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m~ A'POMLC 'PRIAD--REACTORS. mromomms AND RADIATIOH 

That the first or  the peaceful benefits of the atom is peace I tself  

needs no elaboration. 

and radiation are the major benefits in the peaceful pursuit of a t d e  

energy. 

Atomic Triad." 

from nuclear reactors has been the cclnmoa theme of international atomic 

enterprise. 

are those frcan radioisotopes. 

well-being the third aspect of the atomic tr iad--radiatiw. 

therefore, speak t o  you on progress with radioisotopes and radiation i n  

the United States aad potentials fo r  development of these atomic resources. 

11. m m s s  w m  RADIo~o!ro~s 

Aside irm peace, however, reactors, radioisotopes 

!bey form an inseparable unit whfch I have chosen t o  tern "The 

The goal of abundant power and fast, economic propulsion 

The most iamediately applicabb atomic bexef its, however, 

In addition, we must also enlist f o r  111812'8 

I will ,  

U s e s  of radioisotopes have becoue BO diverse and widespread, now 

extending to over 60 countries, I cannot hope t o  cover them with any degree 

of completeness. 

many others sehdtulred to speak on the su%Je.-t. 

Bor would it be desi,rabk for  me t o  do so in  View of the 

Insteadl P will pick out 

developments which seem t o  me t o  be pa r t i cda - r ly  interesting. 
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Medicine 

Wdical. research continues t o  beneflt profoundly from the availability 

of radioisotopes. The abi l i ty  t o  follow dynamic, ccag~tlex and submicro- 

scopic body processes, coupled with extreme sensit ivity of measurenent, 

makes isotopes hvinVa;a;a;a;a;a;a;a;a tools  for  Life science studies. Routine 

diagnostic tests aad new methods for  treabmnt are outgrowths of this 

research. 

Progress in the medical use of radioisotopes in the United States is 

perhaps best r e fhc ted  by the creation in 1957 of a national Society of 

Huclear Medicine. 

annual meetings reveal continuous progress in medical research and clinical  

applications. 

American Boaxd of Radiology to  requhre q u W i c a t i o n  Fn nuclear medicine 

This society already ha8 over 1,OOO members and its 

A further indication of grogress is the decision of the 

. as a prerequisite for cerfification in radiology. 

Several reviews of progress ia nuclear medicine a p ~ a r  y e p l y *  These 

review6 demonstrate increasing successW m e  of' radioisotopes in diagnosis 

and treatment of thyroid disease, treatment of cardiac disease, Hleasuremn-b 

of blood and plasma volume, determination of' cardiac output and circulation 

ti-e, study of rate of production and average l i f e  of red blood cells, 

diagnosis of perniciaus anenia with radiocobalt labeled V i t a m i n  Bu, 

localization of brain tumors, and m m y  other use6. 

olit o f t h i s  vast area I w i s h  t o  select a f e w  examples that hold for th  

hope of inportant extensions i n  clinical. applicationst. Z d i g e - l 3 l  s t i l l  is 

the most iqportant single isotope i n  terns of the very Large attgiber of 

patients involved and the expand- n;um;ber of using phy'sicians, hosp%taU, 
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satisfactory, there are applications that may be better served w i t h  a 

shorter half-life isotope. 

reveals the desired information quickly and then rapiw disappeaps f r c a n  

the metabolic pool. 

An ideal diagnostic tool would be one that 

Twenty-five minute iodine-128 m y  approach these re- 

quimaents. U s e  of l?28 would substantially reduce eqosures i n  thyroid 

uptake and other diagnostic studies, 

use of this radioisotope. 3owever, installation of research reactors through- 

out, the U. S. w i l l  make routinely available hong w i t h  other short-lived 

radioisotopes of high 6pecifY.c activity. Development of the Szilard-Chalmers 

process for enhancing the specific activity of reactor-produced radioi6otopes 

The s-gly problem has greatly hampered 

holds promise of making 6108uy inelrpensive reactors valuable producers of 

results in the study of bone diseases. SWee this isotope may be detected 

externally, the cantinurns rate of uptake, total. activity and reteation of 

strontium may be readuy ateaswed. This should permit differenteation 

between normal and diseased states  of bone, 

A startllsg radioisotope techpique has recently been devised to diagnose 

defects within the heart. 

from heart cavities, folloKFng inhalation of k.rypton-85 gas, the l O C a t f Q I I  

and approximate size of any defects may be detemfned. !Phis technique is 

By xneasurfig the activity of blood s q k s  taken 
Y 

remarkably successfFul in determining, w3thout the r isk of, eqploratory 

operations, typzs of heart nalforzatfons and necessary corrective measures. 

Teletheretpy devices continue to be a EELJQ~ medical use of radkmctivity. 

Over 160 cobalat-60 units i n  the Uo S,, at an average of 1,000 curies each, 

make teletherapy devices a sizeable portion of the whole demand for 
7 
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radioisotope production. 

source of clinical  radiation energy, 

therapy units are now being testedo 

depth dose advantages of supervoltage radiation, comparable t o  an X-ray 

machine operating4at 1 Mev. With the very large quantities of cesim-137 

now available it should play an increasingly significant role la radiation 

therapy. 

