorable oil structure° Actually the v:e!l has 
probc;,bly co'st much more than a half million. 

Yhe rate at ~hich th°~ drill <en.2trates depends upon the hardness 

and nature of the mater'.al -~ ...... ~ ...... " ~a .... 5,n. ,,n~ch you arc drillin Z. Drilling may 
bc as slovr as t w o  or three incLcs ,% .6,a~r. As a m o . t " e r  of fact, <,re ~had 
o n e  . . x o  . . . .  ~ .~,~c' , . .  ",..:i~.'~r.~ d r i l l i n F , _ .  -. ' :~s s o  s l o w  t h ' . ~ t  t l - : e r c  wc . s  s o m e  q u e s t i o n  

vrhcther we were me.king any p~-ogress at all. Finally the drill stem was 

culled up ~nd it was found thaz progress had bcen made. ]qe P~d made a 
littie more th:tn -.m inch. That .muci< ":,ore off th<~ drill bit. 

Under extremely favor~blc ^o ~: ...... o coitus ~-o ,,~ ~ ~- =~ " 

as much o.s 2,000 fe~t ::z " / ~  car, bc dril!odo In ~z dce, n well, drilloa 
~rou.'-dn hard m~.~r1._.Is or under u s u a - :  cend-.tions, it is possibTo t o  

spend over ,~. mil,-'_on dollars on a sing!<~ -~:ell, ihc drillino. I rigs -them- 
se!¢os--of course, ~..:u "..i.~l'_::ing ~.~,~"~ ........... and ot:blr~ rig is ~-,-:]~]~m, .iJ. ~ C vor, 

o ' ~  t o d a y ;  ~ . u ..... it is "tl! rotary <:~r~ -'""'~-~ng novr--cosfi from :.~!5,000 to $600,000. 
~" ~ Louisi,~n~ cost ~,l ~tJ r.~ ~" o.-- of -~h~ -tvD~ us ~d in the swa'nn l~_n~.s of 

.9.rou.nd ~[;900... .000, anti the ri~s and -n~'-°c-~l~±~ ~. .=...o bhe.t arc bcin C~ used to drill 
in the tideland {:re:-s off' the ~ of ~;u~: ~4cxico, cost uo t~ $i, °<'~ . . . . . .  , O00, 

Chart 7, puge 29,--The percentage of dry ho!os tbat ~ro bo:-ns drilled 
is increasing. This chur-t shows %k.:t it. ].920 just ever 20 ~orcont af 
the holes drilled v;ere dry. A median straight line from 1920 to 1948 
indicates th~% over 30 percent of the holes that are being drilled 

today may be ~xpectcd to be dryo This incrcas~ in the ratio of dry holes 
is occurrin~ desoite th,~ tremendous advances in technological kr, owlcdge 
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and the grea +. improvement in ex:~le:'ation methods. It ,~ives an indication 

as to how much more difficu!% i% is becomin[4 to find oil. In 194~ there 
-.Tere ,3,877 "~,rildcat w.~/Is dril)e£ a<d '~i.4 ~,erce~t were dr3r holes. That 

is, over four-fifths of %be <:ii,<c<,,~ v~ells dril].ed last year ;yore dry hole 
Kctually almost 40~ 000 wells ~ere drilled ir~ 194.,q.. !{ost of -these ~,~-ers 

dri!le<:: in order to im:~rove property that was alread3 ?reducing. 7hose 
are cello.<. ,." exoioitaticn.. -,veils. T ~.'-:e vri!dcat wells are call~a~• exr~loration 
-.:ells. 

Chart 8, page SO.--This chart shows "the proved crude oil reserves 
in t]".o United gtates from 1026 tc 1948. You ",,rill notice that in 1965 

there ":,as a subst-~.ntial increase. This hearter..ing increase was directly 
a-t:,;ri~c',',tabie to the stable market aD,~ the satisfactoi'ily high price of 
cr';{de ~And of oet:'o!e'<m Urod',cts. This encouraged exoloration and 
exu.,.leita-tion, an',] also had %he effect of making marginal producing areas 

econo:uical!y useful. About ~7 percent of the United States crude reserve 

are in Texas, 1% percent in Cal-.fornia, and 2}9 oercsnt in -the ether state 
Pr'.noios.i among ~,~ .... other eta ..... ,~re Oklahoma and Lc.':.isian:~. LOU.lslmna 

_-'. s becoming an ".ncreasin<iy.. im:~or-::an% oil-orod,<cing,, o~.a.e.~-. ~ Last year 

:,t!:iahema appeared to be ver]" much o~. the decli'~e~ but recent discoveries 

in -%here have ~ive,'i O:..is~i:o::q~< a nc:,.~ ie~s.~ on life. 

in 1937, ther:~ were ~,500 vliidcat wells drilled for $,7ZZ, O00, O00 
barrels of crude, or about l)@O0, O00 barrels par ".',:ell. In !947, there 
<,-ere 5,.S00 wildcat wells drilled for 2~400~000,000 barrels, V;l:ich is 
about t:ro-thirds of =i~e .m,~ou~ot of oil th;~t w:--,s found in 19$7, for 2.5 
times the r..,m:ib.~r of oil ,ells, or a %ot:~l of 420,000 b::rre!s -.oct well. 

Tree r~t~o of ol~ ~oun,~. to wells d÷'~l< : ]:as therefore decline:], in the 
ratio cf four to on,:;. Zhile these str~tistics do not to!! the ;;hole 
story, the fact is that it has be~c ~ , cbout four %im,~s <~s hard to ~-" . . . . .  < i n c .  

oil in th: I0 years b.~%.v.:en 1937 and 1947~ 

Chart 9, pa{e Slo--The .~1or!i crude oil reserves are sho~,.,m_ on t3is 
chart. You °rill notice a slight hiatus kere. it shov.'s for 19%8 about 
a 2S-hi!lion-barrel reserve instead of 25 billion for the United States. 
The exoianation is %ha-~ ~'.:-lis ch,~r% does act include ccndemsates from 
natural gas, as they are not irc!uJed in the reserve figures for other 
"~r .... of the v.rorid ~ have only consider:~,i %her here for the last few 
years since conser,..-ation indicated th,,~ necessity for [~utting in absorpzio 
plants. Cond<;nsa.tes ..yore not included in this chart in order "to mak,:- 
Sl~e United-States reserve.~: co~:}:>arabie with these of other parts of the 
world. 

You v~i!! notice that :orzr. America, :vhich has been very ",,:ell explored 
has about 50 percent of -the total crude oil reserves of th:] v.:orid. 
Venezuela, which is developing r~.~oi,:}.!y, h~.,s 13 p~roonto Th~-',.iiddle East 
nov., has %2-plus percent an<l ~.~ not been sxolored to :~n~;lhere near the 
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extenb that the United 3ba:ses has. }Ve can therefore expect, r<nder more 
extensive exploration and e~-?ioit~bion, a ver[f substantial inorc.~se in 

the b[iddle East reserve. Russian controlled crude reserves are problem- 

atical, ~.out the best ~uess we have is about ii percent of' zke ,~mrld tohal. 

~.ab includes not only the area in Eaku above the Cas'.;ian _,.r: russia 
orooer, but the Romanian oil fields and the others v~hioh they no~,# control. 
The resettles in the rest of the world represent, as you see, a very small 

~erceutage of the total. 

Char-~ I0, pace 32.--This chart shows the United States cr~lJ.e oil 
production, from 19[!6 ~hrou~,h i~6~. Previously, on chart 8, you remember, 
we saw the United ~-t~tes .=.roved oil reserves. The production last ?fear 
~;%s just over two billion barrels, or about 8 percent of our total 
;~roved reserves. Last y~ar 39,770 :~ells were drilled. Production 
increased 8.5 percent over 1947 but. 20 percent more wells were drilled. 
ii~ total oil well~ that arc Frcduciu~ in the United States to'day are 

4i5,000 clue, for an aver~;e ~sr .~,;~Ii of about 14 barrels <):~r day° 

~..~Y~-~ Ii~.. page 33.--This chart shows the crude oil oroduction~ for the 

Y:orld for 19Z8, 1947, and 1948. You "~,~ill notice that the increase in the 
Unite:i Zt<.tes has b~:;en consAderab!c, it has been r{~latively greater in 
...... zu(._~ ~nd rcla~.vely gr~atos~ in ~h.~ Kiddle East Only it. the 
kussi;ui controlled 9teas and in the E~.st indi:~s, v.:here the oil fields 
were destroyed as a result of the ".'.%r, h~s tlicro bo.~n i-o increase over 
_9 .... . In the :_.~a~"t indies the .::~i~ ~s destroyed ti%e oil :.'rolls "~:ien %hey 

• ~ he _ moved out ~.~ Jaoanose r,t:s-bored them; "the Allies borated bhc~ the 
Janancsc moved out and d-csItro~:e'i ~" .... ~,';Y~on ~" ,~n~=.~ tn:~y moved out, so -they have 

really bo,~n dcstro~'ed ~hr~ ti:.~.es "O-there" on ..... ; c]:art are ].ar~oly the 
East ._no.los. You .Jz~l see that in 194.8 they are n,;t .-~ uo to v;.nat they 
v~re ten years ago, althoulh they ':re building up rapidly° The stone 

'.;hing is tru:~ in tb.:o Russian controliod areas. 

