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events which had occurred in t h e  precediiig two y'2ar.s. J n  1939 sc  icn- 

they would s p l i t  into approximately equal p a x t s  with the  reI.c2sc; of 

enormous quan t i t i e s  of enerhy. %is p'nrnomnon of nuclear  f i s s i o n  t r ; ~ ~ ;  

investigated a t  many lzbor.atories,  and it hias soon discovered t i ? 2 2 t  tli:: 

uranium 235 isotope was t he  pa.rtTeu1a.r a tox  that \.-as f issi.oiizl3I.e. Tl"r?c 

uraniurn 238 isotope, which rr.nkes up 93. 3$ of  natu.i-a1 ur.ani:.u,I., ;JO.I-S fnund 

of' obtaining vast quan t i t i e s  of p o m r  from uraniu.:!: f i s s i o n  ?.a:; visual- 

i s  bombarded with neu.trocs, a new element, plutoi-iiuin., i s  produci.cio It 

" 
and. that t h e  plutonrium 239 iso-tope thus produced i.s f'C:i.ssion::.b3.e. A 

group of leading seient i  s ts  recotmended t o  P res iden t  Roo::;(~'-vel:t t k i a - l  tilie 



i n  which nature1 ursnium could be made to sustai:r 6. nuclear chaim reyc- 

t o r y  were t h e  developnient of me-trio& f o r  chzsiically sc>pnrating and 

p iu i fy ing  t h e  plutonium produced in a na ' iural  uraniuts cbai.r reacLi 01.1 

ai16 for using purii ' icd fissionz'ole mzterial. t o  effect E!. chnLn rec.cti i ;n 

of explosive c h r x a c t e r i s t i c s  which wou1.d make e. super bonb. 

I n  December, lg!Q, i;t the Gnivi rs i ty  02 Chicago, i~c:~-lr p e r f ' o r ~ e d  

und-e-r the p r o j e c t  e s t ab l i shed  by -the Office of Scient i f i -c  Reseer.ch a-r.d 

Developnent led. t o  successfu l  operation o f  t h e  f i r s t  nu.clez,r react,or,  

vhich,  a.ltliough i't; was a very Lcw-pmer 1-abciretoi-y reseax-ch devfce, 

nevcrthelxss c l e a r l y  denons-bra-tec? Ynat a self- sus ta in ing  nucl-ear chaiin 

reac t ion  cou1.d be estzblisiied. under ce.rt_a.in eond-i t i o n s  wi.th. n a t u r a l  

uranium. The chain r eac t ion  vas found, as expected, t o  supply t r e m n -  

dous n-mbers of neutrons Tvhich, by t h e i r  nuclear reaction vi. th u~2 ,n iun  238, 

produced pluioniu:n 239. 

Thus b y  the end of 1942, it was cl.eni*ly recognized i h ~ t  nuclcsr-  

fission offered excit,S.ng possj-bi l i t ies  as a ntw s c ~ i ' e ~  of aImos'i u n b : 2 -  
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would unleash t h e  tremendous power a v a i l z b l e  frora nuclear f i s s i o n  i n  a 

devas ta t ing  explosion. While na tu ra l  uraniuq, c o n t a i n h g  only seven- 

t en ths  of one percent  of f i s s ionab le  mater ia l ,  requires several tons of 

uranium t o  e s t a b l i s h  a nuclear chain reac t ion ,  s c i e n t i s t s  reasoned t h a t  

i f  fiDsionable material could be produced i n  pure form, the  quant i ty  

required f o r  a nuclear  chain reac t ion  might be qui te  small. Production 

of p u r i f i e d  f i s s i o n a b l e  isotopes thus became an important ob jec t ive .  

Fiss ionable  uranium 235 can be separated from the uranium 238 which 

cpmprises over 94$ of n a t u r a l  uranium only by processes which exp lo i t  

the d i f fe rence  i n  m a s s  of the isotopes - 235 versus 238 - because t h e i r  

chemical behavior i s  i d e n t i c a l .  Experiments showed seve ra l  phys ica l  

processes which o f fe red  promise f o r  separa t ing  the  U-235 isotoLje from 

n a t u r a l  uranium. The experiments also showed t h a t  production of la rge  

q u a n t i t i e s  of U-235 would be a huge i n d u s t r i a l  operat ion r equ i r ing  the 

enormous expenditures.  

Fiss ionable  plutonium appeared equal ly  as promising f o r  making a 

super bomb and had the  advantage of being, no t  an isotope of uranium, 

but  a d i f f e r e n t  element which could be separated by chemical means from 

the  uranium i n  which i t  w a s  produced. Since plutonium w a s  a new element 

which had n o t  e x i s t e d  i n  nature ,  i t s  chemical proper t ies  were unknown; 

but  t h e o r e t i c a l  considerat ions made it nea r ly  c e r t a i n  t h a t  t h e  chemical 

separa t ion  could be accomplished. I n  t h i s  case also, the  production of 

l a r g e  q u a n t i t i e s  of plutonium would r equ i r e  huge i n d u s t r i a l  f a c i l i t i e s  

involving l a r g e  expenditures of money and s c i e n t i f i c  effort. 

Although it w a s  no t  known whether the  technological  problems of 

la rge-sca le  production of uranium 235 o r  plutonium 239 could be solved, 

experimental results ava i l ab le  by t h e  end of 1942 ind ica ted  t h a t  they 



could.. Four metiiods of produ.cing flissionable ma te r i a l  appeared p z s i a i s i a ~ :  

p l u t o i l i u m  239 by tile i n t e r a c t i o n  or" neutrons v i t h  u.ra.nim 238 i-n a miclear 

chain TeacLing syste:n. A t  the end or 19JG? it' vas not poss ib l e  'io s L a t e  

d e f i n i t e l y  t ha t  eny one method a p p n r e d  superior t o  tiis others. It w c s  

considered unsafe, i n  view of t h e  recognized gap:; i n  inforrtaiiori a - r p i l -  

p r o h x t i o n  of f issionabl-e mater ia l .  

the Corps of Engineers to rrianage the a c t i v i t i e s  di . rocted tso-..rar5 prOd.i.lcinc; 

an atomic bomb. 
". 

Land i,ias acquired in lgL!Q i n  the  area be-t-xcn C l i c ton ,  liin.-ston 0 - - >  



of the atomic b o ~ b  project, wm a lso  respoiisible for t h e  opcr j , t ion  or 

the p i l o t  plant;. Because of thc  urgency of t1.e :mrh, the oidina;y yi-oc.j- 

dure of completing p i l o t  p l an t  tests p r i o ~  'io the undertaking of' fu . lL -  scale 

tha t  sonisthing might ca-.xc a largo nuclear. chain reaction t o  rel.ea:se 

f i - a s ion  produxts vhich are h ighly  rad.i.oactivc I and. thex-c:Eore i - L  m s  

decided t h a t  large-scale plutonium production f a c i l i t i e s  sho-u1-ti. x - k  lie 

chosen because of ii;s i s o l a t i o n  and the alsuo2znce of cold ,  pure m'i:?r in 

t h e  Columbia Rivcr and the  a x a i l a b l l i t y  of  h.:rgc> quanti.t res o r  eI.ecti.lc 

power. In order t h a t  the p i l o t  p l a i t  might be enough ah2a& of ti..- & L b  p.rcj- 

duction pl-ant to pc-cinit expzrience gained in p i l o t  plant operat ions to 

be appLied in the  design, cons t rzc t ion  and opera t ion  of ihe yrn271ction 

p l an t ,  s teps  Loward construction or the p i l o t  p l n n t  w e  re accelcr,j t ed  as 

soon as successful o p x a t i o n  of the "Chicngo Pi1 e" wes acbicved . Tnc 



Worlis area. Because o f  the  I.ocatioii i n  the C l i n t o i i  Engineer  V a r k s  ~ t i l e  

ura .n im 238 i i l  t h e  chain r e a c t i n g  system. Hovever, a l l  that w:;s kc=oi. ,~~ 

about plv-1;oniu.n product:i.on vas bzsed on theoret ical .  st;il.dies, or  at, best 

t o r i e s  pilot p l e n t  w a s  est:.lhl.ished to c a r r y  out  t h e  reseaj‘cli and dnrclop- 

nient i n  prepsrat ion f o r  large-sceLe pro3mt ion  of plut,oriiu!ll. m e  

Metallurgical Laboratory at. Chicago performed bazfc research oil p1ut.oiiij8z 

Ii i s  i n t e r e s t i n g  t o  note t h a t  a l l  research pcrforrned ui.1;i.l t h e  c;uc:cc;.ssC~11 



methods, a n d  for  t h e  development of methods f o r  m 2 4 ; 1 i ~  :rl supcr  box'! u:;i:ic 

c i a , l l y  for. this purposc. 

group working i n  la lxxator i  es at thz University of California,. S"kiLn 
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proccsses. 



... 



t o  o p r a i e  the  pilot p lan t .  

The scope of ~ m r k  f o r  whj.ch t h e  Metal.l.~~rgical~ Ie ,bowtory of t'ce 

University of Chicago was respons.ib1.e under the  M x i h a t t a n  D i s t r i c t  con- 

t r a c t  consisted of the  foI.1.oving functions : 

(1) Procure and trail1 aciiiitional personnel as may be recp~i . r*ed  to 

perform research and d.evelopmnt on plutonium pro&u.ction and processi~g. 

(2  ) Con&.cl; the  reciuired- research ai-td eng;il.neer j.iig develo~~?rr;e?iil w o ~ l ;  

necessary t o  accomplish the  development of processes and design of rCacil-- 

i t i e s  f o r  producing plutonium i n  a nuclear chain reac t ion  and t o  separate 

and pu r i fy  the  p1u.to:riiv.m. 

.. - 
(3)  Train personnel 2nd operate a pL1.d; p lan t  f o r  the  purpose o:f 

proclucing a sirxd-1. amount of  plu-toiiium. 

(11 ) b k k e  the  necessaqr  s tud ies  and  develop a vorkzble and d.epzn.d~;!,Lc 

me"iiio:l of cheinical- scyarat ion and i s o l , ~ t l 0 1 1  of plutor?iui~i f'roiii u:ra,~ i u l n  





E. I. du Pont de Nemours and Compilny, Incorporated was ass igned  the  

r e spons ib i i i t y  f o r  cons t ruc i ing  the  CL-into;i Lsborator ies  f a c i l j  t i  e s .  

Coi:sti-u~ctj on iras actual.ly s t a r t e d  on February 1, 1-943, a-nd procceded. 011 

a rush schedule, which enabled til2 r eac to r  tc: be coi~pl.etcd an6 plzced 

i n  operation on Novenber 4, 191b3. ' Ikc reator, of COlJi'S?, +;as 'ihc 

Clinton Lsboratori.es were t o  be ccn-Lered. &en tiioiiyl~ it 7,:a.s o c ly  t l i r :  

second r e a c t o r  ever t o  be constructed,  indeed. t?le f i rs- t  -to operz t e  a'; 

t o  i n c o - p r a t e  coaplete provisioiis €or shielding,  conkrolc:, arld o'cLzr 

tiie s t a . r t  v i t h  better than expected perfo-rmmce . 
A seccnd major f a c i l i t y  constructed a t  Clinton L,zborz.torLes T.,-z.s 

the cherxical p i l o t  plan-L where t h e  proczss for separa t ing  and puxifying 

pluton-iurn T ~ S  t o  be tested. Because chemical opa-a t i  o m  i.n~o!_v-in;; r s J i o -  

approaching the sca l e  planned i n  t h e  p i l o t  plank, the design an< coli- 





provLded a medical d iv i s ion  with heal-th p h p i c s  and bioloey groups under 

this divisi.on, a chemistry d iv i s ion  , a separations rievelopm.en-t divi.ci.op., 

an a n a l y t i c a l  d iv is ion ,  an engineering de;relopmn'i d iv is j  o[i1 a:id a physics 

d iv i s ion .  The work c a r r i e d  out by these  divis icr is  may be out l ioed  a'; 

f O l l O i i S  : 

IvIedtcal Divtsion: - The medical staff had t he  responsib.'ilj.-ty f o r  

pre-employment, inter im,  and termination exmin.atj.ons , a.nd f o r  

general  p l an t  mc-d - i ca l  work assoc ia ted  li-ith the sp::ci.~.J. hazercis 

e x i s t i n g  i n  the  p l an t .  A l a rge  1Craction of t h i s  I.&Ler work in -  

volved carefu.1 c l i n i c a l  studjes t h a t  were imde i n  an attt.l:i:it t o  

d i t i o n s  of erriployees and the  phys icz l  conditions und? t *  which tllt.y 

work. 

Health Physics Section: l k e  h e a l t h  physics group, worktng i n  
w 

close coopera t ion  with the  medical group and under - t h e  super- 

v i s ion  of 'die Medical Director,  was concei-nci?, with the ~;i'nei-.,1J. 



p r e p r a t i o n  of mate r i a l  t o  be used in metabolism sI;~i.dies on I - o n ~ e r .  - 

expected to coniplete niost of its work on the ~ilo'i plan-i; 6~1iiori::t:';i.- 

t i o n  or the  lianford process by Octobcr 1, l $ h ! i ,  a n d  t h ~ 1 1  to 'UP 

t ransferred a l m o s t  in a boil? to Hanford. AfLer the t~~~, . i l~f : ' r  o+' 

in laying out a progra:i- of researcli 7.n t h e  ncv f i e1 .d~  of nuc lea r  
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water reactors and. possibly o-Lllers using hczbv,;vy wz,i;cr 01" enriched 

Physics Division: Ti~e Physi.cs Division at. C i i n i o r l  %abor.=,-(ioziiis -E:; 

concenied with research i n  pure physics and reac-to.?.- p l i y s i c s .  

-- 
I r i i t  1.- 

Detai lcd design s tud ie s  could 5e carr-led out by -the p:iysici-s-i-fs m d  

engineers t o  t he  poin t  viiere construction of designs could bc u.rid.er- 
.- 

taken. 





- 1.8 - 
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tha,t they could not be i n se r t ed  t o  stop t h e  ch.uin rcaction, a.:i al.terna,tc- 

set of control r o d s  were ins-tall-ed vert-iczlly i n  the t o p  of 'die rea 'ztor.  

Uudw nomial condikions, these rods would be held up, out of t h e  rncxc:LcJr, 

by electromegmts. 

the & c i s i o n  of -the operating personnel., t h e  clectro-mgnets  ccjlbj.l& 'oe 

In the  evciit of Ein e l e c t r i c a l  pnver f a i l u ~ ~  or ilp.on 
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r eac to r  
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... 

adjacent, c h e r a 2 c ~ l  processj ng pilot plant. biiiI.d-ir!.g. There a nlechunicrrl 

prccsssing operations could be started. 

The reac tor  s t ruc tu re  wac loaded. w i t h  apps-oxima.-'icly 35 tons of 

i-irmirun metal  and. placec'l i n  operation on 1:ovmbcr )I., 19S3, t h i s  t ~ c i n i :  

only a f e w  weeks l a t e r  than had been an-ticipated.  when Yne cc;i:;-Lmcki on 

work was first  begun. 

f o r  checking the perforrnance c h a r a c t e r i s t i c s  of the reactor, f'ul-1 p~ir,.ier 

operation was s t a r t e d .  i n  order t o  produce sv.f%iclient qu.antitrie,c of 

plutonium as rapidly as poss ib le .  

irradiated f u e l  was discharged from the reactor for use in the cliern-ical 

process, development and testing operations i n  t h e  p-iloi; pla.r..t. The 

first s i g n i f i c a n t  quantities of plu-l;oniun were scperated i n  purif icxi  

After a brief period of opesation at Iov power 

. .  

Bcginnl.ng i n  Dccenber, 1943, 



particu.lar1.y wi-th the fan bearings e 

the pi-oductiol~ schedule vas maintained and at 110 tine was b e h i n d  tk?;i.t 

originally esti.mated. 

I n  spite of these j uterruptions 
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l i a b l e  chemical scpnrat i  m s  process be developed ant1 t e s t e d  undcr p l a n t  

condi t ions.  

M ~ S  i r r a d i a t e d  i t  would contair, p l  dtonium, and i n  add I t ioc,  over one 

hundred o t h ~ r  radioact ive fissior- products which would 12.w t o  be removccl 

It was k n c m  tha5 a f t e r  t he  reac tor  f u e l  ( p ~ r c  uraniijm) 

by a chemical supara'cfon i n  order t o  obtain the  f i n a l  prociuct in t h e  

desircd form. €'rocesst.:i based on vo la t i l - i t y ,  absorption, S G I V P ~ L  ex-. 

t r a c t i o n  and p r e c i p i t a t i o a  were inves t iga ted  f o r  the sepsraijon and 

materj a l s ,  s c i e n t i s t s  often used co-prec ip i ta t ion  processes i n  iiihli ch 

a small quant i ty  of a radioect ive e lemen t  i s  precipitat-d ii;ith o 

By June, 19113, piutcnium separat ion processes tiad b c c ~  s i i f f i  c j  c ~ n t l y  
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Even iiii i.le cons t ruc t i sn  of t he  Clinton Laboratories p i l o t  p1z:q-i; vas i n  

procress  , equipnpi?t. c h a n ~ e s  i n  t he  pj.lot p1xi-L were frequen'i3.y nisde ~ 

Since the p3.o.n-t was inircniied for the  pu:*pose OC il.er;~o~!~ti-ai-iiig a.n6 ill!.. 

proving t h e  r e l i - e b i l i t y  of a procc:;s for tile liani'ord Engineer \loi-l<s 

all. refinements which cou.ld be dcve1.opt.d. t o  iniprove the process hiere 

included., i f  possible ,  fo r  t e s t i n s  i n  the  p i l o t  plen'c so  .tha.t  t h . ~  best; 

possi-ble process ~ ~ o u l d .  be used f o r  production opera-t.ioris at 5seford.  

Ac-Lu.al processins opem.tioiis i n  the piL.ot p lan t  s tar ted-  i n .  kcercbcr 

1-9';.3, using uranium i r r a d i a t e d  a t  the Washingtoii Unfversity (St a L;o~J.~s 

cycio'iron, because it contained snaller zrriounts of the hi&l .y  r a d i c a . c t i - w  

f i s s i o n  products and, therefore ,  w0u.l.d. lka.ve the eq7-i. -t 1ec.s :;e:c'loI>.iL~- 

contamimLed. wi th  rad ioac- t iv i ty  i n  case opera t iona l  dif'fic-ul.Lics XqCre 

encountered and r e p a i r s  ore modifica.-Lions became necessary. Froin these 

f i r s t  runs,  a few mil l lgrams of p x i - f i e d  p1utc:iiur;l vere yr?ps.rdd arid. 

shippi-d t o  the 14etallurgi.cal. Project  i n  Chicngo f o r  research u.ses Tile 

. t, shipment, !?as made 011 Decerilber 30,  19'43. 

Followl.ng t,liis, uranium irradia-Led a t  1oi.r parer i n  thc Clinton 

Laboratories r eac to r  was used, and s h o r t l y  t he rea f t e r ,  processing of' 

uranium i r r a d i a t e d  a t  f u l l  power i n  the Clinton r cac to r  was started.  

and plutonium shipicem-ts becme correspond.ingly l a rge r .  By the Cilil  of 

January l ? h ) ~ ,  the  chemical pi-lo-t plant was processing one-t2iir.d 'ion 

per day 0.i' i n -nd ia t cd  uranium f i - o m  t h e  reac'mr. Hy the f irs-t  of Psiarch 

l941+, several- E r a ? n s  ( s t i l l  l e s s  than  onc ouiicc 1 o f  plu- tor i iu l  1 ~ 6  been 

deltvc1.-ec?. 

Duyip ; ;  'i,llC st.iccccdtrig y 
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proTring grou-nd f o r  refinements indfcatcd by the  laboratory and pilot 

pl.ant research which was contiriiu.ed as par t  of‘ t h e  essentL:i.l T.:DT~~ at 

C l i n t o n  Lsbouator ie  s .  Vchab~Le ini”orr;nii;lon w a s  gai.ncd i n  operati.on 

techciyue, and. a t r a i n i n g  program m s  carried on f o r  key persornel- 

charged. with the respons i -b i - l i ty  of‘ s t a r t i n g  arid operati’rrg the Ilan.forcl 

Engiceer Works P1 sn-t . 
The f i n a l  t e s t s  performed on full plant scale f o r  the purpose o f  

developing and t e s t i n g  the process fo r  use at the  Hai-iford Emgi.neer 

Works were completed i r ?  August, 1944. 

test .s,  recommendations for the detailed process t o  be used a t  Hmford 

were su’omitted i n  a f o r r i d  report i n  September, 2-9144. 

desi.@ied t o  improvc $he over-all  e f f i c i ency  of plut,o;lium recovery 

were completed in I’ToveInber, 1944. R~conlm~rir~ations based cn thcse 

results were submi-Lted. t o  Hanford i n  a supplementary repor-t .  

Based on the r e s u l t s  of these 

-Further t es t s  

..... 

A t  the  conclusion of the  opernting period in Jenuary, 19‘1-5~ 

experienced persorinel c a r r i e d  ou t  a -thor.o@a proera.nz to rermvs r a d i o -  

active substances froiri a11 equipment before the  separat.ions plant was 

placed in standby cond-ition. 

Personnel. Training 
_I 

The un.ri.q.ie n a t u r e  oi‘ -the vario-us process for  production, sep?retion 

a n d  i.:;ola-Lion of’ plut.oi.iiur2, and. the fac-i; $hhczl; so fex ppzop1.e 1ia.d re6r:i~vcd 



Laboratories i n  order t o  p;ain expericnce before eventual t r w s f c z  to 

the Eanford Engineer Works. 
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Physics Res2arch and Development 

The major €unctions of the Phyzics DivisioLi a t  Clinton Laboratories 

were thrt:e: 

(a) Dcterinine t h e  opcratirig charazier is i ics  of thz G l i n t o i l  P-ilc 

and devise means f o r  iaproving  its operations.  

(b) Develop information esscrrtial. t o  the sa.fe an,? e Cfici ent 0pe.r- 

ati on of the Kanford water cooling arraagemnent . 
( e )  Supply certaS n t echn ica l  inforrp-?-t;ion as requested by Los A; w c s  

During the €irst  few months a f t e r  the s t a r t u p  o€ t hc  p i l e ,  a riuxhci- 

of‘ physical measurements were carried o u t  a t  loir poxrer l e v e l s  t o  d e t x -  

mine temperature s t ab i  2 . i  ty, e r n  t x o l  rod behavior, a n d  neuh-on d is t r ibu-  

t i o n  throughouL the  p i l e ,  as well as t o  ca l ib ra t e  t h e  varjovs p i i i e r  

measuring instruments i n  order tl-let rou.tine operatioce could procced 

without i n t e r rup t ion  I 

A large sec’iion of the proposed s h i e l d  foi- the Ilt?nfor;L Uri3.t i~irts 

insert;-(? in a spec ia l  openine in. the  top of -the coiicil.et;e s h i e l d  for- 

t h e  pu-!.pose of d.eterminii2.g the adeqc.acy of the p r o p s e d .  E m f o r d  shield. 

f ‘ ~ r  stopping the radiation t h a t  would be present  a t  the  higher o p ~ ~ > t - ‘  ci ,1n Q 

levels a 

f o r  reducinc t h e  in te r i s i ty  o€ all dang;er-ous radiation 1 ~ 1 1 .  belo.7 tiir 

to le rance  l eve l .  

rl”ne measurements Tndicated the  proposed shield io be a d e q u a t e  

A l ’ t c r  i ; l i ta  colnple tion of thc t t , s t  on t h c  nr3ecjuacy of the E~:mfor.cl 
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Chemistry Research and Devel.opment 

The major pa r t  of the Chemistry Dj.v%si.on’s e f f o r t  from i-Ls incep-bi-on 

i n  ’chc f a l l  of lgL13 t o  tie fail of‘ 191-4 was de-vo-tt.ci t o  the s-tx6.y of the 

bismu’ili phosp1ia:te separations process. The program w a s  ca.rrici! ou t  iii 

con junction wi-th the  Separations I)evelopmen-t Dj.vi siori which shared 

r e spons ib i l i t y  fo r  i t s  success. The goals were: 

(a) 7ne elaborat ion a:nd improvement of the b3,si.c pr0cessic.g 

procedure developed by the Mzt~allurgical Laboratory, by the study of 

t‘ne process. var iab les .  

