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Introduction

The field of nucleonics has reacned the stage where it is
fairly clear as to what should be the nexzt immediate steps. The
section of this report dealing with the social and political
problems indicates several choices which face the nation concern-
ing thke future of this field. It is believed that irrsspective
of the choice made and irrespective of whether or not the point
of view 1s one which envisages an armsment race or is one which
happily contemplates a peace eful development, the irmediate
probTGP is unaltered. The time scale, however, on whicl: the work
is carried out will be very nuch affected by the rszlities of
international policies.

The quantity production of fissionable isotope is now resalilzed
only at the ex pense of a raw naterial which is not at all abundant
in our country and exists in rather limitsed guantities in the world
ags a whole. At the present rate of dessitruciion of this material
it cannot be imagined that & wide-spread use of Tissionable isotope
will be pernitited. The wasbeful utilization or this raw material
is forced upon us by the necessities of war, bubt the adv 'babil’ty
of continuing pweuent metliods of production Far into the future even
for milisary needs can bhe doubted. It follows that wvesearch directed
towards a more efficient utilization of the primery materisl is the

main probien of the nueclecnics prograi.,

s b
i~

a sizable percentage of the
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burncd and 17, in addition, useful Tissi le isotvope could be
realized from LAOPlum, then the wacle fuil of the developwment
would be on much more secrre srounds. I of pavanount intevsst,
therslfore, that the fundai.cnbtal resecarch ¢ssary to the design and
coenstruction of "bresder" piles be igorouzly, It is
only by demonstrating the practicab reedsy rinciple
that a sufficiently amnle aupply of .te 2] Yo)
produced to permit the nuelieonics 1@ ale
indicaved by ths benefits Tto be ds: L0 that
rogearch and devel 0 ng b ii he
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hag been divided into the fields, physi

The accomplishmen® of the geal set 1n the prevrious peragraph
is not possible without an extensive program for basic resesrch
in DljglCS, chienistry end metallurgy. The present state of the art
i{s sueh that new designs of reactor units invariably suggest
_situations about which no information is available For the long
term development of the field the rcsearch in the busic sclences
will be of more importance than any immediate pile design or
engineering. It is possible that the recal future o atomic power
does not involve the burning of uranium but rather other elements
at the light end of the periodic table. Progress in this direction
C&axl (I.i.a..s..)l Culs il all L)'Juoi‘.)lt/ Lrocuau wiid suppdi-t Lis ‘b.x_vo.u. for
investigations concerning the nucleus.

In the following pavagrapis sre Ilndicated some of the Ilmmedisgiec
sstions which should be investigaved. The problems listed are
nt to illustrate the tyve of work required for a sound develorment
of the field and in no way can be ccnaidered a program Ior anybthing
but e beginning. New information and new discoverics will
apidly albter any planned program of rasearch,

For the purpose of prepzsring this report. the subject matter
2, chemistry, mnetallurgy,
pile devo]opwrntq Experience
s eytificial end that no

biology, medicine, health protecticn an
has shown, however, that this divieion :
shiarp boundsrles exlist. Inasmuch as n

hatd rz, O h

any of the beuefl Lo DE
derived from the nucleonics program result irom the ep.iication
of the radicactivity and radiozctive trscovs Lo vae [ields of
biology, medicine, chemistry en“L“eeﬁi_g; ete., there ig alsuo
included a partial program 01 agtudies winich should be conbtinued
end initisted in these filelds. The auspices and arrangemonis

under whieh this work might be C&PILOQ out rnay be somewial
dif?cvent than the nuclear programn iteell, but it is no lass im-

portant thet these studiec be glven full support in order that the
new discoveries may becoue a voon e the pubL“ ag rasidly as
poszible.




Pile Development

The following types of piles and problens connected with pile
P } p
desizn are suggested.

1. Enriched piles for "breeding"

These piles are best classified according %o the ensroy of the
neutrons waich support the reaction.

