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MATERIALS FOR THE PRODUCTION OF ATowmar RNERG

i0 November 1558

CTOLONEL NYLUIRT: The classificattan of the lecture
this moraing ie welasaitisd,
It is dewtful f sny of va ta thiz rooss sver heard of stemic
SORTYyY or the alveode boms prior to ihe closing days of ertd
war 1. However, ic the past lon yrars there haa bgen s :nuch
dlocuseion and so wany artiches written on ol atamic snergy
aid e Rtomic possh thal now even onr childvan I the grade
sedoods sre well aware of Hs impariance, o loday we are gofsg
to devols our e to that portion of the course in Natural Resgurcea
which deals with the “"Materinie for the Production of Ateuic Energy.
¥r., R, L. Fuclimer, sssistant dleecior for Pereign Procarewent,
Alomic dpergy Commisgion, whode Mography bas indicsted to sll
of you his exeellent qualificaiions 1o dlacuss this sulijeet, will now
talk to u3 on “Materials for the Production of Atomic Energry,' It
iz wy plesewre now to inlroduce to you kir, i, L. Faulkaer,
R, FAULERER, Gemeral Hollls, General Calheun, Colenel
Rywslst, hienxbers of the Facully, and students:
A% part of your study of nataral resources, 1 have been niked
to discuss the materinls esscntial for the production of atoric




powet and fissionsble products, incheling redioactive watariaie,

Shace previous lechirers have covered waterinls for tis
productiun of strel nod ite allcys, as well as nonferrous and
light wetals resosrces, [ will confine wmy talk Iargely io redic-
sciive majerials, There are several lexs comaven metsls,
kowever, ihat have particular spplication 1o resctors which 1
abould toach on criafly bedore gotng oa (o talk svout uroniues and
thoriz,

selection of resclor componenis has iavolved many compro-
mivas and » cosiingons «ffert o develsp vow allors aad &0 fex! pew
aaleriale, The developsent aad testing of Letter materialy to reat
the peeds of the high tempergiure resctors plsaned for power pro~
duction is A pressing proilem,. Testing may isvolve loag pericds
of vdposere to bigh tenpersiures and Xgh radiation in varices
enoling medla 1o deterzdne dimengional sinbility and resistsnce
to corrowion. Nuch remidns io be learced about the teharvior in
reactors of even the wore common waterials,

Thtee of the aetals which ave come into procicance with
e stonic ape are sirconinm, hafnluse, snd berylitws, AR
have speciiie properties whick seake tham wasfil, partcularly

In resciors wslng natural or sligbtly enrlohed uraciuz, They



pligo have their odtiations,

Zlrecuninm appeacs 1o have {oporaat applcation: in
futurs reactove « ecanse o itd low ¢ross saction for theraal
aubtrony, which Ly tne phyvicist's way of s831. that theraad
neutrons of.s throagh H readily withom veing absorved and thuy
comsueet, - hedh alloyeds with L0 percent tin and srall quen-
tities of iroe, nickel, &nd chromime, K hes fadr strangth at
ik texaprramres sl excellent registanee to corrosion,

‘the alloy tw vecd s & cladding {or urapine fual elemants
in power reactory fid as a stiruetural wiecoor of fuel elemism
asxerocding,  Uraniun apd it sloyas generally nave paar eorrogins
veslstenes, cladding iz reguire o overcomme thifs and to contalr
tire fiweion products, Low t=r.perature resctors have nsed sl
capned in alwinuc., which alzo has yood suclear properties ut
2 maeh lower wselling polnt,  Zircoplurs firs! Lugportent applics~
tHon way in the prottrpe sw. maring veactor and the lster model
uzed is the Nautilus, At the present e, motad produciion ix
=i all, perbape &5 tons per year, .al with inereasing dewas,
tnis groduction rate will alaost certalindy asutle or trosle over
the next few years, The price of asout 114 per mound for

roonine: spon.< will come down as oulput joes up., Melting
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and rolling to sirtp approximately doublss the Fle fizure.
Fircopiun's fevorahle nwclear properties wore m
racognized watil asout six yeurs age, principally becauss
all of the neitnl availaole for examingtion 4 1o that tine
was coptandnated with 8 avall amwunt of bafnine., whick
hay & wigh neviron cross seetion and rexdily stope nsutrone.
Cireon, s glbecaty of xirceniuim, is the priocisel vaw
naterind, dapy deposite are knowns snd it should oo readily
oilainable is the quantities dealred, Bafnfuss e pressot in
all xircon, evecaglivs: aboal twe percent on & meinl sasie,
ver hall of the sircos going into Uniled Jlatee ndustry, =t
presunt Roomt 45, U0 tars per year, is isuported frem: sueh
copntyries ss Avstralis aod Srasil, witb Unitad States preduction
on the order of 14, 290 lons. ialted taier reserves in Florida,
idabo, California, sad (regon ar# estimmizd 3t sowe 7 millice
toms of 2rcosian:. orld rezerves shouls be geveral imes this
fiyace, The prasent price of sircon e 848 per ton,
The conlvel of 4 rescior is obisdned through the ase of high
croas gRciion meleriale which are fassrited inte, or withirswn
fran., the core, Hafsiuw, which was zxcoumulating az s useloss

ty-procuct of stroonian profuction, proved o be excellont for




reactor control cecause of ita high neutron cross sectios,
resistanee to corrogion which ellwinnted the need for cladding,
ah meltisg poist, Tabricabdlity, and long resctor Wfe. carly
interest centered on cadminr: ar Loron alloys and corspounds
tat these requirs claddivg for streagth snd for corrovian
resisiance. CTadmiues his the disedvantape of a ow melting
point, 321 degrees ., Boron alioys have e disadvaotage of
vrittlencse, In view of these disadvanteges, some wew designs
are tased om the use of bafoinm. . Ahar materinls bawing hgh
crass sections are alse iweing investigaied,

Materiale Roown a2 modermiors are seeded in resetors to
slow down mewtrons eoasating froa the flsaionable materind,
scatter therm, and laerease the probaniiity of ceollfalon with tiw
urasits or otber fertile maniecigi~-tims sastaining the chain
renciion, Jarbon, which is estensivaly used in piutondum-pro-
ducing piles, and berylllan: and ity cxids, are the onty pood eolid
modereiste, dher moderstors are waler, hexvy walsr, anud
srganic compounds contelniug Mydroger, decterinm, srd cecbon,