(b )  ’ The est8’olishment of the  reproducib i lF ty  of th.? most favora.ble  

floirsheets t o  perrn7.t process precli-c{:ions concerning I l a r ~ f c r d  op‘i-a.i;ions 

( c )  Tiit: t e s t i n g  of  a l tx rna tc  flowsheets and reagznts f o r  sub- 

st:itution i n  t he  ever?’c of  diffi.cul.ty a t  IIanford. 

(d )  The increase of securi.Ly agi’iizst par t i .a l  f a i l u r e ,  by thc 

bas ic  sl;u.d.y of t n e  process from the  standpoint. of the  cheni.ce1. mecharisms 

i:i-rolved. 

Considerable improvement i n  the  e f f ic iency  of t n e  process ~ ~ n s  

achieved. Duri.ng the  course of t he  program, the decontam.iiiation fac-tor 

(by r.rliic’n the amour,t of the  undesirable radioact ive f-issi on products 
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depended upon the  data obtained from t h e  ld2oratury.  I"urther, the 

general  chemical proper-Lies denonstr.at.ed by th i s  work sv..ggess-ted o Vner 

and. b e t t e r  me l;hods fc;r i s o l a t i n g  p1utoniu.m. 3 ' inal ly ,  e f f ec t ive  exp lo i t a -  

t i o n  of t he  pecul ia r  nuclear proper t ies  of p1.uLoniu.m demanded. a f u l l  

understa.nding of  its chemistry. A nimber of immed-ia-Le problems at tacked 

included the study of  the su.it3bil.i by of various plu"i0n-ii.m coinpo~nds 

for  shipnent,, storage,  ease of d i sso lu t ion ,  bulk, p r i t y ,  and ease of 

preparat ion 

The preparat ion of radioact ive elements was assigned. t h e  Chemistry 

Division ori gi.nally f o r  the  purpcse of su.pp1yin.g t zace r s  f o r  ~ ~ u . ~ ~ I K ~ . L J J ? .  

separat ion process s tud ies .  Soon afterward, rad io%sotopes  procliiction 

developed in to  a nizjor service.  The demand. f o r  specia.1 radioisoJGopc 

p r q a r a t i o n s  f o r  research very- r ap id ly  exceed-ed the  capa3i l i t . ie  s ~f 

ordinary laboratory equipment. The first new bu.ild.Lxg t o  be conr,-Lruc'i,er.l 

at Clinton Laboratories, i n  a&dition to those original.3.y p,lanr,eci TOT 

t.he p i l o t  p lan t ,  was a "Rot Labrsntory" provtd5ng sl?i.eLd?d. cells i n  

which highly radioact ive mater ia l s  could be processed. %'he 30 t La.bo.ru- 

to ry  bui lding w a s  compl-eted am1 put, j.nto opera-Lion i n  March ly! ; l ; .  

A l m o s t  inmed-iately an addi t ion  was constru-cted t o  p r ~ ~ i d e  l a rge r  

processing a reas  w - i t h  th icker  s1-ii.elding so t2ia.t ~ti1.l-  grea te r  cquarit.it i es 

of radioisotopes could be pToCe:>:jed-. "lie n t l t l i  Lion 'GO t he  110 I; hboi : i tcry 

buil.dj.J?c was cuiis.l;ructed especially t o  Frovj.de :Faci l t t i ,cs  for. pro;iuc.i.ng 

cu.i'i.e q u s n t i t i e s  of a fission produc-l~ rad.ioisotopes, bar.ium 1-140, s h i . c l i  

was nec:ded- f o r  research and d.evel.oprwnt a t  Ins Ala.uios ., Methods am! 

j 'acll.itie s W C I Y ' ~  t h e n  ava:i.IzbI_c: for fi lI . . ir ig ~-i.qucs-t:; fo r  alrpo:;-i; :illy Of 

I.lii3 .ion{:; 1_:i-vcd f:i.r,s-ion p:oJ3-4ct:-i in mmiiri-Ls ap';)i:(~~(:i-iii~g t.ht: ctii:j c L(ivci.1 I 





... 

for iclenti.fying the xenori iso-tope produced i n  f i s s i o n  2.s the  ch-i.ef 

substmce 1 espon,;ible for decreasing the r e n c b i v i t y  o r  t l i t .  I-lanfoud 

reactor. 1"nc amounts of xenon produced by fi ssion, its 1-ai.c of t;mr th 

and deczy, and i t s  caprtciLy for absorbing pil-. neutrons mi.e d c ; t F , x i ? c  



! 
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In c o l l d i o r a t i o n  w i  t ia  tile €bys i c s  Division, i tnicst ig3t ions w r e  

m d e  t o  determine t he  adequacy of the : ;hielding rmte r i a l  xhich i ~ a s  t o  

be m e d  i n  the cons t ruc t ion  of the  Kani’ord reac tors .  For t h i s  purpose, 

provislcns had becn mde i n  the cons t ruc t ion  of t h e  Clinton reactor  

f o r  a l a rge  opening i n  t h e  t o p  through which could be placed var ious  

arrangements of the  sh i e ld ing  inater ia l .  The Kznforil s h i e l d  vas thor-  

oughly t e s t e d  and found t o  be q u i t e  adequate. 

Various other  naterials t o  be used i n  and about the ‘iIanL”ord 

r eec to r s  were subjected t o  the  conditions produced I n  the  pilot plant .  

The.necessary equipment vzs designed and installed i n  the  r eac to r  fo r  

studying the  e f f e c t s  of intsnse rad iz t ion  on the r a t e  of corrosion an 

Kanford water tubes and on f i l m  fo r ra t ion  within the tubes. In conQec- 

t i o n  with t h i s ,  determinations vere made of the  a c t i v i t y  which could 

be expected i n  t he  cooling water under the  Hanford oprz’ i ing  level. 

based on the r e s u l t s  z t  Clinton.  

of t h e  ex ten t  of a c t i v i t y  i n  t h e  cooling water r e s u l t i n g  from bare 

uranium slugs and % r a m  slugs with broken jackets, and the  development. 

Further work included the determinat ion 

of a method fo r  de t ec t ing  slcpys 

Consideration was given t o  

of f a i l u r e  of the aluminum caras 

the  Clinton reac tor .  The f i rs t  

which f a i l e d  while i n  the  r eac to r .  

t h e  haz.=rds which would arise i n  case 

on the uraniim slugs use6 fo r  charging 

slugs used i n  t‘ne p i l o t  plant were 

jacketed with light, 15-to 20-mi1, aluminum and scaled with a s t i t c h  

w e l d .  

s t r u c t u r e  w a s  150 C- 

jected t o  the  hea t  t e s t  given them before i n s e r t i o n  i n t o  -the r eac to r ,  

The maximum temperatinre s e t  f o r  +Anis type of slug i n  the  r e a c t o r  

Not only  d i d  m n y  of  these  jacke ts  f a i l  when sub- c1 

b u t  t h e  maximun allo-cable temperature was inadequate for  h iae l -  opera t ing  

l e v e l s .  After considerable  research was carried out, in cooperation 

P 



Since water was uscd- as the  coolant f o r  the Hani'ord productioxi 

reac tors ,  t he  s u s c e p t i b i l i t y  of  the  aluminum cans to corrosion mckr 

operating conditions was invzs t iga ted .  Through a spec ia l  experirrxltal  

channel constructed t o  s imulatc a Hanford tube, .,rater of' composition 

similar t o  t h a t  i n  the Columbia River 'was passed thro;l&h the  tube a i d  

the  c o r r o s i o ~ i  r a t e  of t h c  s lug  jacke ts  noted. Altk~oagli t he  r d i s t - i o n  

d i d  ai'fecl; corrosion s l i g h t l y ,  no unusual d i f i ' i cu l ty  w f t l r  s lug failures 

w a s  antLcLpated as a r e s u l t .  
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reso i t s  of thece vario-l-is chsi.i,o;es permitted rcac-tor opc:rnt-ion at a, pc)‘.~er. 

~.evcl. 0.i’ appv’ox-ime. te~y 11003 K’V, foi?:~. ’L inier; t t i s - :  o r i g i  I-:!,:- fies.tgL! p 

lev el. 

Provisions Irere mn~cle f o r  s t o r i n g  ’~iie i r r a d i a t z d  u-rz.;iTu.!li a T t m  the 

plu.toniurn had been recovered i n  t h e  p i l o t  p l a n t .  DE ura?iimfl vas s to red  

i n  l a r g e ,  un6ere:rouiid. tenlrs i n  order that i.t riij.gat be recovered 3,nd 

ri1ad.e am,ilabl-e for reuse a t  some later date. Tne Technical T)ivi:;:Loii 

w a s  charged with the r e spons ib i l i t y  of performing i”und.amenta1 resea.rcb 

a i d  engineering development work required. t o  develop a process whereby 

the uranium could be recovered. 

Radi.etion Frotr?cti_on and. Hazards Zval-ca’iion 
--.---- 

It was e a r l y  recoLqizec1 t1ia.L there  m u - l d  bs ser ious raG.?~atioz 

hazards assocTGt.eA with the  processirg of h r g c  y J a n t i t i e u  of radioacti7.e 

material-s, and also t h a t  t i le  nu-mn’ixr of personnel experienced i n  haiiciling 

ra.d-ioactrive materials was q u i t e  l h i t e d . .  mierefore, i-t was nr-.cessary 

to procmi-e qualified pi -sonnel  and conduct en :i.ntens ive t r a i n i y  

progi-am t o  prepare them -Lo cope with t h e  rnany problems whlch were an.+; i.cj.- 

p a i d .  ‘ h i s  a rea  of r e spons ib i l i t y  vas assigned t o  the Mc-dfcal D iv i s ion .  

ITie f i r s t  important function of‘ the Medical Divis-ion wzs to l end  

assistance i n  the  design OF most of the f a c i l i t i e s  a t  t l i c  pilol; pla.ni;. 

For each i n s t a l l a t i o n  it was necessary t o  i n-vestigate the  spzctinl hzzards  

i.nvolvcci mid to i ixorporake  in tlti- design sirff-j.cic_nt proi;@ct.ion l ‘ o ~  

p~rso~in. i : I .  ir: t h s  plnnl; 

ts iriclude a 1-a~p;c: f a c t o r  oC safe ty silicc: ccr-knin Y t d i a ’ I  i.on cI’.Cec-t=. 

I!L r ( ~  110 I, co,n;-)l.i. L L . ~  y i?.:iiL~i*s I-,oo;i, 

It was ~ s u ~ l l j ~  -r?c.ce:~sa.ry-, at th i.s tirile, 



were s to rcd  i n  un3icrgmund tanks. Special. research laboratories were 

constructed so that clicmical rcscarch could be car r ied  on by Tel-iiote 

con t ro l ,  and tfhc design and operation of t h i s  relnote cont ro l  rcscarch 

equipment marked a d e f i n i t e  technica l  arlvaace i n  coping with health 

hazards  . 
To provide ample pro tec t ion  t o  personnel, it wa,s necessz?’y t c  

develop and construct  spec ia l  types of instrmients  f o r  mezsu.ri:iE; i h c  

d i f f e r e n t  forms of rad ia t ion .  A s  soon. as opera t jons  s t a r t ed ,  a sem-ice 

i n t e r v a l s  th-roughou.t t h e  p lan t  at a l l  loca t icns  ~ ih i c l i  were frequently 

t o  car ry  on his person a siriall instrwuent of s p c i a d  design -to record 

the  amount of  r ad ia t ion  to which he had been exposed h i l t s  i n  the area. 

ZPnese iostruments were read d a i l y  and t h e  r e s u l t s  e v r l u - a t e d  by personnel.. 

trained. In  t h i s  pa r t i cu la r  f i e l d .  All personnol s*ibjccted to tlie 

hazards were given a ri @id physical  exam.’nztioii a t  frequent i n ’ d r T d  s 

with spec ia l  re rc>rcrlce t o  the symptorll:; vhicli cnc mielit cxpc’c t froin a i  

ovcr-exposure t o  radiation. Wantr;  cases f o ~ r l i i ~ d  i n  the pr”od‘uc t i  w i  





of tlne most important funct ions of the Bio!.og-y Division, ~ i n 6  t h i s  work 

was expmded t o  include -the prepnrat ion of s p e c i a l  rmJcerial.s for o Lb:-ir 

groups i n  Physics and Chemistry. 

Ha.diations which c a w e d  some concern were those whi ch weye su.;zp;:ci;ed. 

of be-ing present  i n  minute q u a n t i t i e s  but  coul.ci not be deCnc teC w i t h  

t he  instruments ava i lab le .  To inves t iga te  t h i s  possibi l  i t y ,  animxls 

personnel were exposed f o r  a maximum of 8 bows per day. Urldcr con.;tan'c 

observat Lori, and per iodic  s a c r i f i c e  and cxamination, it I o s  n o t  possiljlc> 

t o  de t ec t  2ny abnormdi t i e s  i n  the  animals. It was conclud-d ihzt i f  

any ur!knoirn r ad ia t ions  mix present, they  ~ 7 e n  c e r t a i n l y  TO t i_n sl-ifi icico !, 

quantitics to be harmful. 

I n  addi t ion,  it program w a s  u.ndsrtaken in which an i rmls  rrere c l lowed  
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t h a t  i n  almost all.  cnzes  j:L wzs possible t o  keep the e x p o s u ~ c  of per-. 

s cnnn l  wcll. belair the dmgei- level. 

various radi;- -Lions cause damage, a n d  thus alloxied a roore accxra Le esral- 

u s t ion  of the hazards t o  be expected and. 'ihe steps t o  b? t&en for the 

p r o t e c t i o n  of personnel both a t  -the pilo-1; pl.an'i. and t h e  Sanford  E i i ~ '  '1EL"CT 

Works. 

Brri.ef Sipnnary of Resul.ts Obtained Th~ci.~.g:i June 171+5 
_I__-- --_- 

a. A p i l o t  p lan t  was designed, constructed,  and successfu.l.1-y ~ p c i - -  

a t ed .  

b . A su:ff ic ient  quant i ty  of plutonium was prciiwed. and  cocccn-Lrztci! 

for the purpose of i n v e s t i p . t i n g  i t s  furLila n-tal clleixi.caL, 

physicnl, and me'ia1lu.i-gico.1. p roper t ies .  

c .  A dcpziidable separat icns  process f o r  use i n  the pilot plant 

and a.'i Hanrord w a s  developed and thorou.ghly t e s t ed .  

d.  Sufficlient personnel were t r a ined  in various phrses of pla,:it 

opera.tion t o  operate the p i l o t  plaixt successfully a n d  t o  fomi 

the operat ing nGcleus a t  the  Eianford Engineer Works. 

e .  The opzrating characteristics of the  graphite reactoi' were 

determined and me I;hoJs devised f o r  improvi.ng i.ts p:roduct,ior! 

of' plu.tooniun!. 

f. A method of recovtrring j+i%ially clep!l.etcii ur~i?.niimi lifidzl KLS 

in,cst:i c ; z l i . ~ d .  





By June , 19!!-5, a,lU thc jnitiu.1. c,?iJc:c Lives Ioi- which C l j  i l t  OD 'LO~OL.Z,-- ,  

t o r i e a  vas es tab l i shed  had been success€ul ly  acconyl ished,  a,nd the Univer- 

s i t y  or Chtcago, having €u l f i . l l ed  i t s  responsibiI.it;i.~.s a t  Clin-tDn 

Laboratories,  w i t h d . r e v  from i t s  operating r e s p o n s i b i l i t i e s .  The t4onsanto 

Chemical Company was select,ed as the  new operhting cont rac tor .  T l e  

cont rac t  negotiated. by t h e  Manhattan Engineering D i s t r i c t  wi'ih t he  

Monsmto Chemical Company f o r  operation of the Clinton Laborator i c s  

became e f f ec t ive  J u l y  1, 1945. 

Because of t h e  unique fac i l i ' i i es  f o r  pi.1-01; p l an t  and resex-cii 

work a t  Clinton Laboratories and a l s o  because the unusual. t a l e n t s  of  

the scieri-tifie. research team already working a-i; Clfnton Laboratories 

could. r,ot be dupl icated anydiere else a t  that time, the accorqlj.shmeii1; 

of the original- ob jec t ives  d id  not  mark the  end of operations a t  Clintoi: 

Laboratories as o r i g i n a l l y  expected. Instead., the research groups 

embarked on new p ro jec t s  o f  fvndamental  research and engineerin[; devel-op- 

m e n t  concerned, p r imr j . l y ,  wi th  reac tor  design. 

The t r a n s i t i o n  from war-time plutonj-um production, processing, 

deiwlopment, and l;e:jti.ng had begun i n  December, 19'-1h> when botii  the  

r eac to r  and the  c!lcmical_ pilo-t; pkdrits were changed over from pluI;oni.um 

p:ri)tiu.c:-t3.on opera-iions to experirncntal. use . During t h e  firs-t ina.li" of 

13'15 uridcr th;. Un-iv-ers-ity of Ck.cz.60, sciei-i-Lli.si;s at CI-inton 1eborraLor'i.es 

gave seriou.c, considera 'itoil t o  de t e -min ing  ~4ia.L w r e  t h e  most. hnpor't?r?i; 

aI i i1  ~ r * l i t J ~  r~i~:.;tcs.~:~:l~ 2 i l d  a?\rc!l~p;~ici~Jt e:.i;j , .r . i . t ic.s  '~ILz'L s!ii~u 7.d be ~ ~ Y S L I ? ~  

-i; co:li;r.lbl.!..i.o',l:: -LO ttie pe:.: .I'j ~ l . ( . l , ?  o C i 



for reac-tor design, were comidered i r f i p r  tait, and w r e  rcfl-ec t ed  l n  the 

p lans  for research  a n d  devel.opmsnt ac-tivi.ties t o  be unilestaken a-t Cl.in-Lon 

Laboratories. 

Reactor Deve loprwnt 

In particular , major effort wzs devott-d to research and d e w !  a i L ,  P T ~  

srork leading t o  the  design OZ 2 high f l u x  exp:.rirneiital. rcaut,or- and to 

larger scal e preparat ion o€ r d i  oisctopes €OT special uses rri tnin t: 

Manhattan Project,  as x e l L  as to basic  research in physics,  eh+ini s’xy, 

and biology. 

Under Konsanto , these progralns were mater ia l ly  ine-rczci-ii i n  Z C ~ , J C ’  a 

!?lie reactor developxcnt activities had been in. t i h t e d  latr. in  LC;jiic b y  

the diemists who proposed the construct ion of a 50-kv ho:nogcncou:; 

reactor, utilizing an aqueous fuel- so lu t ion  contai nj nc  5 kgs of uraf i ium 

enriched t o  12.5$ uranium 235, or containing 500 gram of plutmiurn,  

They visualized 1,his reactor u s  a rcsearcli t o o l  for the  pi-e~nr.tct.io~1 oi’ 

large quant j t i  c s  of radioactive t r a r c r s  and r a d i z t i w i  soLirces, S c r  

studies of chemical racljztion crCects a t  hfg’n p o ~ , c r  l e v c l s ,  and fo r  

thc  accumulation of‘ data m i  the operat i nli, chzr2ctcl- ic t  ics  ch(-lil (*dl 

stabili Ly, a n d  Gcricrr t l  feasjb i lj ty of Iiorm~,~2n~o1~:; i*c;;ctovs. IL TJLS 
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I ' L U X  of -the reac tor  wou.lc1. be u s e h l .  fLJr i r rad. ia t ing thorium j.n co~mec Lion 

wi'ill stuclics of  t pl-efis *.,.i.i;i on ,and e x t r a c t i o n  o-f ii.t'>~.nii>.i~i 233 

r n 11?c phyS;-iC i st:: :CTe Z 1 . s G  .ir,terc!::7ted j.n ' h e  hG;nogerieo:J.n re;;c.t;o?,, 

p a r t i c u l a r l y  as  a research f ' a c i l i t y  which would provide a high neu.i;rcn 

flux f o r  va.rious experimental uses.  The d e s i r a b i l i t y  of studying,, Oi- 

demonstrating, i f  possibl-e, t h e  process of breeding had been m;;.d.e esps-  

c i a l l y  attrac-Li-ve by the  recent  data ind ica t ing  t h a t  uranium 233 emi t t ed  

more neutrons f o r  each one absorbed than e i t h e r  1:raniin 235 o r  plutoi-iiur,i 

239; and the p1iysicist.s were quick t o  poilit ou t  the  possibi.l.ity of e s -  

tabl is l i ing 2 uranium 233- 'ilioriun breeding cycle which would c rea t e  ~ I O L ' E  

waniurn 233 froin the  thoriimi than vras consimed i n  the reac Lor. These 

potentiali 'Lies were very convincingly presented i n  Mo.Jeni'uer, 19Ih~+, i n  

a report e n t i t l e d ,  "Tile Case f o r  an Enriched P i l e " ,  (CF-1-111-11,-236). 

The power output of  such a breeder wi th  a three-yezr dovhl-ing tiriie 



- 45- 
a t  the  time indicated t h a t  under c e r t a i n  conditions,  it might be possible  

lar.ger each cycle unt iL the  r eac to r  was completely 0u.t or cciitml. 

Minimizing the  bubble probl-ern by operating a t  eieva Led t empra tu re  and 

pressure was not considered ser ious ly  fo r  two reascns e First, beryllium, 

aluminum, and lead  were the  only possible  t a n k  mater ia l s  with s u r f i c i e n t l y  

low neutron absorption c h a r a c t e r i s t i c s  t o  be use fu l  i n  a breeder reac tor .  

OP thesc metals, only lead  w a s  acceptable because of cor-rocion, and Lend 

i s  not s t rong enmgh t o  sus t a in  elevated temperatures and high pressures 

Second, there  had been e s s e n t i a l l y  no previous experience i n  hanrilirig 

highly radioact ive materials under pressure,  aud conseq&ently, the  idea 

of construct ing a completely new type of reac tor  -to operate under high 

pressure w a s  not  a t t r a c t i v e .  