-

e, Piles operating with thermal ncubtrons

This plLe may be either the het er)ge neous or homowrl,ous
1

variety. Tor the heterogensous type the main prodlems are the
yrrevparation of rods or alaLes of fissio 1able materiel, the protection
of these from corrosion, the effect f Tiss ion product poisoninq cn

the reaction, the periodic renoval ol
homogeneous type the main problems ar
geneous mixture under irradiation, bu
purifyving of the vewry active nixturs,

(]
ssion products. IFor the
he si ' i the homo-
oling anc
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1 peratving with nsubrons in the ener
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eV - the go-called resonance neutron nt
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There 1g a complete lack of infToraation cn the re
vropertiecs of nany of the wmaterlials of pile construchi
§4) 8

sCY
on and very
11eager information on the nueclear congvants of the Jilgslonsbls naterial
in th s energy region. Resonance abgorption of the Iission products

is completely unknown.

-

¢c. Pilleg operating with fast ncubrcas

'"me absorption and inclastlc scattering cross scctions for
»ile construction materiais sre unknown for fast neusrons. Similsrly
arecise informetion concerning most of the consbtants of the Tissicnable
material is lacking in this range.
These three types c¢f piles mad e considered Lo coperaste with
any of the isotopes 25, 49, or 23 and can bo congidared to generate
sither 4¢ or 25. 1t iz not clesar i thres ;
will »rovide the best practic [
-eagonabie smount of new Tiss
problems a i st ginilar,
of high yield cal methods T
vemoval of vrodnet poloo:
precipitat e meivhods
e gtudied ad crganic
nethods Tor eparation of U~
»a23d gnd Tission producis must

LA I A IRA
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2. Power Piles

and netallurgy necessary Gto the operabtion of a pile of culflclentTy
high temperature so that the power could be ussfully rsmoved should

be secured as rapidly as possible., The neutron asbeorpticn properties
in various neutron ranges for liguid wmetal and other coolants, the

heat transfer properties of these ccolants and the enginecering probiens
connected with their use should be invessigated. Litezntion should

The information in the fields of ﬂhysizu‘ chenistry, engineering

be piven to the design of units small enousiy ©o be portable in submarines
g £ it

o

and warsihips. The problems involved .in E%e dc;xﬁr anﬁ COnS trucUloa of
piles cperating at very high bemperatures (il.c.
investigated. 1In this connection also, the el
mechanical power by, for instance, gas turbines, ax
problen. Iligh temperature operation requires at¢“‘ o n

'\ Y ".
problenzs and development of corrosion-—resistanu rile mat yi S.
Separssion processes for hipgh temperaturc piles will ewxphasize vola-
tilizaZion processes and volatiligation behaviour ol fissiornable

isotopes and Tission products.

3. Natural Uranium Piles

A1l designs and materials shotl be sxamined vith the view of
finding the best type of plle for the use of naturel araniuvm. As
roderators Be end Bs0 as well 28 the »rescnt D0 ard £ should be
explcered. The use of uranium in the Sfomt of métel, casbide, oxlde
end hexafluoride and in solution of D,0 or in a licuid gtate is

posaible,

4, Piles for Special Purposes

It may be desirable Lo design and
purpcses such as: the coaversion ol 2

Y

of radlioac tivo clements by nocuviron caniiurs:
cases Tor bae manufecture of radloacitive sracers
high inténsisy source of rpdiation I o
radioactive chemistry and :

ach ol these uses

scme cases the pil

pile would provide

woulda uniguely Fii

5, Production Piles

I35 1is sgsune
operaved vuvll he
utiiisation of raw raterial.
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Physicyg Research