Agriculture 

Cesium-137 is coming t o  the fore  as BP &ternate 

Several kilocurie cesium-l37 tele- 

Cesium-l.3? has the skin sparing and 

Radioisotope techniques and radiation continue t o  advance the frontiers 

of agricultural science. 

systems inrportant t o  our econcsqy, the potential for  use is virtually 

unlimited. 

Because of the complexity of animal and plant 

Many of the medical applications of radioisotopes are now being applied 

t o  veterinary medicine. Iodine-l3l, fo r  example, is uti l ized in studying 

factors a;ffecting thyroid activity in cows. These investigations Indicate 

that  high milk yields are dependent upon opt- function of th%s endocrine 

gland. 

noted and are being investigated, If thyroid gland variations are reLated 

t o  productivity, calves tha t  will be poor m%l% producers may be elhlnated 

early f r o m  the herd. 

Marked changes in thyroxine secretion with seasonal changes have been 

Increased crop y3.elds have resulted from research results made possible 

w i t h  radioisotopes and. radiation. Radfotracers are being used t o  determine 

the uptake, rate of entry, and the movement of nearly all nutrient dmtk%-t8 

in plants, and the mechanism of their transfer f r o m  the envFromnent t o  the 

plant c e l l  interior 

3 0 5 3 5 6 3 3  
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Many tracer studies continue on SOU f e r t i l i t y  and uptake of f e r t i l i ze r s  

i n  crops under variaus soil and growth conditions. 

tracer results t o  practical agricultural problems is of great economic con- 

sequence. 

leaf application of nutrients during crop growth. 

application, avauable radioisotopes of aU. known major and minor nutrients 

have been used and the absorption, transport and intra-plant nobili ty 

investigated. 

Application of these 

More recently much attention has been directed toward fo l i a r  or  

In  these studies of fo l i a r  

The art of grafting the top (scion) of one plant on the root (stock) of 

another has been long known, yet many of the intricate relationships between 

the stock and scion have remained obscure. The effect  of the graft union 

and scion orientation on the transgort of isotopically labelled nutrients 

has been studied in tonatoes. 

union per se does not interfere with transport. A union formed by grafting 

tcrgether the apices of two forced laterals effectively blocks the transport 

of calcium-45 but not of phosphorus-32. Further traqer studies of the in- 

fluencing of g r d t i n g  on intra-plant nutrition w i l l  be valuable for  proper 

feeding of the top and root of such plants 

In whip-tongue grafted tcanato pbants, tbe 

In  the field of radiation genetics, good progress is being maCte i n  

Spontaneous developing new strains of hardy, disease-resistant plants. 

mutations 8se slow in providing the plant breeder with new varieties for  

experimental purposes. Ionizing radiation from radioisotopes can be mgde 

t o  cause mutations t o  occur more than 100-fold faster than i n  the naturgl 

environment. 

breeder can bring intense effort t o  bear upon iixproving crop varieties. 

With t h i s  abundance of new genetic material, the plant 

D O E  ARCHIVES 
i 1 
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Industry 

In the three years  since our last Geneva meeting the warrld-wide grarth 

In induetrial use of radioisotopes has been vigorous. Advances have been 

made along the entire industrial f’ropt. 

every one of the highly industrialized countries participating i n  this 

conference have active programs for  accelerating industrial radioisotope 

utilization. Mauy industries are only beginning t o  realize the inq>aCt of 

peacefbl uses of radioisotopes and radiation; more are yet to experience 

Not only the United States, but 

this iapact. 

The ecOBlOmic importance of radioiSofageS is enrpLy illlustrated by the 

experience of Anrerican industry, 

tions of radioisotopes to tbe U. S, national eco~bomgr from iradustrial usee 

We have estimated the tangible contribu- 

follars: in 1953, $ioo,ooo,ooo; in 1956, $400,m,000; and io 1957, 

$500,000,000. 

Board of current industrial savings due t o  isotopes, and it appears reasonable 

t o  anticipate that the figures w i l l  S O O ~  t o t a l  one billion dollars annuaLly. 

These do not take into account the intangible but rich benef!l$s in medicine 

and agriculture. 

U. S. utilizing radioisotopes increased about 3 times. The total curies of 

radioactivity w e  distributed In the sane period multiplied 18 tlnses. 

A study is under way by the National Industrial Conference 

Also, since 1953, the nuder of industria& plants in the 

Much of this econo3aic growth and increased util ization results f’rom 

extension of conventional radioisotope techniques, such a8 indus t r id  

radiography, thickness gaging and o%l w e l l  logging. 

Rent n m  under way, h a v e r ,  is pointing the xay to additional amliCat%Ons. 

Research and develop- 
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For example, industry has many uses for  soft X-ray sources, but 

unfortunately suitable gamma-emitting isotopes are not usually available. 