Otter. major unsolved problem a t  t h e  end of 1945 iTt1.e those of 

corrosion, so lu t ion  s t a b i l i t y ,  and l a rge  ex te rna l  h o l d ~ p  of fiss?' ona3le 

mzterial. Bccausc 5% appeared t h a t  t he  solu.tion of t h r se  probl CP'S would 

requi re  extensive research and developnent without ass-Dance of w c c e s s ,  

it w a s  decided t o  r e tu rn  t o  the  e a r l i e r  idea of a heterogeneow reac tor  

proposed by phys ic i s t s  a t  the  Meta.l-lu~gica1 Laboratory. Therefore I 

e f f o r t  w a s  s h i f t e d  t o  a high flux heterogeneous reaxtor  for exyerirr,enial 

purposes, one of which m s  t o  be obtaining the a d d i i j  onal- i n P o r m t i o n  
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1xi1: j ng ~ , d i  ~ii.so'iopz:-r, zmi 1.ahl.e t o  users 0u.Lsjfd.e t h e  M~nlitl.tta.:-i Pro jecL, 

male u.nd-.r i;he r Th c c1-I j. p z :A, 

VZS one ~ i . l . l i -c l~ .~?Lc of cc~-bor? 14 which  we.^ SCi:l t LO tlie Ea.ri-Li3i-d. Free 

r nc?i o i so t, 31:~ d i.  st^ ib ti t i o n  1~7:  0 GI- a 111 ~ 

Skin and Czxcr .  Hospi-Lal i n  S t .  Louis, Ivlissourj.. A t  the same ~ ~ L I - E ~  

t h.e reactor dzv e lopm.en t and. r ad io  i sot ope pro d-uc t i on a c t  i v  ri t 3. e s wc T e 

expanding, €undzix:ental research was being parsued on ai: i nc-re:ising 

seal-e i n  nuclear physics, cheinistry of the  heavy e l  

chemistry, and biology; and. applied mcts.l.l-urgica1 resezrch wzs i n i - t i a ' k d  

on materials problems i n  reac tor  technology, 

On January 1, 1947, the newly fo rned Atomic Ener,yy Ccn~mi.ss3.cxL, 

crea-bed by -the Atomic Energy Ac-t of 191!6, took over t h e  r e spons ib i l i t y  

f o r  the  atomic energy pro@-a.mj i .ncluding the Clintoc Labomtor i e s .  I:$ 

i s  in te res%ing to  note that. during t h e  e:i,@it?en moiiths fro:n the  tir::e 

Molisanto Chei:ii.cal Compa,ny assu-r~d. the r e spons ib i l i t y  for ijperE-tion of 

dace Cl.ir?<;on T:ahoratories u n d e r  t he  Kanhattai: D-Lstrrict m t i l  the Atom i.c 

Energy Conmission F I ~ S  es tabl ished,  9O$ of  the research and. d.evelc 

effort a t  Clizton Laboratories was cen-tei-ed i n  the  Chemistry, Technical- 

, ?  



... 

done on tlie id~:u t i l ' i cs t ion  of raw erLr1;1i\ by fluou*cscc~li~:e specttvm 

of aqueous solutiom or their s a l t s .  R method of pi cparj-ng a c r y s t a l l i n e  

uranium t r i o x i d e  hydra Le was de terminecl, Tile reactions of' hc.ravLLcirL 

uranium compounds i n  alka.line solutions w r e  studied and rcpor'crd 

The bas ic  chemistry of' plutonium x.ras stud-ied a n d  results g i v i n g  thc 

stabili1;y o€ the valence states as a function of $1, sol.vt,ion c o n c ~ a t r 3 -  

t i o n ,  and other  ions present were determined. Qux i t i t a t ivc  m?thod:;  

f o r  the recovery o€ plutonium from laboratory wastes irere de Lerniilzed 

and pub i n  operat ion.  Methods for  the  recovery of p l u t o n i w  and 

uranium from aguems reactor €ueLs were i.nves t i p t c d  e Studies -.v;cre 

made of t he  compl-exes formed by pltdoniuin uic?cr various solvct io11 csnii i-  

tioas. 

S e m r  at i ons €3.0 c e s s e s 

The work on separa t ions  processes was d-ividcd betiacein the 

Technical and Chemistry Divisions. Three main clizsscc o f  sepalat ion 

have been studied: 

1. Separation, decontamination, and recovery of u r a x i u n  23:> 

from fission products. 
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The -I;heory or sol-vent cx-ti-actj 011 was extensively s.tur!i.ed and ex- 

tend e ci * T”iile e qui :I.j.br .i 71 in  COPIS t.:.!it s de <: a: t a n  +I n-i i cn f a c t o r s  > ancJ c th c r 

i”urid : i i ~  17 ’m!- da tu  >!e re de ’ic rini.nc d 10 I -  several. 0:: g:-lrl i. c so Iven’i s Tlic 

tlriloi-y of ion-exchange abso-rption processes,  u.sin.g resj-irs, was a%.so 

studied,  a i d  many constants  were determined. ’ Th\ e f f e c t  ‘of radiia- 

t i o n  on organic solvents  a n d  r e s i n s  w a s  stu.d-ied.. 

Solvent ex t r ac t ion  coluinns were designed-, cons trwcted., an.d. t e s t ed .  

Emnhasis vas placed on develop-ing continuous processing methods hut 

batch processes have a lso been developed. 

The separat ion processes were reco&zed as being of fu.n.damenis1. 

imp3:rt.mce t o  tne  operat ion of proposed exyeriliiental and prjinr p i l e s  

because of the value of the l a rge  quan t i t i e s  of enri.chcc? fissionable 

nmterinl  t h a t  mus t  be processed. e The pcj~ip-ary O ’ r j ~ S c - t i - v e s  were -to 

achiare  higii recavei-y and good decontajllination. The d.eve lopment a i d  

design work on the  sepsrs t iocs  processzs fo r  the experirneatal reactor. 

wzs zstim,;.,-l;ci? t:, 5c  6i$ coinplete i n  Jani.mry, 1747. 

Analyt ical  methods were dkveloped f o r  tize heavy elemen-ts en.countercd 

i n  t he  chemical. research and process development. Typical of these 

methods were those developed f o r  tile detec t ion  of (I) urani-urn and 

pl-i:.toniunl i n  ur ine ,  (2)  plutonium i n  K CO and K a  CO solii.tior)s2 a~ id  

(3) l0O-m.iI I.i.gi-ani concentrations of t~ior i imie 
2 3  2 3  



nuclei. The effect of a number of variables on the steady s t a t e  

pressure of gaseous products over pure water exposed to radiuti on w:~? 

s tudicd.  

Rezctor Cl?enlis-Lry 
I 

This work  as done primzri ly  on -the chemical proiilcms of homogeile- 

ous r eac to r  solutions. Inves t iga t ions  were rrla..de to dctermiae what 

compounds of uranimi and plwtoniurri were suitable f o r  aquzous Tucl 

so lu t ions  ".lie mechanism of gas formation ar?d reco,r;birintj DE was 

studted, as well as other physico-chmical  pro5lems of -the dissociatlm 

of cornpourids under i r r a d i a t i o n .  The r e s u l t s  of t h i s  work ind ica ted  t?iat 

many ss r ious  difficulties would be encountered i n  t'ne operat ion OS a 

high flxx honogeneous reactor.  

Reactor Physic:; 

Reactor physics included t h e  development of the nuclear da t a  needed 

by t h e  reacbor d e s i g n  groups. Two major i t e m  clainied a t t en t ion  in t211:; 

f i e l d :  cont ro l  s tud ies  and c r i t i c a l  exper i~f len ts~  C r i t i  c a l  s i z e  c:i.(:u1.8- 



T%e oretical-  and E q e  rlmen.ta1. x'uc 1.ear Physics 
__I__ --- 

A sens i t i ve  method of measuring x?eu%ron absorption cross-sect ions by 

tau-sing o s c i l l a t i o n s  of the reactoi- €lux vas developed, and 2 progrt-sm o r  

cross  sec t ion  measurements on elements ar,d separated isotopes vas s tar tcb.  

Tre prod.uction of photoneutrons by gcmna rays from N a 2 & >  Ga7*, 

and others ac-Ling on D20 w a s  measured. The range of t,hcm:al n e i i t r o r  

i n  wnLer froin a Ra - -- Be source i m s  measured, and frcln this ,  the actlvLty 

of t he  source wis determined. 

A crystal .  spectromet,er usj.gg sirig1.e or doub1.e c r y s t a l s  was devclc-ged-, 

cal.ib~at,ed, and used f o r  neutron d i f f r a c t i o n  and cross-sect ion measui-er;,ents 



High Flux Reactor 

The mgincer ing  deslgn am3 development of a hi& flir?: experir,iLxI,nl 

r eac to r  i m s  a major effort of Clinton Laboratories Somz consi r k L . x L 5  or1 

was gjven to a homogeaeons reactor., but L11i.s t y p e  was abandoned. A 

heterogencoss reactor 

cooling, was next s tudied a n d  developed t o  tlic point  OF p r e l i m i n m - y  

using heavy water moderator and l i g h t  wa, te r  

design. This design was mod.ified t o  use light ?.rater as modemtor and 

coolant arid beryllium as a reflector. 

design s tage i n  1946, appeared t o  be the f i n a l  choicc?, 

This reac-toi*, i n  the prcliliiinary 

Two coifi,orelzr-- 

work was estinated t o  be 515 complete by J a n u a r y ,  19117. 

The Power P i l e  Dtvision was formed i n  July, 1946, a.nd 173s mscic up 

almost wholly of engineers on loan  froin indv-stry (grad-u-ates of thc: 

Clinton Laboratories Training S c h m l )  Its pur.pose was t o  c l c j i ~ ~ ~ : ,  

construcl;, and operate a p i l e  t o  produce usefu l  p w c r ,  uy ing  t h c  tcL~~as 

and the  results of p r e l i i n j m r y  i n v c s t j  e s t iouo  nide at Argonnc: fTui,iorl;~l 

LaboraLory. Tlze eclucation of' the pi:rsonncl of the Dim- ,;i 071 -in th:i s n m  

C-icld took mrmh of t h e  t i m e  i n  the f i rs t  ImLiLhs. Th? f i r s i  prcl.ii:frlc ry 



rad ioac-Live compoiJ-nds io11 cxcharige i.n radioac-Live soiu.'iions, mi! 

daiJ@-ixr dcczy prodli.ilt i o n  for'rri:; Zn solu-!!,ion . Extens'F-re il0i-k bias done 

on t.he icien-Lifica'iTon of various Ti ~srio-i l  pi~xl i1~ ' i  a.ct,ivitTcs and t h e  dc LPJ--. 

minntion of t h e i r  decay chain. Elenier,t "43" 178s pro&u.ced in i.:eigI-i- 

able quanti-ties f o r  the f i r s t  tl irne,  and was isolated and studied.. The 

element ol", unknown in naturc, vas discovered. at Cllntol?_ Laboi-skoi-i.cs 

among t h e  radioactive f i s s l o n  products, was ident i i ' ied as t,he l?_e:retofoix 

"inissing" eI_emcnt , and was separated in weighable quant j - t les  It vas 

gi.ven t h e  name of prome'thliun, symbol Pm. 

1 1 /  

Phys ica l  f."2tal.l.urgy 

Meta1l.u-rgi c a l  dcvelopuient work vas undertaken i n  connecti.or v i . L ! i  

t he  preparation of' fuel a.ssemblieo for the experiraental. h igh  flux yL2.e e 

U r x i i  ~ : i ! ; - . ~ L l ~ n i i ? u m  a l l o y  f u e l  as s embli e 5 were i rLv~ s t i  ga t  et?- 

was also d.one on t h e  use of .tho-rriu.m and its elloys i.n p i l e  cor,%rol rods. 

Data on t'ne r e s u l t s  of t h i s  developmezitzl work :m.s iriclul?d in the  

experiment&]. high flux plile reports. Al:minm. ~ l l . 0 3 ; ~  werc tested 

f o r  x c t e r  corrosion r e s i s t ance  under conditlions sirmlat%ng reac to r  

operatir\_g conditions.  A separate Metallurgy Division w a s  f o r m d  in 

19 4-6 . 

S o ~ e  vQrk 



A t  t he  e n d  oi' ihe i r n r l s f u r  OS ato,nic energy activities fro11 the 

Manhabtan Dis!,r ict  t o  the  Atomic Energy Comnissjon on J m u w y  I-j 19h'7, 

serious plans wcre being made f o r  perinanent research faci1f.tj.e:; t o  be 

constructed a t  t h e  C l l i  nton Laboratories si'ie i n  place of t h e  teroportrry 

war-time bui ldings which had been in le rded  t o  last, only u . ~ t i l .  th? 

o r i g i n a l  ob j ec t ives  wcre accomplished. The n m e  of C l in tw!  L R L O J ' ~ ~  Lories 

was changed to Cllnton National Laboratory to r e f l e c t  t h e  ner7 st&Lu.s of 

t he  organization under the  Atomic Energy Commissicm. A t  %lie sa t ie  timc, 

consideration w a s  being given t o  the Zone; range research and. rleve2opitx:nt 

a c t i v i t i e s  t h a t  should reccj ve major. einpiiwis at Clinton ITationzl 

Laboratory and to the s t z e  an4 corapozitlcri of the  scientific staff 

required t o  car ry  out these programs. 

It W8.s reconmerided by t he  Iaboratory c t d r  Lh3t the h i ~ h  i l ~ x  

experinental  reactor developmerit pi-ogram and t k  power reac Lor contiw..- 

t o  be the Laboratory's  major a c t i v i t y  with s t rong ernplinsis being given 

t o  t h e  radioisotopes program anrl t o  fundanienia3. rese,wcli, par.ticu1arl.y 

i n  physj cs and chernlstry. During 1947, the research and dcvel o p w n t  

a c t i v i t i e s  did,  i n  f a c t ,  continue more 01- less a long  tllc Lines recom- 
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modcrztc:d, heavy wa'ier cooled en-richcd reoc-to.r c i c s i g ~ c d  f o r  o p e i d ~ j  on ai.. 

20,000 $34. Eo:<cver, inves t iga t ions  of t'iiis proposal l ed  t o  t he  conclusiocs 

t h a t  the  corrosion of the sta3.nless steel and aluniiritem p a r t s  of the system 

might introdace enoidgh i ron,  chrornium, nickel,  and almiinum -Lo cause 

deposi t ion of these mater ia l s  on the  hea t  t r a n s f e r  surfaces ,  and - h a t  

abcxL 1 5  tons of heavy water would be required for t h e  p i l e .  The l a r g e  

heavy water reqxirenicnt vas a particul.ar1.y seriou-s dra$rback, since t he  

national.. supply a t  t h a t  tlirnc was only s l i g h t l y  grea te r  thnn 1.5 tons.  

Thci-e 'i\~as a l s o  some qdestioii as t o  Lhe sz fe ty  0," the p i l e  n-t the 

20,000 IC4 polrer level ,  a1 thou.& it was unqu.es t i oaab l j  sa fe  a t  lower 

power l eve l s  such as those planned f o r  t h e  present. Argonlie National 

Laboratory CY-5 research react.or, which w a s  e s s e n t i a l l y  2 copy of t h i s  

firs-i; proposed high flux p i l e .  

The deciajon t ias  made t o  change t o  cooling with ordj.,iary water i n  

order t o  avoid the f i rs t  two drawbacks mentioned above. 

Second High F1.u Reactor Design 

In May, 1946, a f e a s i b i l i t y  repor t  (Mon N-108) 5rz.s. published t o  

descr ibe the  heavy t?ater moderated, light wa'ier cooled, enriched hetero- 

geneous i-eact,or to op-.rate a t  a power level of 30,000 a!,, The fuel. was 

aluniinuni. c lad U-AI. a l l o y  mode i n t o  thj.11, f la-t  p l a t e s  and rollec? i n  a 

spiral .  ins ide  a t:lo-.iilch al.uininurn tuhe, thrmgli  which a high veloc i ty  



t o  be b u i l t  vi.tkL its a t tendant  cltemical and rnetallurgical plants;, at 

Clinton National Laboratory. The pyoyoscd construction W ~ L S  to start on 

J u l y  1, 1946 a n d  t o  reach completion of a l l  f a c i l i t i e s  011 October 1, 194'i9 

with the reactor scheduled t o  start  operation on July 1, 194'7. The reac tor  

was des-igncd '* to  have t h e  highest  thermal neu.ti-on f lux obtai-nahl c wi.is; 

present  knowledge". 

secondarily as a f a c i l i t y  f o r  t h e  production of radioisotopes.  A t h i r d -  

It was intended pr imari ly  as  a research -tool and 
4 

object ive was t o  serve as a sort of pil-ut p l a n t  for breeder and cocverter 

reac tors  

Re-examination and evaluation of t h i s  proposed r eac to r  indixated. i h ~ t  

the amount or heavy water required for t h e  moderator, e ' e n  with l i g h t  

water cooling, was r a t h e r  large and r e su l t ed  i n  a large reac tor  volume. 

Since the fas t  neutron fl- .s  i s  proport ional  t o  power per u n i t  volume, 

5.t was decided that,  in order t o  ge t  a b e t t e r  fas t  neutroiz flux, the  

reac tor  vol-me should be reduced. 

Third Iiigh Flux Reactor Design 

In order to increase the fast neutron €lux azid a t  the same time 

maintain the  highest  possible  thermal neutron f l  LEY., i t  was decidc d t o  

elirninotc the licavy water, replacing i t  w?-l,h ordinary m tc , l ;  t o  fc,z'ol i - 

caie the fue l  elcmmts i n  thc  form of f l a t ,  alumiiium clad U-AI a l l 0 3  

t h e  t . , n i ' I ~ ~ i ~ r  of 
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volvmi= and a higher fas t  ric-u-Lron i'1u.x. E e r y l l i v i n  was chosen as a 

reflector a!a-i.erial because i t  a g a i n  gi.vcs a :;n;a?'I.~:r voll.J-rne th.nri k!cavy 

wetter? i t s  col-i-czion rcs:ir.tanl~ce i s  Zood, it i s  riot so susccptibl:: a s  

gra,phite -to r ad ia t ion  danzge, and, l i k e  heavd- T T a t e i . ,  it zupp l i e s  addi'Lion.- 

a1 neutrons by v i r t u e  of %le gamma-neutron reaction i n  which neutroiis are 

emi'cted by beryll ium under garnna i r radiat ioiz .  

Thus, i n  a r a the r  na tu ra l  series of changes, there  evolved, by the 

SUTnrner of 194-6, t h e  e s s e n t i a l  design of t h e  NCR - a design vhich w a s  

qu i te  sim"l.ar t o  t h e  o r i g i n a l  Metal lurgical  T,alsoratory U233 coriverter of 

1944. 

I,&;or;ztoqf, was felt t o  be j u s t i f i e d  02 the b a s t s  of thc fo l lcwlng  

object ives  : 

1.. 

This reac-tor, s t i l l  intended t o  be construc-Led a t  C l in ton  K a t i c x d  

To prodiice a slow neiltron flux equal t o  t h a t  recpirec? f o r  

large-scale  breeding and f o r  t h e  production of rriobile t h e m a 1  

power. This would allow t e s t i n g  of honogeneous reac tor  f1urid.s 

a t  cperatijlg conditions.  

To produce uranlium 233 a t  a s u f f i c i e n t  r a t e  t o  permit eval-cat-ion 

of' t h e  adv i sab i l i t y  of basing a l a rge  segxent o f  t he  atomic 

energy program on t h i s  isotope. 

To provide Cl-iiiton Nat.iona.1 Laboratory a?ld t h e  na-t?.cn with an 

experimental r eac to r  "second. t o  nom". 

was nearly ready t o  operate a t  this time.) 

To provide a fas- t  neutron fl.ux of magriit.v.de coapzrSble t o  tha t  

encoun-thcrcc! i n  a smnl.1. reac tor  i n  oi-i~er t o  test r a d <  a t i o n  d;cxi,~e 

effect,:;. 

2.  

3. 

(The Chalk Hiver reac tor  

4. 

'i:hc2s;c: T,,~C~I'C IIM joi- rno-Liv;t.t:i.oii:; - thi. I - e l a - t i v e  i i y ~ c r t a n c ~  o_f' 

shj. i ' tcd.  f r a n  t i i i i c  t o  time. I n  add.i?;I;.on, there wcre ce.r.-tzii.i se- 

Jus 1; j. Ti c i i) i: :: : 
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5. To provide an  alternate polonium so'clrce. 

6. TO p r o v r i i ~ ~  an isotopc pr-oduct~on murcc.  

These ob j cc t ives  wcre s u f f i c i e x t  t o  jus- t i ry  the  Manhattun Dis t r ic t .  ' s  

assigring t h e  Kellcx Corporation t o  work on the  reac tor  as desigg c m -  

t r ac to r ;  Monsanto Chemical Compary, t h e  contractor  f o r  operating Clinton 

Na.tiona.1 Laboratory, was to be the construct ion niamger . Throughout 

1947, desi& work continued a t  a substarr t ia l  rnte ,  al.though Kellex's 

ef fec t iveness  was soinewhat impaired by t h e  fact  that it had many other  

p ro jec t  r e s p o n s i b i l i t i e s  i n  addit2on t o  reac tor  design. Nevertbel-ess, 

it w a s  believed i n  t h e  fall o f  lg'r-7 t h a t  design was s u f f i c i e n t l y  advxxed 

that by t h e  end of t he  year, t h e  f i rs t  a c t u a l  cnns tmct ion  drawi:igs would 

be f in i shed .  I n  an t i c ipa t ion  of the  new reactor, a. water reservoi r ,  an 

e l e c t r i c  substat ion,  and a new ste.m p lan t  were built a t  Cl inton Nationa.1 

Labora-Lory. 

Long R a g e  Program Plans 

During 1947, t h e  Atomic Energy Comission, as well as t h e  C l ln ion  

Rat ional  L.tborat0r.y staff ,  gave ser ious  consideration t o  the p ernanent 

long-range programs t h a t  should bc pursued a t  various ins ta l -2rh ionF,  to 

the fnc i l l l t i e s  already avai lab le ,  t o  new fc i c i l i t i c s  that, rrovl-d hLxvc to b? 

constructed,  and t o  t he  most logical. d iv is ion  of  r e spons ib i l i t y  f o r  

research arid- devel opment acti vit ic : ;  :tinorig the Wn-tioml I l ~ L b o r ; ~ ~ t o ~ ~ l ~ : : ;  I so 

t h a t  duyLLcation oP efrort vould b~ avoiGcd ; a b  c;ch laboratory i iou l_d 



t o  maln'cain the  Cl.inioc Ita-tional Lc2Sjoratox-y as a s t rong  center  for bnc-ic 

re search , appI..i_ed chernT cal r e  s ear ch 

A s  a. part of t h e  Coml::j.ssi.on Is over-a3.1 plan, it W ~ S  intended. that - L h c  

Cl.in-Lon National Laboratory ' s e f f o r t s  on -the high f l u x  exper3mc-n-La.1- reactor 

and on t h e  pcn:er r eac to r  would be t r ans fe r r ed  t o  Argmne, and tlnat rcost of 

the t echn ica l  people who had been car ry ing  0iJ.t -these programs a t  Clinton 

National Laboratory would a l s o  be t r ans fe r r ed  t o  t he  Argonlie National. 

Laboratory. It w a s  expected t h a t  most of t h e  people would be transferred.  

from the  Technical amd Pover P i l e  Divisions, together  iri'ih o thers  from the  

Chernis.try', Physics, and Metallurgy Divisions. 

and i E o-L qx r odu-e-t i on 8 nd res e i r  ch . 

It w a s  recognized Vnat l o n g - r a g e  plams f o r  the Clinton Na,tional. 