Beryiline:'s pxpellant nuclenr properiies have led to it
wie or copsideration in 8 sumber of reactor designs, In sddition,

1t e Hght i weicht and k&g 8 Atgh melting point, Unfortunstely,
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is the purity norwally wisinabie, it iz nomductile acd has poor
eorvrauton restatuses to water at hgh temperatured, Neverthe-
lows, the sdvartages eggnst spplication (o reastors in whick
high tes.persmires sra contemplnted, where wolght is important
riad cost 18 & secondury constduration,

Howsvar, nerylliun: is expensive. b the fors: of vesuwn~
cast pillets, coats renge from §59 to 373 per powad, depending
Rpon production raie. In fluisbec, machingd shapes, the cost
pev pound nay e sabetantially higher, depeniding oo the smonnt of
machinie;, svinding, swe. regsired,

The oaly comaercial sowrce of berylitwn o seryl, & heryitium
stominea ailiente, scourring as seattered eryetaly in pemuifien, .
The beryl crystals are Wtﬂrwhm#m clean ceryl
produet carrytng on the order of 10 parcent beryllham axide. Dot
doisnd and price bave flectonted widely eves the last five yomrs,
At present baryl le selling &t atowt 403 por Jong ton,

Bost srmamtuwmmnubrmia meining
apersiions for ofhar producty such xe feldsper and mica, Thesw,
in turn, are ix 1-oregniarly distributed mnsoes wilkdn tiaw poegmatite,
Miging ir thus & gophering aperstion with the mimers attempting to



follow snd ruine the richer somes, Reserves are difficwlt 1o
estinate, although some atlewspis bawe w920 ade Laged on
rapariece {polnrg.

United itabes rezerves in pegnatites are mas sathmated
et 13, 0 kms of vervl, of which sbout alf ia conaldered
recoveranis, everal hundred thousaad tupe m:ight e cuimined
frosm wintng xnown low-grade demestic depasite if sconomically
and ipabnicklly fessible recovery proceases cowld ve worksd out.

Ia 1233, the peal yeur, world veryl production ameunied
i, 300 toma, of which 8, 108 tene were imported iato the Unlted
siaten. The United ates production smovnted o only 75 tone
in thiz period. Hiost of the Goports were feoom the Union of
sonath Africs, fhodesis, Srazil, and India.

itegctor ases could aamslly regwire ore caryl thay the
worid hae produced 1n any year o date, Frograms dealing with
a-ilitary reactors designed sromiil the gue of veryl should (¢ based
on carelol catinates of the gquiantities likely to b required, togetber
with forward planning td meet these requirsments, These slops are
ravantial 10 & sound program,. ‘The eiternatives to forward plamniog
are xky-~high prices and short supply. - long-teriz narket at a

puarantesd price would provably ve s sffediive way to stimulste
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grenier production, buat & subsisntiol lead thne would ha regquired
to meet any very jJarge dareand,

Fewer procders are Hkely to ve cncountered i achievin,
graninc production et levels to mucet future requirements,

Ursnlup: is the coajariny of =oth the muilitacy and industrial stocic
energy programs, Thoriam, wsbhich can e converted into fizsion-
able H-333, may bereme lmportant, when and to what extent ia
=8l & matier for conjucture,

Urssdds: 38 not a sowly discoversd wetal, Tdantied core
than 155 yerrs ago, {t wae weined ou 8 sxail scale ax sarly ag L1650
al Jomchimuatal in Hohersia and geed to make orange poiiery piases
asd to colir glasa, It wad still vaed fer such purposes wp o o fuw
FRALS 30, Ag & matter of fact, you ey have some urigbt-colored
pattery of pre-war viatage around the heuse which will give a
weasurable ek on & Jelger counter. The Joschimasial deposits,
jo what t» now Usnechoalovakis, are 3ﬂﬂh&mgmmaﬁma‘
acarce of supply to .oviet Ruesis,

In the Unkied itates, carnotite deposits coniataing hoth
sranium: and vanadbers were firet ined atowt 155, At tiat
thee, wiabeg was principally csrried on for Uw urasiae, from

whick radive was extrecied. The rich  hickoloswe mine ia the




Belgian Congo carce into production sbhoul 1333 snd virteally
rosopolized he uranion. and radiun: soaraets wathl 1231 when
production vegan at the Sldoarade mine, & newly disvrovered
plitchilopde deponit in corthern Casondn on Crest Resr 1 ake,
close Lo the Arelir Circle, However, aithough there was Hitle
drraand for uranivmn, the Colorado wines were sporsdicaily
aperatad I varediem,

& aen the atisoie LHSh project came Inte being, both Lhe
shinksdet:we xine in she Selglan Congo and the Canndian Gres:t
Bear jake siine had suspended operstions, and activity at the
Colorndn rpives was dirvcted largely toward vanadimic, idowever,
isrge guantitizs of uranium had eer sccumulsted sbove grow at
both the shlokolo: we mine and &t the Eldovado raine in Caoade.
Prom these stocks and from the re<trestment of wraniwm-bearing
tailing s sceuxslated in Colarado from pewt venadum eperntions cexs
the guantities of uraniue needod te carry oul (he wartie stande baosh
project,

Larky s Gorid war JI during the developmesnt of the atomic
bows, the United Ltates 3ad the Dulted Kiagdow joleed in vranien
procurament, U(raniuwy: puvchlscs are made hromgh the Condebied



Leveloprent Agency, directed by the Uniled Eingdom Atemic
Lagrpy Authority and the Ueited -gites Alsod. Snergy Comanission,
the Agency's ectivities are coolined to conirscting for production
feooe zources other thap those {a the Umited stakes, the United
Emgdois, aa2 Canada,

swhen the Alomic Emsryy Loxmission vegan to function in
i047, the ulk of oy eranduin wee cosudng frew the Congu, soms
wBs being produced from the lone Canecian depaslt near the
Arctie Circle, apd s Bbtle wranius was eing recovered {rom
wap OwnR wegtere carpoltie depauits, It was asbvlons thet c.ost of
oW € wera in one LAsket,