Multicurie size beta-ray exclted X-ray sources now being developed, combined 

w i t h  recent developanent of image intensifiers, make the possibilities for 

l o w  energy Isotopic radiography very promising. Also such sources, combined 

w i t h  discriminating detectors, such as proportional counters, may provide a 

rapid, videly useful means for elemental chemical analysis by mean of 

selective or characteristic X-ray absorption. Use of sever& energies of 

X-rays excited by beta ray emitters permits quantitative measurement Of 

different elenrents in a mixture, as for exaarple, E, C and 0 in certain 
-_ 

organic compounds. Beta-ray excited X-ray sources wou ld  also provide new 

versati l i ty t o  the already developed technology of thickness gages. The 

long-time s tab i l i ty  of such X-ray sources forecasts high precision meamre- 

ments for density, f luid detection, phase change, and other appLications 

in  low density materials. 

A basically new system is being developed for monitoring the concen- 

tration of toxic gases in the atmosphere by mans of a radioisotope exchange 

technicpe. Air containing the non-radioactive toxic gases is passed through 

a suitable radiochemical reaction bed t o  undergo a gas exchange reaction. 

W-quant i ty  of effluent gas, as determined fraan its radioactivity, is a 

direct measure of the concentration In air of the toxic gas. 

dioxide I s  an autstsnding e-le of a matertal detectable by this method, 

as follows: SO2 (gas) plm C13603 (solid) yieLds C1360, (gas). This 

reaction, used for many yeam as a e m c i a -  process for the production 

Sulftrr 

311035UOb 
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of chlorine dioxide, is known t o  be yj$ efficient.  

ment of the C136 which is possible at very low Levels permits SO2 

d e t e d n a t i o n  below usual chemical procedures 

Consequeptu, lneasure- 

Feasibility studies are progressing t o  extend this  system to  other 

toxic materials. 

and used i n  fer t i l izers ,  insecticides, and in  certain smelting operations. 

Standard methods of analysis of these toxicants are time-consuming, com- 

plicated, and in many case?, not sufficiently sensitive. 

Phosphorus tima arsenic c~~npOund8 are w i d e l y  produced 

A single, rapid 

and sensitive system slmi1a.r t o  the one described will be extremely useful. 

One untapped industrid area of vast importance is process control 

through radiometric analysis of diverted minute fractions of a process 

stream. 

Investigations are being pursued of radiametric techniques applied t o  

R a d i o m e t r i c  analysis in- ionic axdysis and control in aqueous solutions, 

volves a phase change of a radioactive constituent. For ionic solutions, 

a solution-to-gas or solution-to-solid conversion is followed by m?asure- 

ment of the radioactivity of one of the phases. A radiometric analysis 

of an ion in a procese s t r e m  would involve the following sequence of 

operations: 

dition of a measured excess of a radioactive reagent which stoichiometrically 

grecipitates the ion, (c) measurement of the radioactive reagent remSining 

in the supernatant m e r  separation of the pec ip i t a t e ,  and (a) calculation 

of the ion concentration from the difference between the added and remain- 

ing radioactive reagent. 

(a) measurement of the volume of the process stream, (b) ad- 

3 0 0 3 5 0 1  
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Exper-nts with a laboratory model  aP a radiometric analyzer for 

phosphorus in boiler water have sham it capable of automatically measur- 

ing phosphate concentration in  the raage of 5 t o  50 p p  t o  f 5s accuracy. 

Neutron activation analysis has been routinely used i n  the laboratory 

for determining minute traces of contaminants i n  a w i d e  vaxiety of 

industrial materials. This technique is usually applied t o  batch 

processes; however, the advantage of adapting such a technique for 

continuous production-line process control is obvious. Neutron sources 

are now available w i t h  the required intensity and s tab i l i ty  for minimum 

desirable activation of process stream elements. 

With law-level counting techniques gow available the small  Quantity 

Of activity induced in  the process stream w i l l  present no hazard t o  either 

the operator or consmere Development of productton line activation analpis 

already is under way in  the U. S. This could find use in 88 many industries 

as the beta thickness gage, 

The foregoing are but a few developments in applications of radio- 
\ 

isotopes in the United States. There are stiU many unborn uses, however, 

which one can readily invent. 

It is  w e l l  t o  realize that most uses of isotopes now being made could 

have been made 20 years ago and that real ly  discovery of the chain-reacting 

pile W&B not s t r i c t ly  necessary. Before discovery of fission, the develop- 

ment of the cyclotron had made isotopes sufficfently abundant t o  permit a 

burgeoning gruwth of isotopic applicatpons b resemch, e s p c i a l l y  in biology. 

3.0 0 3 5 0 8 .. 
D O E  ARCHIVES 
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O f  course, the chain-reacting 

certain isotopes much cheager 

pi le  and fission reaction have made 

and more abundant, and th i s  is very 

ipprortant $QT certain widespread industrial applications, 

and limiting factor, however, is imaginstion and interest  in  the 

development of these new uses. I think that there have been few 

occasions in the world's history when such a wealth of opportunity 

fo r  technologicsl development existed a~ does exis t  i n  the appllaa- 

tions of isotopes and radiation to Industry, agriculture and medicine. 