Laboratory research programs i n  chemistry, physics,  biolopa hea l th  

physics, metallurgy-, and other  f i e l d s  had been developed on the  b a s i s  of 

Yne assumption t h a t  the  h i &  f 3 - u ~  experimental. reac tor  woul? be ccnsti.V-cted 

a t  the Cliiiton National Laboratory and would be ava i lab le  f o r  experimental 

use <hi t,h.s co~riparetively near fu ture .  T'ne change i n  plalis f'or the  high 

flux experimental r eac to r  necess i ta ted  a complete rev is ion  of  plans f o r  

future research and deveI.opment a c t i v i t i e s  a t  Clinton National Laboratory. 

The Atomic Energy Conmiission reqtlested t h a t  new plans be made on t h z  bzs i s  

of major efforLs devoted 'LO baslic research i n  the  f i e l d s  of physics, 

cliemistry, bioJ.ogy, hea l th  physics, meta.l lu.rW, aiid o-thcrs of d i r e c t  

tnteres t .Lo t4hc Atomic Energy Cormissj.on progran. The Cox ' ss-ion recom- 

mended -Yna:L these  I J I ? C ) ~ ~ . ' ~ E S  be plaiincd on t h e  b a s i s  of "continuing 5.ndefi- 

ni.tc1.y aid groi,r.rin;i; i n  sti-t?ii~t.h at a hezI.i-,hy rr:te". 

the progr;m rccolli:;ianded by i;ie Cornmission f o r  t;i?e Cllnto:? ?:&j.on.?l 

A second aspec:i; of 

t,O\.ic.trd t h e  solu.ti. CT 0.f' curi.c;rit p r ~ ~ t > l e l ~ j ~  i h L  verc v-it:*i .to tl-L: : I - L O I I I L C  
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energy operations It was t he  Comtriisaion's i n t en t ion  that, t h e  ClLnton 

energy ac t iv l - t i e s .  

A t i i t rd  aspect of' t h e  work a t  the Clint<on National Laborzitory wts that 

of rad-ioibotope production and. development; It was p lamed  that t h i s  work 

should contintlr: along t he  l i n e s  al-ready es tab l i shed  and should. 'oe expan6ed 

as rapidly as poss ib le  by the development of new methods of productior, ,  

the discovery of' nev and more useful isotopzs,  an& t he  progress i n  

f inding new mcthods for t h e r r  applicat-ion. 

I n  ac t i c ipa t ion  of th i s  f'undarnental change i n  t h e  program ca r r i ed  

out at t h e  Cltnton Wakional Laboratory, t h e  Kellex CorporatioE was 

requested by the At0mi .c  Ener,gy Commission i n  November, 19b7, t o  cease 

a l l  des i@ work on -the high fliix experiiriental reactor. 

Commission's decision to move the high flux eqcri inental  r eac to r  t o  t he  

When t k  

Argome National Laboratory was annozrnced, those  wYLo had be?:? 11 o rk,.ing 

on t h e  project at t;he Clbl.t;on IJatlonal Laboratory potnted OJL t h a t  f o r  

safety reasoi?s, they  would not  consider it advisable t o  locate  a reactor 

of 30,000 KN close t o  Chicago, 

T'ne f i r s t  meeting i ~ l - t h  the  Reaciar Safeguard Co?Lmi Ltee iT?S in 
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Atomic Energy Commission proceeded with i t s  plans f o r  esta,blishing a neh 

reac tor  test statio11 a t  some remote loca i ion .  

l ' he  Mn'ierials T e s t i ~ g  R e x  Lor ---- 

Work on t h e  h i &  f lux reac tor  vas continued by the  Laboratory, al-though 

the  r e spons ib i l i t y  for t h e  construction and operation of the reac tor  no 

longer r e s t ed  wi th  the  Laboratory. Actuall-y, s ince t'ne m a h  fea tures  of 

desi.gn were already f inished,  t he  major achievements of lgj-L8 hiere the  

exper5,riiental. v e r i f i c a t i o n  of design choices a,nd construct ion of  a f u i l -  

sca1.e mock-up of t h e  r eac to r  f o r  fur-ther t e s t i n g .  

There ensued, during 13'18, a series of conferences between the  

Laboratory and the  Atomic Energy Comission, culminating i n  a proposal 

t h a t  t h e  Cormission reconsider t he  s i t e  for t h e  high f l u x  reac tor .  The 

Laboratory proposed a s i t e  about 20 r i l e s  from Oak Ridge, provided the 

Safeguard Conmititee considered Oak Ridge i t s e l f  unsui table  as a s i t e  fox- 

t-he reector .  These conferences ended with a statement by t k e  Coiimi.ssion 

t h a t  t h e  high f l u x  reac tor  w a s  t o  be cocstructed a t  the  Arco, Idaho reactor  

t e s t i n g  s t a t ion .  

T'ne reac tor  t o  be constructed a t  Arc0 was given the  n a m  Ma-Lerials 

Testing Reactor (MTII) and was e s s e n t i a l l y  ident-ical with the  h igh  

f l u x  experimental reac tor  designed- a t  the Labora'iory. An PTR Steer ing 

Coiumittee vas organized i n  November, 19118, composed of representat ives  of 

Argnnnc and Clin-ton National T,abor3hory, and ~ r a s  gi veil t he  responsi.bl:.li t y  

for gcnera.1. d i r ec t ion  o f  t.h? project. The Lzbo-r.c,tory was gi.vcn spccif-i.c 

r,es-i~onsibil.ity foi- coii ipleiin~ Lhe f inal .  reac tor  design, rJhlle Argonne 

vc,:; rv:;~)cmi:;f~b3.~ for t h c  de::-i.Gn o:i" the  i-eacL01; 'owild-iiig ani1 



experimental_ reactor, the  Ato~liic Encrgg Co-mj ssion's decis ion t o  xovc: 

t h e  r eac to r  devcloprncnt to kgonnc  National Labora tory  and to corzstiuct 

the h?@ flux c x p e r i m n t 3 l  r eac to r  at another s i t e  required t h a t  tht-. 

e a t i r e  research and development program plarincd f o r  Clinton Kat5oxt::l 

Laboratory be reconsidered. Another f a c t o r  im-olvcd i n  the reoriccita - 

tion of the  research and devel-oyn~rit program TFG t k  ehzr,ge of opera t -  

ing cos t r ac to r s  on March 1, 1948, at vhich time CarbLde and Carhor: 

Ckeiticnls Conqpany assumeci t he  operating responsihi li t i cs .  4-'c the s~J.!,E 

time, the rime or tltc Laboratmy kas chmgcd to the 0:2: R i d g e  lTcitionaZ 

labor at or^^, Carbide was alrec?,il;r the opercltl r i~ ;  ccniractor fcjr t h e  

gaseous diff i is ion plarlt and: the clectl.ornngnz-t.ic pl.ant. i n  Oak Ridge, 

an& a,l.so had the adyragtage of i t s  s t rong  corporati-on backgrrxmd and. 

-to bc ma,jor a c t i v i t i e s  of' the Oak Ridgc ??at,-ion:ql T,nbor:,tory. 
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corple-Lely t o  Argonne 

Lab or at ory c on t i  nuzd 

National Laboratory, bu.t the O a k  Ridge 

Ls r e spons ib i l i t y  f o r  the  de t a i l ed  des 

of thc h igh  f lux experimenial reac tor  which c a m  t o  be kno:in 

N a t 5  onal 

gn and tes'iing 

under t he  

Atomric  Energy Comniission as %he Mzterials 'Testing Reactor. The fu l l .  scale  

mock-up that vas constructed a t  the  Oak Rid.ge National Labora-tory wzs used 

for tes'is of hydraul ic  and mechanical character.istA.cs of the r eac to r  core 

and controls  systems e Particul.ar a t ten- t ion wes devoted to  de t a i l ed  study 

of' t he  cooling water flow through the  reac tor  core, and some modificatiocs 

were made t o  improve the  f l o w  cha rac t e r i s t i c s .  

A s  an outgrovtli of its own origj-nal. 3-nterests and problens and i n  

line with the Atomic Energy Commission's broad object ives ,  t he  O s k  XPdge 

National Laboratory gradually developed a new program of research and 

development The progress t h a t  has been made, t h e  adva,nccmen-ts and 

contr ibut ions coming out o f  the  Laboratory's a c - t i v i t i e s  s ince 19!1& will 

be covered i n  some d e t a i l .  
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2013 

2063 
2069 

2500 

2506 

2 516 
2517 
3001 

301.9 

3026 c 

3550 

3022 

2005 

3026 D 

1000 

2008 

$ O r i g i n a l  Steam P l a n t  

Medical and Biol.ogica1 Building ( 1 1 0 ~  storage) 

Administration BuiI.rling (now O l 3 3 O F I )  

Cafeteria. (now OBSORT) 
P a t r o l  and Fire  1Ieadquarter.s 

Ins t m u ~  n t Shops 

Central  Stores  

Sa€ety Departmnt Offices 

Pile Building ( including Graphite Reactor) 

Separations Building 

Training School (now to1.n dorm) 

By-Pr-ocluct Process Building 2nd- Chemistry 
Separations Laboratory 

Chemistry Labor zt ory 

186,000 

157, o m  

LOli,000 

51, o m  
135,000 
122 , 000 
45,000 

3,4 8 5 , 009 

222 GO3 

681 030 
192 , 000 

4 23,000 
804>r)0’3 

Physics Lalmratory (nisi7 t o r n  doirn) 246, 000 

Dismantling C e l l  €or Power Reactor Development 

ExpcrimenLs 4T3 J 

Adminis t ra t ion B u i l d i n g  (n(m 1’ &, E Divis ion  Offices) 370,000 

Health Physi c s  Lots Le vel. I”ilis1-y~ .i s I,:ibor;~ tory 33,000 
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---- Orig ina l  Cos t  

OYO? Reservoi r 

0907 Inter im Lorr T,evel 3 ’ ~ c i l i t . y  

2000 

2001 Health Physics Laboratories 

2 5-19 New SteCm Plant  

3 503 

M e t  a l l u r  gf J,ah o rat. o T i e s 

H i g h  Radiation Level Chemical Laboratory 

1.950 (Transferred from Y-12) 

9213 C r i t i c a l i t y  Laboratoyy 

9201-3 

9 2 0 4 ~ 1  Heactor Experimental Engineering 

9704-1 Reactor Division OTPices 

Reactor Design and Engineer Development 

1951 

3007 

201 0 

2518 

2521 

3019 

302 5 
3074 

3500 
3sJ4 
3505 
3 508 
14 500N 

4 501 
7001 

‘(002 

’(500 

30 ? 9 -. 3 0 38 

301 0 

Health Physics Test BJi lding 

New Cafe ter ia  

Change House 

Sew age Treatment P lan t  

Bulk Shtelding Bui-lding 

Addition t o  Separations 13ui.lding 

Sol id  S t a t e s  Laboratory 

North Field. Ser-vice Shop 

I ns  t r m e n t  Lab o r  at ory 

Heal-th Physics Waste Research Laboratory 

Reactor Fuels Processing Plan t  

Chemical Technology Alpha Lzbora’iory 

Central  Research Building 

High Level Radiochemical Laboratory 

General Stored6 

Garage and U t i  l i - t y  Shopx 

Honio gene ous R e  act or  Expcr h e n  t Bui I-ding 

Rad.i.oi:;o-Lopf: h-ca 

$ 304,090 

1-30: ooo 
765; o x  
397,ooo 
912 000 

566 I ooo 

79, o m  
28!1,0c30 

1.3‘7; 000 
log 000 

30% > 000 

706 ooo 
873,000 

42 > 000 

&3 5,000 

204,000 

L87;OOO 

3 1.3 > ooo 

~,070,00o 

179 ; 000 
l.29> oco 
320, ocio 

4,g66,000 

2 , 8113, @%I 
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Year Bldg . 
- Completed No. T i t  l e  Original  Cost 

195.1. (Transferred from Y-12) 

9201-2 Thermonuclear. $ 2,5k2,000 

9204 - 3 Eloctronuclcar 3,479,000 
9711-4 Technical L i t r a ry  - Ecology Laboratory 278 , 000 

9731. S tab le  Isotope Separations 968 , 000 

9734 137,000 
9735 Mass Spectrometer Laboratory 160,000 

S pe c t r o  s copy Res car ch Lab o r  at ory 

9766 Ceramic Laboratory - Photographic Laboratories 23'7,000 

19 52 

3005 
3017 
3592 

5500 
7503 

19 53 

LITR ( fncluding Reactor) 

Reactor School Laboratory 

Unit Operations V o l a t i l i t y  Laboratory 

High Voltage Laboratory 

Reactor Experiments Builciing (ARE) 

7012 Central  Machine Shop 344,000 

7702 Tower Shielding Facility ( inc luding  TSR-1) 1,672,000 

2523 Decontaminat ion  Laundry 

3027 Source ar~d Special Materials  Vault 

301~11. Specia l  Materials Machine Shop 

2024 Metnllurgy Laboratory h n c x  

302 5 A d d j - t i  on t o  SoLid S t a t e s  Lrtbora'iory 

30.19 I E i ~ l i  l iudiation Level A r m l y t i c i l  F o c i l i  L y  

70, ooo 
1'7, OGG 

68 , 000 

95,000 

622,000 

285,000 
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Year. Rldg . 
Completed No. - -  

I? 58 

T i t l e  O r i  g i n a l  Cos t 

3011 2 OH1l ( incl  ~d Ing  Reactor) $ 4,CQ7~,000 
3 517 Fiss ion  I'rodu ct Dcvelopmen L Lab ora tory  1&16,0CO 

4507 High Radiation Level Chemical Development 
Lab ora tory  281, o m  

1959 

2528 

7018 Salvage Yard F a c i l i t y  

Low Level Waste P i l o t  P lan t  

31-03 
Coo1ing~Towe.i- Increase  i n  ORR power t o  30 Mw 

84, COO 

65, coo 

3010 BSF II ( r e a c t o r )  lob,  COC 

7702 TSR 11 ( r e a c t o r  577, ooc 
b50011 

3 500 Addition t o  Instrument Laboratory 

4500N - Wing 5 - Administration 

9207 Biology Additions I 

Mammalian Radiation In ju ry  and. Pro tec t ion  Fa.cri 1.i Ly 523, OOC 

2621 Tool Stores 67,000 

3104 Reactor Services  Field Shop 94 00:: 
9204 - 3 Expansion of Stable I so tope  Produc-Lion F a c i l i  Lies 

Chern i  c a1 Protec t ion  and Tmmuno gene ti c s Lab ora tory 

846,ooc 

170 , ooc 
9207 Biolom Addi-Lions 
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% Year B l d g  a 

Completed No. 

3047 
3525 High Radiation Level Exaixina,tion Laboratory 

Add-ition t o  
Bldg.'55OO 10 Mev Tandem Van de G r a a f f  Accelerator 

6000 

Radioisotope neve lopment Labor a t  ory 

( inc luding  acce lera tor )  

O a k  Ridge R e l a t i v i s t i c  Isochronous Cyclotron 
( including cyclotron)  

7710 Health Physics Iiesearch Reactor 

Biology Altditions 
.170g1 
9207 Cell Physiology Laboratory 

9210 Marnmali  an Genetics Lab or a t  ory 

Original. C o s t  

1, '189, OCO 
4,202,000 

2,400,000 

3 2 718 2 000 

1,409 OD0 

500, ooo 
757,000 
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Fig. 1 X - 1 0  SITT AS I T  WAS I N  1942 

The s i t e  selected for the Plutonium Pi lot  Plant w a s  a remote farm area which i s  shown i n  t h i s  photograph prior t o  the 
s tar t  of construction. Bethel Valley Road i n  the lower part of the picture i s  located i n  approximately the same 
place today. 
it appears twenty years la te r .  The farm road i n  the upper right portion of the photograph became the central avenue 
of the Laboratory and the Graphite Reactor w a s  located i n  the area appearing as a freshly plowed f i e ld  upper right.  

The grove on t o p  of the h i l l  i n  front o f  Building 4500 can be seen a t  l e f t  i n  the photograph much as 



fig. 2 STAIiT OF CONSTRUCTION - MARCH 1, 1943 
Construction warehouses, shops and o f f i ces  were erected quickly t o  provide materials 
and f a c i l i t i e s  f o r  a rapidly expanding construction work force. 
rough access road has been graded through the open f i e l d ,  which often became a sea 
of mud i n  the  spring ra ins .  

Note tha t  only a 



Y 

Fig. 3 SITE OF CLINTON LABORATORIES ON APRIL 15,  1943 

This is ten weeks after the start of construction. 
with production and research facilities on the right, administrative and service buildings on the left .  

The road through the center will almost divide the plant site in hal f ,  
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Fig. 5 FOUNDATIONS FOR THE CHEMICAL PILOT PLANT 

The forms for heavy concrete  foundations and sh ie ld ing  a r e  being erec ted  i n  May 1943. 
Note t h a t  t h e  excavation extends t o  t h e  Graphite Reactor s i te .  An underground cana l  
provided water s h i e l d i n g  for highly  r ad ioac t ive  f u e l  t o  be moved from t he  r e a c t o r  t o  
t h e  d i s s o l v e r  c e l l  where chemical processing began. 
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I 
Fig. 6 THE STEAM PLANT 

This bu i ld ing ,  t h e  Graphi te  Reactor Bui ld ing  and t h e  Chemical P i l o t  P l a n t  were t h e  
only ones not of wood cons t ruc t ion .  
was o r i g i n a l l y  expected t o  be completed and c losed  after Hanford product ion ope ra t ions  
were progress ing  smoothly. 

The Clinton Labora tor ies  p i l o t  p l a n t  ope ra t ion  



Fig. 7 STATUS OF CUIVTON LABORATQRIES CONSTRUCTION ON JUNE 27, 1943 

The large building with the  smoke s tack is  the steam plant .  
shops u n t i l  addi t iona l  buildings could be completed. 
are complete and can be seen in the background to the left of the steam plant.  

Note t h e  t e n t s  used f o r  storage and for  construction 
The Health Division Building and some of the shop buildings 
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The b ~ l d i n g  w a s  complete a t  the time of t h i s  photograph, June 27, 1943. The 4-inch square graphite bars were 
machined here t o  m a k e  t he  24-foot cube tha t  served as moderator and re f lec tor  f o r  the reactor.  Uranium fuel  slugs 
were loaded i n  horizontal  holes through the  graphite cube. The forms f o r  pouring concrete foundations of the 
reactor building are  in the right foreground. 



/ 
/ 

Fig. 10 UNDERGROUND TANKS FOR THE STORAGE OF RADIOACTIVE W A S T E S  

The tanks were nearing completion i n  July, 1943. 
were constructed i n  a tank farm jus t  west of the  Chemistry Building, and southward 
down the  h i l l  from the  Chemical P i lo t  Plant. The forms for pouring the  concrete 
shield f o r  the reactor  can be seen i n  the  l e f t  background. 

Six  of these 150,000-gallon tanks 
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Fig. 11 AERIAL VIEW OF THE RESEARCH AND PRODUCTION AREA, A'JGUST 31, 1943 

c 

The Chemistry Building i s  i n  the  center; t o  the  l e f t  a r e  the radioactive waste 
storage tanks; and a t  the upper l e f t  corner i s  the reactor  building. A t  lower 
r igh t  can be seen two retent ion ponds fo r  holding radioactive waste tha t  might 
leak from the  underground tanks. 
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Fig. 12 VIEM OF FWiCTOR BUILDING AND CHEMICAL FTWT PLANT ON AUGUST 31, 1943 

The concrete shielding f o r  the radioactive materials processing c e l l s  of the p i l o t  
plant  can be seen t o  the  l e f t  of the reactor building. 
indicate  the  locations and sizes of individual ce l l s .  
cooling air  through the  reactor  i s  a t  t he  base of the  stack on the r igh t .  
graphite machine shop i s  i n  the  foreground. 

The openings i n  the top 
The fan house for  drawing 

The Physics Building i s  t o  t h e  l e f t  
The 

- 

of the water tank. 
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Fig.  13 TI33 REACTOR BUILDING ON OCTOBER 11, 1943 

Construction work had proceeded on a 24-hours-a-day basis i n  
order t o  ge t  the  r e a c t o r  i n  operat ion as soon as possible .  
Operation started about three weeks after t h i s  photograph w a s  
made . 





Fig. 1 5  REACTOR BUILDING AND CHEMTCAL PILMT PLANT ON MARCH 10, 1944 

The machine shop i n  the  foreground had, by t h i s  time, been converted t o  a "hot 
shop" f o r  doing work on uranium fuel slugs and other  hazardous materials.  
the  r i g h t  of t he  shop i s  the  t a l l  water demineralizer building. 
B u i l d i n g  is i n  the far background. 

To 
The Physics 
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Fig. 16 FUEL-LOADING FACE OF TKE GRAPHITE REACTOR 

This photograph shows the  reactor  as it w%s a t  the time of  s tar tup i n  ITuvernber, 
1943. 
rnanually i n t o  the  holes on the  f ront  of the  reactor  and pushed i n t o  t h e  I ' U C ~  

hannel;  i n  the graphite cube. 

The elevator,  shown near floor l eve l ,  permits new fuel ;lugs t o  be ic;FrteJ 

The reactor  control roon is lo -a ted  on the a z i 1 ~ ~ 1 ~ ~ .  



Fig. 17 OPERATING GALLERY OF THE PILOT PLANT 

Here were located all the instruments and controls for  remote operation of the chemical processing equipment 
which was contained in cells completely surrounded by 5-foot-thick concrete walls. 

/ 
J' 
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Fig. 18 TKE HOT LABORATORY BUILDING 

This special facility was constructed early in 1944 to provide 
shielded work areas which would permit the chemists to utilize 
large quantities of radioactive materials in their research. 
The building, located just across the road north of the Chem- 
istry Building, had just been completed when this picture was 
taken on March 13, 1944. 
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Fig. 19 WHITE OAK CREEK DAM 

The White O a k  Creek carries drainage from the Clinton Laboratories 
site. 
provide a means of holding up radioactive materials that m i g h t  
escape in the event of an accident at the plant. 
through the dam was routinely monitored to detect any radioactivity 
that might be escaping. 

The dam was constructed in 1943 about a mile downstream to 

Water passing 
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M g .  23 CLINTON LABORATORIES SITE IN 1947 

An "H" shaped frame building had been dismantled at  K-25 and re-erected a t  the west end of the Clinton Laboratories 
s i t e  t o  provide additional office and administrative areas. I n  th i s  photograph clearing and grading of the grourae 
around the building are s t i l l  i n  progress. 
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Fig. 24 

I n  anticipation of construction of a H i g h  Flux Research Reactor a t  the X-10 s i t e  a new steam plant had been 
constructed - the first permanent masonry building a t  the Laboratory si te.  
l a te r  housed the Metallurgy and Health Fhysics Divisions are nearly completed i n  the right foreground. The 
road i n  the l e f t  corner of the picture leads t o  a new reservoir also constructed i n  anticipation of the ln-  
creased capacity required for  a High F l u  Research Reactor. 
erected near Building 1000 when the original steam plant could not meet the load imposed by heating require- 
ments. 

W O R A T O R Y  SITE I N  1948 

Note that  the quonset huts which 

Note the temporary steam plant which had been 

It i s  also interesting t o  note that  even i n  1948 there were no paved roads i n  the Laboratory site. 
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fig. 25 LABORATORY SITE IN 1948 

The new steam plant i n  the center i s  not quite completed. 
ends of the L3boratory area. 
ment building can be seen behind the Sett l ing Basin, south of the old Chemistry Building. 