Hefore the snd of 15947, the prospeci of Jevwoilng & =ajor
shere of our resources to the peaceful sppiication of the st hed
faded, ateny with the prodpect of adeoante internatiosal centrals
over the raudsciure of atomic veppons, e atill Wad 3 monvpoly,
it energetic actian wag necessary o hald our lsad, LHpurred oy
the Ruasinn dovelopuwent of e atomic baws, Jengress ssthorized
sucoeesive program expanaions ami appropristed the hage gums
aceded for plant, squipment, suna aparating expesse, The wraniurs,
to feed ibe liscionarle waterial praduction planis cozting villions

of Joklary, RRd to come from: new souwrzes., I was meczapary e
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find and bring tolo produection sew mines 4t bome and abrond
and to develop suitacle processss for recovering wramplu: from
low-grade ores such as the Louth Africem yoid oreas. 1ewnd tme
was shori and & vigorous eifort wae called for,

Ths shinkolvbwe miae in the Selginn Congs continues 1o be
an lroportant souwrce of supply, uince the eginnin, of cperaiions
in 1323, It baz veen lhe world'e largest lodividusl sroducer of
radhem and weaniam., He gproduction la, in & Inrge messure,
responsibie tor the developoeent of our wespons steckpile and
without it we could nat have come 8o far so fast,

Ar shinkolobwe, the arasfurs oceurs salnly os pitchblende
io teregular veine s hgh-grade hunebes in or adiscent W0
ateeply ~ddpping quarixiies, Although early cperationz were from
superfivial and relatively shallow workings, mining now sntends
ta & depth of about 428 feet, Carly shipments were hand-picked
silchilende sre contatainy 3 percent to 83 percent wanivs oxide,
sorae of the ewrreat outpwi i band-picked material. but the bulk of
sroduction i s¢hipped as gravily concestrates and chemicsl pro-
ciptistes resulting from the seld jeaching of lower grade ores aod
faile from gravily coscentration,

Lxienaive saploration has meovered addittional reserves,




apd it iy sufe to prediet that the mine will be an lmportant seurce
of wraniem for somse yeers shwead,

The story of soath Africa's wasiee: actuilly begon anout
1¥3% when uwraninite waz ideatifieod in the titwatersrand gold ores,
The enwll ureasiuo. content wmade the idemiflicstion of Metle interest
until abou? 1945, when the Masimtian Engineer DHetrict, predscessor
to AL, locied into these ores 2w & poanitle source of uraniam,
However, practically mo lnformaiton was svailaisle at ibat time on
ihe grade and extest of the wrandum lneralizsstiop,. Lster, a
wajav program of saepling the undergrowad exposures asd accumu~
lated wdling® piles was undevteken, Preliminnry taformation Yoaaked
promintag sid resciareh on sxtracton wethods «ad Lepan in Covern-
went labaratories fa the Unlizd Aates, the United Ringdem, sad
Somthk Africa to devine metns of scosomically recevering the
relativaly » ovdl quantiiivs presest io the yold tailings, 1 should
mention bete it wodt of the ores belag trested cootain lsas eo
& pommd of urasiui: pey ton of ars,

The ressarch was auccessinl and & process was developed
which was applicable noi only to ~outh Alricas ores uut slao has
found application in skl of the wajor wrsatun. recovery plaats
throughout the werld, In sewth Africe wrasinn extracton begtos

iz




wheres gold recovery operntlons end. The ore which has besu
mined, bolsted, erushed, ground, snd cysuided io remove the
gold is then pumped ta the wrasium plani where the uraninwy is
dlesalved i dibate sulphwric sefd. The mizture of ory snd pulp
ts filzred 16 ylve & clear golutior contelnin: the urenion., This
clear liquor i3 ran through colurons MHed with beads of » strong-
sase lon sxchunge resin, widch has the property of selectively
Fratafng the uranian and letting e <ulk of the other elements
In sclution pesa Dy, Rext, the resin fs Wealed with nitric acid
which tabes off the aranive, resulitng in g relatively pure con-
ceontrated sahution from which the wranfitn: can o precipitated oy
neutralization of the scid, “This precipliate, when dried st 433~
9 degrees L., yhelds 2 black oxide of uranius which will carey
7580 percent wanfas oxide,

To give son tden of the sine of the tolsl operation, when
all of the 16 plasts suthorized are completed, they will freat on
the order of 1% 19 20 million tons of Wilings aroually. Plast eost,
including acid production and suxilsey fechlities, 1: estimated al

cioge lo 3129 willioa, For the most part, urasium is 8 by-product

with imcome frow gold hearing all mining, crushing, and grisding
coste, but ik & few Instances reefs have Heen found too low tn Lold
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o be worked for that meinl alone but were rolatively high in
wrantuim.  Urasiun producticn ia coming mostly from the
hewar mines which hiive reserves for 25 s 40 years of opers-
tion, "Hhers are under development and 1! gesms zafe to pro~
dict thai onth Afries will be 2 leading preduever of uraniom for
mtay decades,

all preduntion eperaitons are wader way 2! Radion Wil
i Doolk Austrvatte sad st Sow Jungle, sbhout 39 wmiles sowth of
Darwin in the Northern Tervitary, Ursatem st Redhum Hil
OCCRrs 38 davidite, & refractory urasiuw-titardam~thorinn-
rare aasribe mineral, which reguires digestion in hot sulpdwric
acid af Bgh coacentratien, This wnique ore is mined from mrrew
velud peratstent to deplins of ot teawt 1200 fort, iith wwinor varia-
Uone, MHering, lon euchange ‘reatcment, and precipilation follow
the practice outhines for the “owth Afvican plumds., MHowever, prior
to chemical trestment, the ares are coscenirated v about 3 pownds
of uraning: oxide per tem by gravity mwethods wad by flatation,

At Eam Jungle, the ores are belng mined uy $B°° Pt 1sethndz,
The uramiam missrsl, areaiaite, s associated with copper, ‘Treat-

reenl is by acid Jeach, fellowssd by tos eschange snd comventional
precipimiion methods,
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Aclive esploratioa s Australia has tarned up sew depoeiis
which appear copeile of exploitntion, Coanlinued seareh ehould
rarn wp st others sod i is reascesils to aspeat thet dastralie
will contisue to e & suppliar of urankhom f&r meuy years.

