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~TORLD RESEMN

PARLEACTIIRE T

GUHERALD VATIARAM:

Gentlemen: Hapcleon knew and stated that armies
travnl on their s*ormachs. We Fnow that the modern military machine
movas or petroleum products, Cur overseas shipping tomnage of peirolsum
products ir World War I excesded that of the arms, ammunition, focqg,
g, shelter, ard equipment, all of it combined. You can cee the
importance of petrcleum nreducts,

all know from his bicgranny and from his history and from the
mary things that have been written about General Doolittle of hnis out-
sbtarnding qualifications to talk with us this rorning on This very
imporstant subject, General Doclittle started his career in the technical
fizld wnderground as a mining enzincer., IHe then made his reputation
abova ground iam the air and now he has returned to a combinaticn of on
the ground and uaderneath ithe pround.

it gives me great pleasure to infroduce to the Industrial CUollege
of the Armed Forces and to our guests, Cereral James H. Doolittleo

GEUDRAL DOCGLITTLY:  Thunk wou vary much, General Varaman, Ceneral
Vanaman SkPQ me to talic to you gentlsmen about the zetreleum iLndustry.
To cover tie sublect even shebehily in the lirmited time that has been
ailotted to me is a very large order indeed, so I hove Jjotted down a
few notes ©e assure continuity to my talk and have about 21 charis that
I wo:.d 1ire to srow, feeling that through these charts it will be
£ossible to give the inlormation far more guickly than tarcuzh words alone.
Lige T havs a feow extra charbts that T hope will answer gquestions should
any e asked after I am through with my remarxs,

I want to svesk first anout industry in gensral and will use the
petroleur industry as 2 basis on which to give my impressions.

Chart 1, page 23,--The petrciews industry is broken up into fLive
busic Turctions: Trnloration, which is thessarch for oil; production,
which ig drilling for oil and bringing the oil Lo the surface; nanu-
facturing, which is converting tle oil into its various useful {forms}
transportation, which incluZes th ransportation of crude pztroleum
and the transvortation of products; and lost, marketing, which is she
dlstribotion arnd sale of petrolsur onroducts.

There are also two genoral funcbions, research and administration,
wihicna deal vith all of the basic functions.




dhout 25 percent of all the
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sbrolaum rescoarch is somctimes sonsidered under the three general
subthzadingz: oil, chemical, and gencral, '

rs : writh hydroearbons in general and includes roszarch
in cormaecticn writh Tk bisic functions: coxploraticn, produetior, ard
ranufacturing.
Chemicel ressarch A”&lo loargely vith moterials derived from petroleun

wiricli are not whe llj hydrocartons. Ffetrolecum chemicals have marny industr:
usos. ey are used ix symbhetic rubber, plastics, detergents, solvents
stc.  Cre of the really large ficlds for petrolcum chomistry is in agri-
culturz, From petrolsum~base naterinls are mads fortilizers, sclective
weed controls, insceticides, funglcidss, nematocides und various grovih-
contrcl chamicals. It is possible through chemicul avelication to kecp

& tree from vlossoming until the svring frosts arz over so that the
hloszoms ore nobt nipved arsd the frult lost, It is possidble to beop the
Sruit on tho troe until it ri fully and ko prgscrv
which permits the fruit to ba shionca trac-ripens
off the tree Quring shipmoat.,  This moans o;ttu., rotar fruit.
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Q

Gengral rusourc 1ls vrith Basic or fundamenial rosoar
the devzleopmont of tha tools nnd instrumontation re

Administration, the other gan:ra; function, deals with plonnine,
finarces, legal problioms, putlis rcoclations, lﬁthur1~1 relations, porsorne
and go forth. A great doal of res:arch and fine construetive =hinking

1s boing donc in conmnccticom with persomnil relations in order So improve
the rolaticnship betweeon crmloyzo und emoloy.r to thoe cnd of increasing
projustiviity; «nd, at ths samo Line giving cach individual tho opportunit

2 -2
for advancement and enjoyment in ais work,

Industry, in genmural--T am talldng, T ronllzo, in a very oicnoabary
wey Lo many of you folks, bubt I feol thisc initial rumarks are nocossary
ir order te clarify things tlas wili come up latore-is very liw +ha

conveniional line and staff military or”an141+ cn, Tho heod office in
mony industrinl orgenizaticns corrcsponds almost sxactly te the goeneral
sp

hoadguarders in a tury orgon 171t10ﬂ. Merkoting divisions corrcspond,
I should say, to the combat urnits in ths ficld, :lthough it is perhaps
o bad axnalogy Lo consider ousuuﬂgrs as "ono "1cb°' There arc the samo




problems, the sazme misunderstardings betwsen the headguarters and the field

8 s i a
urits in a military orgarization arnd betwesn the home office ani the Aivi-
sion cffices of ar industrial ovgaana¢1on. The field units always Teel
that “he headgaarbers are not particularly irterested in, or ars not cOge
nizant of, their local pro%leqs and the keadsuarters always feel thet the
field units are inclin d to give too much importance to their local vrotlems
znd. loge sight of the er-all plcture,

When I wert into industry in 1830, some 19 years ago, I frequently
reard the statement rmade that the vrimary purpose cf any business is to
male moncy, That ccucept is compistely changed. Wo business can remein
in buszivass and remain successful L0 its scle purnose 1s to make money.
ihe orimary purpose of any indusbry is ©to render a necessary putlic service.
It mast make morey in order to continue in business and so continuc to
nrovide that service, but the maling of meney is & means ¢ the end and

70t e end. That is a very important clhangs in incustrial outlock and
is an extrenely healthy sign,.

Inaustry's resnonsidility is fourfold: TFirst, responsibility Lo
stee’ holders--the stocknolisrs must pet a Pair reaturn on their investment.,
seondly, ‘resnponsiblility to amrleyees--they miast get a fair wage and
wroper treatment. Thirdly, respousibility to customers--they must get
goof vroduct at a fair price. Fourtily, anc perhaps wost importart,
indusbry's responsibility Lo the nublic at large--cvery industry must
hove an interest in eivie affairs znd must be an imliuance for public

0

zood,

I am going to say Just a fvd words con the history of petrcieum and
thoen skip on,. Petroleun was mertioned in the Bidle. It was first used
parhaps some 5,000 years ago in Sabylon as a b1 der for mertar. Ibs
“irst reccrded war use was in 420 3C in the zge of Pletaea, wherns

faselires (buadles of sticks) were saturated in petroleum witeh and sulphur,
tion piled agains+'““e walls of the city and bturred. 1In about 400 AD,
"Greok Firc"e-setroloum o ch mixed with Zinsly divided quickliime which,
when cxpesed o meisturos bl spontancously--Was uszd very offce-
tivelys In anclient tinmess, louiw was used for mumifying, woterproofing,
moriar, medicing, burniag; a“Q, after the invention of thoe wheel, us o
lubr;oaﬂtu In 1418, it was considored or uszd fer street lighting i
tihe city of London. In 1810, it was first distilled into conl oii a
used in place of > osperm oil, which had bsor used previouwsly for
ipoting.