Note the temporary steam plants a t  the East and West 
A new chemical processing develop- The new reservoir can be seen a t  upper right. 
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I?&. 26 CONSTRUCTION IN 1950 

By the summer of 1952 the Central Research Laboratory Building 4500 and the Radiochemical Laboratory Building 4 5 0 1  
were nearing completion. The new Instrument Laboratory Building 3500 had been completed, as had the buildings 
of the Radioisotopes Area. 
near the West end of Central Street .  
Metal Recovery Plant  is under construction in the Tanb Farm area. 

The new cafeteria w a s  finished and a new, permanent Change House had been constructed 
The The LITR and Bulk Shielding Reactor buildings have been completed. 
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Fig. 27 LABORATORY SITE IN 1950 

Note how "permanentization" has changed the Pilot Plant Building 3019. 
has been completed, south of the Graphite Reactor. 
has been completed, south of the Health Physics quonset-type building. 

The Solid State Laboratory Building 3025 
The new Health Physics Calibration Laboratory Building 2007 
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Fig. 29 CONSTRUCTION HEAIQUAETERS, 7000 Area 

The J. A. Jones Construction Company, contractor f o r  the 4500 and 4501 Buildings established a shops and head- 
quarters area east  of the Laboratory s i t e .  
turned over t o  the Laboratory in 1951. 

After completion of construction activit ies,  these buildings were 
Note the old farm buildings s t i l l  in existence. 
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plan, t he  Oak Ridge Nat iona l  Laboratory vas conceived to be a cfinter. 

. w i t h  c-rnpYiasis upon indus i ; r ia l  a p p l i c a t i o n s .  

in physics, biology, and metallurgy and for the  produc t ion  and p7u*oces.~i.nr; L> 



Ttie m3.jor fiel3.s of' research et CWJZ in 1.9'18, i ~ r e  w1.1 es 

j.n accoriiancc > r i . L l i  Lhc plans of' the  Atomic Enerp,.y Cor:vni.ssio?-i an& w i t h  

the special. qur,l.if ica.t;ions of' the  Laboratwry froiii the s-Landpoint of 

bui ldings ec~u<pnlcnt, and experienced s c i e n t i i ^ i c  pzrsgnnel M a  jclr 

ernph3.si.s d1iri.E.g World War I1 had been placed u:pnn thc cie-veLopment o f  

a chcirilcal process fo r  use ai; the  Iianford plu-Lon<uni production_ plant 

and upoil demonstrating i t s  successful opeyat ion  oil a pilo-t--pl .ant sca le ,  

For t h i s  ' purpose the  graphite r eac to r  had beer! bull'; t o  p ro~ iuze  sl .?di 

amounts of p71.ito:niiim mid. serve other research needs, a chcrnicd p i i c t  

p l an t  had been b u i l t  a.nd operated for tlie de~~e lopnen t  and - t e s t i n g  

of chemtcal processes,  and programs of fundaniental. research i n  physics 

afid chemistry had been es tab l i shed  t o  uid.  i n  the so lu t ion  or difs?i .cii . l- t  

problem that 2rose k r j . n g  the  w a r  y e a r s ,  t he  need f o r  fundariziitoal 

5~nTornxkion j.n oi;hc.r fields became apparent as the  bas i c  prob1.em.s in- 

herent  in atonic energy opera-tions were learned from expzi:lence. For 

example: fai I-ures of ura.rrj.uun f u e l  pieces  emphasized the need for 

metallurgical research on reac tor  fuel- elements and other reac tor  

co:rtpoaents; as t h e  high i n t , e n s i t i e s  of radiatrion associa- led xit'il 

r enc tors  and radioact ive rnateria1.s were encountered vi'L?i incrcasj .ng 

frequency, the noed .  f o r  i n ro r rmt i  011 r e l . a t ing  to radia-Lion cxp3s~u:e 

and :i.'Ls ei'fcci;::. beca! 

a n t 1  ::J c : l ~ i > d s d .  t:i t l i  sccr'ccy tl j : i t  i.L  as n o t  'L: :u~LL i i i  the ~ : n i ~ z . . ~ - s . i .  t j  e:: ~ 

2'0 1:lpct k , l , L \ S C  liCc;"'" i i  .1, OItKl, 11 

blLOloi .3 ,  a1ld 8 t r~~ j . i i i i i g  ~ ~ c I ~ ; Y L ~ [ ! L .  



major -wartj.me e f f o r t s  ir, cliemi.cs1 and chemi ea1 engineer ing  research and. 

d.evelopnier:t, t he  b.lmra.Lory wzs designated by the A X  as center for 

ttlf s e a c t i v i t i e s  and.  f o r  isotcpe pz-ocluction which 21-d 7-.sen esi’iered. 

into to meet research needs of a t o x i c  energy ins ta l la t lozs  &,wing the 

war . 



I n  13[!8, the  Oak Ridge National Laboratory ' s reac-tor devel-op- 

ment e f f o r t s  were concentrated. e n t i r e l y  upon t h e  des i rp  of the  

Materricil-s Test ing Reactor (BUR) which was t o  be constructed a t  

t h e  new National Reactor Test ing S t a t i o n  i n  Idaho. A t  t h i s  time 

i n  19118, ORNL had no r eac to r  of i t s  own, nor plans f o r  any, other  

than the  o r i g i n a l  graphi te  reac tor .  A s  a p a r t  of t he  MI'R develop- 

ment 3r.d. design program, a f u l l - s c a l e  mock-up of the reac-tor. tank 

and. major core components w a s  constructed a t  ORNL f o r  the per- 

f o r m n c e  of hydraul ic  t e s t s  t o  assure  t h a t  t he  design provided 

adequa.te cooling for t he  reac tor  core.  Since t'ne bWR w a s  d-esigned 

t o  be the  highest; perf'ormance reac tor  t o  date ,  it w a s  p a r t i c u l a r l y  

important Ynat the cooling system be designed t o  avoid "hot spo t s "  

i n  which inadequate cooling niight allow the  high po:?ei- dens i ty  

t o  melt the  fue l .  \!hen hydraul ic  experiments had bezn compl.eted 

and had d-ernonstrated the adequecy of' the  design, ORNI, had a fu1.1.- 

sca le  mock-up of t h e  MTR with a cooling sys ten  and. a l l  the bas ic  

fea tures  necessary .Cor an operat ing reactor.. 

The Laboratory obtained. A E C  author iza t ton  t o  perforin c r i  t i c a l  

experimmts i n  the  bfTR mock-up t o  check out the nuclear cha rac t e r i s  - 

t i c s  of' the  neT; reactor des:i_e;n. A small Rniount of beryll ium T J R O  in- 

s-ttillct3 -Lo si.:-ml.a.t.c t he  beryll iuiri  ve-f lcctor  of the Itn'R, and €Cue1 

3 l - i ~ ' ~  ani? a. simplii5e?i con-trol syst,eni vc re  provided fo:,. t he  

c i*-I t :i c: : i  I~ e?;;! )e J- T L ; ~  ri t. s . T h e  c i.:i.t, i c i i  L c xc e ~ 5 m c .  r it s cl e mans 1,i.a-t cd t h a t  thc 





pool of i ra ter  which provided shielding,  cooling and nioc1eratio:i fc;r k l ~ e  

neutrons. Because of t h e  pool in which it opera-tes, t h e  reac tor  was 

popularly lmown as t h e  "si.ri:r.n_ni.ng pool'' reac tor  from its enrli .est  d a y s  . 
A swinxiiiag pool  r eac to r  vas constructed at ORKL i n  1950, pr i -a r i ly  f o r  

Laboratory research a c t i v i t i e s ,  bu.t, almost as  importaci., also Tor thc 

u n i v e r s i t i e s  could use i n  their nu.cl.ear educati.on progrnms a This vas 

t'rre t h i r d  r eac to r  t o  be constructed a.k OBNL. The same blue g l . 0 ~  around. 

t h e  fu.el, first seen i n  the  I J T R ,  cafi a l s o  be seen during operatiofi  o€ 

immediately used t o  study, i n  bulk, various ma.terials fo r  use i.n i i n -  

proved rall iation shiel-ds The  r eac to r  therefore  becam krioxrn o f f i  c- ia l ly  

as t h e  Bulk Shteldjng Rekctor. 

The basic d-esign devel oped a t  OHNL for .the high performance 

Ma'mrials Testing Reactor has proved, i n  actual. operat-ion of t h c  

KTR, t he  L T T R ,  and ttic Ru1-k ShieMii ig  Recctor  -Lo be very f?_exi-- 

b l c  and to possess numerous advantaZes ORNT, has continucd 



r e  n t  6 . 
A continuing pt-ograii a t  OKNL has been pursued. not; 0nl.y to irnprove 

-t;his reac4- a r  type,  bot.h in LitLlity and safe ty  o r  opzra t ion ,  but a l s o  

t o  f a c i l i t a t e  t'riz design of similar reactors . .  An. example of the i.m-. 

prowments is the deveI.opmeilt of b e t t e r  control- r0d . s  and mechsnisms 

for their msnip2a-Lion. As a, r e s u i t ,  it w a s  possible t o  increase the 

approved operat ing power level fo r  the  03NL swim1:in.g pool- reactor !?rorn 

the o s i g i n a l  LO kw t o  1000 kw. The h i a e r  power rmde necessary a. 

s p e c k 1  scheme t o  disperse the  rad ioac t ive  cooling water rising from 

the reac tor ,  and m t e r  j e t s  were designed and i n s t a l l e d  f o r  t h i s  

purpose a Tne r eac to r  inrprovement progxm a l s o  inclutled devz lopmnt  



TSF Reactor 

Tne Tower Shield-ing F a c i l i t y  was developed f o r  shieldj.ng research 

a t  O R E - .  It incorporates a reac tor  of modified NlTR deni.gn, d.eveloped 

f o r  this spec i f i c  appl ica t ion  a t  ORlVL. Cons-ti-uc.tr.d i.n. 1953 the 

reac tor  i s  comp1eteI.y enclosed i n  a sphe r i ca l  coEta.inzr and i s  SIJS- 

pended on cables between 300-foot towers so t h a t  it ca.n be r a i sed  

from ground level t o  near ly  the f u l l  he:i.ght of the tower.. It i s  a 

t r i b u t e  t o  the designers of the reac-tor t h a t  it has operated a t  P u l l  

design levels very s a t i s f a c t o r i l y  i n  every respect  even though the  

reactor  i s  suspended i n  mlidair and i s  control led from a cij:itrol rocrl 

a considerable dis tance array. Si.nce the reac tor  was const ixcted for 

use i n  shieldi.ng s tudies  r e l a t e d  to the  development of improved 

a i r c r a f t  reacfmr sh ie lds ,  there  i s  no b u i l t - i n  sh ie ld ing  around the 



Army Package Povcr R e x  toy I-L__-. 

S t i l l  another modification of the MTR design i s  embodied i n  the  

Amiy Pa.cl:a~;e Pot.7er Reactor developed at ORNL, 

a suggestion was macle that ano%her uay to explo i t  the  compactness of 

the nuclear power u n i t  would. be t h e  developmen-ti of a s i n a l l  nucl-ea.r 

power p l an t  t h a t  could be ins ta l . l ed  a t  remote or  r e l a t i v e l y  inaccessible 

locut ions  where .lis nuchcar power costs would be conipetitive with 

conventional power cos t s  f o r  the a rea  and where the fuel, 'because of 

i t s  compactness and potentially l o n g  l i f e ,  would. have logis'cic ad.v-an- 

t a g e s  over c o w e n t i o n a l  f u e l s  

In the  fall of 1-5152~ 

Early i n  1953 a s m a l l  group a t  t h e  Oak Ridge Natimal Lri'oovatory 

s tar ted work on se l ec t ing  a reactor -'iype which would permit the 

design of a reliable, inexpensive systeni which coi l ld .  operate lorig 

periods of t i m e  w.ithoii.t refueling- "lie reactor chosen was a hetero-  

geneous, pressurized water, s-xi niess s-tee1 system. 'Die @onceptutzl 

d . e s i p  on txhe sys%em was comple-ked. by J u l y  1954- An artist's concep,- 

t i o n  of the plant is shown in Figure 1, The n.et  e k e - t r i c a l  po:ii:r and 

stc?nia heat  were sclcc.tcd to be 1000 l w  a.nd 35OQ 3rv r'espec-l:i.\rely. Tl~e 

reactor ccjre conta7.ne.d hi{$ly c:iric'ried uranium i.11 fl-at, platc--I;ype 

elcmcnts wIJ~.c~ were ~ 1 . ~ 1  wL-i ;h  s t a i n 1 . e ~ ~  s t e e l ,  S- ' i andmd c~~~q~orzcllnts 

fCJ? ~ ~ ~ ~ l . ~ ~ ~ ~ ? ~ - l : i . - ~ , ~  ;i.YId ].OX[; 1.i.fe 

1::sd i-' , th :f ti :j " 
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ectabl-Tsheii a. group f o r  i r ivest igat ing nuclear power f o r  a p p l i c  

i n  remote m-ili.La.ry s ' iations. T h i s  group became intercs-bed. j.n t h e  

ilg; sta-L.ion b::scd on tLe Ol3X.cI conceptu.a.1. ?!esi.gii 'iiuil-'i a t  5'0;. L 

Belvoi r ,  Virginia  e 

used, a f t e r  cer-Lain modifications of t'he spec i f?  c a t i o n ,  as the ba.sis 

for obtaTning b ids  fo r  cons-f-,ruction of the Army Pa,,ckage Povcr l ieactcr  

(APFB-I.). The contractor  s e l ec t ed  w a s  Alco Pi.rJrP;?ct:;, I n c . ,  and a 

?"ne OHNL package reac-Lor concept.ual design w a s  

fixed pr i ce  cont rac t  was awarded to them on December 10, 195.11. 

breaking a t  .tile Fort Belvoir s i t e  occu-rred on OciGber 5 ,  1.95j. fl 

year sj1d one half later 

( s e e  Figure 2 ) .  

s'Lages, Ync Packag? Reactor Group a t  ORNL advised on the reac tor  

program, revievrj-ng the design and performing experirnen-tal, dcveI-op- 

ment, and. t e s t i n g  work including the  cri'Lica1. experiment, simdlator 

studTes , t he  developmen-t of the fuel element and. con t ro l  rod, ccintrol  

rod drive developmerft, and t h e  mater-ials i r r a d i a t i o n  t e s t i n 3  program. 

&el.. elements and control r0d . s  f o r  the f i r s t  core loading were fabr i -  

catcd. by ORNL. 

GroJJ-r?d. 

Apr i l  8, 1957, the APPH-I :rent c r i t i c a l  

During the design, d.evelopme:it, and cons t ruc t ion  

'Ilic APPR-1. operat ion performance exceeded expec-Latiol;. kJi?en 

tlie reactmi- was taken up to : f u l l  porircr (10 r v ~ , , . ~ ) ,  the  load respoi>se 

char .acter is t j  cs  were found t o  be excellent. 
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mn.tcria1:; t o  be irvcdizted. in A zone of high neutron flux siinj$_y by 

lo.iierj.iig them through t h e  mter  t o  tile level_ of i;'ne rea,ci;oi- coi.2 

T r r a c l  -i.ztiQgs can be s t i r  Led or tcrm.j.nated in t h i s  loca Li 01: wi.t,hm 'c 

requirri TIE; t h ~ t .  %he reac tor  be slzu'i down. Vvo very I-a,r[;~ holhs , 1.8" x 
24" i n  c ross  sect ion,  provide access f o r  experiment,s t o  be pia-ccd. 

alone; other s ides  of -the r eec to r  core f o r  high flux i r r ad ia t ions .  

In most high f l u x  resea.rch reac tors ,  there  i s  a delay of ffrorn 1-0 

to I$ hours in s t a r t i n g  up a f t e r  a shutdown because of the  t ine re- 

quired f o r  t he  xenon poison i n  the  fuel t o  decay. Xenon 'coj?ti_~,ue~ t o  

bu i ld  up i n  concentration aftez. t h e  r eac to r  is shu.t. d.o:m becniiae other 

f i s s i o n  products form xenon i n  t h e i r  d-ecay chains However, a , f t e r  a. 

f eir hours the xenon concentrcition reaches a peak and 'ihereaf-ter 

decreases rapidly. Thus, a f t e r  a shu.tcio-.m, a reac%or cou.ld be star'wi: 

up aga:En i n  a shor t  time - before the xeiion co:nce:i-Lr.-a.i;ion buiI.d~s up - 

or  it must wa, i t  10 -Lo 15 hours f o r  t he  xenon t o  pass i t s  m,~xiniu.n con- 

cen'Lra'cioii and start  to decay faster than it  i s  forned.  I n  t h e  O m  

a unique and very valuable fea ture  i s  t h a t  the  rods f o r  rea.ctoi- con 'co l  

a r e  operated by mechanisms loca ted  belov the r eac to r  core lev-el, 

leaving tSie top of ,the reactor unobstructed an6 r ead i ly  accessi.ble 

f o r  easy rcplacernent of fue l .  ??lis fea-Lure pcrmi-ts fxe l  t o  be c1ianq:cd 

comnpletely w-ithin two or th ree  hours s o  t imt  by hzving ;I spzre f u e l  

loading 011 hand, the buildup of xenon potson vhen the rca.ctor i s  shut  

d o ~ m  i s  not a prob1.~11i. The poisoned f u . e l  eleirieni:; can s i ~ ~ p l . )  be 

repl-nced and he ld  i n  s - to i ,a .p  in -the pool zrounc! the reac  t,or -Lank 

un-t :i 1. tl-1 c xciioii dc CWJ s . 



i n  design arid. teclinolcgy to compete economical.ly w i t h  reactors of tile 

other  types beirle d-evelcpcd i~ the Uniteci Stat.es. Tne p r i n c i p a l  con- 

clu.si ons from th:j.s st1Jd.y were : 

1. Gas-cooled, graphite-noderated power reactors hwe  good. 

future prospects f o r  applieation. i n  the United States. 

. 2 Enriched gas-cocled r eac to r s  will produce power more cheaply 

than na tur  al. ur  an turn re actor s . 
3. Gas-cooled r eac to r s  a r e  technologically and economical.ly 

competitive with pressurized -water react.ors f o r  p o m r  produc- 

t i o n .  

He 1 iun- c o o l e  d , gr aph i t e - mo dz r- at e d re a c -Lcor s ut  i li z i n g  2% 

ecricheii. UO fu.el element<s c l ad  with s-tainless steel sfid 

having a maximum gas tern.per.s-t;ure of 1000 P represent ;t good. 

s t a r t h g  configurat ion comparable with current tecl-ino1.ogy. 

4. 

2 
0 

Fo1loT;:ing t h i s  s i,ud.y, OIi3L accepted. responsibility for. ckvelopipg - l i e  

fuel elerrwit -to b? used in the  first; gas-cooled. power reac'iorr planrlcd 

f o r  cons t ruc t ion  in -!&e United States ax1 foi. con-ti nu in^ ad-ranced. 

st;udic?s ai.:il:d. i;owa.rd dcvel_o~.i.rrg a reactor of' im~~rovcd  perf'crrrmi~ce~ a 
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Homo {;cneous Reactors  I_--.. _ll_-.l 

It i s  prolx.bly no exag{y:raCion ’io sey  tha’i the NTR j6cz (p 

plo:tcs vj.Lh wo.tc;.r mod.c:ra,to~* and. ~ool-r , i~i ; )  has had P.S profo.j.ritj an in.- 

fl~uencz- on the  whole deve1-0p~iien-t of p o w r  r eac to r s  as axiy conccpi 

advanced. 

completion i n  l9”1-3, CRRL had no o ther  iiiajor r eac to r  dsvelopment progects 

pl-anned. fo r  the fu tu re .  

But when t’ne b1TR c1esf.g-n and de-vel-opment pr0gra.m 112,s nearing 

New inforination had been developed and tec’nnol ogical advai2ces 

had  occurred i n  mater ia l s  and components f i e l d s  since thc  early h m n -  

ge:ceou.s reac tor  developxent e f f o r t s  had been dropped i n  19”-5 becmsz  

the  problems appemed insurmountzble.  It W E S   decided^, therefore  j r  Lo 

t ake  a new look a , t  the  f e a s i b i l i t y  of homogeneous r eac to r s  t o  see 



favorable characLeris t ics  f o r  use as fuel so lu t ions  i n  aqLieOu.:i horw- 

geneous reactors Conceptual designs o f  possible  systems f o r  homo- 

geneous r eac to r s  iridicated- thei-r f e a s i b i l i t y  and appeared very proriiis5x.g 

fo r  further development 

By the end o f  1949, t he  Atomic Energy Cormission had giver! 

approval for a program of research and developiiient leadicg t o  the 

construct ion of a homoGenec?us reac tor .  About the middle of 1353, t'ne 

s t a t u s  of t h e  e n t i r e  homogeneous reac tor  development prog-tim v m  

reviewed and a proposnl wi ts  made t o  construct  a small- hoiiiogeneous 

reac tor  as an experiment, It was proposed t o  construct  t he  expcri- 

menLal reactor as quickly and cheaply as possible  t o  deinocstrate the 

f e a s i b i l i t y  and operatir-g c h a r a e t e r i s t i e s  of homogeneous reactors. 

It w a s  expec Led Lha't t he  hoxmgeneous reac tor  experimmk could acccm2lish 

the following object ives:  

1. TO demonstrate t L c  op~r3,tionzi.l feasibi  l i t y  OC a c i r c i J l a t ing  

fuel chain reac t ion  at fairly high  poirer 

To sturly rudiai;ion dccompo:;il;-i on and com*osion in a homo- 2 - 
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11. To a h t a i n  d i r e c t  and complete ope-eating experjences i n  t'ue 

high pressurn.  

Approval f o r  klic coiistruc-tion of the  HRE >as received Pi>orri the  

A t m i c  En?rgy Comnl%ssj on i n  September 1950. The IiRZ bui ld  in6 m s  

cotnpleiied i n  March 1951-, and construct ion of %he reac tor  was conp1.r- k e d  

i n  Janu~ary 1952. 

During the  l a t e r  s tages  of construcliion, a thorou.@ a:id ri,;:orom 

program of testj-ng and inspect ion was ca r r i ed  ou t  t o  assure  the  sa:Lis- 

fac tory  operati.on of the  e n t i r e  system. Sizice !.c-aks w?re consl.clereci 

t o  be a m j o r  problein i n  the  hizh terqxratu.re, high p r e s s u e  system 

vhieh FJZS designed t o  contain l a rge  q m n t i t l e s  of radioact ive ma,teri a h ,  

major eiaphas5.s was pl-aced on inspect ions and tests t o  assure t h a t  t,he 

system would be leak-free under f u l l  operat ing pressure. 

0 S i m l a t e d  opera-tion r,rith n a t u r a l  umanliur-n fuel so lu t ion  at 250 C 

and 1000 psi pressure was car r ied  ou t  to continue t e s t i n g  the  system. 

'The tes t . ing prograzi lasted through Janvzry, February an?[ Mcirch of 1952, 

and a t  the end. of t h i s  period it was bel ieved that the system had b c n  

dernonstratcd i o  be leak-tight and t o  be i n  good operat ing condition. 

Sriiical experiments were ca r r i ed  out  th~?OiJgh A p r i l ,  Kr,gy ar,d Sun- v i t h  

1ori po?,iei. , high  -bernpc_rature o p r a  t ions and requi red sevei~z, l  months €'or 

cl.canj.ng out the  system, making repalirs and ret?s-i.i.n.g t h e  e n t i r e  systciii. 