1. Wuclear Heactions

The constants of nuclecar reactions induced by neutrons, gamma-
rays, and charged particles are funcamertzal in Lhe,~c1c3b~ and
especially now require th0ﬂough Lnugutigation. The Meitallurgiecal
Project to date has concerned itselfl mostly with tloeose varts of
nuclesr physics which seemed wmost directly to affect the design of
piles. This work should now be broadened to incluce alil nhc1ea*
reactlons and the study of the pvo“'vtlau off ail elemertary pariticles.
These studics will require the use ¢f cyclotrons, lines? accsleraters,

betatrons and chain reacting plles.

o

2. Reaction Cross Sections

Thie following cress section ﬂtQSUP6MJ1L§ should be rade:
continuation of study of neutron resaciicn crogi sections JTor all
isotopes; crross sections of heaviest slements fcr varicus processes
as a fuaticn of energy; d-n crose scebtionsg for ligrht eli« SHG nt - o,
n- &, n-p crossg sections in the rezonance rogion arné as functions of
energy; L+D and other light =lement reactbion crogs seculons.

N each Togtudy of the asirug
This involv WO in tne foilow
natursl Tificiel radloaciiv
elements ‘chics Tovr new Uypose
of the p igs of these const
mass spe avn analyzes o i
binding c8; sgpin end nagns
fissiona sments and of high
interore reity selectoy data.
6. DNadiation Physice
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lezsurements sliculd be continued on thie number eriod and energy
cf delayed neutronc, neubtron ranges in various medsrators, ghnielding
with respect to J and neutron ”adLaulOu, the period ) bl

piles,

8. Thaesoretical Physics

Theoretical descriptions of nuclesr prosesses on the basis of
the findings of the researches suggested chould be cncovraged and .
supported. Subjects to be anegt_ndueu are e inLUrOGeuition of
mass defecta, interpretation of spins and nagnet: ; inter-
prez"*won of angulsi distwibutiono, eno:g-i” Li ¢ 3onance
pleture, effect of radiation wn va ou manerial cs of
fission producis. Thecretical p¢1e gtudles must d.  The
possibiiities “or cksin reactions of the light el te

investigsated.

&, Classical Physics

W

Fundamental
cooling devices mu
Useful ypower from
probl*ws in hesat
formation of
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10, HNucleonic
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The invenuion, dés
cetcect all typqs
¢ the opment. I
radicactive traoe?a‘ €
structsd and uzed
control of wrescho
in the Pield rooud
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2. Ssnaration o

Vizorous eifc cLe
efficient and most i of
must be done not on nhal 13 ne vallalble
in order that ag fer oo nossible our ﬂuncﬂ be assure:dl what ia this
field, no "eagy" solutic of the JﬂoLlcm1Wi§h§é VS ag oA Wﬁémmgmem“““
e dete 6 ‘i've Tree d s vi hre

F\poom‘e"m U. 5 C. 5




18. Separation of Other 150t

budy of the methods for the separation of isotopes in all

parts of the periodic table., The geparated isotopes have wide
anpiicatlun in nuclecnics ss well as in other fields. liany of the
nuclear investigations sugpested in this report would be greatly
expedited by the use of thwn copesof the elements rather than the
mixiure nov usual 1y availavle, Also the use of separated is otopes
as woderavors in chain reactors and as_materialg of construcition is

pecint o' oovians importance. Do0, N15 and Fe®5 gpre examples of
geparratsc isctopes which would be useful for this purpose.

e U
U
O ¢
(et

14, WMilitoey Vespon
Resecrches directed towerds the military utilizsetion of atomic
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Chemicstry Research and Industr al Developmenu

1.

a

o

General Investigation of the Heewvy Llenenta

. Preparation of isotopes by positive ion bombardment

A1l concelvable heavy isotopes should be prepared by the
pceitive iom bomL3°dne8ugof igpfopegpgf u%?aleaVJ eleng%tsv
. TTioCres K - K}
g%%slsﬁtgnus Th229, o Zo’ Pagiy, USoo, URod, yEsb, 2
s Np s Pu s Pue 215) y €be. should be bom_9°cob
with 031Live ions such as proebons, deutercns, helium icns,
ete. HMethods should be developed Tor the use of bombarcing
projectiles such as lithium 1 ne, baryll icns, carbor lons.
etec. The machines to be used for this vurnoze, such as the
cyclotron. shoula be further v ole Liver Llavgex
icn currentes and hlghgr ErRergs pilisics of tre
production by this methed of rge rescarch
spounts, i.e., industrial deve]onwn d be explored,

. Preparation by intense neutron bombardment in pllies.