Indeed, 

canthink of at least one new use every f ive m u t e s .  

!f!he p r h  

-ne with familiarity with technical matters and with isotopes 

kt us consider w h a t  some of these possible uses of+ isotopes &ght 

be. Well, here is a book. Books are di f f icu l t  t o  keep. Of COUII'SB, 

you may find that most books are not worth keeping, but let u8 for  

the moment consider the problem of haw to keep books and har t o  pre- 

serve t h e m  frorn deterioration. The factor that limits the l i f l e tbe  

of a treasured book is oxidation by air of the organic matter of which 

the book I s  ccmposed. 

Three years ago at the first  Atom f o r  Peace Confkrence, we described 

how, at the Argorme National Laboratory, giants 

radioactive form labeled uniformly with ca.rbon-l4. 

similar plants could be obtained and book paper could be made which 

could be tested f o r  its keeping properties. Making such t e s t s  is a 

perfectly feasible procedure because recently a eolleague of mine,  

Suppose we make the book radioactive. How? 

grm in fully 

The cellulose ?!'ram 

3003509 
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Dr. Dwight Conway, and I published a paper on the measurement of 

very rslw reactions. 

in which a 891Ltu fraction of one percent of the casbpn atam had been 

replaced with radioactive carbon, we could measure the extremely aLaw 

rate! at which this amino acid decomgosee at te~npratures jus* slightly 

above rooQp tempera-ture. 

It was found that by using radioactive alanine 

The rate of decolqpoeition correspnded t o  one 
d 

part in 5 million per day. Now we c d d  do much the sarne experiment 

w i t h  a sheet of the book paper. The technique would be t o  place a 

sheet of book paper in a closed container and collect the gaseous 

carbon dioxide liberated by oxidation due t o  the attack by air. 

could thus measure the amount of the attack and camgare this with 

similar tests on other sheets of the paper treated with various addi- 

tives. 

a paper which would last however long one wanted, 20,OOO y e a s ,  perhaps. 

I have just outlined a perfectly practical  procedure and one which 

One 

By these techniques it w o u l d  probably be gossible t o  prelpa;re 

could be applied t o  a l o t  of things besides booka, 

As a second exaqle, t h i s  Lime in the f i e ld  of pharmaceuticals, let 

us reca l l  that physicians now rau43nely use radioisotoge capsules fo r  a 

variety of diagnostic purposes. They now use radioiodine and radlo- 

cobrrlt. Wby should a doctor not be abk t o  u t i l i ze  a radioactive p i l l  

for detailed metabolic diagnosis, one Labeled with radiocarbon or tritium 

at such lar concentrations that the radiation dose is extremely low? 

The rate of netabolism of a p i l l  made of a biochemical important t o  the 

bow would be most revealing ae to the biochemfcal health of the individual. 

30Q35 I O  
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Work needs t o  be done to establish tbe seguence and exgected response 

for  presently nndetectab3.e or impending pathological conditions. With 

tritium labeled pills, the tritium content of blood and urine would 

measure the combustion t o  water. For radiocarbon labeled p i l l s ,  the 

blood and urine can be measured for the original labeled chemical 88 

well as its degraded forin$. 

importance that mch more work should be done on developing the use of 

carbon and bydrogen isotopes for everyday diagnostic purposes. Nearly 

This is a potential area of suoh great 

a l l  of these tests could be performed with amounts of radiation comparable 

t o  that natura3.Q present. 

A th i rd  unborn use might be in  the field of' agriculture In the 

elucidation of lnechssisms of food decay for the purpose of developing 

preventive ~y3mures. 

problem. 

This could help alleviate the pressbg food supply 

We might grow certain radioactive foods, labeIed w i t h  carbon 

or hydrogen isotopes, and then observe f r o m  the exubtion of radioactive 

gases, as a resu l t  of attack by the atmosphere and biochemical processes, 

the rates at which these very slow changes axe occurring under norm&l 

conditions. As a result of being able t o  observe them, we should 

determine how t o  prevent them. It would be extremely helpf'ul tQ be able 

t o  observe very small degreee, of degradation, occurring even with 

s ter i l ized or otherwise preserved foods. By the use of radioactive 

food of my sort, we cuuld observe mekly the onset or COUTBe of 

degradation reactions and t ry  various &Xii.tives and treatments t o  

protect them. 
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A fourth unborn industrial  u8e voubd be automatic control of petroleum 

refining by introduction of a small  mount of radiocarbon or radioactive 

hydrogen camlpounds at various stages; that is, efther in the crude oil., or 

into specific fractions occurring in the refining process. 

normal octane whidh contains radiocarbon could be introduced and m i g h t  be 

particularly important i n  controlling the plant operation. 

for example, select a half-dozen par-ticulasly btportant constituents of 

crude o i l  aud htzoduce them in labeled form at specified times and follow 

t h e m  through the plant. 

matic ieotupe process control system. 

t h a t W  kind of apglication of radiocarbon and bydrogen could be of' 

For eltamgle, 

One might, 

Eventually this could be developed into as atuo- 

There is not the slightest doubt 

pl3CtiCd. V&Ue W i t h i n  the f e w  YeaSS. 