. . . . . . .  ~ ~ ~] I~ cii production in t}<~ Un;[tOd ~.t is intorostin~ to no~e ~;~ cru ..... 
States is in thG ore]or of 61 percent of nhe ~.7orld tots.l, ":~horeas proved 

reserves ~re less than 30 oorc~nt, in the T'.Ti£dle East crude oil pro- 
dLlctIion is only 12 percent of the -.:or!d total, ":;hereas proved ros,Jrvos 
are over %0 percent, This ind'_cat'.~s very conc!usivoly our ~S.nc~ling • 
resources and the economic imports;~co of th,J :',.[iddl'~ '.Pie.sic 

Chart 12, paze 34.__ ?'his chart shows v'orld crud~o oil pro.iuction 

and refining capacity. Our production is about 95 percent of our' r~fining 
.~ap~city-~. ~,. , and ~,~c,,, • ".'ill soon hc.vc~ %o inert:Is<., eu~.. refining capacity sub- 
.... an.~mm±Iy, qhis comin~ year~ 19"~9, petroleum industry plans call for 
an incrc,as~:~ of about i?~5,000 ~-,_,a~~-~._, ,~s ~er day in rcfinin~ capa,city in 
this .... ..... " cijL~nury. The chart sho-.:s :+ , "  ];rI.']~InOl~J~.[i]r[~\nc I] !).~ refinin S ct.[~acity 
ov:~r production in th~ EurOpe02! ..... ~-"'~-' arid " ............... s, tne n,~cossitv for exporting 
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crude from Ver.ezuela and tL~e ]~iiddle East, vrkere "chore is not enough 
~ ' y ~ °  ~ • . r,,~z,,mno capacity to take csre of ti~eir ~ ~," "~ ~o,,~c~o_~ The sure!us 

producing areas of the -,t'orid are largely the ~.[i~dle East and Venezuela. 

~he Urited States is a producim['-co~.s,-~mimg area, al~:ost iu baianoe. 
Euz'ope, desoite t*.'~e depredations of ~..'ar, still has considerable 
refi_,-ing capacity and recuires substantial crude imports. 

Chart ].5, page 55.--I ,~.. •baking considerably longer tl~an I had 
:,_n~en~e~, so will oass over this chart, if there is time after 
]~_a~;e fin_~shed talking and arj:.,'one is interested in seein~ the ro,,rte 
ta':en by crude petroleum in going through the refinery and co:nim~ 
cut as finished oroductso ! will discuss it later. As a matter of 
fact this flo-~v chart is large!~:r self-explanator?f, 

.7,!,art 14, page 36,-o,.Tb&s chart sho',vs the nrcducts obtained from 
a barrel of crude. The crosshatched quantities are from old t~.~,~e, 
straisht run distillation before cracking processes ~.'..'ere utilizer].. 
It mu-:t be realized that etudes vary greatly and the proportion of 
va~"io:~.s produczs obtained from different crudes ~.Iso vary greatly. 
The fig, ures given are therefore ~',,oproT:imate. Etrai~ht distillation 
gives about SO percent of tb.e crude as gasoline. Through cracking 
and reforming it is oossible to got over 40 percent, 2 percent of 
v.,hioh is high grade {zvimtion ~aso!ime. Straight disti!latio-_.: g.~vo 
about 15 percent kerosene. ~, ,~ no',v get only 6 ~.~rcent~ ~erosene. In 
the distillates, or ~'.eating fuels, you origin._--,liy got 7 percent and 
are no,zr getting 17 percent. Of residuals-.-industrial furnace fuels 
and stec:n boiler fuels--we ori{[inally got scme ~-19 percent and, as this 
im o'ae of the princio~-.l ,r.e,be ....... ~ ~ no',-, or~c~c~d to :u~k,, more ..... a~'as 
amr", more motor gasoline, ~ze g~:t on!?/ 2A percent. 

I~ !919~ :hen refineries ~.~ere purely straight run disti!i,ution 
olants -'~ith no cr~xcking, ~ refiner'j cost a'oout $150 .oer harre! of 
daily throu~,"n-put to build. To refi:me th<- crude costs about 2g cents 
[~er barrel• T~,venty-five to -b~-~irty Ferc~mt of -the refi::~ed oroducts 
v:.:~s gr, s o ! i n e  ' . ' . -hich h?~d e,'.-.. :~ver:-~Ce oct~.~.n," n',.~...ber o f  . ~bcu t  ~15. i'-'~ 1 9 ~ 9 ,  
to ta'_':e a~-','~verage ye,-..r after t'."~e therm:~l cr~cking practices i'.,~.d 
become oo,~:*~,onj it cost about ~2o0 per barrel per day of through-put 
to ~,',i!d a refinery am,! it cost about 80 certs per barrel -be process 
the crude. It :.'.'as ~ossih!e to get up to 59 percent ~aso!ine of about 
60 octa'Te him-bet, '?rith she present 1948-1.949 ple~nts, ".,tit l~. catalytic 
crac'._,T_in{, a refinery costs about ~'.;I,500 per barrel per day, or ten 
ti:nes ~.vhat -the oi~. straight run plants cost. It cost about 90 cents 
per barrel to process the crude a:~d it is r, cssible to obtain up to 
45 Fez' ,  . . . .  t oa_~ ~o!ine , ~ i b h  an oc~a~ r-~:Lber of around 70. T]-is gi~-es 
an indication as to the change in refinery practices--and th3 ,. 
increased costs involved, 
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Chart 15, paEe 57~--This chart sho,:;s refinery yields. It indicates 

the flexibility ':5th which a refinery may be operated. In 1945, durinE 
-the -...'ar, it may be seen from -the "-;ortom of the middle coi'~mn that eVe 

~.,~ere U reducing roughly 12 oercent aviation ~s, sol~ne. Tl:at "was ~,bnor~..al 
• <n¢ ".,<s .mc~-~eved =ar~<-~iz,r by robbint; .motor ,.<asoline of some cf its best 

c.o: <o~-~on-i~s. ~c.u -,,;ill un~]oubte~iy remember that during the ",~:ar the motor 
" . _o,.. quality° It would .... ~,'~i~ ~asckin,e you ouronase@ ; a s  of%er.., of ~ - ~  ~ . . . . . . .  

..... o~,. :::non used in cars ~.',~ith ~:~ fairly high comoression ratio encir..e. 
In_ the crosshatched distillate oolL~mn, you will notice an increase in 

. . . .  e ...... ;~e d_s~].!ates from !5 percent in 1940 to almost 17 oercent 

in 17/=7. ",his flexibility is extremely im.oortant because distillates 
have h.ecome increasingly imported.it in con~meroia! usaEe and thel/ v/ill 

te required in large quantities by %be ~[ilitary Services in case of ~. 

""~.~rt i~ page ~8o--=~s o/~art shov;s tl.e cast ~-~d ams~c~r;at@d 
petroleum demand, and it also sho~:,.-s the product ~,}rea~do-,,n for ].0(:8. 

:~ct only is it apparent t]~.t each year si~ce 1946 -?,here has beez~. 

an increase im demand, but acm~.aily, the i946 domestic d~nr,.and was ~z~her 
tkab the 1945 demand, :-.~hich was tile oeak war .T:eriod~ This ,','holly une:c- 
~t.ected requirement -,',:as caused in general by unprecedented in,<us<ri~.! 

ac-tivity, and. soecifioa!l.~ ~ by th ~ , -'~ ~,~ .... of oars tha-t c~::e 
into use (~{nv people hs:d had tb.oir oars up on blocks); by increased 
drivin[,;; throucdh incre~sed farm mech~:nization and increased use of 
ofiuip:=e:qt; and through change-over from coal to oil cn railroads; for 
.._.'.~a,s~r_~,~l use; for domestic he~ct~_ng; and c~iso by the reconversion to 

oil by ma.ny l-'~rg<; industrial concerns which had changed %o coal to ~::<ce 
more l:,aa~" fu.--:! oil av~ila~,le %o the -~';ar effort. Tbm change-over from 
coal ~o oil wo~s stinmlated by the coal stria.as and consequent unce, rtain 

coal availability. Everyone, including the government a eenoiss involved 

as well c~s the petroleum industry, expected that, rfter zhe :::mr year 1945, 

there wou~: bc .... s% 9. tc~cr~orar 3" reduction zn 2<.~trslc,m:~ demand in the 
United States. That it did not eventuate was as ~;:ch of a surprise as 

_,.~as the industry' s nkene.v...enal ability to moot its unanticipated rccuire- 

:monts '..ith only one ti,,Tht spot--during th,~ unexpectedl~ severe :,~nl;er 
of 1948. 