£11 conceivable isotopes
intense reutron rament of
in piles. This lead to i
fourth anc even highsr order
Lchlaatlcn. &ﬂamales are rus
g Tor the chem
. 96242 gho
The decay chalns
investlizated.

he evidence gccecurnl:
J6 compose the

relatiocnsahi

?6 anq

(.)

Groumdc stot
The x-raw

ionsg &y
oroaer
ci aton
viela

&omt })LJAL
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Measurements on the rates of reaction such as oxidation-reductiocn
reactions should be made. Ccorcclpltatlon studies and hydrolyais
investigations should be made. The dry chemlstry should ve
investigated. Thermodynanic meegurements, such as heats of solutbn,
heats of formation of ions, heat capacities froan low To high
temperasures, and heats of combustlon should be made. A complete
investigation of the metales, including the physlical properties

and thermodynamic data should be included,

¢, Crystallography

Crystallographic investigation cof the metallic 3
compounds . Determination of Jype of chemical bon
determination of formulsc and atomic radii.

5. Development of Natural Sources
a. Methods of extrection of U arnd Th from ores.

New and nore efficient means Tor the extraction of U and Th
from ores should be developecd. £olvent extrsction 1s an
exanple. uystematlo prospeciLng for new ores, develcpment
of methods of analysis for aid in prospecting as well es

oo

processing. Methods suitasble for low-grade ores arc needed.,
b. Recovery of Ra, Pa, To, Ac, lisTh, etc. from ores.
Many of these isotopes have scientific value and a:
Jost., Development and modification of U and Th e«
procedures leading thethe rocovery should be undsii

¢, Search for new igotopes in nolure.

L search should bs mede for izotoneg Of
irn nature.

. WY s PNatmas e
ciis of Pile Dgve opinent

1, Chemical Probl

o

.. investigntion of structur ’"ElCl o1
new corrosion-fros, 1ow $ vdy of
corrosion inhibitors, e} T

elenients such as DBe an;
Development of gpecial nsut
fluoro~carbons, ete.
fisgionable heavy lsctc
of recombination ol gosex
products of water, includ

lmowxx mﬁ,as
beliavior of
*roducb'» Study

., Magion Products.
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determination of solubilities. complex ifon formation, studies
cf exchange between active and inactive lsocbtopes, reactions
in non-squeous sclutions, oxidotion-reduction potentilals, gas
phase reacticns of fission proeduct elemsnts Developnent of
rhysical methods for sepsrsting fission l,rocm.cts, such as
rmass spectrograpnic, Clusius colwm, and distilleticn of vola-
tile compounds. Development of lurge-zcale plant methods

for recovery of fission products for uss in isolation from
high energy piles. TIPundamental investicsations such as deter-
mination of fission thresholds and energy per fisgion. Study
of products produced by second ordsr rsactions, that is, pro-
juced as a result of the abeorption of nsutroas by primary
fission products.