For a fifth use, radioisotopes possess outstanding capabilities as 

detectives in "law enforcement" problems. 

t o  make the comterfeiting of money mre difficult .  

radioactive, we have three possfbtl i t ies for positive identification. 

way vonld be to mike m e y  from noa-radioactive paper by gravlqg pulp on 

non-radioactive carbon compouIl(j8 derived f r o m  coal. 

and dffferent from all other paps ,  could be used t o  make currency. 

Another nethod for s p t t l n g  counterfeit money would be to mark b i l l s  with 

an innocuous quantity of a radioigotope. 

for varying the iSotope! and position af marking. 

priate marking h c h l q y e  would be t o  irmx'popate a stable-iBotQpt? code into 

They might be used, for exangle, 

Since paper is normally 

One 

This paper, unique 

There are countless possibil i t ies 

Perhaps the moat appro- .. 

question could be errposed to a sma,ll neutron 8otucCe and 
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Thus one Bee8 that there aze many invisible mar- techniqrses a c h  

would be equaUy useful i n  identieying revenue 8t8q~3,  tax-free gasoline, 

re-clqimed motor o i l ,  and countless other everyday items open t o  qqestion. 

A sixth problem in which isotopes c m  be exceedingly helpful is the 

ancient problem of the weather. 

patterns of the movement of air masses that are systematic and reasonable. 

Much of the information has come from cooperative efforts such as the 

International Geophysical Year. The study of radioactive fal lout  has 

also contributed t o  our knovledge of the stmspherlc circulation problem. 

We have begun t o  understand the world-wide 

We have also l e m a  a good d e a l  from the study of naturally occurring 

isotoges which cane i n  f r o m  outer space or are produced by cosmic ray 

bombardment of the upper atmosphere. 

roughly into two layers--the stratosphere and troposphere. 

We knuwthe atmosphere is divided 

In the strato- 

sphere the mix- is probably quite rapid in that strong winds blow, but 

the winds are dry and there is a tendency f o r  stratospheric als to remain 

segregated f rm the lawer p& of the atmosphere, the troposphere. Wherever 

moisture exists, c3oUds form, r a in  falls, and all the other weather phenomena L , -  

we know occur. We have learned fromthese isotopic studies that the tropo- 

sphere and stratosphere are essentially two separate and different systems. 

W e  have le-d that the troposphere is rapidly cleansed by the action 

of the rainfall, 80 that matter put into the troposphere i n  solid paSt;iculate 

form w i l l  be grecipitated in about one month, where- the stme material put 

into the stratosphere will stay for  a period of f ive t o  ten  years  on the 

3 0 0 3 5  1 3  
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average. We have evidence that  t h i s  iS d s o  true for gases put into the 

stratosphere, and we therefore know that the stratossheric mixing w i t h  

the troposphere is slow indeed. 

described fram isotopes generated by cosmic rays, a process over which we 

have no control, or from the study of rad9oactive fallout. 

do if we re- get serious and move at th i s  wEtb  purpose? 

Now, we have learned aLI that I have 

What c m  we 

I think it 

is clear that the meteorologists can, on a day to day basis, mark specific 

air W8eS and foJ3.m them by the use of avaLlabLe radioactive isotopes. 

Water movement also can be followed by the purposeful injection af radio- 

active w a t e r  containing tritium. 

It is possible ia this way t o  follow the movement of" selectea w a t e r  masses 

and to observe the contribution of vasious air ~1888es t o  grecipftation and 

to follow their movement. 

sone of the cpestions that the meteorologist needs answered for  better 

understandfng and prediction of weather. 

weather more accurately, we c a  perhaps come to understand haw we might 

poseibly -rove or m e  it, but that is another subject. 

isotopes would. be u s e M  in that development, too. 

This ha8 been done a d  @an be done .again. 

In t h i s  way we should fndeed be able t o  answer 

E we ean learn t o  predict 

I am sure 

Isotopes have already 

helped u8 in understanding air movements and in our gnowledge of weather 

phenomena and their  contributions WLU contfnue. 

Bow the foregoing uses can be easily and immediately realized if 

only we wapt to. 

counting have already been developed and have been used far yews. 

Although additianal engineering developumt aytbil ruggedization needs 

to be done, the inqlortant fact is that the comwrclal aquipnent is 

available. 

The necessary equipment and tecbniques for luw level 

What is neededmoat today is for Large number8 of people 

3 0 0 3 5  I 4  D O E  ARCHIVES 
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t o  begin t o  use what is availabla 

in an everyday way are the soft radiation emitters, carbon-14 and t r i t i u m .  