........ n~-"..,e~n ~ 1941 and 1949, the nu3~b~;r of iic..)nscd mooor~- vehicles has 
zncroas,;z from 50,500,000 to 42~000:000~ There are G;0v<,~O~6 more cars 
no~;.r than there were in 1941 a:e.i 2,500; 000 more trucks and buses. In 
7 (~ .. -.,.,41, 3~5 n:;rccnt of' the railroad locomotives ".v~re Diesel tyT~es. They 

u~ ....... z .... to acc, ount for s-pLoroxinmt.cly 25 percent of ~hc total in 
i949 ";shGn about I0, 0C0 Dios,;! iccomotivcs ~.,;i!l b,~: operated by th:, rail- 
roads, r{l I the main truz~:< railroads -,.;ill uv.:.ntua!!y be Dies,~__zed~ 
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Actually th~ conversion to Diesels reduces oil requirements--except 
where Diesels reoiace coal buzz. ers--ss the Diesels are about four times 
as efficient as steam locomotives burnin~ oil. In 1941, ti-ere ".'~ere 
2,P~:0,000 domestic oil "~rners in use; in 1949, 'he~-~'.411 ~:otal approx- 
i m a t e ! y  . '~ : ,500o000 .  A l l  of ~o ~ . . . . . .  ~ - "  ~:~,~ ~o~ ~5~___[8 si 'zo: ' ;s  t h e  r e a s o n  f o r  t h e  
increase and indicates the trer.d. 

had planned to tal!~ about t;he properties and uses of some of the 
vario~.s petroleum ~roducts :'~t this noint but will have to skip it until 
later as my ti.~ne is rapidi~ ru,~n_iz~ out. Suffice it to say -that "..:hen 
i -...,enl ~'~th the n etrole~, industry in 1930 re were makin 8 about !00 
products. In i2$S~ the pe'trole~h:~ ind~.:stry made over i, 200 different 
useful .~;roducts.--fuels, lubricants, kydraulic fluids, special prcducts~ 
v.'a::es, as:,b.altic materials, core, carbon black, ~nd many t~:pes of 
chemicals. 

Chart 17, page 5 9 , _ - T h e  demand for petrole:~m prcducts, wori£-,.';ide, 
is indicated on this chart° It gives a clear indication of future 
oetro!e,~n requirements. From lO37 to 19~9, ~:~-orld petroleum requirements 
Rave just about doubled. ~7or!~! oetrole,.~m re~ulrements for 1969 are 
~5 ~'orccnt over the wartime peal,.', in !9~3. [[-%.@ chart indicates the 
accelerated rat3 at which world r~,uir@:~ents ~,re increasing: rela~ive te 
United States requirem~nbSo 

Cirri 18~ page 40,--This clbzrt shows in.ports and exports. 'ihe 
tendency is definite, i:.~ports at increasin~. Exports are decreasing 
at a lower rate. In genor.~!, :.'.o import crude to mai.::~ up our crude 
deficiency and .:-..xoort refined rroducts..., The chart sl-o:..'s that in 1947, 
for the first time since 1223, the United States became a net importer. 

Chart 19, page 41.--This chart slicers .-..he sources of crude oil 
i:~.ported into the United States° i~ !9~.:6~ for the first time, we 
received some crude from tke ~.~liddlc }].9.st--r~nd this has caused consider- 
able 6ontroversy. Incidentally: the imFortation of ~iddle East c,rude 
into %he ~fnited States is no~ wl:a- mi~h£ be normally expected, Kormally 
crude from. %he I,.-i:[dle East -"ould take care cf Africa, the Near E.%st, 
the ~.fiddle East, the Far East and Europe; and our deficit would be ~-ade 
up from Venezuela, rhich is much r~loser to us and much farther from them, 
Horever, because of the present lack of develcF~:,er.t of refineries and 
oS;her facilities in the L[iddle East, Venezuelan oil is servim~ r, uch of 
the noz.~n, al Hiddle East market. 

C~%rt 20., page 42,-~This chart is Farticularly interesting. It 
shows the chan~es in the relative use of the various sources of energy-- 
v:ater,, coal, pe~rol~ul::, natural gas--from 1900 to 1948. In l<J00 about 
7 percent of the total energy ,'~:~._iized in the United Stat~s _vas from 
natk~rai gas and oetrole~m~.. ~, i":o ~ it had gro~m t o  4:7 percent, and this 
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year v&!i no doubt pass gJO p.,ercsr~t. ~l~il~ this chart indioa~es the 

percentage changes in the so-'~rces of tLe total energy use@ durin,z that 
,o.'~ricc", it doc, s not clarify one very i::~.portant ooint: the fact that 
tl~ere has been a tremendous increase in our energy re,~uirements during 

t~-e "~ast half century. In 1900, our total energy requirements -..~ere 
about 3~O00 trillion BTU's and in 1948, 87,000 trillion--over 4:.5 ~imes 
~ireater. To reoresent true cor.diticns, instead of percentages, the 

chart should be extended 4.5 times on the right-hand side. Them it 

---ou~d show not only the relative ~ercentages of all .o .... ~ .... 
of ~~rgy, ......... but the tre~.e-ndeus increase in en,~-~v.~ o,, requirements, in +~e~.~ 
United States durin{!~ the lo.st five decades. 

7'he most co~troversia! ouest_ion that -.~:e can get into is, "}-ow lo.ng 
will these various sources of encr,o~y last?" There are about 1,'5 trillion 

cub-'c feet of proved natural gas reserves; 6~000 cubic feet of natural 
gas has a heating value equival~nt to ,~bout one barrel of oil. Consid- 

erin~:i the loss in conversion, the reserves of 17~ trillion cubic feet 
are the, eq~oivalcnt of a[;proxi~at:,ly 16 billion barrels cf oil-..or about 
t.:,-o-t}-.irds of th:~ erovod reserves of oetrolc~. 

'Lhs Unlt.sd Stat~s m~xim,~a r~cov-,rabl.:--: natural gas r~sou~ces are put 
by _u o :~.,~o~'_ i >~o~,_.~s at .a l~-t-tie_ over tv~ice tko. ~ croved reserves, or -_-tround 
40, .0  . . . . . . . .  ~r,~,ion cubic feet. ~e are now using about ~.7 trillion ::ubic feet 
of gas ~,er year for household l~eat~:~,* and inc~us~r!:-a ..... purposes. Another 
~8 trillion cubic feet cer yea,." c.re ~ccounted for in carbon black 

ma:sufacture, field use~ and waste. ~.us~ our consumotion, inc:~uding loss• 
at the present time is about 4.3 trillion cubic feet ocr year. 

Our domestic sroved petrole~mn r:~serves, as oreviously indicated, are 
in the order of P_g billion barrels. Dr. Lewis G. U:eeks, of the Standard 
Oil Company," of Now Jersey, one of the outstanding geologists of the 

country• estimates that tlne total recoverable reserves of crude, ~ petroleum 
in the United States were in the order of Ii0 billion barrels. ]{o have 
already used 35 billion barrels, so that leaves about 75 billion barrels, 
or three times the ?,ctual <~ro-¢e,£ rese~,~es. That is a hi.~}-ly controversial 
figure, bu t it is the best estiT:atc tbat the petro!e~tm industry has to 
date. 

After the natur~l gas reserves are dcn!otod &nd all of the recover- 
able ~ctroleum is used• it is possible by synthcsis to dewslop additional 
sources of liquid fuels. 

Liquid i'uc±o may b s obt,.,ined ~- " "~, ~:om shal~: oil. ~,.,Iost of the oil shale 
~oo_ts'~~n ~.~ - in ..... ~,~ United States &r~' !ocatc,~ in Col,,r~,~o.~ .~ ~'~ncrc arc prob- 

ably 300 billion barr.-.:is of shale oil +h,~,. but much of =~-'~ is not 
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econe~ically ~>:%ractable. Some of the ore is so very lean in oil t]-a% 

i% would r~r~uirE a ire.mendeRs ~m~.ount of miring Vo get a relatively small 

a.::ount of shale oil. Nov.:ever, there are some 90 biiiier: barrels of shale 

oil it_ Colorado, at a concentr~.tion o£ about $0 barrels par ton, Ti~is 

ce:,_c~_ntration-:ill Toermi± extraction aT, a re~sorablc cost. 

Tar sa:ods are found mostiy in CanaJe.. ].]~.e amount of petrole'..:m 

pote~:%ia!iy present is eporcous, but the rea4ily :verkable tar sand denesi- 

" S ~ ~ % v  . ; ~  ~ '~  "" :FOZ" i n  , ' ;~cnad:z  ,::o~.~ld b e  z : q a J e c u o . t e  1 :l: o ' "] ~ ]  [ ;  i V O U r  d o m e s - t i c  ~ ~ , , J ~ . e  . . . . .  n ~ s  o n e  

5e:,~.r  . . . . . . .  : > - ~ ' z l  n e w  ~_.~e+~ ..... o ~  ...... o f  e x t r % c : s i o n  a r e  d e v e l o p e c , "  l,];,ese.. :L~r sa -cds  
_ @.,~._ ._ ._ . ; .  l&~:Y@ ~ ]r ...].I:!:[~DOF,~8.AZ, 

C o a ~  i s  - t h e  . e r i n c i p a !  s o u r c e  . . . . . . . . .  ~,.-- 

ll~.:/ ~-- ~--I'e [ '-- C liquid f l l : / e l S  i ' - ' -  "~'%'~ future, , ~ e r . ,  are about 0 , 2 0 0  billion 

%".~" of coal nov: mrove" 7e are usir:~" aboa% ,6 billion tons of coal a 

" ~ St :."ear. Since half a ton of coal. is equmvalent '.-,o a barrel of oil, 

v.-o:N.d %al.e about i.,5 billion %o:cs a :~"e~:.~r more %0 ta}:c ce.re of pre~,~n~, 
r . . . . . .  em..nts for o~l ~ . . . . .  i "i . . . . .  I I  " ( ' "  I : . . . . . .  ' . . . . .  . . . . .  