In Poriugal, the Urgeirics mise operated by a Britdsh
compaiy bas, for Uw pesi several yesrs, sccowmtsd for miacy
wrnsinz production in tersce of the Free Jdorid's rugualrewments,
Frames: slso b developed sources of supply which way resuift
in awsatantinl ;aradue%m;

In & sunder of Kerapesn aad Latin Amerions countrios
prospecting 18 vetug carried on, rmogtly on & Seversmvental tinsis,
A large suwber of wraRiur QCCUPPeRteS BAve hoen raporied, some
of widch will no doubt oe found capasle of providing wrasive: at
camnpotitive cost, R owa be expected thkt the controls whlek wany
Sovernmwents bave placed oo the prospecting lor wnd supleitation
of wrankum depoaits wiil e gradesiiy relaxed. As in the Dafted
Atntes, Canada, and Australis, widespread pariteipstion vy private
emarprise i the sgarch for araniao should have spectaeular results,

Rusain, of courss, la largely ap cnknown, However, thers e
1itthe cimnee that Russisn production iz equnl io that of the Froa

Aorid or oven 1o that of the United Jistes,

ig



Canndian decoveries in the pas? 16 o 24 coentha bave
heen of ajer sigoilicance, Hariler I mentioned the pidarado
sdlg 8t Creat Bagr Lwke, which hae been in opersilos gince
about $LRi. I mime contiones to apply wraninr, 2iong with
the Beaveriodye wine, in the Lake Athabasis aree of northern
saskatchewan, which camw into production in the spring of 1453,
Aa a result of linding additional reserves, work s in progress
o more than dotsle the already sfsable nill oan the Beaverlodge
preperty, Both mines sre owned and oparatied Ly a Canadinn
Cioverncoent crgnnisstion, Shitorado WMining wnd Refintng Lisciied,
widasprosd schivity ta fhe Lake Athabasks rogion has twroed up
& nusebey of other deposits. s arpe ore tresirmaent plant hes
veen bellt oy Cuonar Mines Lisgited awd la already it operation,
At lonat one oore plant fa in the plaoming siage wnich ofl) probably
troal otres from 4 mmser of pasllet mines,

These developants alone would provide a sabetantial coomt
iv Camada's cranlacs eutpat, However, recently discovered depopits
io the Blind Siver ares will yield creater precinction and will be
capable of supplying wanium in Invge qumatities for z Jong tone,
Thiz area i located just sorth of Lake : misrts vetwesn vodowry

and the Hioux, Here sxiepisve wanion depoatie have Heen found
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in prea~Cansbrian congoarorstes containing ou the order of

Je 1 porcent wrantum axide. The depowiis sre somewhat sivilar
geologically to the Seuth Africen gold-bauring reefs. “ne plani
in the 1&%&3-tm-m~hy clasy iz alrssdy is operation. Com-
sirvction is already wader way on three additionsf placts, asch

of which will treet several thonsand tons of are per day. Lamwe
production {4 2leo enpercted fromn: essters otaris, where ope
woderate ¢ized plast is slso under construction, The foregolug
By Be means extmusts Caveds's potentinl, and any other proper-
ties capanle of production are Hicly to ~e wraed ap.

The BMnd fiiver sperafions, particularly, are supported
by subatastinl regerves, and it can be predicted with considerasle
Rigurdnce that larpe-scale uranium prodection will ce forthenmsing
fros this erea for severs! decades st lonst,

In thiz review of wranium sources | have joft auwr domestic
operations wntil last, They are of major impertasce frop: the
Mandpoint of rationsl interes!, and siso domestic developraents
bave buen the o8t spectacular, B sevan years, starting with
aleost negligicle producHon, ccant reserves, and saceriain
progpecis at Lest, the United Siatee bes beeoins one of ke world's

lvading wranivo prodacers. «& are moviog oat in froot ic the
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prodaction raeo, W hope o continne {n first place but xuy fiod
surzelves part of the Hme (n cicse competition fer tha! position,
Jar succens i a tribute (0 the A merican system of free enierprise
aud to the effcctivaness of the profit laceative, Mising opersilons
are saifrely (n grivate haads and oaly one of e sine willa now

in aperayen s governseni-owned,

At the seginnisg of 1948 there was practically no srantms
mining or proapeciing. Ore deposits cscmonly contalned & fow
husdred (1 3 few thowsand tons of ore and in &2 yemrs of mining
ond prospecting for arasivn. snd raasdbam, onls two or thrve had
been found whick costaiaed 160, 000 tome or more, Ay 15560, there
welre praiobly moere pesple looking fer ursnium inthe Unlted Statss
thea for 2ll other wetaliic miserals contiined. There sre now 2
dogen or more 194, 999~19n ore bodiow, ard we ales Rave sose
maltt- mliion-ton depouits,

The msinspring of this actvity was the Comadssioa's
#atablishment of & paranteed price for sranime i are over a
long prriod, This periad hes heen extended several thues and
now rwe to March 31, 1962. Collateral undertaiiays by the
ommigxion have inolwisd exploration for and developrnent of
ore depostis, geclogic windies, ihe development of prospecting
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methads aad tools, and the development of louproved waplum
reCoVELy processas, axpeadliorea oy the Comailssion now toial
sume 46 million on explorstion snd related activities amd alowt
#id mitlion os wetallurgival vesesrch.

special (aatruments and teehadyges have weon geveloped
for wae in exploring for radicactive materials, New metallargical
srocesses oy axtracting wranivr froa. ores mve lncreassd
recoverios and reduced the comt of provuction,

veploration and produciion have extended far heyond the
ariginal Plateau sres, with isporant praoduetion coudng fram.
Colorado, Utal, Mew Mexien, Arizenm, s yoming, and south
Dakota, Sxploratice bas alac Sesn active in ¢ ashisgton, regon,
Califorpia, Nevads, and Texed. (wme deposit of poesible comasercial
sigullicance is balng sxplored an the Prinece of Sales [sland, Alaska.
dstmor ccourrences of uranive. bave been found in soarly every siate,

New milie are under constoueiton and aneurly all exiating mdlis
in the Uaited ialey heve Leen expanded cbe or more times to keep
pace with incréased ore svmilanility, 'This all adds ap to ax industiry
which s thriving and is s}l {2 a period of rapis growth, Hawever,
ot production operatioes sre gepred 1o & mdxlawm prodguction

over the vext few years, and roany deponils will be mined omt in a




ralatively sbort tine,

To mslxtain a high production rate from the types of
deposits now selng exploited, there mast 2 ¢ & continued high
discovery rate. [ prospecting and saploration were to stop
taday, reserves would be raphily depleted and oy 1062 we
would re in Htthe Sefter position than we were in 1548 whon the
program: got under way.