Irn 1858, %he Pirst well wwas drillod for oil by TZdwin S. Drokc near
Titusviile in Fsunsylvania. Cadly @nough, il hzd oftcn beer encountercd
before when driliing for wicter or salt brins, but this was the Jirst well
drilled in the hope of striking oil. Farlier "oil" wells woere abandensd
with dispust dbecause tha oll nolliuvtoed the water or spoiled the salt,
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some slight usage as s rvsl and i ML yoars aso it ovrms used

arlimarily for light ord fuel.
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corhnps thl gusshions that we ean got bhe most argamasnt o ars "What
trolewz?  Thurs dess it coms from? Tohot caused 1t?"

Pewrolswnh is . a wole ,iﬁ sre of hydrocarbors and imvuritvies. The

vrincipal impurities are nitregen, orygen, anid various other
incrganic materials. I% ; 2 gas, lionié, and solid. The simples?t
hyirocsvoon is Cha (=ethanz). The most corﬂlicated rvdrocarzon molecule
a thoussnd or more I atomi. in the rang a Cz to C1s, ve find gasolin
tc 21z, kerosere; C1r 1o 331, Siesel ;uel and neating fusl. Lube
riale cover the gensral r and ro up Lo EC in
rravier industrial and avieti

.

so comnlicated thatb
percent ¢l %he
Ls you Ymow, crude

Tetroleum is :-':Lf'hl'r &5 pereant carbom and 15 vercernt nydrogen.
e

total awrber of cornounds

clls vary greatly; from Lichi, : 23 'qonvis-:;ous licvids to
heavy, almost solld blaci: tars. .hs wvalue of the eruds cil is determired

largely by che lighter comooncw : crude is ordinarlily mere wvai-
2nlz then o heavy crude, Tneiderntenlly, in Carads same raw crudes ure
so limht that they cur o direcet from the well and be uscd in farm coulip-
4
i

28 to the origin of
rhavs the most tenabls of all those tihsories isg tns %
on of orgaric mattsr, srobably rousily 390
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resulted from tho dzcecomopositi i

rercant misrocrgantems arns 10 pCFCGVﬁ fish, auivel and r*"'thblﬁ matter
in salt wwSer basirns g e ‘ uquOSSl"€1“ bv layeor aefter
layer of silt o in BRSS! : > millions of years
6. s Thu woisghit of She ows ino c ©C osodimeni iocreasced, the
cruce Detrolcum, v : of tho orgenic matter,
=g squzczzd out of The clovey b nt ; ":hbcriﬂ? sands « In
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Short 3, page 26.--Now after Shat proanble w11 zet Aovm Lo the
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real meat ¢f my talk. Thiz char® shows the precduciag and poscible
nrotacing areas of tas world. in bLao:, you will sas areas that are
already oroducing; and in srcsshahtceh, nossible nroducing arsss.  You
+rill rotice that in =O“tn and South fmerica thers ars very sube~
Lrrtial potential nroducing srsas, & point of partlcular interest is

brevendous potential in

Chart 4, page 26 ..-«Tris cuars shows the produclng areas in the
Tnited States and the potential gss and oil areas. You will n ‘tice
one lithle ni=zce up on the stlantic Seaboard which is a pofential pro-
ducing area bubt which tas nob yet produced any oil. You will see the
suvstanticl potertial grodueing aren i=n aznd adjecent to Floride. IHow-
ever, very 1little o0il hos been produced in Florids; last year just under
300,000 barrels of oil was vroluced there. The tidelands off ¥Florida,
ofi" Mississivorl, off louisiona, off Texas, as well as off Cnlilfornic,
; a0V tramend iess Bome of the tideland arcn off Texas,

[+

Loulsiane ond fornia has been explored and has beﬁn proved tc be oil
nroducing. The or? Yloride have not yoi been extcnszvely
cxnlored, so t ;alus i protlematicael. Tt is imzossible tc say
where oil is prior to dri"?li‘ﬂ'e You can say only wncre ¢il might be,

If “he traps wore t forme<, or if they were not present n“Cu.g:gdsil
minrated, 1l the oil lnhi.a out 2uring Hhe ngzs bSebween the time it was
formed anc the pressat, there wil ne oile.
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+==The susleration for cil is an ey%remelv irteresting
T is

por can ind erin., It nowsdays customnry to first
21y oove ontin L Torritery snd ook it over frem the oir. 1% is
pezsible Se $oll 2 groet decl Trom thie outoropn somchimes possitle
%o the gonerel St“CuUTC. An crport can got valuable

73 3.2

rlbutlor ol vegetalion. In the polar
Wavy 1s exploring Jor olil,
> arcas of permalrost from the
o g round vhich is completely frezen ¢ll

Lo timo txezpbt for thc won foot or - Toot =nd a half which thaws during

anor months.  ID thore are any besch troes, you know Lhe zrownd is
not pormanently frozon boeavge thoss trees hove ducp reots and cannot
grov in the shallow coll above permancntl; frozen ground.

infOr“utlon from the tyre and 4

arcas-«I was up ot Foint :”TYOW,
last Ausust--it is possitla
vogotation, Permafrost -

5

Through tho use of worial shotography it is rossible te gzt an
cven beowtor indication of the tyns of soil, tono*r wphic featurcs of tho
torrain and the gonoral geolopy ol thn coantry Through o study of
acrinl photogranhs ang {Fufbl intororetation by trainscd spocinlists
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terial reconraissarnce is ordirarily follomed by ground geclogieal
parties who sbudy surface indications employing convenitional geological

nethiods,

ssary %o resort to core driliing, which 1s mere exvenzive,
] ed to determine, for sure, what iz under the surfsce.
Ly sueh crilling is carried orzly to shallow dewths; under 1,000
s L oecan give valuable information regarding the formation und
structurs irrediately under thas surface.

m*'1""’cal metheds are now exiencively used in exploration, The
wortant techniouss employsd are seismic, gravimetric and magnetic,

it 4 Lo

¥ W e

¥
In the selsmic nethod a dynr ibe charge is set off ané e reflec
vaves are picited us anc analyss d A soft surface like clay tends to
agzorh the waves aad rsiturn a e roflsction. On the other nand, a
2 , reflects the waves well ond causses
fraphe Throush a"cn“atﬁ intarnro-
tacion ¢l the selsicgrapi recordi and by sheoting encuzh nelon, it
is noszible tec gev a topograpn_c indication ¢f the uvmerly ng formations
and struchures. Incidentally; Hfo ,;mtlon“ deals witll the geological age
deals with their skave and conficuration,

N

harc sarface, for instance lima
a definite zigzag line on the se

S

of the lzyers, and "structure"

The gravity moter mossures the groviiy of the earth's surface, In

iede

an anticling, with a czater ol dense wnd heavy material such oz lime-
el

stone, Tar pravity meter 7ilh cive o hicher reading dircetly over the
ton of tac amticline than over tiu lighfcr matorial on either side,

ﬁ

The nmagnotometer oparatus

neasurada &

ragnetic forres orn Sotirmined by
netlio matericls in oo various
it is pncss 1bl to got an indlcaticn regording
cys hwuve hbeen
TLing o cone-

axrly, but in this czse Tha carth's
o
o

made by towing o maqr:;omctcr ol :
tinuous reading,
motric cxrlo marsny Gulf Const arcas hag bosn

Cfton thers is not encugh wntor

too zoft o support vchicluos--cvon

i T

out under gre-.%
vs, and still
1

caternillar traictors.  Horo hclico;ters nave becn used very affuetively,
By nhavire - hicle ‘n tho bottom of the ?-1i30ﬁtcr, it is noscsibls to land

tho hoeliceptor or floots; nush the gravitenmeter, on its trigod, through
the hoele rnd take roadings in o mattor of snconds without cvern stopping
1

the smotor. By hopring from point $o point in this woy, it is peossitle
to spscd up o ogravimotric survey rougnly ton timss. Wartime Shorsn is
3 -

being ussd te loeate aceurat:ly and pernlt riotting of the points
where roadings have boen takon,




1 of these metheds indi 0il mey be found, but the final
illini=—and g ounc a way of t2lling where
excaent by drilling., However, drillias is very expensive. It
le so, consecuently, =al ctical scientific methods are usad
to malze it *hs best po e ramble.
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Shart 8, page 28.--Selative driliing costs are indicated or this

chars “he deeper the well the mere it costs per foot to drill the well.