8 b i l l i o n  :-~o,..s'~ o 2  c o a : ~  o e  r ] . : c a r ,  ""'in:.~ w o u ] _ i  ir-, ']).C:Xl>b tl:llS.% orb t'.. x.~ ~ r ' . ' . ' s e n t  

..... c o o. i -;::::eorr.rtJ_o&l.:.:., , FOr a%C'~Xt !, 60 r] re-no of corsul~D%ior w n  i~v,~ 0:!.~,.,.3.~ ~ ~ "  - , % .  . . . . . . . . .  

~ [ e [ A ~ ' S  ~ =%0%'..',.JVer, ~ . . . . . .  O f  t ! ' a  . . . . .  q ~ :; n o t  ..2xt, f,<.c'~abl{3 [l,l, ] ~ bl o f  i t  . ; , x ~  ~ :. . . . . . . . .  o C:R~_-- 

n O " . ,  b£] o c o n e m i c : : - l l y  h a n . ' _ ] l e r ! .  ]:l~ [,l ]: r e q . ~ i r l : x m c : N t , :  L~ :e  i r c . r e a s i n . g  r : N : ' i d l } ' .  

l ~h , ;  m o s t  o e s s i : r d . s t i c  f i  : u t " . ~  ~ " ~ " ~ : -  b.}.' ::h.:~ ,..-'".-n~.~. . . . . . .  . . . .  , . s  ::. s " ; h a t  ::..-c : ; - : . v c  c - ~ l y  

e n o u g h  c o a l  f o r  2 0 0  m o r e  y e a r s °  P r o m  t h i s  ./ou c a n  dr..~-... ,.t -t!~_~ c o n c l u s i o n  

tlqa% we: h[.:-~.~ co(:,l for s o: [ c '.li 8 r ~: , bstl,--'en Z00 and i~ 600 "/,;arSo 

Chart 21~ page. = ~ I ~o--I ~',..,ill deal ..':it~! this zi]5..-~-% veto: briefly° 

it shows sche,m:).tic~-~liy tim m,)b::eds used in sF'nthosizing liquid fuel 

from ni',turzl g,-.s, from coal, :~nd from s,ml,¢ oil. ']:o m::'o !iq~id fu.;is 

front n::tural gcs, tho gas is 0ur:znd >.,ith :~ d,of-'.ci.t.nc~" of oxygen %o 

s L c n t b ~ s i s  . . . . . . . .  - '~ --a t ~ ° o - - - -  " () " ~ O l " ~ r [ ] ~ l ~ C,: '. r l[)0 ~ :'!OnOXi~:: "',T.d "~,',"~- ~,-m. 'illL3 ;:vr_i:>;<~sls gas 

is th<m tro:vted cvc:r a finely dividc:L iron type catalyst und.%r heat and 

pressure and produces about ~)O ~e~-cent very hi~k-~rafie motor gasoline 

ar_::L a%ou% I0 ~erc~nt fu,~i oil. From the water phase i< ix possible to 

exbract 1% ]~ e o]<y~]e]lated compounds--alcohols, ketones~ q Nd other chemica!s~ 

T - "  4 .~ . . . . . .  

in either c~s~, th~,~ coal ~,a . . . . . . .  c:: l , ,  is %reared . , : o n  . . . . . .  . . .  

.1,~ ......... ins'IfO~cle~cy, of o~'gen $o mak~ s:/nthesls g~:~s, Then-~b-ouzh_ ~ -the 

. . . . .  ~' ~t -,_s converted into ~r:atJon gasoii:ce, motor .;'ISO~.!Gr-:lrOpSOA DFOoe,aS, _ " . . . . . .  

g a s o i i r ,  e ,  a n ~ .  f u e l  o i l ,  ' f h e  r e f i n e r y  s h O ; . ~ @ _ - w l  _ ~ - r ) , ,  ~ r ~ ~ " ' ' "~ ~ : ~ .~ ' . . . . .  , o "[ ] l :  @ . . .  " ~ y ~ . . ' < " O  s l - ~ ' l t l O n ' "  

::luring-'c,h.s war° :',,[ore effici(}n-% 1::otkod.s have no'....." been d,oviscdo .]~xtonsive 
r , n l s e a r c h  i s  b o i n <  c o n , 9 ; c s 0 d  %y L-.]-: 1~ $ ~ "  ' .~ . H . . . . . . .  [ ~ d m  i n d u s t r y  stO I b ]" ~ e ,~] 11 d o f  

d e v e l o p i n  8 m e r e  e f f i . c ~ , . : n %  ~ n c l  ' . . . . . . . . .  { ~ o I  . ~ < - ~ h c d s  o f  s : / n t ? ~ e s i z i n ~ <  l i q u i d  

fU ( ] ]1 ~ from coa!,~ 
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from other materials, our natural petrole'mm resources will be inadequate 
to meet our total requirements in a very short time--certainly less than 

I0 years. 

If : v e  say, ":-o:,v long -:rill :;e have indigenous liquid fuels available 

in this country?", the orobiem t~:es on a different complexion. If :re 

acce~t t::e ncsi: o<~timis%io viev:poin%, ! ~'~n~n~:: " ~,e can ~ay'" thai~ liquid 

fuels fro-n gas and ,oetrole~,m will meet our requirements for a decade; 

licuid fuels from shale oil ~'~i!! last at the :.ost a century; and liquid 

fuels from coal :nay last a mi!].en~ ~. Pessimistically, or conservatively, 

=o snorers that, v.-i%h the ~''~ ~ ins-eased usage., the total liquid 

fuel resources of t::-s country may be used up in as little as 260 years. 

Soma people thi~:k that :vhen the liquid fuel resources are used up, 

v:e will merely co:nvert to atomic cherty. However, the sources of atomic 

9nerc:" ar~ ::o% inexhaustibl,:. Actually thov are subs'santial!y less 

than our resources of liquid fuels. ~e are presently m:ning our uranium 

ootentiai a - ;  something over on~-fihirti,~th of th.: ~, total net year, so at 

t]e 2reser.t rate, ?:e v~_l! comp!etel~; deplete our uran::.~±m reserves in 

SO years. The rate at :vhi c:; -the ener~]y derivable is used is another 

m:~tter but it is obvious that i't :'.~on't last long if used in dropped atom 

bo~.~fos. It is estimat~d hy com:.~etent authoriti.ps that v~¢ have loss than 

one-tenth of the :vor!d's uranJ.'~m reserves. Petrole'~m costs one cent a 

oou:~d and urani,~m $5 a pound. T].:er ~. are roughly iO0, O00 times as many 

"pounds of petroleum as tb'~re urc of :,r~:~ni'mu in the United States. All 

of the abov(, ~ indicates that atomic energy is not the solution tc our 

problem. 

The fundamen.~al nroblem v~_th v.J'hich we are faced is i.hat cur u_nre- 

~.e,.~D~ so~.:'oes of energy are r~ d!y runnin:7 out We must use more of 
t h e  c o n t i n u o u s  s o u r c e s  c f  e n : r c . y  ] .qe ~ ,  " o . ~ : a s o  u s e  m o r e  v , , - a t e r  po:,ver, i ~ l o r e  

now-er derived from the sun, more r:o:ver from :-'~.-- win,d, .... e ,~: ~ r . .  IDOY./er  f r o m  

tides, from te~:,F,., ~ "  ~ " : " ' ~  ~ . . . .  rauure ~±~:~enu~a~s~ a n d  so forth. ; . , ' :o  increased use 
02 t'~ose continuous sources v:i 1~ tremendously " ~,~ ,:, :e~ . . . . .  :.nc_~._s. the 1 .... avail- 

(~o_± ..... of cur liquid fuels. It is obvious -%hab our lioui4 fuels are 

eo~nt: .... %o the :,.ag-,-ng of-',:ar as ::e :~_ov: it vital to our economy and ~ "~'~' 
today. 

The ad-$anZagcs of adequate national liq:-.id fuel resources are 

ob~dous. To be d~en<D~nt uoon outside sources <~ul( l b.'.. a n  intolerabl? 

military handicap. It is verz ~ desirable that v..',:.~ be able to consider 

the entire :Vestorn ]:emisohore as one source. If v:e c.lr. Jo that, v~'e 
have materially increased iicuid fuc! availability and, as a result, 

our operation~:l flexibility shou.i.J ~.-;ar be thrust upon us. There csr~ b~ 

no question that Germs.my and J:<pan v:ere more easily defeated :.i]:?n their 
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To obtain shale oil it is necessarj to mine ~he shale, crus~,: it, a~d 
retort it. P'-aving extract ,-~,~ ~?_o.e oil f,or,: the shale, it is :~nen converted 

in~:.e desired ~m~u~<~" " " orodvcts c0 raft=us refining processes. ,n=or~,a~ely, 
~im,.!e oil is high in sulphur a~:d nit..'o%en. '".~a .... ccnventiona! refinin~-~ 
me-thetis, it gives very little motor gasoline -~.nd a ~oo~. ~ {:~rade of fuel 
oil. It converts readily to bum!4er fuel, which at the oresent time; and 
in Colorado, is not of gre~% interest. However, various oil com!?anies 

and -=l:e Bureau of [.lines are @of.n~ a [[rsat deal of work to devise more 
economical means of minin,o.; ~,ha!e, more economical and efficient means of 

retortin Z it, an<! mer,,.~ flexible r"_ean~ of refining it. 