Proupecting and sxploration will continue 2o long us there
ia an assured commercial or Goversnuent searket, I the market
{5 priarily depesdent on Governrment requirevsents, a gusranteed
rinlmuim price for arasium over 8 consideranie period s & mmust,
The period should be loag snsugh 0 cover &t least several years
for axploration xad flve years for production, should the wilitary
demand comsd o1 e drastically curiailed vefors the demand for
urandnm for power tias reached sucatuatisl proportions, ihe
aapecied high levels of demestic onlpat could e maininized only
oy Goversment stoekpiling. e sre unable to predict the size and
duratioa of the wiltiary demand and many aakoowns are involves
in trying (o determine the rate of growth of nuclear power. But
sn the basis of sudies made about 8 year sge, it may e 1570 or

even 168 safore sureinntial touneges of uranive: will be reguired,




These estimates may well he 100 priaimistic secavse & tre-
wmendons effort, gowernmestal and private, i going iato
uiudies of reactor desizne and corponente. 2t of these
studies cou.petilive power rosctore mey coloe s00ner thusn
expected., They are already competitive in arcaa of kigh~coat
fuels.

This review of wranium productisn ustrstes the faci
that uraniog is wuch mere plentiful than &1 one Ume suppokeds
Although uraniun: i fairly plentiful in the sarth’s crosl, it was
errorcously assumed that commercial coacenteations might (¢
reave, e of the Dpartani lessoas 10 e Jdrawm frouc the beforms-
tinn gaihered during the past seven years is that commercisal
wraniwin deposite of conslderable sizse ey He found {n caany areas
and under a variety of geological conditione,

aoice conclusions alao can be drawa on world wranbam resources
sitbough 1t iz evideat that future prospectiag of thoie regions of the
zlsb.e which are virteaily gpexploced should presty saugment kpown
supplies. T tie sasis of present developments ana geslogical
evidence, it is eationated Ut wrastum rescurces 5 the producing
pations of the weateru world are in excess of ene miilion tons,

This is wragiem which ean e mined and produced st moderate
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coat fron: the types of deposites now beling wurked, at as average
of about $1v per pomnd wranium oxide in & Rgh grade concentraie,

sgmre of this praduction intght be profitacla st & price of leas than

gin,
b or the long-range futwre, we can cownd on Leinyg able to
recover urtniss. from the vast low grade deposity of nreniferous

shoaphates and shales which sare plextiful ie the United sintes and

ars also koW to gccur s extensive depeosils in other paria of e
warld, in the United 3tates alone these materials cxrrying on the
arder of ope-tents of 8 pound uranivis {0 the oo are agtimeted to
cantain hatween & and 7 milllon tons of wrasinm, world resources
ia this lype of depusil ey be several timen that figura, vhen it
iz considered that 190 tona of wrantun: ix equivalent to one willion

tone of coal, usiag present techoolegy, these resources reprasent

8 seemtugly inexhanstible supply of fusi. U breediag is successtvl,
fuel swpplic: would b siretched oy & Iactor of ten or mars,

By the Hme these low-grede materisis are needed, yreeding
may make the pregently entimated regovery cost of between §39
and 383 per pound of ursniwe look reascasble when it is considered
that one top of uresien: may do the work of ten. here ig o prospect

of even much groater efficiency, Sir John Cockeroft of the Unlted




Kingdom Atomiec Exergy Authority, ia & paper given at Geneva
before the Industrial Coafersrce on the Pescaful Uses of Atomic
taergy enviasged that by the year 350%, if sreeding is fully
developed, oune ton- of wraniues sy be nade (0 yield the energy
of one million tous of conl,

I bave 2o far ooly isuahed on thorium. There fa & differ-
ance of opinion swoag physiciate on the spplication of this faritle
suaterial to the production of ludustrisl power. A1 praseat acsrly
all the reactor designe are vased on waaiwun, nitural or enriched,

As o the adequacy of supply, plaits now in operstisn can
produce several hundred wos of by-product thorium: snaunlly in
refimed salts using monasite frow: the placer depogits of Iudia,
Grasil, the United States and from: the nwones te veln deposits of
the Unlon of South Africs, Production comid ne grestly cxpanded
H wore horium were recuired,

Modasite iz » mineral commonly mined and procossed fer
Its rare earth content wilk thorivm a6 @ by-product, Iy addition
1o earrying 50-55 percent tolal rare earibs, it siso containg fron:
4 to @ pereent thorinm oxide. India bas satfmeted fiix resources
sl mare than £ million toas of monaaite,carrying upward of 159, 8GO

tong of thoriam oxids. Brasilian reserves are stated (o be on the
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order of 7, (30 tons meonksite, comtaining 4, 497 tons of
thorisc sxide. LUepoeits of leaser Lipportance are found in
wany other countries, United Suates' resources ave satinated
at 29, 344 tons of monsgite, contalning acout 1, 29y tons
thoriu. oxide. Much of this domestic monasite could e mdped
ondy al exvessive cost,

subataniixl sdditional guantitics of thorime could we obtained
andudlly && & Ly-product of some Canedian uraniug cperstions if &
market exiated, Also thorite volus are known wnich wmight be sources
of production. # search for thorium deposits ss intenalve as that
whick bay been wisde for wraniun: could i-¢ expected to turn up
iportant addittonsl quantities,

I have # few :lides which I would Hive to run through rather
raptily. | think [ s waing up & litle nwore than n.y sllofted time,

{:dige 1)
Tidy ndip shows the principal produciog sreay of the world,
i coontioned sarlier the Great Bownr Lake miae wp close to the
Avcile Circle, opersiing sigce around 143i. Ancther recent
eperation has een ol Beaverlodgs mine stace 1653, ’
In scuthers Capade, just north of {ske Athabasks, thare
iz B plaat there and & rather large depesit. ‘Ihere sre & large




munber of deposits along the river wiich say ve traced for
soane 16 wiles on the ewrince, not all wantum bearing, Hut
the araninn: deposite alone bave Leen fomnd conumeraially
Inieresting.