These two fsotopes hold the greatest potential f o r  countless unborn uses 

which we alL hope w i l l  soon lnaterfalize. 

The rdioisotopes which m e  most usefkl 

N. RADIATIoIdmm 
? 

I would now IJke t o  turn t o  the th i rd  aspect of the atcmic triad- 

naselyuse of radiation energy. 

power industry, hundreds of thousands of kilowatts of radiation inescapably 

will be produced. 

radiation resources would convert them into a valuable asset. 

SJSo reduce the cost of chemical processing of spent reactor fuels and 

indirectly contribute toward reduction of costs of nuclear power. 

With the continued growth of the nuclear 

Development of industrial agplfcations of these vast 

This  would 

Irradiation is a unigue way of adding energy t o  a process s y s h .  

The energy of gama radiation is enormous relative t o  the energy avail- 

able from ordinary chemical reactions. 

are usually measwd in Inillion-electroll volts,  whereas chemical and heat 

energy changes are usually a f e w  electron volts. 

Energies Pn radiation applfcations 

To illustrate; a gas, 
* 

each molecule of which had an energy of one electron volt ,  would be a t  

a temperature of lL,OOOeC. Furthermore, radjtatiun energy is applied 

directly t o  the internal structure Of n0leeul.e~ t o  ionize, rearrange 

cbmical bonds, and i n i t i a t e  chain reactions. 

material is not heated by the radiation, thns avoiding undesirable 

thennal effects i n  processbg and fn products. 

The mass of the process 



One consequence of the ab i l i t y  of radiatjlon to break chemicaL bonds 

is the formation of new molecularr bo& i n  materfals impossible t o  obtain 

satisfactorily by chemical or physical pmcedtpres. Radiation may thus 

produce poZymerization and cross-linking in new ways t o  yield valuable 

products not otherwise obtainable. For extiq&Le, entirely uniqtse plastics 

can be obtained by the process of radiation-induced gr& polymerization. 

EfYective surface grsfting is possible fo r  the first the. 

a plast ic  fXLm having desirable surface propel-tles, such 88 chemical or 

flame resistance, can be "plated" onto a polyner having, f o r  e q l e ,  

desirable tensile properties. 

for exaaple, t o  increase temperature stability by grafting silicones t o  

polymers having other desirable properties, 

Under irradiation, 

Interior grafting a3.so can be acconplished; 

Another example of a unique p l m t i c  product made possible by radiation 

is an improved ion exchange =bran@. 

an electrodialysis apparatus currently used for  desalting brackish water o r  

sea water. A superior ion exchange IgRmbrane has been prepared by immersing 

These membranes are components of 

films of polyethylene i n  styrene and exposing them t o  gamma radiationc 

produces a strong graft copolymer. 

treated with chlor-thy1 ether and trhetbylamine t o  produce d o n  exchange 

membranes of' optimum mechanics?. and e lec t r ica l  properties. Use of these new 

This 

me .ertyrene-polyethylene f i lm are then 

membranes to desalt sea water requires only om-third the electricaS. power of 

currently available mbranese I q o r t a t  applications of improved mwnbranes 

W 

0 scgarators 

can be expected i n  sugar purification, caustic soda cell. operation and battery 
u 

ki 

In  the rubber fadust ry ,  radiation is cer tah t o  find vu3.-ation 

agglications. Although it is possible t o  vulcanize as autcrmobile t i r e  

D O E  ARCHIVES 
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w i t h  radiation aLone, this is wasteful of radiation, A process m r e  certain 

of commercial success is the simultaseous radiation grafting and vulcaniza- 

t ion of mixtures of natural rubber and var€ous polymers. 

vulcanized materials are obtained having a broad range of elasticity combined 

w i t h  other valuable properties such as o i l  resistance. 

Hew radiation 

Radiation also wiU be used in manusaCturing Improved varieties of 

fwliar chemical products. 

by the reaction of sulfur dioxide and oxygen w i t h  hydrocarbons i n  a gama 

Detergents, for example, have been produced 

radiation field. 

sulfonic acids are formed. 

high, so that radiation requirements are relatively small. 

became an economical method f o r  mm.u.factuzping new t p s  of detergents f o r  

ccmmercial use. 

Radiation initiates the grocese in which long-chain 

Y i e l d s  per unit energy absorbed are exceptiomUy 

The process could 

The petroleum industry is outstandin@; in its supgort of radiation 

research. Almost all the conventional refining alperatiom can be duplicated 

through the use of radiation. 

radiation cau crack crude oil, t o  form gasoline, inhibit gum formation in  

stored petroleum groducts, and by grafting side chains to straight-chain 

hydrocazbons increase octane ratings. 

may depend laxgely on economic factors. 

Stimulating research studies have shown that 

The feasibi l i ty  of such applications 

- Radiation preservation of foods, of GOUTSC, is a process which would 

have world-wide consequences. 

has reached the point of building a center for radiation processfag of sub- 

Progress in this f i e l d  in  the United States 

s tan t ia l  amounts of fa under c a r e f h l l y  controlled conditions. 