Z.o s<um up an d conclude t]zis ta!h, I woui@ like to bring out t}-e 
following ooir=ts: During t~.orld..,~ar II the United States, with at tkat 

time rough.lj one-third ef the --rerld's proved reserves, furnished %vo- 
thir4s of the :~.~erld's require~,enfi:: :.).r:d subs%sr.tialiy d."pleted her 
resources. !.low it is probable that the United States has less titan a 
ouarter of the oil it. th~ world.. ! say th'tt desoitc the fact th.:~t our 
~roved resources are now ra%c.d at something, over gO oc, rcent, because ::,'e 

have exr, iorod so rauch more -.-~o ........ ,.~ ~' , ro~:<,.~.j than h'.~s been +he 
case in the MiddL) East. ",Ye ar~ still using mere than all of bh.:", rest 
of the world put together. 

The prodigality with which ~.,ro use oil in this country is indicated 
by the fact that the oct ce~oita cons~m:otion of petro!etun in -the United 

States is 14 barrels per year, In South America, it is 1.5 barrels per 

~,ear; in western Europe and in Enzland , about 2 barr.,~is per year; in 
the Axis countries, l%aly an,C Germany, siisht!y less than half a barrel 
at orosent~ in the Far East, somei=hin$] less taan cn.~-tenth of a barrel. 
?.[hen considering the world as ~ whole, e~::ch individual on -due averagu 
uses 1.4 barrels per year. in 7~merica, ;::e use 14 barrels p,~r capita per 
year--or ten times as much oil as %h.<,~ aw=rage citizen cf the world° 

I ",:ould like to ooint out :<~]ain t h a t  the subst<ntial oil findings 
wh-'.ch occurr',~d ir~. 194g and th,:- "_'.a%ter p.~.rt of lO47 w~.;r,~, largely due to 
th.~ .kith orice of c,ru:k: a~~., ~. ~.otroloum oroducts ~,,.hich stimul~tcd exuior- 
~.-%ion and production ~n<9 mad<: mc.r%inal su.pplies economically available. 

Uc co=~.e a~<ain to -.he ccn~roversial question of how ionL v:ill the 
pctro!cu.,~, in th:~ Unit-c;d Sta..b.)s l,~sn. Cur oil rcserves c:o,n be recovered 
o ~'.'.~... over a ocried~ of m.'~nU ~.~,~s,.... '~n,l :'.% ~r,~cu~:,.-_~," ~-" d.~nin~~__ . r~~tc..s, it 
~ t!~erefore imr,.ossiblc, to arrive '~ ~ ~ ~ ~ ~ . . . . .  .., cc_rec~ ~o,.,c_usions as to the life 

of our resGrves by dividing' the reserves by the current or even the 
a .... =cl,ra~.:.d ~nnual requ.~e ...... ~t~ ~ think, however; ":',re cas. ~;retty safely 
say that our oetroiettm r.,s~ e--~£,=.- v.~i.,_. ,_~ ~ o;, serious!~, de.~.".~% ~,~ in 50 years, 
ar.d whet_ consideration is [!j_t:en %0 continually increasin~ i requirements 
and cur d,-..~_nd!ing resources, %]'..a"& tntless "..:;e import crude or synthesize 
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supplies of liquid fuels and ' " ~ :  .. c "~  -~ ..... ~r r e f i n i n <  oapa m,~y were dest:?osed 

and their mobility thereby res-%ricted. - am sure that today's inter- 

national unrest, aside from ideolcL:ies , is due in nc small Dart to 

desire or_ the part of the various nations involv,:~d to con-brol -the world 
._ "~" ~ , rer~erves of crude petroieu::~., p~rticularly i~. t h e  - . . m a i z e  East 

So, in conclusion, i v:ould say that w e  must conserve our natural 

resources. We r:~ost avoid waste. We must imoort crude petroleu~ in 

increasing amounts in order to make up our deficiency. We must be ready 

so:?n to synthesize liquid fuels from shale oil and from coal. I am not 

tal}:in~ as :,. ~.etroie'.u9. man no-;. I have my petrole~u~, hat. off entirely. 

i an tslking as a ci'=izen and tax i'ayer about national welfare ~nd 

security. And final!~', we must s-tart utilizing i::~.ediately and increas- 

ingly the continuous sources of energy in order to conserve our diminish- 

_~n,~,~ ~,<"~ ~v.:,u_~ o f  e x p e n d a b l e  e n e r g Y . ~  T h ~ n k  y o u  v ~ r y  .r,~; o h .  

QLDP-~TION: Would you care to comm.ent a little further about the 

present condition of refinery capacity? I have basically in mind the 

capaci!y to meet anticipatel require<~ents, the physical condition of zhe 

............ s We have been told that reflnerieo ]:ave been oner<t:d a~ove 

o ~ + ~  ~,  ~ , - r ~ -  : 6urin Z ~ - ' - -  . . . . . . . . . .  c ~ a c  . . . .  ~,~ ~ n , .  ~l . . . . . .  c r e s s ' a r e  . , . ~  i > e r i o d  o f  -:~,'~ w a r  " ~  o.s a r e s u l t  

n:aintenar.ce ran dora. You ]~.vc indicated that the requirements have 
continues so ! ass~m':e v..'e still have too little capacity° Would you 

co=m~ent briefly on that? 

m .4- k~rJl..~r~.~~'T ~m ~rmmT ~~._,~ • :=. : _ha,, is co.r~ ~ ..... . We are now ..,iust comfortable 

on required refi:~ery caoacity. The various oil comnanies are putting in 

additional refinery capacity i:- or:!or to m~et the rocuir~ments of the 

=u~u~..• They il~.=, ~urm._ o the ~-ar, run their r..'.~--':-~ at substantially 

higher cutout than had been customary before. This didn't cause [mduo 

...... z~_~un~nc,, but it did necessitate minor chan~os in th:;: re .... - " ~ l ~ u r l d S  , ~ , . , ' / O V f  

~imost all of th:~ industry's rofiner'.es c~rc running at thut increased 

cutout under absoiutc!y normal conditions with only minor aitorm-~iens 

which necessitated relatively small capital investment. It is just 

another cT~se of one _n£v~r k~o-N_nff ~'rhat im c.'m do until he has too 

(~TTY~TOTT'~ . . . .  ~ ~,,,. }low long vre~-n . . . .  !;he oil vre!is in the East Indies out of 
i,'r odueti on? 

G E N I A L  DOCL!TTLE: in the East indies destruction was Frobabiy 

carried out %o a greater <~egree that: anyv;here else. ! can'% give you 

the exact fi~;ure as -t,: how lon C production was sht't d~,~m. I do know 

..... undo- some conditions-':he oil wells were destroyed completely and 

had to be redri!ief.. Uneer other conditior.s the demolition oeo~ie were 

a !ivtle slow :~.nd those wells i.;ere u~affected or net b~dly damao~ed° 
J -  " ( "  ~ . - e  ~ J ~  " . .  Probably the best answer .... . your o~zon is that by FroTJer der..~olit:'_en 
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" ,~ " < ~  iv that 4+ is at. oil . . . .  ~',-~1~__ ca:~ be put out o f  c o ~ ' : ~ : , ~ s i o n  .-;~ ~ . , . r . ,m. . . - . .n~  , ~ 

~ . ! : . ' .  c : r z  . . . .  & "PJ-. , ' , ,  0 : " . ~ o  AS ~ : ' 0 ~ ; .  S n Z , ;  0 2 1  t i l e  ch&rt, better - .o  sta--t o v e r  again " " ' ~  

t h e  N a s t  l ' ~ " - ' s  h..-%s n o I t  y e t  . . . . . . . .  b e . c ,  C . . . . . . .  - ' "  ~...... .... 60~~e~. to J.~C; q c = q  rro<U.oL].oN.° 

• ..:; ~_I,..:"-'. I v, onder if yc'~ ,~.d.ll ~ut your o£! mau's hat o:-_. an~3 !co! c 

a% "cno -,At-re ~as~ o-:I beinc,_. ~_mporbsCo Kow is it az'fec~'.,zn,=- -~p.zs 

c o u ~ t ~ ' v ' s  o i l  i ~ , ' s  + . . . . . .  ~,n~,~ n o , ~  - d o  y o u  e x c ~ c - t  t h a t  i t  m a y  c o n t i n u e  b e  

. . . . . .  it? b.! .,. ± C O  b 

• ; .... ~=.~. . . . . . . . . . . . . . . .  • .... en~ of },r',iddle East oi ~ %0 this co-,.ntr'v 

. . . . . .  d . e ~ l  of c o - ~ < . r e - , s e r s y ,  p a r t i c ~ ' l a r l y  e_:  t h e  /ar% . . . .  t l < e  h a s  <. : ; .us .ed  .st :> re -&  . . . .  