24 present there is no preduction frow Peru, Chile, wr
Argemting, out depontls have heoo feumd which indicate radis-
activity iz preserd sad something of value may e turned up.

The only other pinces where production is eamsing from
sre in southern {rance, Portugal, tiw shinkolobwe mine in
south Africa~-some 3, 200 miles from lhe cosst wiere shipments
origianie for the United Stmles, The Shinkelobwe mine is oparated
iy tw United Kingdom, The gold mines of seath Africs are a
large producing source of eraniumn.,

I Auetralis, we have the Rum Jungle depesit,whick 1
mantioned esriier, in e northers territory, snd the Rediur: Bl
deposit in >ewth Avstralis. This ir 3 large depoeli which anowes-
tonably will be a source of uraniar: i» the future,

{slide 2)

This wap showe the Auatralion deposite, Ve bave the Hum
Jeagie depostia io the neribern territory, and s ineidentadly 1o
ane of Gw poorest sresadimatically that you can fing anywhers -~
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Rigk hwmidity; heavy reinfell during part of e year; Myh
temperaiares genorally., South Awstralir o simost 8 com-
plete desort, Thers is where the Radivr: Hill oporation is
found, The other puwmbers oo ibe mep refer 12 variows pros-
pecta that bave veen ¢ither purtally sxplorad ar are still usder
exploration,

{zlide 3

This s:ap shows the structure of the are 2t Radives BiR,
Thers are a zories of narrow seaws, somewkei in schelon
formation. The mine has been carried down o the tuoiver Toar
level srd milntn; i now heiny done at abawt 599 feet,

{aikde 4)

Tois 12 an serial shot of the Radfuc: Hil) camp, ¥ i3
pretly arid, pretty deaclate comstry, ater is pusped in frow
Broken Bill to the asst,

{iitde 5)

This is % sbot teken st Bum Jungle at the beginsing of the
apen pil eperation, It is now the source of production for &
woderate sized wmill. The ate here contning both nrankis and

copper in commearcisl gusstilies, copper Leing recuversd sz well
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as yrsnidra. There is only sue other deposdt Hke it in tive warld,
{slide 8)

This map ashawe the lucetian of the Greatl Bear Lake mine
at the top of the wap, I also shows the locatlen of Beaveriedge
propetty al Lake Aihabaaka. The principal purposs of precenting
tve glide is to (llualrate bow freight moves, It s & distance of
arcund 1304 wilee Ly water froo: Creat Basr | ake to the bead
@t the ratl Hse &l the walerway 3! the pottone of the map, The
miatarial 12 carried iy water and undergoes geveral portages
hefore it geis to its final destination, In addition, the lake is
froxer over for gl vut 3-1/3 moaths in ke pucimer, eo all
freight polag in aud coming owt wust be ymeved in that paricd of
tirue, &t Seaverlodzge they have abont theeo seonthe for Dnkoe aod
river tranaportation,

{ultde T)
This is » plcturs of Part Radien, Grent Bear | sko operation,
in the winler where thay got lemperatures dowa to 0 below Bero,
(:dide &)
sumpar e looks & Hitle hetter,
{Slide o}

Thae map showe the Beaverio-dge district. The two bilack
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lices on thiz geologieal map show the major fault structures,
All the 3re In kot area ie shown to be associated with fauits,
slong this banging wall, either cluster along thoee faults or
i wmivor faulie, The antire area in heavily fopregnated with
winiig suinerals wideh run §5 percent sraninm.

Cilide 18)

This {s » pletare of the develupaeds in Wwe Beaverlodge
aren and the consiruetion of & mill, The wive 1w fu that pari of
Cansdn where most of the srTea scemn o be covered by water
when you travel throggh there, It {2 obvious that with u pontoon
plase you weald get sround readily,

{skide (1)

Thiz map shows the geaeral Joestion of s omnber of mices
and camps on the witwatersrand mine b3 Seuth Africe. The distance
fromw the wpper right, swinging areund In an arc to the lawer lefl, is
abowt 150 adles. The wines arg priscipally -ahmble for gold, with
wranium largely as & by-piroduet,

{:lide D)

This looks like & grave but it's not. Thet iz the interies of
the big hole and the old sdling dump, hydrsuliched sut, xnd sent
through the wraniuss recovery plwat, In 5012¢ cnses the old dump
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was foned iv have aulficlent quantities of wanlum, LHut for the

wmost prrt, the inilings from Witsstersrand cuntained too ititle

wrasigy to mabke them worth whila, Thees dumps are quiie &

picture on the Johbanesbury laniscepe, covering many acres.
totide 13}

This & & view of one of the wrantur: recowryplanis, one
of the rimalier ones,

{slide 14}

Thiz s still another plant. In the castral pert ars the
agitating plante whers the naterial is agiteted with salphwric
acid, [ buve aomwe isierior shets (o show you,

{slide 1H)

This is also & series of aglisticg pisats, The ore is
sgiieted by the introduction of high-pressere aire through the
sulpiarie scid for & glven period of time wistil a3 caveh wrasdus
& cab e disscived is in soluilon.

{5lde 18)

This shot xhows the filter flogr of une of the medinn: sized
placts, These filiers are 14 fee! in diameter and the larger
planis moay have se many 88 28 ar 30 of them, The mixture of vre

and srenfum bearing solution is pumped through these filters, the
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sollds remeved, and the clear lHouor then yoes inta the fon
2xehage thorinm plant,
{skide 17)
Thiz iz & precipitation portian of & plast where be zoln-
tion hae >aep talken off of lon exchange reding aad place tn a
procipitatling tank with srmmodia to gives avnmonia dilooate {°})
which i bested sad shipped to the Uniied itates,
fulide 15
Thiz is lhe alide showing how 1g sme plant they wse =
candte filter to removs Wranium precipimie from the reparation
tanke, These filters are fxmersed o solution and suction appliad;
tun they reverse the process, leake it out of ihat tauk and put it
under light pressurs,
{slide 19}
This {3 3 pictare of » wraalan: plant; aleo shows some of
the tanks on the gide,
{ulide 20)
‘Thiv portion of the plant shows slarries befng fed st the
top of 8 cotery drum. The filter is dropped down, soes through
& volary sisel Helt, and filters throwgh the fwrnace, Fromw this

farpacs il goss 1o Bnoiler furnace where lemnpersiures sre fror




100 to 500 dagreess. It eowmee cut bisek lnstend of yellow, ¢
i packed in flve-pousd dryms and chippod to the Pntted Sixlex.
(Five-reinwte Hreak)

COLV#EL NYGQUIST: Jar. Feulkner has & few nare sitdes,

MR, FAULEREN: 1 will ron theough theae rapidiy and tien
#2 o he questlons,

{sltde 21)

This ehows the rough distribution of weantwrn in the faur
prineipdd producing siates. The newest state Lo come into i jor
preduction {3 New Mexieo, down near Grants, akout e esnler
of the state, just north of Albuguercue, AsRconds ferzed wp o
iwﬁmmm:mmmmehWMnmmgmm
a year, Ancther oae in wider comstruciion.