I n  Oc-Lober, opei-at?'.on was rcsuineii, g o i r i ~  a l m n t  i i n i n e d i  a'iely tc 
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megairatt on Febmary 24, 1953. 

steam. w a s  generated- by the  r eac to r  t o  operate a turb ine  generator m d  

prYXh1Ce 150 kiloi,Ta.tts of el.ec-t;ricityo T h f ~ s  1,7a,s ordy b ? c j  rmnths af ter  

the f i r s t  d.ernonstratlon of e l e c t r i c  gower production from n u e l  car 

energy i n  the  Argonne Nat’ioiial Laboratory * s Experimeztal Breeder 

Reactor. The was operated through a complete prcJgra,m o f  t e s t s  

t o  deternine i t s  c h a r a e t e r i s t i c s  and. behxvior ,  Operations coz-t,i.nued 

A+, t h i s  power leve l ,  h igh  pressure 

most successful ly  through all of 1953 and the ear ly  p3,i-f. of 1-954. 

1954 the IFRE, having accrjmplished a l l  of i t s  objec-tives wi th  very 

IC 

promis.i.rrg r e s u l t s ,  was disinantled so t h a t  a larger homogcceous r eac to r  

could be b u i l t  i n  i t s  place to continue the  development of large-scale 

power reactors.  

HRE 
_L 

Among the  important results obtained from operation of €IRE-1 ~7e1-e 

demonstra%ions of  (1) a rerfiarkzble degree of inherent, nuc3.ca.r st&i iityj 

( 2 )  t he  lack of need for  mechanical cont ro l  rods, (3)  t h e  diicci; 

dependence of r eac to r  power q o n  turbirre denand, (IC) Plexibil-i ty a n d  

simpliciLy of ffuel handling, ( 5 )  the ability t o  attain a.nd main?,aim 

leakt ightness  i n  a small high-pressure reac tor  system, (6) the szfe 

hanclliiig of  the  hydrogen and- oxygen produ.ced b j  t he  r a d i a t i o n  decompo- 

s i t i o n  of t he  w a t e r  and (7) t h e  use of copper s u l f a t e  as a homngenecus 

c a t a l y s t  f o r  rccoinbinine; these gases as thcy f‘oi-med i n  tiic fue! 



-80- 

A s  a step toward t h i s  goal,  t he  Homogeneo1ls Heactor Test (HXT) 

o r  ~omogc:ncou.s R e a c t c r  Exper':immt NO 

R L ,  r: Lor Exper,im:nt €,io. 2 vas a tvo-regioa,  ~ o r c e  d... ci.rcul~.-tj.o;? aqueo~.s  

homogeneous reac tor  Located a t  Yne s i t e  formcrly occupied by EJRE-1. 

a h  Oak Ridge Natj.onal Lzboratory, i-t was an advancerneiit over i t s  

predecessor i n  power, pliysi-cal s i ze ,  and qua l i ty  of cons-t:ri~ction. 

Operating a t  the  design level. of 300'C axil 2000 psia ,  the reac tor  

prodxced 5 megawatts of hea t .  Uranyl s u l f a t e  so lu t ion  coiita.ining 

IC gram. of uranium (93$ u 235) per kilogram of heavy water circ;ulatc-d 

t31irough - h e  reec tor  core a% a r a t e  of 400 gallons per mi.nu'ie. 

f h i d  entered the  core a t  256OC and leaves at 300°C. 

added t o  the f u e l  solution served. as a dissolved c a t a l y s t  T o r  the  

i n + x r m I .  honogeneous recombination of t he  r a ,d io l j j i c  gas The f f r s t  

ex.periiaent with IiRE-2 u t i l i z e d  heavy -wzter ES t he  blanket.  

2 (IBX-P ) w a s  buil t .  a EIO~: ;~ !~ ; : ? :~~UJ .S  

The 

Copper sulfate 

' l ke  object ives  of HJU3-2 were (1) to d.emons-trate t.1ia-i; a hoi:ioC;cncous 

reac tor  of moderate s i z e  can be operated w i t h  t he  con-Linuri ty required 

of a power plarit, ( 2 )  t o  e s t ab l i sh  the  r e l i a b i l i t y  of fuel.,?, enginecr:i.ilc; 

mater ia ls ,  and conipoacnts wi-l;h f ea tu re s  xdnich can be adap-Led t o  f u l l -  

scale power plants ,  (3 )  t o  evaluate equipuent modifications wliich will 

lead t o  sirqAifica-tions and econoniy, (4 ) t o  test mainteiiance pi-.oced.ur.es 

a z d ,  i n  par- t icular ,  msi-ntenance under water 

t es -b  methods fo r  tlie coiitinuous removal of f i  ssion a n d  corrosion 

cont,aic-inaats, for vhich  ITl?X-2 was sv.pplied vi.tii an integra-Lac1 ir'uc:l 

procpssint; p h i i t .  

and (5  ) t o  develol-, and 

k : ; i p i . 1  of IiHE-2 17a.s s L a r t e d  i i i  J::-m;.a.~y 1-954 ar?d con:: Lractioii 1q.s 



development of new or improved eqxipment for handling the uranyl 

sulfate solu.tton Pu.el at high pressure and temperatu.re These de3e lop  

ni.errLs were vade by Laboratory persorinel or by L&boratory personnel- in 

cooperation with equipment manufacturers Notable examples were the 

5-ft-diameter 2000-psi reactor vessel  which conta,ined the  fir st reactoi- 

core tank made of Zircaloy I the canned-motor c i r cu la t ing  pimtps which 

, wcre modified especially f o r  HRT uceg the  bzllovs--seatcd hi&--pre::s:J.rE 

valves  and liquid-level ind ica tors ,  t he  feed pumps used t o  inJeci; 

fluids i n to  the reactor agains t  a pressure of 2000 ps i ,  the  hydroelones 

used t o  remove fission product and corrosion product solids a t  h igh  

temperature and pressure from t h e  reactor system, aDd nlaoy instrumcntc 

and o ther  items of s p e c i a l  r eac to r  equipmeit. A l l  of the react.or 

equipmcnk w a s  designed and fabricated t o  achieve re1  Labi l i ty  and leak-. 

Mon-radio-xtive testing facilities til ~ 4 1 i e h  rmny or the r e a c t o r  O~LSI* -  
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desi~gned so t h a t  t h c  cquip::ieii'i can be submrged and maintained while 

using wa'ier for shicl-~3.j.n.g agz-inst raciiation I Ttiese d i r e c t  maintenanre 

mc-Lhnds \.:ere ari OR?iL innovation ~.4?1icli p?'omised t o  so lve  rmi*iy of thc 

m9st dif ' f ic i l l t  problems of making repair:; on highly red toac t ive  sys terns . 
Ai; the time t h a t  ICTIE-1 w a s  b u i l t  t he  seve r i ty  of corrosion a t  

0 250 C was believed. t o  l i m i t  Yne operat ing temperature and the  f e a s i b t l i t y  

of homogeneous reac tors .  It was l a t e r  establi-shed tha-'i t h e  corrosion 

i s  less severe as the  tempei-ai;we i s  increased above 250 C t o  300 C, 

agd IBE-2 was designed t o  operate i n  tha;t t e m p r a t u r e  range. %he 

higher opera-Ling texpeuature g rea t ly  increased the  czttractiveness of  

homogeneous r eac to r s  f o r  producfng power e 

0 o 

- EBT' Operations 

?"ne power experiments were s t a r k e d  du . r ing  t he  l a s t  week i n  March 

Tine power l e v e l  was r a i sed  and were continued tlirou:g& Apr i l  4, 1958. 

t,o 3 Mw and then up t o  5 NW. "he reac-tor had operated fo r  only a 

shor t  time a t  the  5-Phr l e v e l  when a leak developed t h a t  permitteii 

fluid t o  be t r ans fe r r ed  from t h e  core t o  the blanket .  Operation vas 

continued. f o r  a shor t  t T m e  with f u e l  t r a n s f e r r i n g  between core and. 

bI..anlrct while it w a s  being determined t h a t  a leak. exi-sted, and then 

the  reac tor  vas shut  down -to permil; an examinatlon of t he  d.nni.age. 

* The reac tor  was inspected. t o  determine the loca t ion  and t h e  

caljse f o r  t'ne leak. Per-iscopes were used to view both the  tnside and 

ouLsiCie of t h e  core tank, but it was no-t possiblc  t o  i.rlentir"y pos i t i -ve ly  

a holc  oi: crack l a rge  enough 'io account f o r  tile leak, even thotigli t h e  

1ocrti;ioii in the ~_oT.:c~ di.Uucc:r s ec t ion  of t h e  core vessel a.ppe~{,i-rd. to 

systcii?. A:C-L m m y  unsuccessful aCtel;ipts, the \:orli. 011 vievinC; va:; 
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d i s c o ~ t i n ~ e d ,  t'ne reactor- system was seal.ed again a,nd experiments 5icr.e 

perfo?:mcd t o  de-ternl-inc how bes-t t o  resuirie riuclesr ope ratio!.^ Tnesc 

i n  both the  core and blanket  systems whi le  inv e:,ti&ing ' h e  ~JYCI ' J~E .~RS 

of maintaining liquid k v e l  and chemical s t a b i l i t y  i n  the systems. 

It was shom t h a t  t h e  r eac to r  col.~ld operate sa t i s .b ,c tor i ly  with f u e l  

in both the  core and blanket regions and. t h a t  fuel concentrations 

could be control led to produce 60% of' t he  paver i n  tlie core. 

On t h e  basis of these  -tests, it was concluded t h a t  no rriodiT'.icaiions 

were necessary f o r  reac tor  operation to continue. On Juxe !i2 1-958 the 

r eac to r  m-3 s t a r t e d  up again arid the  r eac to r  behavior was explored a t  

core average ternprat 'ures of 240, 260, and 2'75OC and at t o t a l  power 

outputs ranging from 250 t o  3500 k T i .  Following t h i s ,  t he  r eac to r  vas 

operated rou t ine ly  f o r  30 days a t  280% and 1'750 psi, 

1600 PTv,hnr of thermal POTJ~I '  was generated, bringing t h e  total t h e r r n e l  

pmer  geflzra-tion by the HRT t o  approximately 2000 l $ k r / h r  e 

DUiqiEg t h e  r u n j  

T'ne period from July 7 through Ju ly  18 r~as spent i n  atLrmptLng Lo 

m a k e  s a t i s f a c t o r y  examination of the r eac to r  core tank and the  in te r ior .  

of the pressure vesscl. Although de ta i l ed  observations were made of' 

parts of the i n t e r i o r  and e x t e r i o r  of t he  core tad:, it was n o t  possib3.c 



and the many other  itenis of q u i  prnciit witiii.n the  r eac to r  cell. perf 'or~ed 

excep-t ional ly  well. Experieiice t: i th.  reactor  rnsintemnce ~.izs  su.rprising1.y 

good.. The simple t~m1.s f o r  remote mainten3acc perrormed wc3l when 

rcplacing valves, removing s a ~ l e s  from the circul.ating pump l i n e s ,  

openi-iig and closing t h e  piping sys-tcms, and. inspect ing t h e  reactor  vessel., 

core tank and. piping. 

However, operational. experience with t h e  HRE-2 during 1959 served 

to c a l l  a t t e n t i o n  t o  important questions tha-t were not f u l l y  resolved.. 

These questions were r e l a t ed  t o  t h e  phase stab:i.lity of uranyl su.lPate 

so lu t ion  fue ls  under reac tor  operati-ng conditions,  t h e  use of a u s t e n i t i c  

statnless s t e e l  f o r  containing uranyl  su l f a t e  solut ions,  and. Yfie dcsj-gn, 

operation and metallurgy of the Zircaloy core t a l k .  Experience i n  the  

operatlon of JiTRE-2 and i n  the  research and development pi-ogrm both in- 

a,nd ou-t-of -p i le  indica-Led t h a t  the uramiirrn was separat ing from solut$-on 

and. concentrating a t  spots along t h e  core tank w 2 l . l .  Frission of t he  

u r a x i u m  t h a t  vas concentrated a t  spots OD the  tank walls evldext ly  

generated more hea t  than the  normal flow of f'uel. through t h e  core coul.d 

remove and overheating of the tank w a l l s  occurred a '~  these spots .  

Evidence accumulated t h a t  t h e  mixing of f u e l  and bl.anket observed 

a-f ter  t he  f3.rst high-pomr runs had occiurrc-d bcca,-ixe a t  high p o ~ r e r  l eve l s  

uranium 011 t h e  tank i~a l l .  haa generated enough heat  a t  one point t o  melt 

a small hole through t'ne wall. 

During 1.959, cxpeririicntal opcra t ion  of ImE-2 achieved a un3 q ix  
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r u n  of' the XiE-2 ac tua l ly  las.tcc1 for 105 dcys, after which it WRS 

term:i.nateci becmse  of clear indicationL: t h a t  a second hole h e d  3evelopc-d 

i n  thc core Lank,  he hole ac-t-.v.a'lly de-w-clop~cj. 011 ~ a , n u a r y  2i13 19Ch a ~ i ; e r  

several weeks of' operntj.on a-i; h-iCi;h patiei- 1evel.s ( ~ ~ S J - L  5 ~ , . r )  wl3icli 

suggeslxd a t  the outse t  t h a t  aga-in uramiura depclsfts on -the t a n k  imlls 

had overheated, burning a hole through t h e  core ta,nk. 

The most probable explana-Lion f o r  t h e  burning of the hole  ri~as 

based on the  re l . s t ionship  between the hydrodynamics of t h e  reactor 

core and the chemistry of t he  uranyl  s u l f a t e  so lu t ion  fl iel .  The upper 

two-thirds of t he  r eac to r  core tank was a spherical s h e l l  and it was 

joined t o  a t runcated cone, 

was diffliwed by perforated p l a t e s  floved u.pi,t.a.rr'l throu& the cone so 

there  would be a uaiforrn temperature r i s e  as i t  flowed thx*ou.&i the 

Fuel entered the  core tLmk a t  the bottom, 

sphere and out t he  top, Flow ueloci-ties vere so lov thnt corrosion.- 

and fission-produck solids on which uranium .~ra.s sorbed cm1.d be 

trapped i n  the core, The flow d i s t r i b u t i o n  caused the solifis to 

accuixlate  along t h e  wall e 

of lov flow, flow separation and recirculation where d i f fuse r  scz"~c'- ,c , IL" 

were at tached t o  the wall, ctnd accuuiuldcion of uranium-bearing so1.i.d.s 

along the wall arc belicv-ed t o  have mused l o c a l  wall tenipers-l;ures t o  

exceed -i;lie ma:iinium design ternpel-ature 

local boilirig occui-red and urani.v.~n d.epo:;:itucl a:; a s o J i d .  o:rI if' t h e  

During nuclear opcmti.on, t he  coadltions 

A s  the  parer I cve l  was rai.scd, 



The rea,ci;or core tank w a s  inspected by the  use of a periscope 

which shmrcd a new hole j u - s t  b e l m  the  equator of t h e  core tank. W i t l i  

a r ad ia t ion  field of about 100,000 rads i n  tht? reac tor  core region, 

workers were neverthelcss  able to perform a d e h i l e d .  exmina t ion  of 

t he  core te2k using remo-Le control. devices The f lov-d i rec t ing  

s c r e e x  in the bottom p e r t  of the  core tank were removed, a l l  sxrfaces 

of the t a d :  w a l l s  were sys te rmt ica l ly  photographed for corrosi.on 

examinations, wall thicknesses  were measured, and. t h e  two holes  i n  the 

core tank wall were plugged, a l l  by remote main-tenance techniqu-es. 

The d i rec t ioE of  f u e l  f l o x  ( o r i g i n a l l y  from bottom t o  top) throu.$i 

t h e  core w a s  reversed s o  tha-t sol.id-s which entered. o r  were forme6 i n  the 

core would be f lushed out. Introducing t h e  f u e l  i n t o  the  top of the  

c m e  as a jet was mxpected t o  induce higher c i rcu- la t ion ra,tes over t h e  

core tank w a l l - s u r f a c e s  and t o  promote b e t t e r  cool-ing. The a c i d i t y  of 

the r u e 1   as increased t o  r a i s e  the  phase separat ion i;empei.at;ure. 

Work OR modificati.ons t o  the IIRE-2 l a s t e d  throt?gh most 0-C 1960, 

and t h e  reactor was ready -to resume 0pcrati.m:; early i n  Novc;nG,-r 1960, 

w i t d i  the €10:) reversed (now from top -Lo bo%toin) rin the core. 

the p~i- ioi i  of the shu~l;~lcx;x and r epa i r  o r  t i le HIX-2 Congrc:;sion,zl. 

D u . r i u G  

llc _. :!... yi . L ! i ~ s  - -  on -the PXC! bud.g,c.t were i n  progress C!on~;r.essioiic~l~ rcavcti.on 

to t k c  0Vi._rfLl~l i 
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it appeared th8.t t he  I-zrge expenditures f o r  hoinogeneou-s r eac to r  develop- 

ment over a period of t e n  years  had culmrinaked i~n an eiri-zrime;it3.1_ reac-tor, 

wh-ich had encountered 6nm.e fundaxieiital prob.lei.n.~ 

from Cong~ess ,  th? AX! iiia-tructed OHTL'L on Decerd~cr 28 

the homogeneolJ-r, resc-Lor development and testlng program. by Ju ly  l, 1961 

and -to close out research a c t i v i t i e s  us  qLickly as could be done i n  

an  order ly  manner. 

at a m a y  fKLl puwcr f o r  two o r  t h ree  mont.hs p r l o r  t o  shu-td.ovn. 

Under sharp ati;- 

1960 -to terJriLnate 

The AEC also requ.cstec? t h a t  the I-TXE-2 be operatccl 

ORNL vigoro7zsly pro tes ted  these decisions,  pointing out that the  

problems encountered i n  HRE-2 had been g rea t ly  clarified by the r ecen t  

s tud ies  and examinations and tha-t s o l ~ t i o n s  f o r  these problems 

seemed straightfopmxd and easily incorporzted i n t o  plans f o r  fu tu re  

homogeneous reac tors  e 

goal of developing a -f;horiv_in breedm reac tor  to produce economi cal. 

e1.ect~i.c power should s t i l l  be pursued as vigorously as before. 

The Labmatory argued- that the long range 

In the end, t h e  AEC agreed t o  continu.igg support for thorium 

breeder techol.ogy, bu t  insisted that. t h e  acpenus homogeneous reactor 

research and development be dropped, 

power i n  January, February, Ma-xh and A p r i l  u.iitLi ope ra'iiorzs cere  

The IiEiE-2 operated a?; full 

terminated on A p r i l  28, 1961, wh.en it appeared that t h e  plug 3.n the 
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responsiblc d i rec t ing  agency OF t h e  Nuclear Energy f o r  Propulsion of 

Airc-ral'L (NEIJA) Pro jec t  

(1) 

The purpose of the pro jec t  was twoTold: 

t o  perform f c a s i b i l - i t y  inves t iga t ions  a n d  research leading t o w a r d  

t h e  ad:iptation of nuclear energy to t he  propulsion of arireraft, and 

(2) t o  educate t'ne aircraft engine indus t ry  i n  the  f i e l d  of nucl.ear' 

science and its adaptati  on -to aeronaut ical  propulsj  on. 

From midyear in 1946 u n t i l  the early p a r t  of' 1948, t he  &@PA 

Project in O a k  Ridge, Tennessee, was tk only agency actively 5nvestiGa-L- 

ing and devel oping nuclear propelled aircraf- t  In 3 91,8 the  Lcxingtor 

Pro j c c t ,  a group asserrbled by t he  Mnssnclriuse tt;s I n s t i t u t e  of Teclmol oc;y 

a t  the request  of the  A-Loo!~lric Enere;y Commission t o  eva.lil.a.tac: 'he p o s s i b i l i -  

t i e s  of nuclear-powered f l i g h t ,  spent t h e  sufimer .in reviewing t h e  exifi t-  

i.ng knowledge of the subject and i n  apprai.sing tile problems to be sol.veci 

and t h e  prospects for success. 

19n the iy  repor t ,  "Nuclear-Powered Flight;" (Lex P-1) reached. the 

conclusions t h a t "  although success cannot be gna.ran.teed, there  i s  a 

s t rong  possi.bril.i.ty that s o m  version of rluclea r-po-vrercil f'I.5-ght c a n  be 

The members of t he  Lexington Projcc'i, 



3ircra:r.L res.c-t,nr d e v e l  opriicni; 13 rograni d i ~ i ~ g  the nzd; f e ~  J J ~ X T  ~ h o u . 1  d 

contr;bu’ic. t o  and ’oenefj.-L from other aspects  of the Reac-tor, Devc.1 o 

Propnl i l  of the Atomic Energy Conixiission. t i  

. ion tha.i a s i r<)  

nt program on nuclear-paiered fligh-L be umdc-r-taken, i f  it 

i s  decided. t h a t  as a nntional. po l icy  the hi.gh cos t  i n  technical. rc;lr;pcnrer, 

f i s s ionable  mater ia l ,  and money can be jlis Lifted.  

On Apr i l  27, 1.94-9, a conference WELS held a t  O& Ridge, a t t z r i i k i d  by 

repi-esen-ta-tives from the AEX DivTsion of Xeactor I)evei.opmei:’i the Qffi.cc 

of Oak Ridge Operations, t h e  Car’0ld.e and CarSon Chnemical.s D ~ - - J ~ . s ? . o ~ . ~  t h e  

A i r  Force, and the NEPA Project. The puirpose of t h e  metine wa.s i o  

consider the p a r t  which the O a k  Ridge Nation-21. La,boratoi-y could play 

in -Lhe Ai rc ra f t  Nuckar Propulsion p r o g a r .  

A s  a resu l t  of the mee’iing, it was decided that  the  Oak RZdge 

National Laboratory vouLd su’oinit recomnenda.-Llons t o  t h e  AEC regard;.r;g 

tb.e pa r t i c ipa t ion  of ORJSL i n  t h e  Ai rc ra f t  Muclear P r o p A s l o n  program. 

The ANP Prorrram a t  0M;L 
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On Sep-ter'ucr I., lgIL9, the Oak Hi.dge Na.tional_ Laboratory w-cceri ved 

from the ART: in:;trucl;lo% ~ C J T  'Lhe csL&Lishent  of a n  P,i rcrni-f; Nuclcar 

Propu.li:Icjn prograin u:L 01.1PIL. 

Laboratory notified.  the , U C  ir! wrt t i i ig  of its b.ri1l-i.ng:ut.s:; t o  axceg-t the  

proposed AN? r e s p o n s i b i l i t i e s  and t o  carry out t h e  program t o  the  bes t  

of its ab3.ltty w i t h  a p r i o r i t y  second only to that of t he  MIlR project, 

Having accep-bed r a t h e r  heavy r e s p o n s i b i l i t i c s  f o r  the nm1ca.r 

C n  SepLcrfibei* 20, 1-9".9, tl->.e O a k  Ridge 

aspects of the Ai rc ra f t  Nuclear Propillsion program, the Oak Ridge 

National LFbboratory es tzb l i shcd  an &P Project and imdr plans f o r  

bui lding up suitclble groups of research and development personnel-. 