At&c Energy Conmrission is cooperat- in esta’blishine; the U. S. Arnty 

Ionizing Radiation Center, t o  be located xiear Stockton, California, 

The U. S. 

The 

3 0 0 3 5  I1  DOE ARCHIVES 
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Amy Quartermaster Corps has undertaken-ln conJunction w i t h  the food industry-- 

a program which w i l l  solve many of the basic problems and which w i l l  show the 

extent to which th i s  new technique can be used t o  meet the m , E l i t a r y  demands. 

I think it quite l ikely that t h i s  Amy program, and others which will 

undoubtedly be undertaken by. the food industry itself, w i l l  show that the 

s ter i l izat ion or pasteurization of foodstuff  by irradiation techniques w i l l  

be useful and that these techniqpes will supplement those already i n  existence 

t o  give u8 ever brproving methods of preserving and storing food. 

In  the United States, the Atomic Energy Commission has an Isotope 

Development Program which is dedicated t o  the purpose of developing new 

use8 of radioisotopes and to expanding the application of established uses. 

In order t o  do this, we have an educational program to teach people the 

techniques of measurement and utilization, and it is likely tht this, i n  

conjunction with a number of dramatic applications to stir tbe imagination, 

w i l l  lead t o  w i d e r  use of everyday applications- 

But the surface has only been scratched. The current savings result 

almost entirely from three types of indus.tpial application: thickness 

.gaging, radlography, and process control. 

'are l i t e r aUy  hundreds, if not thousands, of other types of h d u s t r i a l  

applications of the isotope, any number of which offer as great a potential 

for fndustrial savings as those which have 

you can understand, why I am so enthusiastic about the inpact of radio- 

isotopes & radiation on the economy an8 well-bejag not only of the 

When yon consider that there 

been part ia l ly  expfoited, 



United States but of the world, I 8111 confident that the current eco-c 

value. of radioisotopes, as great as it may seem, will etgpear insignificant 

by comgarison with the red. benefits which w i l l  be realized when the admlnistra- 

t ive and technical leaders of a l l  industry 8;pe awakened t o  the potentM of the 

new tool that is availtl;ble t o  them. 

VI. PLOW- 

I w o u l d  lFke t o  mention a new deve fopn t  which was first disclosed 

at the UNESCO Conference on Isotopes heM in  Paris a year ago next npnth. 

On the 19th of Septeniber of last year the first deeply buried nuclear 

explosive device was fired.* Frm this important first step i n  the non- 

military applications of atomic explosions, we have learned that this 

development holds s e a t  pranise, and in the United States we have launched 

a project called Plowsha;rs to develop these uses. 

prosgecttve uses is the production of isotopes, 

One of the importat  

It is possible In a f e w  

millionths of a second t o  produce quantities of isotopes which take months 

and years by o r d m  methods, and it is possible t o  produce isotopes in 

this way w M c h  cannot; be produced except in the very most valuable and 

expeneive chain-reacting piles  of the very highest flux. I speak of the 

i 6 O t o p e S  which are formed by the rapid assimilation of several neutrons 

one after the other by one atom. This 5s gossible because of the exliremelg 

intense, though very short-lived, flood of neutrons a i c h  cane into w 
medium surrounding exploding atcrmic or thermonuclear device. It appears W 

Q 
that ultimately we should be able t o  produce isotopes more e a s i l y  and in 

L J  
u1 some instances perhaps -re cheaply thag any other way. But  before we - 

* O t h e r  pagers in the conference w i l l  treat this subject also, particularly 

the ones by Ih-s. Harold Brown, Gerald Johnson, and F. Be Pomelo iDC)E p&CHIVES; 
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realize these law costs we must solve the technical. problems of minlng the 

congealed materid., which is vaporized aed then subseqxently cooled and 

which contains the isotopes formed as a result of the nuclear reaction, 

and w e  must select the most econamicerl methods of pur- the deslred 

isotopes, Of course, it has been clear for  may years that most of the 

uses of isotopes are not limited by the cost of isotopes, but there are 

some that are, psz-ticulasly the large-scab industrial uses. For exangle, 

I spoke of Labeling gasoline and it turned. out that it cost o m  cent a 

g a l h i ^  t o  label it with radiocarbon. Well, thfs is an appreciable cost. 

One could do it With tritium at a much lower cost, but the labeling with 

tritium may be f o r  many gurposes not quite a8 u s e m  as the hbeling w i t h  

radioactive carbon. 

radiocasboai sells for $22,OOO, whereas trltitm is $2.00 per curie. 

if we could reduce the cost of radiocarbon by groduc%n.g it by surrounding; 

an atonic device w i t h  carbonaceous rnaterhL in conjmction w i t h  a highly 

effective moderator, one mfght be able t o  produce radiocarbon at a very 

much lower price t h a n  at present. 

larger-scale MwtrIal users, gartiaiLwl..y t b  organic chemicals 

.. 