. . . .  ±;~.-..,~ . . . . . .  ~,......~=,~o~' ~" anF.. . -k~.,.~ - . ~ ; . ; . i v i d ' ~ l s  "..':}~.', c',~a ~. o i l  p r o p e r t i e s  h e r e  - ~ n . - v ~ h c .  

f e e l  %h, . -b  - . k e  v a l u e  o f  % > s i r  o i l  4 ~  b e i n g  ~ = 4 ~ ; ,  a s  % r e s r l . b ,  .~c  t h e  

i::nor%_~tion ~{ :torei{~ *:]. That is no% only true of ;"= ...... "~- 

• : . :z.L,  . . . .  ~ o i l  f r o m .  V e n c z u e l a  a s  w e l l ,  O i l  f : z o m  V e n e z u e l a  h a s  ~ e n e r a ' l y  

~-~e .~ .  . . . . .  s h i o c e d . ,  i t . t o  e ~ s - t  ~.~o~.~-~--"- . . . . . .  p o r t s ,  .~,nd o o < : a s i o n , ; ~ l l y  i n t o  ~ - , ]  = {~ .~e~..ot~ ~n ~ - 

© . . . . . .  . . -  . . . . .  

~.9,er~ V.,ll.!. be :-~oorven-..'-.noe A:qd'. ')OSS~It.].v e v e r  :o;:I(~ _,o~s s,o.~Lz,_~rect ,%s & 

re.o.,"9, of t::~ -'.m~'ortation o.f" oil from ,~'.t]'er . . . . .  V~ne'zu:'!:~ cr -he .... :,ii~.:':~,~ 
• - ~  ~ . . . . .  l % a . ~  0 % . ° ~  i ~  ~ ' S  ' ~ ' ' ' ' 4 ` ' ~ "  East, bu~ =rc... thc noi-qt el" vi<u': of ~" , ' ~..r~]_~are _, ~ , . .  ..... ~ . . _ . . { .  o u r  

n a t z o n a l , .  " " " , - c s o ~ r c e s  ar . .S  ~.ns',-: '  ".:.n,b . . . .  o u r  mi!itary . . . .  -~ . . . . . .  "~~ " z.,3"*" it i s  e x t r ~ . : - e l y  

: : e s i r = b l e ,  ::LS ' .  =%:,~.~.::r 0.£ i~ . :0% O S . L ' . e ' l , ; l & l ,  %£.:..\'3 "<L" s c R r 3  iRcra?tst{.sll; o Q r  

i m . ' ~ o r b s ,  O - b _ e m , : i s o ,  ,,.'3 ,ur ,~ r t o i m ~  %0  r ~ u :  o;.t,.h o : f  all e.r_,:!, w c  will " c o c o r . c  
t t l  . 4 - f t  • r p . . , , .  " ¢ - '  ~ - ~ -  ~ " " -  - - : ~ - ' -  ~ ' - o "  4 -  

C R v c - - n o b  r , . : k ! ; l e ~ , o  . . . . .  ; :..~:.d,.~z,.:; l ,~ ; .s t ,  : " . ' i l l  ± o n { "  q<. a 'q  ~ , . :L~o=%~.n~ s o u r c s  

of oil. 

• - T ~  -: . . . .  T. • ' 

,.,....:o : . . . . . . .  : Y o u .  p O = n L , 3 d  o u t  t h c . t  " , - - ~ o ~ - . ~ . e  ~ n ~ . s  - ' ~ r t - ~ i : ;  e.dvar_tages 
ov,~._ ~ a s o l i n e  _'.?or , j e t  e _ ~ . 4 n G s .  ~ i l l  ~,ro4",~,~s,~, p r o d u c e  : m o r e  :.-~.~,:.~.~,~.*. 

G p ) . r r , ' p j :  ,. T, 7,C,8 r . I  '~-" r E • : ' h e  " " ' . . . . . . . . . . .  . ............ -.. re are three imscrt.e_n-~ asnec=s %0-';he 2e~ 

~"~'.~.~ .'.:.,':,ob" ~ .... . T h e  "~ ~ . r s  . . . .  ~ . t s r ' . e c k .  i ~  a v a i l , - " %  • ~ i  ~ "  T h e  , ' ~ =  ~"'~" ! : e r c s e n e  

" ~ "  " " : ~ - "  ' ' "  " ' ~ ~ ' ~ 0 ] !  f ; ~ l ~ . q e  ~ e l  i s  a l o n e  r e s t r i c t s  a w . , . l . l ~ . b : . ~ - s , ,  i f  s.  ..,-1.::] e " ] i s b i . = ± ~ L !  ._ ~ ' "  

" " " "~" st.lzl~uJ~_~ rri".,S.% of s s. uS.O,'_, avzilc~bi!ity is :l.ncre:=se._:o _,:~.:~, di • "' '-"-~-" uch fuel 

~'- - "~:~"  . . . . .  ~ . ' r i d  Jh~ol oil rctn¢~ it con%.'.<ir_,.s l[.gh%, COYOTE u'%.:: ,~so±j.~e~ .... ~_ o .... I~ ,. o • 

r:t,< .i'j.:)ir. "~r.'.,:.] l t e&v~7  o ~ .  ~-;-- ~ " ~ , ] • , . , s  . . . . . .  o n s ,  ± v . : i z : ,  s h e . -  ,~ y c ' . ,  .~ c i m r t  t l w , . t  w i ± _  i n d i c z t t e  

.jus-h ho,v ~ru~'h ~v:.ii~.~bili-hy can b,e inoreas:-,d b.,/ wi:].ening th:~ disti!i%tion 

. . . . . . .  --.--o - • ( . . . .  ~ c h a r t  i n d i o . n . t : ~ £ . .  {,~A . . . .  v , . ~ l  . . . .  ,_~.~.tf. m.%~" b e  i n c r ( . ; s . s e d  o v e r  

6 " . . . .  by .~ . . . . . . . . .  ~. . . . .  . .  s ._m .. . .  i m p l y - ~ , - "  .d'-r'~i~ b o i i i n ' , "  r ' . ~ns tc  r=q5  , , o  t o  9 t i m e s  b y  i n c l u d i n g  

c r : . o ] ' s £  oroducts,) 

'71~ second reouire~:-n.nt ism;'.>':i.mum P.l%~'s .... gallon, :_.'.his me=ns a 

hi.j=: boiling pc=no fu';i. T:~.e ~tr-: higl--snced ...... r,l~nes 

future arc goin Z to be voiu'-~e-ii..',,:ted r'rthnr %ko.n vreight-!imibcd. .The 
q -. --/- <, c ° %- nine.bet of gallo~~s st fue i t"...<'~ is ..... l~,l~ ~o store or carry im %heir 

nc.rrobr iuse_%gos ". ~~ thin ........ be t ~'~' 
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~" . ~onsequ,n~l&:, ~be j~egtvlegt T~C. ESI:;±.~ fuel is u;!ese planes. ~ ~ ~ "" -- " " ' ~-- ~ recuired in 

order to get the ma-'.'.im~mm nt~-ber of ~3TU's into a <iven volu:m.e. 

The third recuirement calls for easy starting, particularly ,~nder 
conditions of extreme cold, for restartabiiity at hig'h altitudes, for 
clean ready burning and for flow and p~mmpability at low temoera%ures. 
:[his indicates a light fuel. 2kere are definite indications that tDe 
heavier fuels do not incline to burn as well and as cleanly as lighter 
fuels. [furthermore, aromatics a'.<;! o!efins, which are heavier than 

~ "  ~ - o  ~;" ' - -  " i ' h ~ : ~  former . 7 " ~ "~' do nc~ or~Jinarily burn as ~.a_~±.,. corresoondin~ . , a . a  . . . . . . . .  s, 

te<d to smoke and the latter to fo~ carbon. It ~ill resuire a con- 
. . . . . . .  ~ . . , ± ~  imorovement, in e.h~--;.-c. ..... desJ.5'n in order to be able %o burn the 

he-~.vier fuels. EngianJ is a littie ahead of us in this respect. The 

English started ~ few years earlier and we have not yet entirely caught 

"i ]U,. 

A comoromise between availability, range and engine oerformmncc is 
indicc~tod. Y[y o<~ o.oinion is that we will go to heavier fvsls as soon as 
~vailability and e<:gin~ desi~:~, v~,ll permit. Durin~ the =var, range ~"~s 

always a m*.,.jor problem. The enemy cunningly moved back, if he could, 
just out of range. In any future war, aircr-.~ft }~nge ~;il! be 9yen more 
r uoo_t~:~. . Conseoucntly,. ~,. hec~v% ~ 9ael :ill b."~ ro~u.r~o~ o~. The engine 

~n; fuel mo.nuf~.cturor must so ma'=-mfacturor must design for i% and ~" ," 
.ro~e ..... s as to . it. arr=ngo his m~nufacturin< ? ..... . provide 

(~' IT]-~ 0 "v TIZ}- :umoJ.±.J=,: HOW soon vYill ken produce [~aso!ine %hat v'ill operabe in 
t}-eso he-:.; :iu%omobile engines, -these rool.:et engines, with the 12 to ] 
cempressior, ratio? We understand -hey don't have tLe fuels at the present 
tii{te. 

GEL'ERAL DOOL!TTLJ~: The answer is that the oetrole',m industry v.dll 
produce it as soon as it is requir,ed. Last year General l~otors would 
have liked to come out with :'~ verj high comnression engine. They didn't 
because there was an over-all world shortage of "oetrolem<: products. That 

shortage is just being correcte<, nov,., and I would guess that w~ry shortly 
it will be nossible to take a cut off the cylinder head, incre:-se the 
compression ratio, an J get more efficiency out of their ncv;est orifices. 