One of the najor i n i t i a l  a c t i v i t i e s  planned for the ea r ly  stages of t h e  

&JP program was the establishment of' 8 Technicsil Advisory Board of out- 
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a i r c r a f t  r eac to r  be constructed i n  Oak Ridge as soon as po:;sible. The 
work performed 5 ~ n  t hc  bi1l.k shieldin?; (swimming pool ) fac i l j t ty  had per- 
mitted. significant refTnemeni;s and irnproveniznts i n  sh-ielkling for arl 
a i r  c .I' & f a t  1- e a c -t or and h ad G j. v z 11 en c o u r  q; (I: RCI nt. 'ilia t fur th e r i:iip I* 3 v~ rr, 3 :;L s 
cou.l.d. be realrizcd.. Bccnu.se tiiz ch ie l  d f o r  an u:i rc1raf-L r e~ . c . to r  i::~ 

recogn-i zed. 2s being Sy .far the heavies-i; compc-nent of' a n c c l c a r - p o ~ ~ e r d  
pl-anc >. t h e  progress toiizrd reclueing shield. weight was a partici.i.l_a,rl-y 
irflpoi7i;ani advance which g r e a t l y  iniproved the outI.ook f o r  f e a s i b i L i t y  
of mncl.ear.-pcGJered f l i g h t  . 

With the  i n i t i a t i o n  of a major e f f o r t  on a i r c r a f t  nu.cl.ea.r pro-  
puls ion u.nder t he  AEC a t  ORNL, t h e  A i r  Force progran at the  NEPA 
Pro jec t  j.n tile K-25 a rea  was closed out. I n  1-95', h?PA groups w e r e  
brou&t i n t o  cooperative e f f o r t s  with ORNL ANP groups all? i n  1..95i. 
t'ne NEPA f a c i l i t i e s  a t  K-25 were closed, wi-th m o s t  i;eclriD-ical grou-ps 
t r ans fe r r ing  t o  ORNL. 

The OHNL idea  of bixiI_d-ing reac tor  experiments vas c o n s i r l c ~ e d  

espec ia l ly  w e l l .  sui-ted f o r  an a i r c r a f t  reac tor .  T h i s  philosophy 

repesen ted  a r e tu rn  i o  the  more normal i n d u s t r i a l  p rac t i ce  of build5ng 

a p i l o t  p l an t  f o r  thorough t e s t i n g  and f u r t h e r  developcont before a 

major  new type of i n s t a l h t i o n  i s  constructed.  The Laboraiory s ta f f  

therefore ,  foririu.lated plans f o r  constru-cting an experimental a t r c r a f i  

r eac to r  'LO operate at a power l e v e l  of 1000 FN, biit o-thiemlsz to 

dupl ica te  as near ly  as possible  the  essen'iial f ea tu re s  of a fiLL-scale 

ai-rcraf-l; reac tor .  Tnris niethod of approach was based u.pon t h e  b e l i e f  

t h a t  by construct ing a.nd opera-ting a small-scale a i r c r a f t  reac tor ,  it 

will be possible  t o  speed up the  developmnt pi-ogrufi and 'ihereby 

assist  i n  establ.ishing a f eas ib l e  design whi.ch w i l l  lead i o  the con- 

s- t ruct ion of a -full.-scale test stand a i r c r a f t  reactoi..  

Since no reac-tor operating a t  such high tcnpcratures  2,s those 

requh-ed for an ai.rcra.fL reac tor  had ever been constructed m r i .  since 

lriqj.5.d ilietnl cooli.ng i n  the reac tor  1iad never becri uttilizcii h e € m e  

ncc of a full-scnl~e :lfLl'cL. 

rc coiii'iC,cni-e if' a ~J!L.]~ 



thoroughly evaluated e The Laboratory gained rn32-ch c o n f i d e ~ c c  i-r, the 

ui . t j :mte ~ p . r ; ~ ~ - i ; j . ~ ~ ~  of the MrfR 2,s a rcslil.1; 0; cxperiirientr; wj-t'ri 'iiicli 

f'i;~ll-cc:~,l.c: M Y 3  mock-up. 

With the opt imis t ic  TAE! r epor t ,  the  I;a,bora,tory obtained. AEC 

suppor-L and i n i t i a t e d  constmic-tion of an a i r c r a f t  r eac to r  experim-nt 

A new buil-ding t o  house the aircraft reac%or experiment was construicteci 

c lose to t h e  homcgeneous r eac to r  exFeriment; bui lding which a t  t h a t  

t i m e  was also under construction. I n s t a l l a t i o n  of the cornpor,ents 

of -the experimental a i r c r a f t  reac tor  was started j.n 1953 and conipletecl 

about t h e  middle of 1954. 

%e ARE -- 
Operation of t he  ARE took place i n  October 1954. Tile ARE operated 

at f u l l  design power f o r  approximatzly 100 hours, as planned. O p L ' r a -  

t ior ,  was comp1ct;ely s a t i s f a c t o r y  i n  every r e s p c t  and provided a rriost 

c o 3 v i n c i q  demoxtra t ion  of the f e a s i b i l i t y  of a very high temperature 

f l u i d  fuel reac tor  Perhaps t h e  simplest  way t o  i l l u s t r a t e  the  rnagni - 

tuck of the engineering achievemnt r e f l e c t e d  i n  successful operation 

of the  A€?X i s  t o  point  out  that  while the  reac tor  i s  i n  operation, 

every p a r t  of the  f u e l  system is 1iter.al.l.y red ho t ,  includitig the 

reac tor  core, pipifit;, pumps val-vcs, hea t  cxclrmnger:; and all o Uier 
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lezving thc  reac-tor went throu.gh a heat  exchanger. The hea t  ul t i inaixly 

t ias rcmo-fed by r m t w  ho :mxr  , bct\recn t h e  fuel sys-tern heat  excha~. 

a n r l  t k c  va t c r  hea t  exchanger was a sti-ezfiq oi' rec i . rcu la . t ing  high--v-elocity 

hel-iim which served as an iiitermediate heat exchenger fluri d so  t h a t  

water and fucl could not  mix i n  t h e  event of a hea-'i exchanger leak. 

l.%e hea t  generated i n  t h e  Be0 reflector-moderator was removed by cir- 

culated sodium. This heat  a l s o  w a s  removed by water a f te r  passing 

through an intera;ediate helium heat; exchanger. Due t o  the inherent 

s e l f - r ega la~ t ing  cha , rac te r i s t ics  of the reac tor ,  the  on1.y controls 

needed were a s t a i n l e s s  steel r egu la t ing  rod and th ree  boron carbide 

sa,fety rods. The a c t l v e  region of the  r eac to r  w a s  a r &lit c i r c u l a r  

cyl inder ,  33.3 inches i n  diameter and 35.8 inches high The r eac to r  

was designed t o  operzte a t  1.500 kw but  actua.1l.y r an  a t  a peak output 

of 2500 kw. The e x i t  terfiperature of t h e  fuel from the reactor t o  the 

hea t  exchanger was .about 1500 F; t h e  i n l e t  f u e l  teriipcratui-e TUTZS abou'G 

1-2000F. 

0 

A total of about 90 megawatt hours OF high-pover, high- 

temperature operation was accomplished bcf ore tne  scheduled sliutdow 

and dismantling of t he  ARE. 
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cCu.1.d be used i n  a rea.ctor system operat ing v i t t i  1it- t ; le increase over 

n o r m d  atrmsykeric pres sure !he development of mater ia l s  t h a t  wou1.d 

res i s t  corros:i.on by reti. ho t  f1uori.de salt rni.x.tu.res, and the  developmer,t 

of me tliods fo r  f ab r i ca t ing  -t;hesc niaterials i n t o  a reactor S~S~;~KII tiiat 

would operate r e l i a b l y  at 1500 P were rnetallurgical achievements of 

the grea te s t  frnpor'ca.r-ce e 

new type, t o  operate under these heretoPore u.nbeard of conditions , and 

the development of corn:_oonents t o  g~ i n t o  the reactor s y s t e m  were 

engineering problerns of unparal le led d i f f i c u l t y  which were solved with 

very eacoaraging success. 

0 

?'he desicq of a reac tor  of t h i s  cornparatively 

In  opera.ti.on, the APE demonstrated again the advantageous features 

of f l u i d  fuel reac tors ,  including exce l len t  nuclear s t a b i l i t y ,  strong 

coupling between power demand and power level, and ease of operation 

and c o n t r o l l a b i l i t y .  It i s  no t  exaggerating t o  sa,y t h a t  t h e  M E  was 

the  most adva:iced reac tor  ty-pe the  Laboratory hail developed and,  con- 

sequently, i t s  successful  operatioil reprcscrited perhaps t he  gt-eatest 

achieveiiient of the combined research and development staffs of the  

Laboratory. 

The ART 

Fol loving  the  successful operation of t h e  ARE, research and 

dcvelopncnt effor Ls on a molten salt reac Lor f o r  air.craf.1; propu.1-si on 

were i n t e n s i f i e d  W.L tti tlic 01) j e c t i  vc of bul lding a 60 nicg;Li:mti, protoi,ype 
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of t h e  ANI, phis  o the r  ad-vances, p a r t i c u l a r l y  i n  mater ia l s  aild compo- 

neri'is develop:nent, achieved s ince  t h e  opera'iion of  t he  f i r s t  reac-io?.  

Within two yexrs, design of' t h e  ART was essent5all.y canple Le, and 

orders f o r  Yne fabrica-Lion of major coinponents ha,d been placed. 

EngLmxring Test Unit, designed t o  be e s s e n t i a l l y  a. no-n-nixcl.car r e p l i c a  

of t h e  ART, was being constructed 011 a s c h d u l e  s1ighLly r,hetld of the 

A E  s o  t h a t  t h e  b e n e f i t s  of experience i n  the  construction and opera-Lion 

of t.his t e s t  u n i t  could be incorporated i n t o  t h e  ART. 

An 

Early i n  3'4' 1958, t h e  national. program of a i r c r a f t  nuclear propul- 

s ion  devel-opnen-t came under Congressional. f i r e  because of t h e  hj.gh 

cos t  of t h e  program and because changing miI.i tary requ.irerr,ents made t h e  

achievement of nuclear powered a i r c r a f t  less impoi-tmt as a na t iona l  

goal. The President of the  United S t a t e s  ordered an exten:;ive r e v i s ;  

of t he  cur ren t  s t a t u s  of the  program, re-evaluztion of t he  military- 

need. f o r  nuclear powered a i r c r a f t ,  and consideration of t h e  a.dd.itiona1 

LSme,  e f f o r t  and cos t  involved i n  developing and cons t iuc t ing  a nucl-ear 

powered a i r c r a f t .  Upon corrip.l.ztioi1 of t h i s  program review, t h e  Presideii-t 

cancel-led major por t ions  of the na t iona l  AlP progrzm and t h e  Cornmlsslon 

cur- ta i led the  a i r c r a f t  r eac to r  development program, e l imina t ing  t h e  

molten salt r e a c t o r  phase entrirely. With t h i s  decri.sion t'ne O a k  Ridge 

Nnt,ionnl Taboratory AFT effor t .  'GEE changed i n  purpose and scope to 

priivri.clc d i r e c t  support for  the main l i n e s  of a'LLGC1i bei n.g pu>*succi by 

PISFAL Idhi-hey and Genera1 El  ectr . ic .  Design of t he  ART was coiii,olc'cccl 

a i~d  "pu-L on t h e  shelf. " The en3.ar;;cd and r;;odifj.cd ?>-j.rcrafi reac.toj- 

L hx! ldi.n[; h i  which t h e  !GJ? ira; LO be in:; t.all.ed w z i  1j'Jt i II 

,ib:Lc usc to hx;:? a. fu. n L  I and 

the  col~p~i?er i I ;s  arid o-Lher 111atter:ials on oi.dey T o r  i l l ?  NW licrc cuncc.1.i.c.d 
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and closed out  i n  as order ly  a maniier as poszf 'ble,  The na-!!lonal MI? 

program w a s  terrninatecl. on June 30, 1961. ORML's research a n d  dcvclop- 

meiit erforts i n  t h i s  f i e l d  were sh i f ' cuc l  t o  t h e  Space P o ~ r e ~ .  Program and 

t o  high temperature materials research 

Because it had already been s h a m  t h a t  many of the most d i f f i c u l t  

technologi cal problems associated with t he  molten salt a i rc raf i  reuc tor  

arose from the ul.tra h i &  perforniance requirements and the s t r ingcn i  

l imi t a t ions  on s i z e  and weight of the e n t i r e  r eac to r  system, it trac 

apparent t h a t  the adaptat ion of t h i s  type of r eac to r  to serve a s  a - 

central stat im e l e c t r i c  power p l an t  would involve s i g n i f i c a n t l y  l e s s  

d i f f i c u l t  technological  problems. 



MOLTEN SALT REACTOR 

Duri.ng the ORRL development of ANP technology f o r  molten sa l t  

reac tor  systems, i-t became apparent t h a t  t h i s  type of reac tor  ofieretl  

inherent  ad:v-antages t h a t  made it a t t r a c t i v e  f o r  e l e c t r i c  power pro&tlc- 

t i o n .  

of scheduling t h a t  l e f t  no opportunity t o  d i v e r t  e f f o r t  i n t o  c i v i l i a n  

power reac tor  adaptat ions.  

i n  1958 when the  decis ion w a s  made t o  drop the  development of a molten 

sa l t  a i r c r a f t  reac tor  and t o  concentrate ORI'SJ; ANP effort or?- suppoiat 

f o r  the  Pratt-Whitney and General Electi-ic ANP ef ' ror ts .  

ANP work was pursued on a high p r io r i ty -  bas i s  with an urgency 

This opportunity became ava i lab le ,  howsver , 

!The ANY molten sa l t  r eac to r  groups were ab le  t o  provi.de persofincl. 

f o r  a nrtlch sillaller s ca l e  e f f o r t  t o  adapt ANP technology t o  achieve 

the goals o f  a c i v i l i a n  power r eac to r .  The decis ion t o  continu.e 

development of molten-salt  r eac to r s  ?or c iv i - l ian  power prodiuction cane 

as a r e s u l t  o f  the f a c t  t h a t  they, almost uniquely, coxbLne the  advantages 

of very high tenpera-ture,  wide s o l u b i l i t y  l i m t t s ,  and low pressure i n  

a 13.qi.i:d~ system. Because of therir low pressure,  the  mechani.ca1 p a r t s  

of  the system were re la - t ive ly  uncomplicated. There w a s  no need f o r  

coiiiplicated core s t ruc tu res ,  for con t ro l  mechanisms, or  an explosion 

containment vesse l ,  and t h i s  bas i c  s impl ic i ty ,  it was hoped, would 

o f f s e t  the cos t  of  the  required heat ing and remote maintenance equipxnent. 

!The molten-salt  r eac to r  c a p i t a l  cos ts  thus might be nenr3.y equs l  t o  

those of' other. power reac tors  when coinpared on a heat  genera.t.ion basis. 

iiic hri.:;ier -Lhci:rr,:d e€fj.ciency (-4@$) of  the s a l t  system would ther? 

gi ve  an appreciable advunta .gc i n  capi-Lal charges over aqueour; fuel. 

r ' i  

. 'Yh? u-sc of a T1uli.d f u e l  had al\.m,ys been expected. t o  achic.  
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lower f u e l  cycle costs through the  elirnina'iion of fue l  e1emen.t 

re€abri.cation costs e The very h igh  thermal e f f i c i ency  a l so  tends 

to reduce f u e l  cos-Ls Thus there w,s su3,stafitial reason t o  'oelicsre 

t h a L  Vlze niolten salt system could l e a d .  to o-vcr-all power cos ts  m l c h  

would be less than those of other ,  LoTircr e f f ic iency ,  nuclear power 

sys tem.  It was these bas ic  cons idera t iom which j u s t i f i e d  the 

o r i g i n a l  i n t e r e s t  of ORN, i n  molten sa l t  systems f o r  c i v i l i a n  power, 

and. which j u s t i f i e d  contiriued pursui.t of t'ne develcprnfnt e f f o r t  e 

Advances i n  Techmlogy IJnder the  AKP Prograx 
I 

ORNL devel-oped a nickel-molybdenum alloy, ca l l ed  TKGR-8, f o r  

containmcnt of molten salts a t  high temperature 

thermal convectjon corrosioa loops had been opperatcd f o r  thousands 

of hours a t  1250 F peak temperature tiit'n no corrosion attack whatso- 

ever.  The INOR-8 alloy w a s  considercd t o  be a m-ost promising s t ruc-  

tural ma,terial f o r  molten sa l t  reac tors .  Coimercial production of 

the  alloy h a i  been achieved, with se7iera.l f i r m s  wi l l ing  t o  supply 

tubing, sheet  and bar stock on a purchase order basis. OlUL had 

Out-of-pile IKOFL-8 

0 

es tab l i shed  mori-8 t h a t  made it r e s i s t a n t  to oxidation o s  well as 

corrosion, gave it good welding proper t ies ,  and provided high-tcinperature 

s t rength.  Wide i n t e r e s l  had been shown i n  the a l l o y  f o r  othcr important 

hi&-ternpuratv?.c uses.  
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Al. l ;hou~i i  r eac tor  c o s t  s tud ies  sholvcd th2.i; it ~ ~ ~ z i s  economica,lly 

f e a i b l c  t o  u s e  only the f luo r ide  vol.a,tril.i_ty process f o r  cheinical 

reprocessing and t o  d iscard  t h e  urcniwn-rfree salt wi-tAi i t s  co-ilt 

fission prcducts a t  each cycle,  it vas obvious ths'i recovery of t h o  

salt with i.ts Li." i s  des i rah lc .  

a.f€ording recovery of the IL had been demoiis Lrated i n  small-scal e 

l abora tory  work. 

TFro s a L t  reprocessing schenes 

7 

Remote maintenance experiments revealed two types of flamgci 

worthy of fu r the r  development. Hand welding by remote rnsnipilators 

vas derno-nstrated i n  such opcrations as assembling and d-isassr-i.nbling 

a mol-Len-salt pump by using a remote manipul-ator 

A conceptual design study of  a power reac tor  shoiied 2 feasi .ble 

arrangei-mxL of a, r eac to r  c e l l  equipped for remote majhtenance, suitable 

methods of handling the off-gas, and arrangements fo r  draifi ing and. 

otherwise handling the  fuel.. A cost study ind ica ted  poxer cos ts  

somewhat I.ower than those ca lcu la ted  f o r  gas-cooled. o r  water-cooled 

reac tors .  
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GENEIrn REACTOR mc~udoLoGY 

The MTR, befng the f i r s t  t r u l y  ht&i perfcrrmnce reac tor  construct,ed 

for. purposes o ther  than the production of plutonium, incorporated mmy 

fea tu res  which were t h e  r e s u l t  of extensive research aiiil development 

perforriled at ORNL from the  end of the  wax u n t i l  the  early lg>Ots. 

research and d.evelopmcnt groups completed t h e i r  r e s p o n s l b i l i t i e s  on 

t h e  MI'R project, many of them continued their fruitful work on a more 

general  b a s i s  t o  benefit a l l  reactors r a the r  than a spec i f i c  reac tor .  

For example, the reac tor  con t ro l  system developed- for the  MT% was t h e  

most advanced of i t s  da.y and after i t s  performance in the  rout ine  

operatj.on of the MTR had. been assured, the  reac tor  control d.evelopxzn-1; 

group undertook the  improvement of controls  f o r  ex i s t ing  reac tors  a t  

ORluL and. the  design of a modified MTEZ control system "package" which 

As 

could be used with l i t t l e  change fo r  other  rea.ctors of a simtl.ar type. 

Most; swimming pool and o ther  research reac tors  constru-ctcd si nee 1950 

have made use of the generalized rcac tor  con t ro l  system dcvelopcd by 

OKNL as an outgrowth of i t s  work on the MTB controls.  

s tud ies  of corrosj-on, heat t r a n s f e r  

Similar ly ,  

shield-ing, metallurgy and raili a-. 

tion damtge a l l  began o r  w c m  red i rec ted  as a resulL of t h e  psr t ic i l la r  

information needed f o r  t h e  developmnt and design o€ the MTR. Tn all- 

of these areas of research, work contiriucd after the coq)lc tion of the  

Ivl.?zi project 
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information of grea t  importance t o  reac tor  technology had never been 

developed because the  urgency of wartime pro jec ts  allowcd no time for 

the research t o  be performed. I n  the e a r l y  postwar years i n  par1,jcu- 

iar  a grea t  dea l  of research e f f o r t  w a s  needed simply t o  provid? 

fundamental da t a  which had never previously been developed. 

From the  fundamental s tud ie s  of t h i s  s o r t  performed a t  OliNi,, 

numerous continuing research and development programs were s t a r t e d  t,o 

pursue a reas  of research and development where p a r t i c u l a r l y  d i f f i c u l t  

probl-ems were encountered or where opportuni t ies  f o r  advancement ~f 

tcchnclogy appeared espec ia l ly  promising. 
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lieirioval Cross Sections 

r7  he p"l"ilOm~nol.ogical concept of an experi.meata1l.y derived. f a s t -  

neu;tron remova.1 crocs scc'f;i.on, first in?;r.oriv.ced n'i ORNL, he.s consti- 

tuted. t he  p r a c t i c a l  basis of: most fa.st-neu-tron shiel.d.ing s i n c e  <.ti., 

inception. In  ad.dition, the concept has given a physical  p:i.ctu.-rc 0% 

the  a t tenuat ion  process itflich i n  large measure has served as ii guide 

i n  developixtg more recondite theor ies  The experiniental data from 

which the removal cross  sec t ions  have been derived were obta-ineil a,t 

ONTL i n  the Lid %'afik Shielding F a c i l i t y .  

Fi s s i  on G a r m a -  Eay Spec tr a1 Mea. sureme nt s 

The complex emission of garmria rays from f i s s i o n  represents  a 

major source of these r ad ia t ions  i n  reac tors  and ato:nic weapons and 

gives r i s e  t o  important problems i n  reactor shielding,  rzec tor  hcatlng 

a f t e r  shutdotm, and c i v i l  defense shelter dcslgn. Before the ORKL 

measurements, only the spectra of the long-livecl por t ion  of these 

gamma rays,  which represents  less than 105 of -the t o t a l  energy release, 

. 'had been stud-ied. Now data are ava i lab le  for almost a l l  t i m e  r eg tons  

from a preliminary analysis of the  OHXL data. The f i n a l  ana lys i s  i s  

s t i l l  i n  preparat ion bu t  the results of the preLirrinaj.y a.iislysis h a v e  

a l ready been appl-ied very widely. 
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The p o s s i b i l i t y  0.C ~naking more f'uel than i s  consumed i n  nuciear 

neu'irons prod.uced. to neutrons absorbed i n  the f u e l  imLerial. i.tse1.f. 

'i"nis rati.0 ca l l ed  "eta"  was i n  ser ious  question in 1958 f o r  thermal 

neutron:; on siie most promising reac tor  fue l ,  $33, as a r e s u l t  of 

ttieasurments made i n  the United Kingdom which gsve much lower value:; 

tha,n had previously been measured i n  t he  Unlted S t a t e s .  ?%,e Oak Eij.dp;e 

National- Labora'Gory undertook a broad program to s e t t l e  the  matter 

w i t h  f i n a l i t y  and accuracy. I n  one s e r i e s  of expe r imnt s  a sample 

uranium was made t o  f i s s i o n  by therinal neutrons and the  r e s l ~ l k n t  

neutrons were counLed by the  ac t iva t ion  they produced in a very l a r g e  

suxrounding bath of a manganese s a l t .  