*sa 

Mow a t  the present titre in OUT coun%ry a curie of' 

NQW 
\ 

!Phis would greatly help some of the 

business, 

There are very many other uses which ve are considering for a t w c  

and thermonuclear explosive devices, Perhaps %he mst obvious of these 

is  excavation to form harbors and eanal~. Another is the break%-up of 

underground rock for m i x i h g  purpes  or for the foranation of acquifers 

t o  store n t e r  and to supply a rerservob, Placing a 'bomb at jus t  the 

right depth so that several m%lUon tom of rock are  shattered and 

rendered gopaus PpOuJLd malce It p e s i b l e  for  surface w a t e r  in great , 
S6X)E ARCHIVES 
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quantities t o  be stored in th ie  way. 

application. 

certain minerals available fo r  mining by leach- methods. For exanple, 

i n  copper mlning where leaching is a very effective method for renovhg 

the vetluab3.e product, fracturing ore in place could prove t o  be of 

extreme importance. 

This may be a very important 

It is also clear that highly fractured rock w m l d  make 

Atomic power and thermonuclear power may be attained by the use of 

explosive devices, An fnnportrant part of our Project Plowshare is to see 

whether by firing under the proper colzditions it will not be possible t o  

recover a considerable fraction of the energy released and t o  put it t o  

u s e m  work as: electr ic i ty  or heat or steam for heating homes. 

obvious from ff-st principles that great qpantities of energy can be made 

available in thfs way much as one has in n a t u r a l  geysers and natural 

hot springs, 

remain and require solution before a true 

A major objective of our Project Plmhaxe is t o  s e t t l e  these technical 

questions which must be resolved before we can proceed w i t h  atomic and 

thermonuclear power m d  the other uses envisaged. 

It is 

The problem fs t o  solve the technical questions which 

assessment can be made. 

These great possibil i t ies w i l l  rest, of course, on the practicddty,  

the cost of the devices, their size am% ease of handlingo 

necessary t o  bury the largest yield devices deep fa the earth t o  contain 

t h e m  and the cost  of" burying them t o  such great depths is great. !There- 

fore, the frnpoPtaace of size atad ease of handLin@; is considerable. We 

It is, of course, 
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expect that devices which w i U  be wed for  the non-military applications 

w i l l  not be military devices fr general., because the military &vices 

have been destgned f o r  different purposes, weight being a t  a premium 

and size and shape being major considerationse* There is no considera- 

tion fo r  w e i g h t  in most of the non-military applications. There are 

consideratims, 

size of the d r i l l  hole or -Lunnel, but if it were possible to assemble 

the device out of smsller pieces aM, of which could paS8 through the 

obviously, 02 maxbtm dimensions in determining the 

d r i l l  hole, the t o t a l  weight WOW be a matter dentending little consider- 

ation in  general. By increasing the weight it shouldbe possible t o  

increase the expLosfve efficiency and the yield from a given amount of 

fissionable material or from a given amount of themnuclear -1. 

This possibility of increasing the f ie ld a8 compared t o  the yield 

realized 5a weapom is an - o r t a t  aspect in the non-military applica- 

tions which must be borne i n  mind,  One might say that the cost per unit  

energy released, which is based on the experience with military devices, 

would be an upper l i m i t  t o  the cost for  the non-military devices. 

plm So give, Ln the neaz future, some rough ambers for the purpose of 

making prelianFnapy estimates and j u m n t s  of feasibil i ty.  

We 

VPI, TBE ?7uTuRE 

The f h b e  holds much good for the WOP~L if science can keep Wce 

with the ehaLlenging job which needs to be donee 

the helping hand the atom extends us. 

We must forever grasp 

Host  imgortant of all we must 

3 0 0 3 5 2 2  
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proceed in such a way that our education is adequate t o  the opportunities 

nature affords us., 

the prcanisiq a t m i c  f i tu re  unfolding so clearly before us. 

Young scient is ts  and engineers must be prepared for 

We must teach about the atomic nuclew, radioactivity, isotopes, 

and the atm, It is very important t h a t  these instructions be put in 

every secondargr school and college claasrom in the civilized w o r l d  so 

the students e m  come t o  how and use W e l y  radioactivity and isotqpes 

as 8 normal thing, With th i s  tyge of instruction, students w i l l .  naturally 

le- about isotopic techniques and methods which are necessary to the 

development of new uses. It w i l l .  not be a strange matter for them. 

As I have stated earlfer, seldm in history has such a wealth of 

opportunity existed for teehno1ogLca.l &velapent t o  improve human wel-  

fare. With ample education and technicaX trainkg throughout the world 

--and with a universal bringing t o  bear of human r e s 0 ~ ~ c e s  and ima.gina- 

tion, rapid re%lfza.tlon of' the promise of the atomic triad is certain- 

the almost d&nLted  benefits at? reactors, radloisotopes and radiation. 
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