There are tv:o ways to acco~-:-.odate tLese very high comoression ratio 
enzines. One is through ti-..e use of a soecia! high octcne n=~ber fuel, and 
the other is throuEh the use cf standard fu~l anC an additive. This 
additive may be injected into the induction system in much the s~,~e 
manner that water .'-~-~d methanol ~.-re ~mployed in order to pe~nit more power 
to b~ dravm. "~ aviation enGir_cs in ston and <o $~" ~~ ~~ 

12 Lo 1 compression ratio on,line , -the super fuel is r<;cuired for only a 
very small Dart of the total <[rivin~ time. Tb_is system has actually 
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' "~.on_~ trie~ out in nol~:n._.us,,, C'YJ.o, ~::~r~ ..... hg, s ~'.rorl<ed .... , .... ~-~ satisfactorilvo~ ,Tk 

additive is ........ " " ~ ° .... methyl alcohol, an<~ tetraethyl _,~aCo ±.'~e so-called 

~,:~or:..et:,r ~,s hook.ed mnuo she induction s~,stem in suc~ s. way as to 

me~e .... proper amount of the an-.bidetonsting ms.%eri&.~ into the oar- 

ou_etor ;hen .... throttle is depressed a~d 4-~'e en<~ine is o~er~7~tin::_/ at a 

hi-]'._ [~[.E.P. I personally like this s~stem r,'hich is economical and 

mec],~:nJozllTI simF!eo liovrever, th~ petroleu<, industr~ ~ can and -,rill., 

~.=~nmn-~he limitations .... practicality, mai',e higher octane nu~0_ber ",notor 

fuels avail.:<ble as they are required. This must be done in such a 

~:anner as not to interfere ~..~,~th the availability of f'uels for the ]:[ilitar 

qe'-vioes,~ . ~-~+~=.- ~= ~.~--,~-~ :''~ "~-'0 avia~= o-_.~ Sasoli~e,, Furthermore, the economics of 

c ,  ~ be &S . . . .  m..,~s,, such t.o cot, nit ,%<!vantages in oo~Ter and economy 

of o-seratio3-~ comme~zs,~ra%e ¢¢ith-'" ~ .... _~ ..... IS .... cost. 

~'~72ZO?T:,..!,;..,:, You s..:~'oke about the paroont~ge, of dry holes. Do they 

include exploitation v:ells, as jou call them? 

GI-?.TF'.}{AL DOOLITTLE: Ch'~rt 7 shc:.~in~ the ratio of drsr holes ,;;,<s for 

~,,iI r_c~lls, ezoloratiom ~s ,:;eli as ,3xoloitation. in 1948 the dry holes 

@ril.led reoresented &bout S ~" . . . .  percent of the ~ . . . . .  ,~. .~ wells drill~do The 

--:~_lficat or ~xolc.r~.~_o.. :,':olI~: v~'ore something over ~0 pe'-cent_ .~r~ ~ ~ holes. 

~b~l~,~~: ~ ....: :na~" ~ is ~< .... .... <~ c;~:~'t ...... ~" :u: ~, talkie. S :::.bout. %Vas %h,?,t a cumu- 

lat£ve chart or year h : i  year? 

_ 7 " , ~  ,,,v ~ '_ ,u~ ,A~Tz,E:  Y e a r  "~" @ . . . . .  iq.== ~o . . . . . .  ~,c, ii.:',~ar. The vertical distance on the chart 

is for each ~ear. 

q~'~.~;]~'~l ~''~',;,:~ ~...,.,.. I v;as _~ lit tie curious because it-::ou!,'? seem you gave part 

of the e;::planation. I am sti ~ ~. little puzzled at ..... fact that, ~,.~tn 

a-,~ t~ne advances ,.;e have made in avoiding dry holes, v, re con-tinuo.ily get 

hic~l'_,er percentages, ~vhioh i:".d-".cat~:s v:e -ire getting vrcrse all the time. 

<~.~i..-:]~/. T ,  ,.. ~ r,. ~,~ DOOLITTI,E : 1-o~ i% indicates ~~::a ~,' desr, ite~ our z" .... '-~r~.=~sed~ 

ability; ~--._n<l incre~,sed %ech:',,ies.l l:nov,-leflge, "÷:e are runnin[ out of oil 

and i -t ".s becomiu@ i;-cre,.{sin;~l~s ]~o.rd to find. Less than !0 years ago 

;t used to cost about 1 5  ~-'~:-~" c ~ , ~ , ~  a barrel to exn-ore ¢~ - ~. _ ~.o~ oil. No~.'.r if ~:,'e 

c~n fi<:i oil .~or ~ a n,~l~: ~ dollar a barrel ~-,~e arc delighted, i"Te are 

spendi~ ov~r three +-"-~ ~" ~'" "" less ~ ........ s as much to find i-t, ~.nC i,';,:o are .[ ~_i.,ffzn~ . 

QT "~°~:::oTlO}$: it looks c.s if--7.~ conversion, to Diesel ~.~i~.~ in the 

cons<~v&tio:,- of oetrole~,.. 

Gv"T-:R~L DOC'LITTLE- v ~ 4oes vcr.y Qo~zn=tely. 

OT~qm~c~},., ~,_.~:. Do you see, any possibility cf that ~pz~n_,_g. ~ ~ ~ 

2 0  
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GEYERAL DoO~,i~"'~IL,',~" . . . .  7-ban you convert f r o m  steam engines burning 
fuel oil to a Diesel en';ine $o:_t s'tbs'santialll,: increase the availability 
of ::etro!eum because tb.e Diesel er.gine is roughly four tiv, es as efficient 

as th~:~ steam engine. But when the. conversion is from a coal burner to 

ei-t_ker an oil burner or a Diesel, you lose yards on the play. 

IjJESTION" What T sm~ thinking of is the possibility of converting 

:~otc, r cars to Dzesels, Do you see amy nossibiiity of ~sna,~. 

C - 2 ~ R A L  D O O L I T ' 2 L E :  T h e  a - a = a ~ _ ' o n  . . . . .  i n d u s t r y  i s  a h e a d  o f  ~ h e  . . . .  c a r  

~-a.uufact'J.rers in o~"~, ~a_n4" .i~,-~ maxim~., engine efficiency. .~n.~ principal 
~es~l engine lio~ in its .... soeeific fuel oon~u:.mtion. advantage of t h e  ~ "  ~ ~ .o,..~ 

:nr~-2 the u s e  o- h ~ d ' ~  comores~or ratios and ZOO-octane fuels it is 

- o o s ~ : ~ . o _ l e  to acl'-ieve about she same fuel consumpticr, as in ~}_~ Diesel. 
Ger:-:m'ly at the beginnin5 of th(~ '~:~r -;as ahead of the rest of -t]-:~ world 

• E ~ l e  in %£-:'~ development ant. use of ")ie3e! aircraft eno~ir.os ~'~en ~ . ~ermans 

" ~"" " + ! ~ e y  s r o m 2 t l y  a b a r . d o n e d  : : h e i r  .~ . . . . . . . . . .  ~ot :.-~ u~:e ~ar, ~_. . . ~ 4 ~ o . ~  ~ a n d  u s e d  o n ] . ? /  

conventional O b t o - c y c ! e  er:gi~_2£'~.. C r o F - e l . . . ;  . 2 v i a t i o r _  ~ o i : - t  o f  " ; i4 -n ' :  ' ;h ,~  

v',. ~_ , -  , e~.~'. C t U C .  ~ ~[;'FOL "~ ~'" "" " . . . .  au,,o~oblv.~ point o2 v l e ' , ' , y  it :~l,db6± ensine is a '] " ~  ~ "" h~":-" 

s t i l l  o f f e r s  s o r : e  < d v a n t a g e s ,  b u t  b b o  ~4~--~:-~_._~..~.o.,~ o f f e r e d  a r e  2<o% s o  

m u c h  in the increased e f f i c ; . c < . q c y  :.:.s i n  4--..,.-., fact ' - '  .L ~ _  . . . . . .  n 8 . ~  _~ is still ?ossible 

to buLr Diesel fuel for so.r~)~,-nm-c .-css ~.~-~._ is pa.id for gasoiinc o .,= few 
2 ; o e ~ r s  back Dies<-~ oil ~ : ~ s  : .m:ck,  c h o P ,  n o r  - t h : 2 n  ~ , s  ' - ~  . i s  " . . . .  ,. o~._ ~ o ± . . . . . .  r G C ' ; 2 L  r e l : . ~ o ~ l t  s 

f o r  t l ~ . t  % , v D ;  of re,el . . . . . . . .  .... .;c.~,.,r..--~ gr<.atcr, the va.lu.:; increased and th~ differ- 
. 2 < b i ' ~ i  bct-,'.~ecn n-.~, - ~ _, ,  ~,  -.~<,sel fuei a-,:" :/:so]ine became sm2l]':r. ±he principal 
~,°'~--.r -~ . . . . . . . .  . . . . .  ~),.~ o f  t ' - e  ~ l e z e ~  e r : " , - , ~  . ~  . . . . . .  a ~ e  i n  l o . , ~ - L a ~  % r t t c ' , < i l 2 , ' ~  ~n~ . . . .  ~ o . 