Dra¥ets well was 69,5 feet deer and sccording to todayts standerds wvas

a very cheav vwell indsed., The wells in the east Texas arca have an

average c¢epth of aroind 3,500 feet and at 58 & foob, as given in this

chert, weuld cost about %30 0CO per well. In west Toxas, the average

derit of wells being drillsd today is around 18,000 feet, and you will
T

L
- Si -~ e la
s0¢ Jrom the cha

t that ¢t %16 »ner oot the cost is in the order of
4160, 000 per well. At $160,000 a =ell, it is easy %0 apcreciate the
“OCDLSWuV Tor taxing every possihle seientific precaution tec hit oil.
The despest well in the world is now being drilied in Zalifeornis, In
nid-Tebruary it was 18,414 fech deeps Accordinz to the chard

hewve cost on the order of hal? a willicn doliars to dute-~-and thsy have
rot et strucik o0il or a favorable oil shtructure, Actuzlly the well has

prebebly cost much mors than a alf million.

;“n”ur bes daps cn the hardnzsss
agn which you a
g on Ga¥. As 2
s s¢ slcw thnt

¥

rorroes b all,

»
fact, we had
wes some aquestion

e

ins1ly the Srill stem wos

whoether e wrerc mekin v i
milled up and it wrms found thot progress had beexn made, We had mads a
littls more than n inch., That muel: wore off the 4drill bit,

aoday caz Do 1lﬁuh, In o d‘e
crials or urd usual condit
w3lle Tho Ari

czble rig is sc

je-cost Lrom 51 $600,00C,
Tleating rigs of Lo st
around 5800, OOO, b to drill

in the tlaoland CC0,.

Chart 7, prge Z22.-=The norcenvnge of dry helos that aro boewng dril
i1s incercasing. This chort showrs Sowh ir 1920 Just cver 20 percent of

the holus 4rilled were dry. & median straight line from 1920 o 1948
indicates tha’t over 3C percomt of the noles that are being drillzd
today may be :xpected

is cceourring dzsnite tht tremendous advoness in tochnolegiczl knovlcdge

wnat would

Drilling ney

to be dry. This inecrcisc in the ratio of dry heles
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and the grea® inproverment in

B
as

o row much more dif{ic i
were 5,877 wildeat wells - and T1,4 parcent were dry holes, Taat
iz, cver four-filths of ihe wﬂk.o» wells drilled last ¥ear were £ry hole
Actunlly almost 40,000 wells were drillod in 1948, Host of these wers
drilled in order to imorove property that was aslready wroducing. Those
are ca]Lv: erploltaticn vwells, The wildecat wells are called exploration
~rellis

Chart 8, page I0,--This chart ahows the proved crude 01l reserves
in the Tnived States Trowm 1526 te 1942, You will nobice that in 1543

there vas & substsntial increasz. Thls heartening increase was df
Sor

abtiritutable to the stable ma rnet anm? the zatisfactorily high price o
cride znd .of pebtroleum rrofnets, This encoursged exclorabion and
exvizitation, and also had the eflect of maving marginal producing arcas
ically vsefl . percent of the United States crude reserve
x fornmiz, and 29 percent in the cother stats
nreg Culahorme and Levisiana, Louisiena

[*5
SrTart oil-n“o”ﬂc%ﬂg state. Loast year
I on the decli=, bul recont discevarics
1

Crlaome aur

in 1837, thers were 2,300 wildeat wells drilisd Zor 3,722,000,000
barrels of crude, or stout 1,60C,000 barrels par well, In 1947, thers
were 5,300 wildeat wells ériilad for 2,400,000,000 burrels, vhich is
about tiro-thirds of ©il that was found in 1837, for 2,
times the runber oi “otal of 4ZC,000 bvarrsls nor well,
Tra ratio of cil found to wslls lod has tLOTuiOTJ daclined in the
retic of four to While thesce stabtistics 4o not tell the whole
story, taec it has becomz zbout four timss ns hard to find
cil in th» rron 1937 and 1947,

Chart 9, page 3l.--The worll cruie 0il recerves ars sliown on this
chart, You will notice & slizht hiatus tere. IT shows for 1943 about
2 26-pillioan~barrel reserve instead of 25 biliion for the “nited Shtates.
Tha exni wh hart o ndensates fron

mation is that
f=}

5, as th2y are "igures for octher

(= ‘( F)
ts of trz world. Ve 3 ere for the last few
1r8 since cednservation 1 necae T ofutiing in absorptio

this chart in orcer teo Faka
b 2f othear parts of the

Tou will notice that Torik fmorica, waich has been very well cxolorad
has about 30 percent of the totol crude oil reserves of thie worl
Versezuala, which iz develovning repicly, hus 13 percent. The 3idd

now has 42-plus percent urd haa no- beer cxplored ts anywhere n




e coan thereflore exnech, uvnder more

extent thast ths United Jtaces s,
cxtensive evploration and exnloitntion, a very sulstantial incrcase in

Tl
the Micdle Best reserve. Russian contrelled crude reserves ars probleme

s
atical, hut the Pest suess we have is abous 11 percent of ths world total,
That includes not only “he area in Daku sbove the Casplan ir .ussla
wroner, but the RPomanian oil fielﬁs and the others which *hey now control.
“he reserves in the rest of the world raprezen®, as you ses, 2 very small
rercertage of thae toial,

Ch ehart shows the JInited States crude oil
rrodis 1845, Previously, on chart 8, vou remember,
we savw b ed ¢il reserves, The prcducticn last year
was Jjust over two Yiliior ba arre.s, or about 8 n@rcen* of our total

roved reserves., Last yeoor 39,770 wells were drilled, FProduction
9

N 2

i-creascd 8.5 percent over 1947 tut 20 nercert more wells wera Grilled.
Tr~ o totel oil wells that are piediceing in the nited States today ave
£1%,C00 plus, for an average per well of about 14 barrals »or day,.