Production of radiocactive substancoas

Usas of piles to manufecture radiczztive igotooss for use aa
tracers. Development of methods of chomical orocessing and
igsolation of such tracers. Develooment of chamicsl methods of
processing and isolation of fission products Tor this purpose.
Use of such radiocactive isotopes ez portable substitutes for x-ray
apparatus in the medical lield, &= 1a Tield hospitals, in
industry, as in testing for defects in zasitinzs, in lunines-
ceat palints, and to produch ionigetion and elzctrosiatic pre-
cipitation of solid and liguid “a“uLbe Trom gasss, ete.
Therapeutic uses of such radicsctive nq*arlals a8 in the treat-
nent of etancer, fur localizaticn of radicactive iodine in 3he
thyroid, for localigzation of calciwus end phosshorous in the
bone, ete. Agriculivural applications of sueh treacers, such

as following the Q‘“tPLbuth of incrganic coastituenis Lhroagh
s0i1l, the labeling of plant prcducts, ete., Uses in connrbulon
witih public healod, such as the detection of water pollution,

labeliing of bacterisl organisms, etc.

5. Fundamental Chemlistry

A

b.

Solvent exbtraction.

Solvent extract
atomic power ¢

¢
v
-
i
A
p)

i
Cr 4

Letermination of the teo of
the heavy isctopes an 938} the
atudy of oxidation '1d reduction i lias

Stuady of c\mchAing agents te yis 3

Fenavior of agueous-orgaenic syste i

extracting apparatusg. Specific inves

wethods for sgsperasions involving tho

Hp, 95 and 86. OCorrvelation of proses

with IolOCulaf structure to form 2 ba 57 real.
solvent.

Lffect of radiation on gzases, surament of number
of ion pairs produced, types of react ons cceurrlng, stoppping

Y\"Dﬂt‘ltm ‘&C&m( the mnon.l

he revelation Of 'tﬁ 3y
U Uthatized rovsms PRI



power of radiation, etc. radiatlon on liquids, in-
cluding study of primary procenses involved, speclial effects of
different particles, study of other liquids as well as water,
ete. Lffect of radiation on sclids including specific effect
of different types cf radiaticn, fundamental theory for explanation
of effects, induced changes of one compound to another, etc.
Lffect of redistion on separations processes, colloidal systems,
semi-permeable membranes asnd oluer rismbranes. Development of
new chemical processsa and new sestheis for producing chemiceals
utilizing intense radiation of «lphs-, beta~ and gamna-reys snd
neutrons.

Less Imown elements of inportairce to s omic power.

Inveatigation of basic chemis’ry of eleiwnts such as columbium,
tantalum, etc. which are impcrtant in conno-tion with piles.
Also elements such as cadmiuvr., indium, ctc. Wwich gre of in-
portance ag tools in nuelsar research.

liechanism of co-precipitation,

Investigation of the mcchanism of carrying in an attenyy o
establish the basic principles invelved. Isomorphism, &S..-walous
mixed crystals, surfac: adsorption, internal adsorption, ete.

Nabtural radiosctive Tamilies.

Investigation of the chalns of decsay, especially hitherto
undiscovered branching, half-lives, type, quentity and energy
of radiat ' ons of the three natural radiocactive families. This
information is useful in connection with chemical and radio-
active and nuclear inivestigations of the heaviest elements and
in many cases is inadequate at present.

6. Methods of Analysis and Instruments.

8.

1099910

Chemical methods.

Development of methods of anelysis for all the important elements
in the atomic power field. For example, the analysis of many of
the less-known elements such as the rare carths, Cb, ete., is
mportant. Development of new metiheds such as polarographic:
athods and the use of solvent extraction. Dlectrometric and

N

oleoromcitric methods. Tundamental work in comnection with
(1
c

}=de

o

o3

(]

&

@

aalytical problems such as the determination of the oxidation
tes and oxidation potentionals, sclubllities, complex ion
ormation, etc., of a number of the important but hitherto un-
amlliar elements,

S

iy by 0

d
N

aysicel methods.

tudy of speciroscojic nethods, including the study of spectral
lines and molecular spectra. Developrnent of new methods such as
vacuun fusion and mass spectroscopic methods.




C.