The Diesel eng2:';e is ,iefini-'se!j not so flexible ms the u.~to-,~o, cle en@ine 
and, -<o'~.~.~.e~or~° =, __~~ so r~.~_-~,:;q,~_.; ~:dantable~ to nassenger~ car o~e;rationso 

Q ' :  TT~ ~ m T r , - T  1 ~J.',L.,~.,.~:," General, there has beer. a considerable oercentage 02 oil 
in -;;ells that is no-t recoverable. V.hat progress is being ~r-ad(" i:2 
research in seconds~ry re~ov~ ..... .~_~, methods? 

G.V.]~_lf,L T, DCOLiT?LE: Tremendous progress. Th~ east Texas fie!d; for 
ins-Ba2lo.s, ~.;l-.ich is still o:c.e of ti-e most orolific producers, has been 
"sremendous!y benefited by water repressurin C. ! have a chart which 

shoT rs this but un~o,T,o...a.~e,'~ ~'-~ ~ ~ I ~'o i (~dn't ..... bring ire I thin!:, hewer,or, -tkat 

tl-e .F.icture of the anticline of chart 2 2.'ili permit me -Be illustrate 
t h e  ~ e t h o d s  use: . ' .  

This is th:, ~ classical w.nF in which you fin.4 petroleum in &n anti- 
clinal structure. The gas is dlsoors:-,.d on top, of the oil. ]'~c,~ The oil, 
!as% t!:o ?~ater. if th~...~ "-ra-:;.-..r oress]~re 2~ead is higher than ....... ~ 2: ground 
lev,~l over th.. '2 top of tbc a<ticiine, the water "...'.,ill c::srt enough nressure 

tc force t!e oil out a<.::] ~;bore ~,-ill bc a free flow of Oil. Alternatively 
-"-~ tl-e ~.as orcssure is ~':":'~'~~.-." y;reat, it will = ~or~ .... ~:-e~... oi I out. 
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E~entually as the pressure Cro'.s belo~;~ a certain point the oil will 
no longer fie':,:, i~here are -then three principal-,~ays to get it out• One 

is to p~mp it. If there is still enough pressure to force the oil -.~o 
seep t}u~ough the sand into the ~'reii, it ma~" be pumped out :~i:~h the 

" " ~ . , ~i=~e ~ranc~ma used ~ p'~u~~ping water :~nothe t} 0zcaz old bucket-tjoe ~,.!o ...... ; .or . ' 
~::~'- ~s to drill a well offside and force water into i% The force of 
' "~+ <a k~'r vzili "~ some oases re r,--~. ~,~ ~ - = !] .,,~.~ . . . . . . . . . . . . . . . .  .~.~so~,r . ,  t h e  ori:~na. ~;e and force the 

oil up. Alternatively, ~as ma? be introduced above the oil level anc~ the 
g<s oressure ma~ force the oil out. There are four general methods used 
in the recover~z of oil: (I) natural free flow due to non>al vrater and 
g a s  o r e s . ~ u . r o ;  ( 2 )  pu:<~pi.~5]; ( ~ )  reintroduction of water; anti (4 : )  reintro- 
,'!u.ctio~ of gas. 

The west Texas fields originally prouucsd at about 5he same lev<;l as 
in east Texns~ After depleting ~'i ~ on_s ±svel they dri!i-cd deeoer }ind dis- 
covered a ne-~': field under the old one• The original wells in ~vost Texas 
produced at around three to four thousand feet. Repressuring and deeper 
dri!iin~ has caused repeated uv~.-ard revisions of original reserve esti- 
mate S o 

QUESTIZ:-T: i would like some idc{,~ of bl!e percentago g:~.ins, if you 
have any. 7'.bout :':hat porc:~nts.go is ~:-~,,_~= recovered at the pres:)nt time? 

GE~P~.L DOOL!TTLE: It varies, in some cases no gain can be achieved 
throu{?]h renressurir T. In other cases a field may run dry and -then 
throuch repressuring the seccndar[" recovery may be as much as was gotten 
out in the first <:iace. !t is imcossible %o give an accurr~te average 

percentage [~ain throu~/h repressurin%, because in one case you may get 
none ,:.~nd in another recover m:)re tbs.n was extraete4 before. 

CCLO:'~L KOEFFE2: General, on behalf of the College and ~uests i 
thank you for a very insfiructive -talk or_ petroleum° I am s~;re vre have 
gaine{] some very valuable infor:-ation from it. 

OE!'.]~t:'!!, DOOLiTT!7]: Than i( you very much for your courtesy. 

i 

(12 A~rii 19~9--TSo)s. 
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Typical FLOW CHART tracing Crude Oil from well to finished products 

NATURAL GAS 

~ NATURAL GASOLINE NATURAL GASOLINE " ~  

~ )  RAW GASOEINE RAW GASOLINE 'q~.] 

RLENO]NG STOCK-~'" CONOENSER 

- -  ~ , ~  Ii Ii Ii ': I CRACKED GASOLINE 
o . . . . .  

)R STORAGE ; ~ RAW KEROSINE 

, CHEMICAL TREATER 
PROCESSES for making I 

~- ;- COOLEP. AVIATION GASOLINE 
~ ~ ~ RLEND,NG STOC~ 

-41 

REFINERY 
STORAGE 
CRUO~ OIL 

~11~ 
~11~ 

B O I L  

~ WATER 

PIPE LINE 
PUMPING STATION 

LJ.,~, and DIESEL OILS 

. ®  ' GAS Of L 

COOLER 

~ _ _ ~  L",EO,ST, LLATE , , ,  

LIGHT FUEL J 

COOLER 

9-1 
:flEMICAL TREATER 

~RACKING UNIT 
tHERMAL or CATALY1iC CRACKING) 

YDROCARBON GASES~F- 

CRACKED 
~GASOEiNE -~,~ 

:OOLER 

NATURAL GAS 
FOR HOMES AND INDUSTRY 

~ - I I T  HIc, OCTANE AVIATION GAS. 

:~,%~JohG ~',.,~, I .~  AUTOMOTIVE GASOLINE 
TANK ~L~*~'~, 

.~ FINISHED KEROSINE 

DOMESTIC HEATING OIL 
and DIESEL FUELS 

, HYDROCARBON GASES 
~0 

Raw Material for r71 
Manufacture of: 

HIGH OCTANE GASOLINE, 
SYNTHETIC RUBBER, 
PLASTICS, 
PAINTS AND VARNISHES, 
ALCOHOLS AND SOLVENTS, I'-1 
EXPLOSIVES, AND 
MANY OIHER PRODUCTS 

INDUSTRIAl. FUEL OIL 

i iiiil;; 
m g l  
PIPE STILL FRACFIONATING COOLER 
{HEATER) TOWER 
• -n | |n [ "  .%lnr ~ql'l; I 
; I~UUr F I l ' r  ,31ILL 

EAVY BOTTOMS 

I P ~ n  REACTION EKAcnoNATINGI COOLER 
~,. CNAMR. TOWER) 

UNCOHVERTED GAS OIL DE WAXED ~ 4 ~  

R ~ _ J  ~ ~  FINISHED LUBRICATING OILS 
_ LUBE DISTILLATE ~ = . .  ! 

L CNEM,CAL TR~A.R CNILm '~'~oT ilL~ER " WAX -- PARAFFIN 
,EAVY RO,TOMS PRESS 

COKE STILL 1~,  :ONDENSER 

, GAS OIL 

LSPHALT STILt CONDENSER 

COKE 

, ASPHALT 

p~l.sh¢d by 
~C:;(O~ ?el,o~eum InstiTute 

$OW~tt SOth S1,.l 
Ne* Tor~ 70 N Y 

J 



PRODUCTS 
',hart 14 

FROM A BARREL OF CRUDE % , 

r'rl 
Ul ---! 

"]ASOLINE 

~'ER 0 SENE 

OlSTILLATES 

RESIDUAL S 

LUBES 

~THER 

PER CENT YIELD 
O I0 20 30 40 50 

I 1 I, 
MOTOR 38 12 

~///////////J///////////S,~ 3 o ~ f Aw,A'nON 

17 I 

241 
~/////////////////////.A ~///////.~ ~///////~,;'/.~ 4 9 

F-'---] 1947 ACTUAL 

0 ~ S T R A I G H T  DISTILLATION 

p'l 

- I  

C') 
- I  
ITI 
D 



P T H E R  

 EFINERY YIELDS 

rrl 

.4 

[,,) " 
..4 
rrl 
D 

~ER CENT 
EO0 

9 0 -  

8 0 -  

7 0 -  

6 0 -  

5 0 -  

4 0 -  

3 0 -  

2 0 -  

0 

.iii!!i!iTi!i!!iii!iil 

R E S I D U A L S  

O I S T I L L A T E S  

bA ,bUL INf_. 

:::::::::::::::::::::::::::::::::::: 

2.2 

; h a r l .  15 

:~ER 3ENT 
- I 0 0  

- 9 0  

- 8 0  

- 7 0  

- 6 0  

P(EROSENE - 5.0 50 ;O 

4;4 i 40 

- 3 0  

MOTOR 20 

A V I A T I O N  
9 4 0  1 9 4 5  

(First 8mos.) 

0 
1947 

;0 
"i"1 

! , .  

E-  

_ ! 



~ , - , :  RESTRICTED 

Chart 16 
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