Chart 11, vage 33.-~This chart shows the crude o0il production for the
world for 1928, 1847, and 1948. You will notice thal tee increase in “he
Tnitad Stotes hos becn emnsidcrable. It has been relatively greator 1n

Venszuela and rolatively greatost in the Viddls Tust. Only ir tne
Kussian contrelied arzas and in thne Bretbt iadivs, wherc the oil fields
were destroyed as a result of tic war, hns thers basn no incroass
1938, In tho Dast Indics the Allics destroyed the oil -vells when they
moved oub., Yhe Japancse rossered them; the Allies bombod

-

o

3
canancse moved out and desircyed Lhen vhoen they moved ouh, =¢ they have
really toan édociroyed thros "Oothers" on the chart ars largely the
Fast ndics, You will szo €l 1748 tley arg not 2% up o what thery

were ten yocars ago, altho ~re building up rarvicdly.
Siing is trusz in the Russian scontreollsd arcas.

It is interasting to nete thet cruds cil productisn in She United
States is in the order of 61 poreent of =he world totel, whorcas proved
raserves are 1633 than 30 voresnt.,  In the ¥Middle Zast cruds o0il pro-
dustion is cnly 12 porcent of the wrorld Tehkail, whereas proved reservos
arc ovor 4C poreent. This lndicatys vory conclusiveoly cur dwindling
resourses and tThe econcmic imporfancse of the Middliz Zast.

T

Ghart 12, page 94.-- This nhrt shows vorld crude 21l production
fining <zapacity. Our about 95 percent o our rafining
ty, and wo -rill soon oour rerining capacity sub-

1ily. “his coming o levwn irdustry nlans call for

reass of abeut 174,00 ‘ay in refining cavacity in
auntry. The chart sh : sranes of refining capacity

ovir production in the Turopoan countric ax»d the neecssity Tor oxporting
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cride from Verezuela and the Middle ¥ast, where there is not enough
rafining capecity to tale cz2ra of their prodiciion. The surplus

areas of the worid are larzely the Middle East and Venezuela.
tates 1s & vroducing-consuming arsa, almost in balence.
flt@ the depredations of war, st 11 nas consicderablis
acity ard requires subsbantial crude imports,

Chart 15, page 35,--T am taking considerably longer than I had

intended, so will passe over this chart. If there is tire after I
mave finished tallking and anyone is irtarested in seeing the route

-

tazen by orade petrolewn in going threough the relinery and conming
finished vroducts, I will discus later. As a matier of

el

C s s i

fact this flow chart is larevely szlf-explanatory,

X the oreducts obtained from
bt of cruce. Tke Crosshi cd quan tities are from oid Tyme,

straizht run distillation before uracklug processes were util

ilize-d.
he realized that crudes vary greatly und the nroporiion of
.8 vroducts obtained frem difforent crudes 2150 vary grectiy.
Tigures given are therafore adproximatz, Straichkt Gigtillation
agbout 3C percant of the crude as gasoline. Through cracking
reforming it is possible te gat over 40 percent, 2 osercent of

is hizh crade avintion =mascline. bfrulbht distillaticn gava

about 13 percent Xerosene. We now get only 6 parcsnt <srosen In
the distillates, or neating fuels, you orlbln“l'v got 7 percent and

ars now getiting 17 percent. OFf rosidualse~-industrial furnacu fusls:

and stecm boiler fuels-- inally got some 49 oerecznbt and, as this
is one of the princiov~l mafteritls now crackad o mole: more distillates
and more motor gasoling, « t only 24 percont.

In 1919, when relineries ers vpurely straight rur distilistion
nlornts rith no eracking, = refinery‘COSt about $130 per tarrel of
¢uily through-put to wuild To refinme the crude cos<s about 25 cents

per barrel. Twenty-five to thirty vercent of the refined nroducts
ich hada o aversge ocbone wurber of .tbout 45, In 1329,
nn'nverage Yerr after tre thermnl cracking practices bhnd
become cormon, it cost abeut $23C per barrel per day of throuch-put
to bulld a refirary and it cosL @bOup 30 certs per barrel to process
the crude. It was rosgsitls to gebt up to 29 percent gasoline of zbout
pr

cnan .-\ ine o

60 octane number., Tith <hs cgant 19470-1%49 plante, with catalytic
a refl 1nﬂry costs about 71,300 per barrel per day, or ten

cracx ,
run Oluﬂus cost. It cost abcocur 90 cents

times what the old stralght X

per harrel to process tha erude and it is rcssiktle e obtain up to
45 percent gasoline with an occtane nunber of around 70. This gives
an indication as fc the change ir refinery practices—-and tha

inereased ccsts involved.

4.
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, npaze &7.--This chart shows refirery ylelds. IO indica?es

ity with which o refinery may be operatad. 1In 1945, during
v be seen from the mobtom of the middle colwumn that e

i s abnormal

e
wrere produeing roughly 12 wersent aviation gasoliine, That w
¢ its best

s zeifeved largely by robbing nmotor zosoline of some ©
You will undonbtrily remember that during the war the metor
hesed s ofter of low quality. It would probably

.~ 5
”.'" 5Ci

r cers with a fairly nigh compression ratio engine.
i3 tne ed digtillsete column, you will notlce an increase ir
arcentare o igtiilatas from 13 percedt in 1%4C to almost 17 sercent
in 1947, thais flexibility is cxtrewely imnorbant because cistillates
have become increasingly important in commercial usage and they will
ke raguired in large cuantitiec by the Military Servicas in case of =
ratisnal emergency.

.

Srart 18, page 38.--This chart shows tie zast and sniicisated
o
3

petroleuwr. demand, ard it also ghows the product breabdosm for 1048,

Yok orly ig it evpparent tiet esch Jyear since 13495 tlere has besexn
an increass in denand, but esconally, the 1948 demestic domand was higher
tat the 1%45 demand, which was tls veal war reriod. 11
ssoted requirement was csused in general by unprec
achivity, and snecifically by bthr dnersassd number of cars that care

-

into use {many people hed lmd their cars up on blocks); by increased
ey throurh inereased farm mechonization and increassd use of

i
aruimment; and through change-cver from conl o il on roilrcads; Zor
8

[T
l% !
[T
i
~

o

trial usey for domestic heating; and alsc by the rsconversion to

[

2il by menmy lursge iadustrial cencerns whieh had changoﬂ o cuzl To nake
T

mor2 basvy fusl oil awvailable to the vmr =2ffcort. The chango-over from
ccal to 0il wns stimulated by the cozl strixss und cO:secauﬂﬂ uneertain
ccal aveila bl;'tV Bvarycone, including the govsrmment arzencizs invelved
as well as thz pebroleum industyry, axsecied that, after The wrar vooy 1845,
There would bo tvlﬁ““urT re uctiDn in patroloun ﬂcm;nd in the

oy
p
Trited States. 2 not eventuate - a5 macq of a surprise as
s

was-tre Intust nal ahility Lo meat its ananticipated refuire-
acnts wwith end spote~during the unexpeetedly severe wanter
of 1843,

Dotre oy s oz fumbtir of licsnsed motor velilcles has

[s]

0 to 42,000,000, Thoere are 6,000,000 more cars

1941 and 2, JOO GO0 more <trucks and bases. In
ailroad WCcomot1VI wire Dicsel tyros, Thoy

141, \
arc cxpocstod te accecunt for coprowimatoly 25 poresnt of the tota¢ in
1948 whoen about 10,000 Disscl loeomotivis will bz cperatsd By the roil-
rozds. All the mein truris railroads will oveniually be Diz LLiL d,