Rediochemical method

Development and improvement of electionic instruments and
attendant apparatus sucl as beta- srd germa-ray counters, alpha-
rey counters, and neutron and Tissiocr. ccunters. Aldhs-rey

pulse analyzer apparatucs. nohic wethods. Instrumenvs

for the counting of slpha-reays in the dresence of high beta-

ant gara-sctivity. Iunprovement of raj: né clectrostatic
alphae- and beta-ray spoctrogradhs I a2velorment cf coincidence
counters.

7. Use of Tracers.

8.,

-

General upgll stions to chemlasry.

Reaction mechsnisms; investigati
retes, exchange reactions, ete.;
conicentrations; reactions of euxt
atons); measurenents o the @l et ion-

ships; analytical echemis
DL atlon. épplic:
and det 7
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Process control., Eebal procoeasn
c;ebn*ng and coating anc Chn?wv7
ft*.v nﬂsp szing an

COLst 3, such ag
opere ?formai
centy lon,

ané stor equh

i’ nor tuente oy
Prcduct rol.

from dmo ies is im
cure, »i T manuflac

The importanee ol carbon and av ie s
nalies it worthwhile to gilve radios cngl
{a.) Use as trecer In general orga Poume ag
bil.ochemical tracer.

8. Ifsotcre
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nent of new ur use in lon source. Study of

lerge-scale m t d, imaterials. Development of
methods for the convers: oLl ordduct from other isotope
separation plant, such as the one utilizing : the diffusion
method, to a feru suitable for the icn source.

Crhemical processing of product.

Development of improveuent in vield, time c.eles, ste., in the
present met éﬁé of’ processing Lle partially ce)ara+sd snd {iaally
separated U~ evelopment of new methods, particulariy solvsat
extraction method . Particular emphesis on improvement of vicld
or. handling product between end of slipha cycle and boginninz of
beta cycle. Improvement in method of analysin for the produch,

c. Chemical develecpment connectad wiih the diffusion meithod.
Cecnstruction and cperation of plant. Imorovenent ol presert
membranes and development of now menbranses. Development of
better constructicn material by mcans of new 0113v", evc,
wprovement in the method of production of the pregent procsss
528, UFg. Chemical processing of product. Improvom<nc in methods
fer chemical processing of vroduct irn conrection with its
utilization as a starting material for the electromagnetic method,
Development of new methods. Improvement in the snalytical
methods. :

d. Clemicel development connected with the
Development of corrosion-free nstericls
ment of msthods of manulacturing proces g
processing as the plant produCUE Levelc
methods,

e. New methods of separaticn.

A1l posgible new wethods of aei
Sclvent extraction and eusornt'
Other possibiliitie g
electrolysis, c

Iilitary Uses.

a. Develop T worl on the present tvpe of device.
Chﬁg%calggurificatégu problems in cornection with “he use o
PpeYY, U Ob, and U°9Y, (Chemical inves tigations in commection
with Ube isolation, purification, and handli ng ol Po. Devclopment
of very concentrated sources ol h*“n “nsrgv garmt~ray enitisrs
sten as Sble4, including investh g ilard~-Chalmers
technique. Development of t?e : : connecction
with very 17nCense soureca for use
ire rediography. :ﬁO(uCulOn ox the present ro-
fracltory materia betiver refractory maberiala.

b. Incdustrial explosives.

V}i“C’IAJQ,J“ |
mem conrnmc information affecting the nationa
f Py webinsche meaning of the
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IV. Program of Research and

The program of research and development in the metallurgicsal

filelds, as needed in the developmeri: of
of in two perts. The first, fundawentel
with emphasis on metals, and secondly, d
specific materials of construction.

The first part does not need to be
it, one merely sees to it that men who a
of science are supported and used eifect
knowlecge gained by the study of sclids
the carrying out of the nuclcar rescticn
materisls or power subjects matveric s of
of concitions, the effects of whiclk are

Trhe development of materiagls of con
needs to be outlined in some detail. Io
in the case of those tasks which we know
It is sufficient tbat rmanpover and facili
of the sgpeciflic tasks which can be
mental studies mentlioned above.