{sde 28)

This is & plotury of G area sruend Grasis, New Mexice,
where the {irat find wes made by Anaconds. This nosy turs cat to
he n litde Ligger thap expecied, This 18 mined by the open pit
sazthod,

{Slide 13)

This shown sorme suppriicial working te one of the areas
near Blind River, & small seine, comtaining » fewn Uwousnnd tons
of urasium. There is cue of the prospectora,
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{t1ltda 24)

This is « pictare of the Rappy Jeck mise, which te Uw
capper-uranine: type simsilar to the one iz Avetealls. The ore
eomtaing i, 4 percent srenluy oxids and 2 o ¢ percent copper,

(ilide 26)

Tate particulnr alids Hdlustratex how in some parts of the
plntean we ran iite sivuchires aod sub-surface channels of old
river oade, AR soewsmanistion of csrbou helsed proapeciors in
ibat location by dodug gecdogical mapping sl pletung sub-surface
contaury to Mnd chaunels that ge iato au ares where deperits ars
koown to exiet,

{alide 28)

This is enother view of the Hagpy Jack mine 2 souibern
Ulak, The cuid ixcl abowt this mine 15 that thars wos no waste
taken oult. Everyihlsg taken out wae ore ahipped drect ta be
procesaed,

¢ ilide 27)

This picturs wes takes st the Navajo Indlan Reservation,
Thare the wranfum was in lnyers that wen? ap end down, There
was A very Hmdted emount horisnotally, This s cne of the pewer
dspasite widch will rus fo many millleons of fons,



{3lide 25)
Thiv shows sorme smnall shallow workings.
{sildes 29 sud 39}

this sbows an AEC prospecting exploration camp wiere
the peaple live when they are ocut on the deaert, They stay oul
there mout of the suinmer,

{oltde 31)

Thiz ie » prospecting rig, parteble type, developed out
there, I runsem ‘vacks to gel over the rough terrsin, R iz
uped to pul down dritl holes,

{ulide 33)

This ix a picture of & servioe piper cul, inside sut, The
shparver is loading the center portion, Up to the right you cam
sen soame of the recording Apparatae.

(5lid= 33)

This abows sore of the praspecting by sivplane. Thease
plaues Oy very ciuse to the rins of he cargyun, somelimes with
wings practioally scrapiayg (e min. we have loat ol or two
planas, sut 8o people yat. The ressos for the close fiying s
that, f you fly at high sltitudes, you cmamot differentists betweer

alarge ares of high grade ore and & low grede area, Afier tw
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planes lockic the deposits, they must de checked oy grownd
recoonaiaance partins, Maxy deposfite have Leen found by
ihis a:euns.

SURNTEORN: ] rend thal the pricy for ordlaary wwanduw,
based on 5o profii or loss on the pert of the Uslled cintes,
was sixout 540 o pound,. One of the wmeans {0 swpplesment
natargl resources sesans 10 oe by the recovery of flasiommbly
material from the reactors, How does the price of recevery
vary from that priee ol 42 for ordineey wraning.

Mh, VAULLKER: §sm aorey 1 conlt answer your quaation,
This is out of my fizld, | do kmow that the recovery of spent fusis
iz one of the major preblems being tackied today., There must be
improvements lu setallnrgicsl techaigues, and the cost of Tecovery
may vary depending on how you reuse the fuel and if it is cheaper
to {hrow it away rather than reproesss it,

COESTION: 1 am pot sures | aadersiood you correctly duriay
your talk, cut I god the lnpreavion that you sisted there is litile
slgnificamce tn the DR orsniure production, that their deposits
are not as graat ax owra, id § sdewederstond you '

MR, FAULKNER: No, I xald that, het I sadd was thal

it would seers wrlicaly thai the ursidur pracdustiss of the Dk




was A% great as that of the Gestern %arld and probsbly would
not equnl our own io this eommiry, This is cased on the hest
iaforauation we can get. Dbviowaly, our inforsaation fs mol
caanplate,

SUESTION: Acteally, then, womld [ be right In tenbing
that as o surocise

MH, FAULKNER. That ie more & survolse, [ think
woutld 1et it go at that.

CUALTION: B sounded 1o we Jike i we wanted (o go tsto
commercial power plsst production we are going to be Hmited
by findlag rare metale snfe to use o Lukld the piles,

KA, FAULKNER: 1 montioned that barylbinm msy turn
ot te be dn short Jwpaly, Eowt of the cateriale avellanle sie
Iz aople qusstity, Seryllias can be used as 2 woderator,
Uraphite 12 & very satisfactery moderator, ‘There in ne shortage
of that. e fer 22 | koow, the meial should sod be & limitation
mngnmmmdMurymmz.