1l




Aotually the conversicn to THzsels racuces cil reguirsments--except
where [Diezels replace cozl “ww“erswwns the Diesels are sbout lTour times
as elficient as steam locomctivas i ™n 1841, there -wvere
2,-~H 30D domestic coll hurrers 5 “he “"141 total annrox-
imotely 4,520,060, ALl of the loregoing -shows the reason for the

incrzase and indicatas the trend

“,
.

tizs and uses of soms of the
£ put will have to skin it until
a8 my tirme is rapidiy runni Suffice it to say that when

- crent with the rairolewnm industry D re were making akout 100
rrocducts, n 1848, *the netrcleun industry made over 1,200 daiffesrent
usziul sroducts~-Tuels, luoricants, hydrealic fluids, special preducts,

T had planmed to *tall abouit ke
netroleum creducts 2t this

s
vares, asvhaltic materials, ccle, carbon black, znd many t;
chemicals,

Crart 17, oage 39 ,--Ths demand for petroleum produsts, worid-wide,
is incicated on this chart. I% givos a clear indiecation of future
pebroleun requlremﬂnss. From 1837 To 1849, world petroleum reguirements
Fave just about doubled. iorid setreloum requiremants ‘or 1929 are
&5 percant over the wartime peak in 1945, The c% rt indicates the
accelerated rats at which orld roouire i > te

United 3tatos requirsmanis.

Crhart 18, page 40,--This chort shows imnorts and zxports. The
tendency is definite, Irmports ars inecrcas’ng. Txports are decreasing
av a lover rote. In gancral, <72 Zmoort crude F3oup our crude
ceficiency and exnert roefined products. The s shat in 1947
for The fdrst £ims sirncs 1323, Lthe "nited S4s s a net imnorter

Chart 18, page 4l.--"his chart shows the sources of cruds oil
imported into the Unmited Statss. Ir 124G, for the first hime, wo
received soms corude from ore Middic Taste-and this has caused consider~
oble controversy, Inci dentally. the importstion of ¥iddle Tast crude
into the "mited 3Vates is uov what might b2 normally expected. Normally
crude Irom the YlLdlb kast would take care cf [frica, ths Year Tast,
the Middle Zas:, the Far East and Europe; and our deficit would be made
up frow ”ﬂ“ezunla, which 1s much sloser Yo us and much farther frouw them.

owever, becagso of the pressnt lacs of develermisnt of refireries and
trz Hiddle East, Venezuelan oil is servins much of
st market. ’

Crhars 20, page 42.--This chart is particularly interesting., It
shows *ths chang Y ]

gzes In the relative use of the various scurscs of energy--
waber, coal, petroleun, natursl s==from 1209 to 1948. Ir 1200 about

T nercent of ths total srergy uitilized irn the United Statzs was from
ratural gas ard petroleur. By 1548 it hed growm to 47 nercent, and this

ct Q@
Hom




year ¥ill rno doubt pass 30 perc:int. While tiis chart indicates the
vercentage chengas in the soress of the total enersgy uveed during that
waricd, it docs not clarily one very inportant peint: the Zaet that
there has been a tremendous increase in our ensrgy reaunirenernts during
' vast half century. In 1800, our total enersy reguiremantcs vwere
avouvt 2,000 trillion RTU's axd in 1848, 27,000 trillion--over 4,E Times
creater. 70 rearssent Srue cornditicans, instead of percentazes, tle
chart should bhe extendza 4,5 times on the right-hand side. Then 1t
would show not only The relative perecentages of all differsnt sources
of ersrgy, but the Ursmendeas incrsass in ens4rgy¥ recuiremsnts in the
United States during the lost five Jeocades

Lt

The most cortroversial gusstion that we can get into is, "liow long
verious sourc:z 0F enarey last?”  Thers are about 175 trillion

3]
wili tlase
cucic feet of proved natural gas resevrves; 5,000 cubic feet of matural
=
bk

o

ne?tlng valuz equivalent So about oneg barrsl of oil. Consid-
erin: ioss im comversiocn, thae ressrves of 170 Lrililon cubic feetb
are thz equivalont of approximately 16 billion barrels ¢f oil--or sbout
tiro-tihirds of tho orovad regorves of vnetroleunm.

-\
mas nes

lJ

pz Uritod States maxirmun recoverable naturzl gzs regsourcss are outb
Ty authoritiss at & lidtie over ®wilce the2 troved ressarvas, or around
400 triilicrn cubic feet, We are now using aboub 2.7 %rillion cubic feet
of gas mer ysar for houschold heating and industrial purposss,  Arother
1.6 trillicn cubic feet per yesr crs accountad for in surkon black

ramisceiture, field ase, and vasSe, Thus, our consumstion, including loss,
at the present tlme is about £,5 trillion cubic feel oar year.

Cur demestic proved “etr019UF rogerves, as orevicusly indicated, are
in the order of 2L billiom barrels. Dr. Lewis . Teets, of thz Standard
01l Company of Mow Jersey, one of ths outsianding geoclopgists of the
counory, estimatzs that the total rec overable reserves of cruds petroleum
in the Jnited States were in the order of 110 billicn harrels. We have
already used 35 billion barrels, so that leaves sbout 75 billisn barrels,
or three timss the actual srovad reserves. That 1s a highly controversial

1.1,

3
filgure, bub it is the best estinate thot the petreloun industry has to
Pt

Lf%er tha natural gas reserves ars denlotod and all of the recover-
able potroloum iz used, it is possiblo by synihoesis to devolop sdditional
sources of liguid fucis.

7 oh4l 0il. Mest of the 9il skale
catcd in Colorado. Therc are probe
11 thcru, ub mach of it is not

b
ct




orz iz go very lean iw oil that
w0 gel - r~¢aJLme} small

scme 20 biliicen Harrels of shale
Jout SO berrvels mar bon. Toals
reasonsble coet,

The amecunt of petroleum
rzadily werkahle Tar sand denosl
ur domestic regulirenan:s r‘o* onz

2

Zoal is the prinecipal sourne Srcw_wbiﬂh we micht expect to get
AR P fuels im othie Mmture.  There arz about 5,700 biliiom
ters of coal row provel. e are usingy about 86 Hillicn tons of cozl a

vear. Sincs half a ton of coal is =zguivelent fo a barrel of oil, it

' 2
more Yo taie care of prasant

"

wvouwld tal.e wbout 1.3 villicr
reouiremants for 2il. Thus w
“©n
[

o J.O-'-- H .
2oV I

wiliicn torms of noal ver Year., Tnic wo17“ in
vy o ~ . 5 e Yy ny .
rote of cerswumptiorn wo hove cnough
T e e 3 A -
Years, Howgver, much 0of thot it can-

ranidly.
fotil only
conclusion

3 S

n3% be ccoromically haWﬁl:&.