1. Pure lietals, pre

paration, structure,

Stucies on nhighly pure uranium,
special materials would be Vqld'b
1lisk the true properties of the ne
of minor impurities

oy
o

Alloys of Opeclel llaterials
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The structures end properties of t
witi. one or more cother elements.
of speclal mebtals would involwve
ol each of these metals with all
it should be pointed out that rela
sufficiently low cross sections
but thet such limitations do not ne
piles.
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nucleonics, may be *“h(*u”‘h*L
studies of the solid szate,
evelopment and study of

outiined, In crder to puraue
re interested in this branch

ively. The need for the
derivez from the fact that
s o a scale vo produce sither

construction to a variely
nct well undergtood,
atrucsion, on the other
detall is
be of

nhand,

wever,
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tale care

funda-

properitisg

um, bD“VTIiuﬂ and other

or Hwo resasons: (1) to 2stab-
s, \2) to evaluate the effects
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- The common metallosraphic and tesiting

Liquid Metal Coolants

The use of liguid metals as pile coclants woulc have many advantages,
particularly as a means of obtainling useful energy from the pille
reaction., Lead, bismuth, mercury, lead/bismuth eutectic, sodium,
sodium/potassium alloys have all been proposed as cocolants.

Before such a pile can be constructed & thorough study of the

effect of these coolants upon all meterials with which it comes in
contact must be made. The pumping &nd circulatiorn of such coolants
rmust also be carefully studied.

Oxide Systems

Oxide piles in which the fissioning element snd moderator are
pregsent gs oxides rather than as metals may be operable at high
temperatures. The melting point disgram cof the sroposed oxide
combinations should be determined since the melting point seis

an upper limit on the operating temperature. Thz therwmal, physical
and mechanical properties of the oxidsgand thes effect of coolants
rmust be studied in cdetail.

Effect of Fission upon Properties

The fission process results in the formation of twe new atoms from
one Tissionable atom. The extra aboms must be contailned in the
apace lattice of the fissiocning material and vresuvsably would result
in considerable lattice strain. The cembrittlement assccistad with

such strains may be sufficlent te cesuse fracture end fraguenivalon
of the material, paerticularly during thermal cycling. Iethods of,

A

1
1

simulating the effect and of testing Tissioned materlal ghould be

devised,

Metdl lographic and Testing Techniques

close personal contact with the weter:
require considersble modification 1if ;
highly radiosctive and poisonous matarials.

<v

Use of Radiocactlve and Radiation Tecinidues ia NMetcllurgy

Ag in other fields artificially radisactive sleucnis rey help in
varioua tudies. Scme of these are: analyeisz, difrusion, segregabion,
structure, i.e., in rate, transfer ard mechanism proslems 1n general.
Various applications of radiograshy are possidls., e.g., soundness,
gelf radiography by parallel rays, by pinhole cphics or electron
cptics. Recoils may be of some use in special case., e.73., surface
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B..Additional Milltary Aspects

In addition, the military consideraiions raquire a knowledge
of the effectiveness of the ralez:ie of rnuclcar energy 1in lts
various forms upon living orgaonisig Besides the hazards of
dispersed fission products and plubokiu* she effects of the
pressure and radiation waves accompanying an oxplosion should
be known. The possibiiity of the cix eci uge of fission
products in warefare should not be ignored,

N

l_J.

Although much of this work must continue under tressure, it is
obvious that it should expand into fundamenial bHiolopical and medical
studies as raplidly as support and security !

2. Use of Nucleonics in Biology

Nucleonizs has contributed two effcctive Tools to research in
biology and medicine; radiocactive btracers and souwrces of radiation.
The fission chain resction makes sonme “racer naser’als and raaiations

more availsble and adds new ones.