SUESTEON:  dould you care 1o cowment on the dangers
tmt are invalved tn odudeg wraniue sad precessisg it, and  »
ahipping i, amd go om®

¥R, FAULKNLR: Yes. The health hasards ta the



araaiun wines are s considered greatl, provided there is
agequete venotilation, In the firsl place, there is nol eseuzh
radioactive material ju the miscs to give & dirsct radiation
hazavd, There is guite an accsmmulation of Hindum ges.
However, sdeguate veatilation sazswera the provles, In the
aiils there is no proviex: unless you nctunlly digest the
aranium (4 you were to eat it), If you iake ressonable care
In changing your clothing sud washing wher you go off the
ahift,
CUESTION: hat is thepolicy of the Uaited Sintes relstive
to imporiing radionctive material versus uaing domestic resources -
MR, FAULKNER: At the preseat ilme we are asing all the
supplies we can get, volh dowestic and vverseas, [ would sgsaune
that the policy wounld te o utilise domestic rescurces (o ihe sxtent
aveilaible fa the future, Right now we ceed all we cor get and are
uaing il all,
CUBETION: what contrals will s exercised 10 gee that
urauivm io the Western world ts pot shifted into Ruxainn hands
Mi. FAULBKER: Most of the gevernments [rieandly to the
4ot have enacted mwe which prescerine that all waniuxs must Le

sold to the goverament or exporied usder goverament lHcense. 30
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mast agresmemta with forsign prodecers run with the United
states Goversment ud the goverpmeni coucerned with respect
o exporis. Now commercial costracts, of course, take ioto
sccount the needs of the comercial producer, bet so far as
we can tell, no wandum ie juing frosn countries in which we
sre interested o the WHLE,

L UESTION: | think you indicated ihat the sppraximate
cyele should ve about seven years for full exploration and five
years for developawent.

Mit, FAOLEKRER: 1 aweant (0 say several yesrs, tws or
three or four. You nesd thine o fingd the deposit, dovelop if, zet
it yendy for mining, snd e ransonsble iline to got your monsy Lack.

SUESTIOR: I there any indication that & gusrantesd markel
will ve extanded revond the 19682 figure fhat you oentioned”

M, FAULENER: That's 3 good gqueation. I haven'l any
answer to it, All I cas say lu this: The problem i3 under atudy
in so attergd 10 find owl what the wilitary demand may be in the
future snd whai the comumercisl demand ey Jonk ke, We bave
to firse that wp sovee wers, An sansancemest will be made an
2008 as it iz possible 0 @0 30, I would expect within the sext

gix mouths.

37




TUELMTRE: ¥hal is ihe depletion rate aflowad on &
ursaies pdoe ?

WE., FAUL EREHE: At he present Bmue (L i 37+-173
pereaat,

CeJ T, Sgeinegt 16 on mineral s

i, FAULKNER: That i¥ correct,

CUESTEIR, H we cas jamp to 157¢ or 18562 when you
anticipate iadusirial use might be estensive, do we bave enough
Encwn depoaits or resonlces to malntein, ey, & maxiswwr indey-
trial base atilixing atomic power, at the sac.e tim: swlcotaining
our militeyy wespon wyastem” \

ME, FAULKMEER: That is o very difficult guestion to amgwer,
You might look &t it this way. It seensa the siochpile of atomtc
WRApONE muEt 2otce day be adeguate, If the remterial 12 not wsed
up, it caa keep almost indefinitaly, It can he re-formmed, ra-
worked, and rcade into sew kinds of wespoas. The sssumption
iz that &t rome stage, whether 1470 or sefore, there wowld 5o
sullicient fissionable muterial ip the stockpils to take care of
adiitary seeds. This assuwption way tarn out 1o he fales. o
theye is a very suostanttal decand for wranium for military

and commercial uiea, we might have te go t¢ low-grade sources,




which I mentioned. There is ad shortuge. There i» Dlenty of
i, The diffically of getting it ot way be large,

CUBLTION: why fe it we hear that il cudy teies & sral)
amount of aragiuve: (o power indusivial plants sud that it has
quite & long life, belf life, whatever the term i ° | can’t undor-
sland how wy wse it. Doesn't it continwe for a tragendoualy
lonyg geriod uf time -

ME. FAULKNER: This is owl of my field. There {5 gulte
» lot of Inforsmation sa the decay rate of urantam, it 1s a vary
long line belfore it remches half life, Bul in the resctor, what
you are doiny 1a convardng one seterial into another with the
uae of hest, & you ure not depending on the matural decay rates
af afl., Actuaily, you are copswrning waterial in the sense of
changing i from one oaterial iato snother by this hent process,

QUESTION: You tadicated in your talk that ths produstion
of uraniam was growisg quilte rapidly. 1 don't saew whether you
can andwer this question or aol, Tas yeu indicate what percesiaye
of wraniam is beiag used for millary wses and what percentage
of it is Lelag vsed lor cemmercial purposes and experimentation”

MR, FAULXNER: | have 2o figures oa that, hut ] can iell
you this, that the (tonage Heing used for coremercial and experi-

waniation purpones iz very small, an laaignificast poriion of eur
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toial take, It would be & matter of & fow peresnt,

LUESTIECN: It appears that our deposits of wrasiurs have
been  nade in the Recky Mountain area. [:¢ you feel that the
Appalachisn Licuntalns wmay have ssy arospects ’

ME. FAULENER: we dave laaraed to Lo cantious sioat
saying what sress are oo yood Lecsuse wraniuis, ag | mestionyd
cartier, uss bees twroed up under & Marge variety of geokogicnl
conditions. Eadionctivity has been reported from: the Appalechisn
Mourtaing, but the quantity so far 1s not sulficient to warrant
exploration. Oar attemtion has besn on the places whare it is
kaown to sccur in quantity sad whers commercial deposite exist,
Uranium bhas been reporied from iaine, Nerth Carclios, “South
Caroliun, almost avery state in the Unien, aad, and it could
wsry well o thai wranbem deposite might ture up o the
Appaischian srea, bul the chances are they woule not be ag good
85 from the west,

SUESTEMN: 1 think we all know the sinckpile figures un
the milftery stomic wespons, Thay are clagsified very highly.
Sy question is ip relstion 1o wiwtber or 2ot the shipments of
ursnisi ore Loth within the United states and the imports from

imlmwm%hwm&rmtrmwmtmmm



ihe atockpile figures® Iv there some direct relatiossbip between
these two things or asl?

R, FAULXNER: I will snswer that question this way;
The total take of uranden:, anngel {opoert and production, has L:een
aodng up On a very akarp curve, These waterials do, of courss,
contein U-23% and may S¢ converiad lo produce plutoniun, aand
the amount of aranivan you gel is 3 measure of the total wuapon
capheity, 1 think that ie trye. Dat as Iar as the relation of
iwports in any ane year ¢ the stockpile, [ am afraid [ can®t

answrer that guestion,

COLORBL. NYQUIAT: ¥r. Faulkper, on behalf of the College,

thank you fur retarning lo the school and giving us this very in-

siructive lecture om a very Laportent sebject. ‘Thank you.
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