T most pessinlstic £ijur:
1 for 2CC more 3c

wvive conl for some

w3 L8 LGS
4

Sar. draay

botuoen 20C and 1,800 yoars.

go L xal sith this chrrt vory sriofly.
1y the meticds ed in synthecizing liguid fucl

om cowl, g s.anle oll. liguid funls
the gos is Durand with a deficiongy

'ntHL is : Ly errbon mornxids ard hydrozin.

is thin troated cr o finoly divided iron type ¢

es abcub 20 vercent very himb-g
< 2

urder neat and
ade molor gasoline
iv 15 possibie to
nnd. other chemlicals
Liguid fuel from coal is onitained in much : ner. Lozl

Uher be mined ~nd coked, or may bo burnad i wvlstely in pizce.

r case, the 20al gas wihicnk 1s formsed i at wWith stem: and

o

.
L =
wificieoney of oxymen to moks ﬂrnthﬁs;: o0 She

nroush “She
g converted into sviation gasolineg, motor
ronre suns ‘16 hycrogernalion
& anny
avVe noyr bosn :aviscig E?tunsive

[ N

rollnoery hown
vory effvetively in Ger

loam industiry zo

“

matheds of syntns
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fror cthar materi lr, ouy natural vetroleun resources will be inadequate
to mazt our total regu ments in a very short time-~=-certainly less than
O YVearsa

£ say, "iow long will we have incdigencus liguid fusls available
in this country?", the problenm takes on a different comnlexion., I we
nt a proal optlmlsbic v1QW“01qu, I think we can say that liguic
fuels fron gas and petroleum w1 1 meet our resquiremsnts for a decade;
b cil =ill las at the most a century; and liquicd
millenivm, Peasimistically, or cocnssrvatively,

w

he antlcipatod increased usage, the total liguid
owrLry mz¥ be useqd up Iin as little as 250 years,

ple thivie that wher the ligquid fael resources are used up,
convert to atomle enerry. Zowever, the sources ¢f ntomic
inexhaustible, Actually thev are subszantially less

ces of liguid Tuele. Te are presently mining our uranium
mething over one-thiriisth of the ftotal mer Jear, so at

: ' Zeplete our urariun resarves in

gy derivabla is used is another

t last long if ussd in dropoed atom
; authoritiss that we have lazs than
ono-tcnth of the werld!s uranium reserves. Tstroleuwr costs onaz cent
seund and uranium $5 a round. Thers are rougzkly 1C0, 000 timces as many

£ petrolsum as thore sre of uraniws in thz United States. All
of the above indicates that atomic snergy is not the selution te cur
nrobism,

ok

h which we are facsd is that cur unre=-
ra>idly running out. We must use more of
He must use jore water power, more

The fundamensal vwroblen =i
ble sources of enersy are
the combtinuous scurces cf en:

W

rived from tke sun, more nover {rom ths wind, more powsr from
rom temparature alfferentials, and 80 fertn.  Tho increcsed use
continuous sournes will tremendously increase the 1ife availe-

~

ol cur liguid fue
our cconcmy and

It is owvious that our liguid fuels are
sscntiai ©0 the waging of war as we incw 1%

The advanitagos of adequats naiional lio;id funl raoscurces are

ohvicus,  To be deopendent unon outsicds >, an intolerabls

military handicap, It is veryr 4csu”blr~ shle vo consider

the entire Western ilemisvhore as one scurce. If w2 can do that, w

nave materinlly inersased Lliovid facl aveila®ility and, as a result,

our operacional ilc cibility snould war bo tharust unon us. There can be
question that Sermeny and Jepan were more casi ly cofeated whin their

oF

[
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To obtain shale oil it is necesczary to e, crusa it, and
retert i, Having extract:” the nil from is ©wnsn converted
ir*c dezired licuid nrodvetz oy varitus ref Tining vrocesses. infortunately,
o il iz hign 3 ’ ri

2
1 the el anc
ver, various o311 companies
d Tho ] at deal of work Lo devise more
ncoaatical means ol economical and efficient asans of
resorting 1, ¢ refining it.

Lo osum oup anc concliunde Lits ballr, T owould 1i z out tre
Tollowling oolwte: During World Wor 11 the Unite ith at thav
tine rouﬁtly ong-tchird of the TGF;L'S oroved res farnished two-

the werld's 24 her
readurcss, Low 1t is less Taan a
aquartsr of the oil in fact that our
nroved resourcss areg now raced naraent, bocouse wa
mavy cxplorod sC omucih 1morc ang Y o ¥ Shan has besm the
casc in tho Middle Tast, We ars stlll usin; mere than ail of the rost
of the world put togesher,

The prodigality with which we use cil In this country is indicated
ny the fact that the vor carite consumpition of potroleum in the United
Statez 1s 14 barrels per year, In 3Soubth America, it is 2.5 barrels per
vears 1w vwesitern Burope and ia Unsland, aboub £ tarrsls per yoar; in
the Axls countries, Italy and Jermany, slightly less than hall o barrel
at prosent; in tho Far East, somzihing less than ons-tonth of a berrel,
Vhhor comsicering tho world as a2 whols, ewsch irndividual orn the avsrage
15583 1.4 barrels per year., In &mericn, we use 14 barrels noer cavita per
vear—-or ton times as mush oil as the average sitizen of the weorld,

T ~rould like to volnt oun hat the substintial cil findings

nocecurred ir 1945 and thu 5 vart of 1847 wore largely dus to

nourice of cruds Jopotrolowm vroducts which stinulated sxplor-
csrocustion and nads wor 2. supplizs cconomieally availebleo,

Yo cone ngain on of how lorz wili tho
petroleurn in the T reggrves CLn bu recovered

avar o poriod wily declining rates. It
t:zrsfore imvossibic G G concliusions as to the 1ife
o7 our reserves by dividing the reserves by the currsnt or ewven the
anticizatsd anmal requirerents, I think, howswver, we can nretty safely
say that our netroleum reserves will on 9ctlous*y denleted in BC years,
ard wher consideratlon is given to continually increasing requirements
arnd cur avrindling resources, that wunless we Import crude or synthesize
15
o




supplies of 1iquid fue - 'ty'were Gzstroyed

and Thelr mebility theredy rash that today's inter=
national unrest, asids ?rom,idﬁol cgies, is dus in no smu;l paArc Lo
cesive o the nart of the wvaricus Haxlors involved tc contrel the world
reseyves of crude pet pavrticiuiarly in the Middle East.

50, in conclusion, I would say thaet we rmust conserve our natural
r&s0urces. We rust aveid wastr, We must import crude petroleum in
zrounts in ordar te malie up our deficliency. We must be ready
miresize liguid fuels from shale oil and from coal. I am not

& petrolem man noew, 1 have my petroleuwn hat off entirely

as a citizen and Sarxvayer about netional welfare and
And finally, we pus? stsrt utilizing imediately and ineresz-

T

v &
OYthUO‘S sourcecs of erergy in order Lo corsarve cur diminish-
‘abhle anerey. sank you vary mizh,
Would you eare to comment a little further shout the
t conditior of refinery capacity? I have vasically in mind the
ity Lo meet anticicated roguirsments, the physical condiwion of
irs. We have hsen teld that refineries have beer overzisd above
Voans uncor cressure curing ths veriod of thas war ind o8 & resuit
tenance rarn dowm. You keve indicmted that the reguirements nave
i o little copmcity. Would you

<The

L]

c irucd so I assumce we still hove
cowmuyt bricfly on that?
GENZRAL DOCLITTLZ: That ic coqu,, We are now just comfertable
or ruaulred raflinery capacity. e various oil comzunies are putting in
aditlonal refinzry capacity in oridcr to meat the roculraments of the
future.  They 4id, orics at cubstantially

i during tht war, run their rafir

higher cutnut thoan had bezn cus+0ﬂary bofeors, This 2idn't cause wndue
mzintenance but it did necessitote mirnor changes in the relincrics. How
almost all of the industry's refineries arc running at that iversascsd
outvualt under absclutely normal counditions with only mincr alterations

¢ relatively srall cavibal invcstmgnt. It is Jjush

which nccessitato
another cass 0 one Never nuoeon do until he has to,

QUESTION: Eow Long wiera tho oil wells in the East Indiocs out of
procuction?