A, Tracers

The experience of the past decsade has \cmog~trat@d 73701d
question the necessity for radiogciiv 2380
and medical regearch. They have becen
a. Tracing and anslyzing excnange Hre
k]

of normal chemical constituents wislu
state coanditions, b. Iinvestigation o
deposition and excretion of rare, toxi

It is obvious that there will be much wider use of tracars

in such fields as intermediary metubzlism, enalytical biochenilstry,
special organ and tissue physlology. In aldditlen, therc will

be many applicaticns to plant cheanistry, motabelism of nicro-
organisms snd to the flelds of agriculture, blological iniustfy
and public health. In the fi=2ld oi medicine the clinic
dlagnostic end iQV'stirative uges of Trocers cern be exp:
to becoms guite extensive.

j

[

ISR ele

U‘

"

I
*
[

The exteat to which th

8
tiie use of a Tew isotopes,
the progress So e made Wi
of major advancces in sclien

ueh Turther

,
et
-y
L
fd
1

standing 2% d
1lyving i 9!
will be ax 3 of a v

. 28 2 avibached
from many pmlnic e 1 SJorenost:
Phy QlOlOSy, bl i .her animela: tiggue
metabolisn Alv DY CSll
pnvs1ols“v° el lstyy

of OluLTOFoa

109997y

the "eve!atmn of its corfiieny
saautivrized person is prokg




,».1, b ] (“#

C. Radiation Therapy

Clinical and therapeutic use ol newly available radioactive
agents can in some cases be nade cn the basis of present know-
ledge, and in many octher cases will require exteansive sgtudies

on the effectiveness and tissuc distribuation cf the agents.

These Bges include: activatecd gemaa ray sourcss such as Ta 82
and Co for radiography and therapny; pile neutrons; beta-
cmitting activated plagques, P92 ang Sréopfar supﬁgficial_therap H
internally deposited isotopes such &s P32 end Sr89; and interni
deposit ion of chemical compounds cr of materials which cen be
activated in situ by neutron exposure.

VI. Health Protection

Although there is a large fund of informetion slready accumulated
in the past in our own laboratory aad otiacrs cn raciation blclogy,
such research will be necessary in medicine, biology, physics, and
chemistry to nake the operation of »Hrccuction plants and individual
research activities in the field sale fcor the porscnnel., Some of
the steps which must be taken to provide such protection ars listed a
belows

a. Training of personnel in health prcbtection work. This involves
the training of physicians and physicisits in the vrsaction of
living tissue to radiation end tre training of all perscnnel
concerned, in the necessary pvroteciive mesasurez. The advent
of nucleonics multiplied by many or i ~e rad]
hazerd in industry, research anad m2di
radiation hazerd prior to the advenrt
through the menufacture and uss cf
use of x-rays.

b. Development of more accurate radiation survey methods and
instruemcants. Great strides have slready beer. made durling this
emergency period but much furfiher work ig nccessary,

c. Development of methiods end
excreta.

d. Research and development of clini
for discovery of incipient caing
products of the nucleonic irdustey
our only clinical procedures z
which indicate significatnt
or interiral radiation na

irreparasle and irrever

Any program, woether 1o be SRe! oy Tegzarch
bat waich involves radiaticn sourc: SRRk La, requires o
protection unlt. The magnitude i ' tre undertals
dGictates the organizational sot should sulfice o
say that ohysicians familier wi and vhysies
L

LIRS

physiciegts familiar with the biol
veyora form the essential nucleus
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“aﬁy 0 the probliems preceabed ir ths resesrch program will
lead to useful epplicetions of wacleorics. Some industries will wish
i ental resecrch ond carry on into the

to varticipate in the Tundr
-3plicatiﬁns. Other probloms may rcqviﬂp the specialized lmowledge

and experience wvhich indu stry a lonc nes, qutlcularly the construc-
ticn cf lerge scsle production mits will regquire the cooperation

of ircustry and therefore = “ﬂbecjpa*'ﬂl o industry in all phases

of the resecarch and develorment will ify the full scale production
provlewm,
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