GUNIRAL DOCLITILT In the Tast Indies destruction was prebahly
carricd out to & greater degrse Lo anywhere else. I santt give you
the exact figure as Lo aow lo: “rOHUﬁ+i:n,was shvt down, I de kmow
thet urder sors conditions I wells were destroyed conpletely and

lles crs the demolivion neonie were

had to be redrilles, Tnier ohl
ittle slow =2n¢ =hose wells e

iti
i usaffected or net badly daraged,
ovably Lthe best answer *u your crvesti

or is thab by proper demoliticn

H—<p1




can be pub oulb

permarvantiv that it is
r o stari over agzain @

onn. A3 you eavT o Lo

JOSEN

nas non yet COuU@” woce bo dts L8E2

1652 =mroiuction

ATTG ™
ot L

I worder 1% yoor willl pud your oil man's hat on ang loox
5

Fast oll being importsd, Eow is it arfeching uhis
industry wnd hos do vou exgset that it may conbtinus To

shlptrnu of Middle Eest oil to 4thi
conhy , rarticnrlasrly o the pars
als ¥ cwn 21l prozerties here i
is heing reduced as = rssalt
That is not Oﬂlj trus of wie .
zuela as well, ;1 "7—*0*’l Teresuelsa h
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reaviast nessizle fuel is recuired in

these planes, Consequertly, ctae !
erder to get tie mavimun nurder of JIU'e Irto a given volume.

2 recuirement calls for easy starting, ﬂartiovlarly under
f evtreme cold, Jor restartability at high altitudes, Tor
aady burning aznd for flow and pumpability at low temveralures.
, o skt fuel.  Thers ars definite indicablons that the
reavier fusls Go no‘ inclfne toc Lurn as well and as cleanly as lighter
fuels, F"“anrﬂCrP aroma,fcu an? olefinsg, which are heaviar uhan

do not ordirarily burn as reacdily. The fermer
lwd,ur to form ecarbon. It will reguire a con-
srovement in engiute design in order to be able to oburn the

-
i3
4] J

fesnvie uel . ZInrland is a little ancad of us in *h* rasnect. The
n fevi years carlier and we have not yeot sntirsly caught
e,

4 compromise between avallabllity, range and engine verTormance is

indicated. Yy owr opiniea is that we will go %o hnav1er fu?ls &8s §00M a8
avallebility and ornging d will pormit. Durirg who war, rangs was

alvays 2 major problem. The cnemy cunningly moved back, if he could,
just ocut of range. In wny future war, sircruii range will be zven more
important., Conssouontly, o heavy fuel wiil Lo requirsd. Tha sngine

~

marmiaeturer must design for
arr.nge his murmfacturing pro

=

it nnd She fuel monafseturcer must so
cogros o8 to provide it.

QUISTION: Fow soon will you nroduce gasoline that will operate in

tlese neouwr automobi?e engines, *these rocket sagines, with %he 12 ta 1
cempressiorn ratic? e understand they dorn't have “le ifusls abt the present

AT, DOCLITTIN: The answer 1s that the vetrolews industry will

as soon as 1* iz reguirsd. Last year General Fotors would

o owvery nich comnression srneine, They didn't
1 wvorld shortage ¢l vetrolsus products,. That
juzt beoing corractz. row, = I would guess that very shortly
os5sible to tave a cut off the cyiinder hesc, ircrs:se
on ratio, and get more efflcliency cut ¢f their nowest erg

thrre was an OVers- 1-

1

28 L]

high compressicn ratic
gh octore nunbker fuel, and
art add3isive This

There are two ways to accommod:
engires. One 1s tirough the use
the other is threourh the use cf
acclbive may be injected g
manner that rater and methanol are
bo be dravm Jrom avi 5
12 ©o 1 compression ratio engine, She super fusl is ruqguired Tor or
very small vart of the total «riviag timo. Thic sysbtem hos actually

aticn engince. § step and po driving
A
<
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s, Chto, and has worked very satisfactorily. Tk
chyl alcolol, end tetrasthyl lsad., Tae so-called

e
s
gl ter" is hooked into she induction systenm in such o

4
(¥4
Fe proper arount of the antidetonating motserial into car-

“hen the throtile is depressed ard the engine iz orersiing at a

I J\"Q0“411V like %nhis =vs—cﬂ +nich is ecoromical and

ne rolews. indusiry can and will,

the 1131uatlon” o nrac%icality, neze higher ocltare nwcber motor
T

fusls availsble a3 they are reguired. This must be done in such a
parner &5 not to interfere witih the availabpility of fuels for the ¥ilitar
racoline. Furthermore, tne cconomizs of

sevvices, particularly aviation g
thy nov Juel mast be such as te permit advantages in power and soonomy
of operation COHHSﬁSJrate with Lncransad cost,

Vou svpoke mbout the onarcentage of dry holes, Do they
ploitation wells, es you call them?

GUEERAL DOCLITTLE: Chart 7 showing the ratio of &ry hclen wos for
21l =:311ls, ewoleoration us well as UKWIO]t%tiOﬂ In 19 the dry holes
drildiad Leoraseht d about 35 percont of thr total wells drilled, The

wildent or explorsticon wolls were sometling over 80 percent dry holes.

QUESTICY: That is thc cravt I o toalking sbout. Wes that a cumnu~

lative chart or yes r o year?

&

ERLL DOOLITTLE:  Year by vrar. The vertical distance on the chart
ch year,

D

AQUEITTISN:  J was 2 1little curicus because it would ssem you gave part
of ftnc explanation. I am stiil » little puzzled ot the fact that, with
21l the advances e have made in ovoiding dry holes, we continually get

o
Cool

b
[¢]
jo}
ct
-

hisher percertages, which in e oare getudng woerse o1l the tine,

GITORAL DOOLITTIN: it indicates timt
aoility ard incrensed & sieal wnowledge,
ana il is becoming iucr ingly hard Lo fin
;t used Lo czosu about 1% cenis a barrel to

i Tor a hall <olilar a bwr el

r three times zg much Lo fl“m it

QUE““ION: It
eevation of »

OUESTION: Do




SRAL DOOTITTLS: “Then you convert rom gteam engines burning
to a liesel engine you shbshtantially increase The availobility
lewrn becanuce the Diesel enpgine is roughly four times os efficient
tean engine. Bub when the conversicn is from x coal burner to
n oil burner or a Diesel, you loss yards on ths play.

STIO: Yhat I am thinging of is the possibility of converting
cars to Iissels. Do vou se= any nossibiiity of that?

GINBRAL DOOLITTLE : wwiatlon industry is ahead of sle ﬂ““or car
ranpuiachurars raximun engire efficiency.
advantage ol ine liscs in its Low specific
: noresicr ratios and 100-cctar

same fuel consumnticn as Ld She Dias,l.
tha wiur 7as ahaad of the razst of ths world
#nd use of Jiesel alrcraft enzircs, When tre CTermans
mtiy abandoned thelir Dis and used only

<

g
o N -
ior noint of wiaewr tha

n 1, 4 R
ﬂ]‘f)"\lrm‘. +he bR

nogzinle o g

- . TP
gerniany av i

in i dmvelopm«r

-

2% Sroi tila aviat
v

ue“d i awtomoduive point ol wiew 1%
Avantage tihz advantages offered are 200 sO
: g

sl
d@"iﬂ tre

Increased ofliclency s in too fast that 2t is s$ill rossibvle
o buy Dieszl fusl for sororvhat less thurn is peld for gasoline, £ Tew
¥ears back Tiesel oil wis mucl chanper ohan gusoling. As rogulrenaonts
For that typ: of Mel irootber, the valuas ircroascd and the differ-
svtsinl betwreon Dissel Tw wezoline beenme smzllsr. The prineival
“iszal 7 ere in long-kaul Sruecking operations,
cefinite not so “lex1ble 55 the Utto-gycls engine
so reacily ndantable to passenger car opersticns,

QUESTICY: General, there has beern a considerable perceontoge of oil
in wells that is not reooveraole. what nrogress is peing mace I
ressgarch in secondary recovsry methods?

GEUTRAD DOCLITYLE:  “Cremendcus progress. The east Texas fle=1d, Ior
ich iz still ore of the most vrolific producers, has been
tencfited by water razressuring. 1 have a chart which

nforturatel; ¥ adi<n't brine it. I tain', hovewver, that
he anticling of chart 2 will permit me to illustrase

sy in whiek you “ind potrolgum in en snbi-

gas 15 disncrssd on tor of tha oil. Foxt the cil,
he satar arezsure nead is sher Tharn ths ground

* 1 crard gnough mrossure

ze Dlow of oil. Albernatively
sreat, 1T will fores the 0Ll out,

R S N vmay b T
1ag% LW AR Y . 1%
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Eventually ag the pressurz crovs helow a
origer {lew.  ihere are “hen chree priaci

certain point the oil will
= J
o mump it. If there is still enough pressure t

te got iv out. One
+ O_Ll

a

-y

i

3

- -
o Torce Lh
]

through the sand inte the well, it Way be opumped ouil with the
ol buckeiotyipe pwip lilte Crandma usad for puwiping water. Ancthe
to drill a well offside and £ force of

ree water irnto it. The
inal -

weter wilil in some cas n by of minal well and forsce the

uR. Alternati uely, ras may be i Lroguﬂed above uh cil level and the

3 Tressure may force tie oil oul. There ars four general wmothiods used
in the recovery c¢f 011: (1\ natural frce flow due 1o norial valer and

gas preszurc; L2) puaping; (3) reintro duct*cn of watsr; and {4} reintro-

daectiorn of ras,

The west Texas fields oriziznally proancsd at abcout the same level as
in east Texas. After depleting this lsvel they 2rilled deeper and &is-
covered a new flolc under the old ong., The original wells in viost Texa

1 thras to four itousand feeb. Popressuring znd decper

i
prozucsad at arount
drllehg has caused repeated upvard revisions of oripinal rescrve csti-
nates,

QUZETITT: I would lilke some idea of the vercentags grins, if you
nave any.  fbout whnat poresrtage is being recoversd at the presant timed

GEYERAL DCCLITTLE: 1% wvaries. In scme cagses no gain can be achisved
revressurirg.  Ir otheir ¢ases a fisld nay run dry and then
h repressuring The seconfer] racovery may be ss inch as was zothten
L tne first cslace. I8 is imooessible to iive arn accursbte average
reertage zain through rewressuricc, because ir one c¢ass you may zet
1wl in anothor recover mora than was exiracted bslcore.

COLOYTL ESEFFTR: General, o1 behall of the Ccllegs and suests I
n ive talk o vstroleurm. T am sure we have

tharik you for o very ins“ructi
gained some wvary valuahle inforration from it,
DT oo TTTTIM, i oo Tery vitns O EETos) Ay P
L DOCLITTLT . Thany you wvery wmuaen Tor yvour courtesy.
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Chart 2

OIL BEARING STRUCTURES
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Chart &

Major Exploration and Production Technigques

SUBSURFACE MAGNETIC
DRILLING METHODS

kb \\

SURFACE
MAPPING

. g -
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Chart 7

PER CENT OF DRY HOLES TO TOTAL WELLS DRILLED
DOMESTIC U.S. PETROLEUM INDUSTRY

PER CENT PER GENT
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Chart 9

CRUDE -0OIL RESERVES 1948

31D 1S3d

12

< BILLIONS OF BARRELS —» 9 oF
0 10 20 30 TOTAL TOTAL
NORTH
AMERICA OTHE 23.9 31.3
SOUTH
AMERICA VENEZUELA I 10.2 13.4
MIDDLE
EAST 32.5 | 426
RUSSIAN
CONTROLLED 82 | 10.7
OTHER 15 | 2.0
TOTAL 76.3 100.0
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Chart 10

U.S. CRUDE OIL PRODUCTION

MILLIONS OF BARRELS MILLIONS OF BARRELS
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NORTH
AMERICA

SOUTH
AMERICA

MIDDLE
EAST

RUSSIAN
CONTROLLED

OTHER

Chart 11

CRUDE-OIL PRODUCTION (948

< MILLIONS OF BARRELS » o oF
0 500 1,000 ,500 2,000 TOTAL TOTAL
D ‘ 2087 | 61.4
///I L) ——— ——— T OTHER
VENEZUELA

570 | 186.8

AR a— OTHER
41| 121
254 7.5
77 2.2
TOTAL 3,393 100.0
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Chart 12

CRUDE OIL PRODUCTIZN 8 REFINING Obmbom.ﬂ%

« BILLIONS OF BARRELS ~ 9 OF
0O 2 4 6 8 10 12 14 16 18 20 2.2 TOTAL
NORTH _ q_umo_uco._._oz . (.91 64 %
AMERICA 7~ \mm_\u_z_wmwwﬁp\n\po_i 7777 2.13 | 64%
SOUTH . .52 | 7 9%
AMERICA § 40 129
MIDDLE | 31| 10%
EAST P 77 28 9%
EUROPE 0% 2%
7 24 | 79
R EAST | 0% '
FAR EA
m 06 | 2%
RUSSIA | _ 19 6 %
&
BALTIC [/ 2l | 6%

Qa3 LOId1S34



Chart 13

Typical FLOW CHART fracing Crude Oil from well to finished products

on well
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Chart 14

PRODUCTS FROM A BARREL OF GRUDE

PER CENT YIELD
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Chart 15

REFINERY YIELDS
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Chart 17

SOURGES OF ENERGY IN THE U.S.
PER GENT OF TOTAL
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Chart 18

IMPORTS-EXPORTS

CRUDE-OIL AND 'PRODUCTS
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CRUDE-OIL IMPORTS
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Chart 19

BY GOUNTRY OF ORIGIN
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Chart 20

DEMAND FOR PETROLEUM
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THIS CHART SHOWS HOW NATURAL GAS, COAL AND
OlL SHALE OIL SHALE MAY BE CONVERTED TO LIQUID FUELS.