I n  anoiiier s e r i e s  of experinients, large containers  o€ sclutior,s  

235 of U233 or  U sa l ts  were adjusted i n  concentration so  t h a t  they 3u:;i 

sustained a chain reac t ion .  From t h i s  concentration and from es t im. tes  

o€ the  neutron leakage (which w a s  kept low because of  the d i f f i cu l . t y  

of t h i s  es t imat ion)  it w a s  possible  t o  dUl 0-ive the v a h e  of' e t a  Tor 

the  tuo uranium iso'iopes. An even more accurate r e s u l i  i n s  t he  com- 

parison of eta fo r  the two isotopes,  which gave e t a  for  U2" i n  terms 

of' the  be'iter known eta, of $35. 

I n  Uie t h i r d  s e r i e s  of measuremeiits, t he  e f f e c t  of i l i se r t ing  smsll 

sauipl-cs of $33, $35, mil l?u239 on the  reactivity o r  a. small cii-in- 

r e x  LTng system gave an additional. i i idi-cat ion 01 t h e  cor~p3,rrison of the 



score,  breeding r eac to r s  w i t h  the thorium-ura.?lium-233 cyc1.e were 

fe,, -. 3 u d ~ o l e .  

The problem of xenon poisoning i n  t h e  EIanford r eac to r s  very 

drarmtical-ly dernonstrated the need Tor. Pundammtal ini 'orrmti  on on 

neutron absorptj-on cross see Lions of a.11 mater ia l s  which m i & t  be used 

or formed i n  a nuclear reac tor .  A t  the end 0." the  w a r ,  very little 

w a s  knotm a,bou.t the neutron cross sec t ions  except f o r  the corrmmest 

structural materials. The most e s s e n t i a l  cross  sections had been 

measured during t h e  war at least €or some neutron energies ,  but such 

work r e a l l y  had only been s t a r t e d .  Tne Laboratory i n i t i a t e d  a p r o g r u  

of neutron cross  sec t ion  measurenents i n  the  graphite reactor using a 

"p i l e  osci l - la tor"  t o  measure absorption cross sec t ions  to 5$ accu.i-a,cy 

for a l l  elernents vhicli could be obtained in pure form. As this prograrr! 

p roqessed  through the chemical elements which were avai lable  i n  pure 

form, it was extended to include measuxments on the separatcd i so topes  

which had been prepared by electrorm&pctic processing at the Y-1.2 

Plant For research purposes ,, ca lu t ron  isotopz separators  had bccil 

used t o  prepare significant q u ; t n t i  t i e s  of separated s t a b l e  i m t o p u s  
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invar iab ly  accompanies zirconium as an impurity which can only be 

removed w i t 1 1  g rea t  d i f f i c u l t y  has such 2 high neutron absorption 

cross  sectioii t h a t  w e n  thriiigh i t  i s  present i n  zirconium only i n  

srmll amounts, it made tile zirconium cross  sectj-on appear much higher 

than it a c t u a l l y  was. The new cross  sec t ion  observed f o r  hafnium- 

f r e e  zirconium was so  low t h a t  it made zirconium appear most a t t r a c -  

t i v e  f o r  use a s  a reac tor  s t r u c t u r a l  mater ia l .  A process wa,s developed 

a t  ORNS.! f o r  removing the hafnium i.mpurity from zirconium, and con;mEr.;ia2 

production of hafnium-free zirconium w a s  soon undertaker! by ind-us t r ia l  

organi zat tons so  t h a t  low cross  sec t ion  zirconiinm becam: av%ilabl_e 

i n  quant i ty  for use i n  reac tor  construct io2.  

Dcterrninatton of t h e  Sources of  Radiation 

I n  order t o  design sh ie lds  f o r  r e sc to r s  accurately it i s  essent ia l  

t o  know t h e  amount and nature of the rad ia t ions  produced. Mmy loose 

ends which were l e f t  i n  t h e  wake of -the wartime devcloprrient program 

a r e  na r  being cleared up. Among these a re  the rad ia t ions  from very 

shor t  h a l f - l i f e  fission products, which a r e  of grca-t im9ortaxice t o  t'nc 

new c i rcu la t ing- fue l  reac tors  ( e  .g. aqueous homogeneous, o r  fused s a l t  

reac tors )  . Two expcrirflents, one with a ro t a t ing  uranium-1 adcn b e l t  

and another wit'n a fast pneumatic tube, have been ca r r i ed  out t o  

measure these shoyt-l ived rad ia t ions .  

Another poorly known qua l i ty  i s  the  number and energy per phot.on 

of t h e  proiiipt gnncna rays prodcccd by a fission-iiig iiuc1eu.s. A t'nrpe- 

c r y s t a l  spectrometer i s  cur ren t ly  being used t o  mexiire t1ii-s ~c?::~porc-r:t. 
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produced fro3 thorium i n  breeder reac tors  e 

t h i s  s i t u a L i o n  and mare is  an t i c ipa t ed  i n  the  near fu ture .  

Some research h a s  irrp.tmvcd 

- Devclopmnt of t h e  Li 6 I (Eu) Spectrometer 
-I__ 

A thorough study o€ a f i s s i o n  r eac to r  includes the cataloging by 

energy of' t he  neutrons given o f f  by the  reac tor .  Further, t he  change 

i n  energy of those neutrons as they penet ra te  various mater ia l s  must be 

known. Die lack of  a su i t ab le  spectrometer t o  measure neutrons i n  the  

range of from 1 t o  1 4  Mcv i n  t h e  presence of' the high garnma-ray f i e l d s  

encountered i n  and near reac tors  has i n  t he  p a s t  precluded such an 

inves t iga t ion ;  therefore ,  a program to develop a s a t i s f z c t o r y  in s t ru -  

men% was i n i t i a t e d ,  Two ty-pes of spectrometers were studied: (1) 

proton-recoi l  spectrometers, which, thou.& usef'ul, are l imi ted  by very 

1017 detec t ion  e f f ic iency ,  and- (2)  s c i n t i l l a t i o n  spectroxehers i n  which 

t h e  e n e r a  re leased i n  a neutron-induced nuclear rea.ction i s  measured. 

O f  the few reac t ions  ava i lab le  for t h e  second type of' spectrometer, 

t h e  L i  6 (n,&)H3 reac t ion  appeared t h e  most promising, having both a 

l a rge  cross  sec t ion  and l a rge  energy. release. A niuilber of espcrimeiits 

were performed with s ing le  crysta3.s of europium-activa-ixd L i b 1  c r y s t a l s  

and various monoenergetic sources. It was found t h a t  th .e  response of 

these c r y s t a l s  tias most s a t i s f a c t o r y  fo r  c r y s t d  teriiperatu.rils LeJxxq 

about -14.0°C; therefore ,  a system was devised i n  which t h e  crysLa1. 

was cooled by l - i q ~ i i d .  ni-Lrogcn. The experiments i n d - i c a t c d  t h a t  a 

Li 1.( .ELL) crystal ~3.11 . .  be su i t ab le  f o r  mc:tsuri.ng f i s s t o n - ~ . ~ , : r :  neutron 

spcci;r.a td~ove an enercy of ~ ~ ? 1 7 r o s i m n t ~ ~ - ~ r  1. 5 ME:V 

6.. 

... 
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Tneoret i c a l  lie ac to r  Research - 

A s e r i e s  o€ reac tor  codes f o r  use with high-speed computers has 

been developed. 

approximzition t o  the  Boliznann cqual,ion, w i l l  cnabl P t z n  improved 

The most elaborate o r  these,  which i s  a cor:sisie:ii. P1 

representat ion of t he  slo-,sing down of neutrons i n  w a t e r .  Tiis code wTl..l 

be  used t o  analyze .the r e s u l t s  of Clem c r i t i c a l .  exper*i.ments a t  ORPJL 

and slioul.4 improve our understanding of t h e  behavior of cri.tj.ca1. 

assemblies 

A great1.y improved theory of resonance absorpti-on has Seen ob- 

t a ined  by including t h e  e f f e c t s  of t he  s t a t i s t i c a i  flu-ct1iatlons of' 

l e v e l  widiths and of Doppler broadening % ' u . r t h x  progxess has r e c e n t l y  

been made by tncluding in te r fe rence  between poteiitial. a-nd resomnce 

sca t t e r ing  and by extending the  theory t o  wid-e resonances. 

Radiation Earnage 

A question vhich caused ser ious concern i n  connection w i t h  the 

opera tion of the Hanford reac tors  was whether r ad ia t ion  vou.ld cai.:.se 

changes i n  the materials ins ide  t'ne reac-tor i n  such a way Ynat, the 

performance of the reac tor  would be impaired. It had. been recognized 

from t h e  e a r l i e s t  s tud ies  with radioact ive mater ia l s  t h a t  r ad ia t ion  

would cause changes i n  the  physical  p roper t ies  of many materials and 

under some circumstances i n  t h e i r  chem-ical bdmvior  . A l t h o u g h  the 

Haiiford resctoi-s w e r e  b u i l t  and operated a t  high power v i thou~t  t h e  

bcnef.it of in for l in t ion  on the damaging e f f e c t s  of  rad ia t ion ,  no serioLcs 

o1)c.tz'Aona.l d i f f i c u l t i c s  were encounicrcd. Iiovever , i t  was not Inor. n 

~ O V  I-on;; the reaci;or could bc o p c r a t e i ~  until tiic cuiiiul.ativi. e f i e c  ts 
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e f f e c t s  would even be dangerous Conseqixntly, this was considered. a, 

very  important f i e l d  f o r  research.  

One of t h e  e a r l i e s t  pos-i;~m,r resea.rch ac-tivit i .es W,T; %he s-Lu.dy 

of ra,dli.ation damage i n  mater ia l s  used i n  r eac to r s .  CZl~!L rer;ea;r*ch 

groups were t h e  f i r s t  t o  undertake extensive stud-ies ol" radiat ion.  

damage making use of  the  graphi te  reactor faci l i%ies  f o r  i r r a d i a t i n g  

samples of var ious matex-iczls. It w a s  quickly recognized t h a t  post- 

i r r a d i a t i o n  examination of materials which had. becoz:le h ighly  raclio- 

a c t i v e  i n  the graphi te  r eac to r  requi red  spec ia l ized  fact l . i . t ies  with 

hea7-j-er shielding and more extensive provis ions f o r  remote control. 

operations. Lack o r  such f a c i l i t i e s  would requi re  tha"i rad.ia,ti.on 

damage s tud ie s  be l imi t ed  t o  the low l e v e l s  of r ad ia t ion  a n d  the 

small samples which could be handled behind comparatively lf&--b>:? i g h t  

sh i e lds  with t h e  simple remo-te con t ro l  tools t h a t  were then available. 

These l i m i t a t i o c s  meant t h a t  ne-w f a c i l i t i e s  would. be vequi-red f o r  t he  

type of research t h a t  was needed t o  answer g_uestions on r a d i a t i o n  

damage. Accordingly, a "hot laboratory" f o r  physical  and cheniical 

measurements on i r r a d i a t e d  nmter ia ls  was included as an adjunct  t o  a 

Physics of Sollcls research  labora tory  i n  t;he cons- tmct ion program io 

provide the f i r s t  permanent f a c i l i t i e s  a t  ORNL. 
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ra.di.atrion damage 0ccu . r~  in various types  of materials. As knoiilecige 

was gained in this new ficld, it became possible  to selkc-t  rrinte-ria.ls 

which r*:ould. shois: l e a s t  darnmoge w i J i h  exposure to rad ia t ion  and. “io d.ev i cc: 

new matcrials w i t h  special characteristi cs to minim.ize radi.atli on 

damage. 
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advances i n  reactor design and msteria3.s development rind. 2 . 1 ~ ~  &To- 

onstrated the  technica l  f e a s i b i l i t y  of the Iiigh Flux Reactor concept. 

One important product of t he  mater ia l s  e f f o r t  was the  dcvelopmcnt of 

an aluminum-base f u e l  clement that embodied t h e  foil.owirrg unique 

features:  (1) explo i ta t ion  of t he  cox;pactness of nuclea~" ecergy 'by 

empl-oying h ighly  enriched f'u-el; (2)  a major deviat ion from t k i e  el-ass- 

i c a l  na tura l  u ran im slhg canned i n  aLurninum totrard an extended surf;?.ce 

element to f ac i l t t a t e  heat removal; and ( 3 )  d j l u t i o n  of' the  fuel. i n  a 

suitable di luent  ana use of composite plate-type construction r r i  th 

metal-to-nietal bonding t o  fu r the r  maximize Yile hcat trsnsFer cap$oility 

of the prociuct. 

tank-type reactors b u i l t  for t h e  purposes of' education, radioisotope 

production, engineering t e s t ing ,  and research eniploy alwni_ num-base 

P r a c t i c a l l y  all of the do~ ies t i c  and foreTgz pool-  ar~d 

f u e l  u n i t s  i n  t h e i r  operation, ln addi t ion,  t'ne c r i t e r i a  estzbl ?shed 

served as the  underlying b a s i s  for the  development of s t a in l cns  steel. 

and zirconium core components f o r  t h e  pressurized-watcr rcactor ]~r.og:r:~n;s 

of the A r m y  and N a v y .  

Laboratory w a s  t he  f i r s t  in tcg i  ated p lan t  deslgncd spticif'i c a l l y  -Cor 

t he  manufacture 01 nuclear T-ml and cont ro l  corn,Poi,ents and scrvz.1 as 

the  p r inc ipa l  source of supply in the Ufiitcd Sta ides  durirtg t h e  period 

The fabr icz t ion  facility a t  the O a k  Ridge D!ati-onal 
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produced. v i a  the meltin~-car,-tin@-ex-trusio12 route , which resu.l.ted i n  a 

prod-uct with poor d u c t i l i t y  when compared to beryll ium produced via 

the povder route .  Despite t he  reservz t ions  of rriamy, the inherent  

arlvan-bees of the powier product were expounded and were f i n a l l y  used 

with the  Brush Beryllium Company t o  produce massive pieces and wi.th 

t he  Y-12 Nechani-cal Operati ons Divisioiz t o  machine the  tox ic  me.tal.. 

i n t o  a v a r i e t y  of shapes to  f i t  around beam holes and ot'ner perturbances 

i n  the  r e f l e c t o r  area.. 

r e l i a b l e  deep-hole d r i l l i n g  technique a t  ORNL t o  provide the  3/16-in0 - 

dia2 40-.in. -long cooling channcls i n  beryll ium metal. 

achievement perm-itted tile use of massive beryll ium pieczs  and thereby 

saved an estiniated cos t  of $ 1 .5  x 10 

beryllium r e f l e c t o r .  

A key accomplishment was t h e  dkve1opmei:t of a 

Piis l s t t e r  

6 f ron the  ove r -a l l  cos t  of the  

Tnorium acd Its Alloys 

I n  1-950 an ex'iensive review of the  pro jec t  litera-Lure coveri-ng 

the metallurgy of -Lhorium w a s  completed. This was used as a b a s i s  

fo r  s t a r t i n g  a comprehensive program on the  physical, metallurgy of 

thorium and i t s  a l loys .  A four-prong a t t a c k  as follows tras t o  be made: 

1. An elu.cidation of the  e f f e c t  of impuri t ies  such as oxygen, 

ni-trogen, carbon, and hydrogen on the  mechanical and phys ica l  

p roper t ies  of thorium. 

~n extensive irives'ciga-tion of i ~ e  meclianicnl- pi 'opcrties of 

tlioriuin and i t s  a l l o y s .  

2 .  

3. An alloy devclopnient prograin. 

IC. A f : i ,h i~ i~~~. i ;  i 03 2nd c3.aci.ding p:ro~ra,ni. 
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This program was qui te  successful and shaded t h a t  thorLum had a 

y i e l d  point  similar to t h s L  o€ iron, uh ich  was clue to t h e  Lnpurit ies 

i n  thoriurii. The f i r s t  determinatioas o.? yield strength, t e n s i  l e  

s t rength,  modulus of e l a s t i c i t y ,  Poisson‘s r a t i o ,  and creep c tucngth  

came out of t h i s  work. The extensive inves t iga t jon  of i he  alloys and 

f ab r i ca t ion  procedures of thoriurt was extremely useful. i n  the  Nater ia l s  

Testing Accelerator Program; however, a t  the  d e m i s e  of t h i s  program, 

and because of t he  lack  or i n t e r e s t  i n  the  U233 cycle,  a l l  work 0x1 

thorium w a s  stopped f o r  severa l  years m t i l  i n t e r e s t  revived i n  breeder 

r eac to r s  u t i l i z i n g  333 f u e l  and a thorium blanket. 

Liquid Metal Techno1og;;v 

It was  recognized very early i n  the study of reac tor  technology 

t h a t  l i q u i d  metals of fe red  the most a t t r a c t i v e  hea t - t ransfer  rnediz for 

high-perfornlance reac tors .  This focused a t t e n t i o n  on the f a c t  that 

v i r t u a l l y  no information ex i s t ed  on t he  high-ternyJerature corrpt t i l~i l - i ty  

of s t r u c t u r a l  materia1.s and var ious alkali metals. Techniques here 

developed by which the  many f a c e t s  of the  problem could be s tudied  

and pioneering work was carried out  on Lithium, sodium, and E3K, and 

l a t e r  t he  first work on rubidium and potassium was undertaken. 

One of the  most siLgnificant r e s u l t s  from t h i s  work is tlis observed 

phenomenon of mass transport of metal. and t h e  e f f e c t  of num-crov:; v arl a- 

bles  on the rate of mass t ranspor t .  These ~ ~ a r i s b l c c  include solubLlity, 

maximurn temperatwe , ternpara-Lure gradient through the  sys-Lern, di ssinii lar 

%o : ;elecJi appropriate rria-t8erid.s to contslin vat- ious Liquid me-tali; and 
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The techniques and knowl-edge developed have continued t o  serve 

as the b a s i s  upon which slJ.bSeqU.ent research groups a t  other s i t e s  

have for.rul.a.ted their progrrrms . 
Advance:; i n  Metallography 
._---I-- _ . ~ -  

The u t i l i z a t i o n  of color  i n  metallography t o  a. pract ical-  advantage 

i n  the  nuclear f i e l d  w a s  pioneered a t  the Laboratory i n  t'ne e a r l y  

1950's. Techniques f o r  Lhe anodization of some metals and all-oys 

were es tab l i shed  t o  permit prefer red  o r i en ta t ion  s tud ie s  which other- 

wise would riot have been possible  by conven-Lional methods. 

graphy j,n col~or has a l s o  proved. t o  be a. tremendous asset i n  grain- 

s i z e  determinations and i n  t h e  i d e n t i f i c a t i o n  of !nicrocons-i;i-'iuen-i;s * 

Vibratory pol i sh ing  i s  anot'fler noteworiiiy achievement i n  which 

This recent development has 

Metallo- 

the Laboratory played a dominant r o l e .  

automated the  arduous t a sk  of specimen preparat ion ar,d i s  dest ined t o  

cont r ibu te  s i g n i f i c a n t l y  i n  the field- of remote metallography. %IO 

su.pply houses a r e  now marketing v ibra tory  pol i shers  which a r e  pakterned 

a f k r  the Oak Ridge Nabional Labora'iory model, and boi;h give recogni- 

ti.on t o  the Laboratory i n  t h e i r  s a l e s  l i t e r a t u r e .  

S t a in l e s s  S t e e l  Dispersion Fuel El.emen-Ls 

Another s i g n i f i c a n t  advance i n  the  f i e l d  of reac tor  mater ia l s  was 

the  development and manufacture of an  experimental core loading f o r  

powering the  SM-I., formr l -y  designated as APH. 

The core consis ted of enriched UO -stai .nless s t c e l  fuel elements 2 

witth a high burnup capabi l i - ty  and c o n t r o l  coqionents o r  B C d7.s 4 
i ron  f o r  neutron absorption. Tile loadf.ric, coiitctining a bus:mblc poison 

c i  i i ?  tlie fuel, has perron,!ed c>xcepL.ione.lly ve l1  by cxcccdi.ng t h e  

d.cs:i p;ii ILii'et iincl 0:;' 15 I v i q  aiid achieving a biwnup greater t l ian 100,000 

M:Jd./ton. 
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More recent ly ,  two imova t ions  have been developed fo r  incorpora- 

t i o n  in.-to the  second core loading a These are europium-bearing absorber 

rods and cont ro l - fue l  section with an j.ntegra.1 f lux  suppressor t o  

avoid f l u x  per turbat ions a t  the  absorber-fuel in te r face  due t o  t h e  

"WiBins Effec t . "  

europiurr? oxide are (1) rad ia t ion  s t a b i l i t y ,  by v i r t u e  of the  f a c t  

t h a t  europium does not  undergo and ( n , a )  react ion,  and ( 2 )  extensioa 

of burnout l i f e t ime  because europium inherent ly  generates a chain of 

four  high neutron-absorbing isotopes i n  i t s  decay chain. 

The chief advantages i n  t he  use of the  cos t ly  

Mechanical Metallurgy 

Tnere were th ree  a reas  r e l a t i n g  t o  mechanical metallurgy i n  

which vi r tu-a l ly  no information ex i s t ed  p r i o r  to 1955. One vas the 

e f f ec t  of gaseous and liquid environments on creep, a second was an 

understanding of thermal f a t igue ,  and t h i r d  vas t h r  e f f e c t  of rm1T;ii txiaL 

s t r e s ses  on tne  creep, f r ac tu re ,  and d u c t i l i t y  of  metals. I n  ordcr 

t o  study these var iab les ,  it w a s  f i r s t  necesstlry t o  develop new and 

unique t e s t i n g  devices. I k e  popular anaLytica.1 models were examined 

agains t  data  obtained from the new t e s t  conditions w i . t h  the r e s u l t  

thal, new and important information regarding the behavior of metals 

undcr general  as well  as nuclear-service conditions was revcdcd for 

the f i r s t  t i m e .  Therefore, ncw analy'dcal t oo l s  were provjdcii the 

engineer and stress anal-ysl, to u s s i  s t  t1ir.r- i n  s o 1 r i . n ~  tlicj r ilesityi 

problciw, - 



-I.I.~- 

The problem becomes more acute  i n  nuc1ea.r technology because of t he  

s e n s i t i v i t y  of  Yne publ ic  regarding reac tor  f a i l u r e s  and became of 

the unusud. nature o€ many of the  materia1.s which a re  used~. The Non- 

des t ruc t ive  Test Deve3.cpment Group i n  the Metallurgy- Division was 

formed to develop me-thods t o  ensur;. t h a t  all mater ials  f o r  use i n  

t'ne O a k  Ridge N~~tiOn3,l  Labora$ory wou1.d meet t h e  n e w s  sary  standards 

of qua l i ty .  'Tiis need w a s  recognized when indus t ry  was umabl-e t o  

inspect  tubing t o  the high l e v e l  of qua l i t y  required by the  Ai rc ra f t  

Nuclear Propu.l.sion Program. 

Research and development for both u.1.trasoni.c and edd-y-cu-rrent 

'cYx,es of' i.nspecti.on have r e su l t ed  i n  s ign i f i can t  improvements in the 

s e n s i t i v i t y  and in t e rp re t a t ion  o f  such t e s t s .  Thus, it has become 

p0ssj.bl.e t o  re l ia ,bly inspect  very t h i n - v a l l  tubing and c lad  mater ia ls .  

I n  addi-Lion, techniques were developed f o r  inspect ing beryll ium aiid. 

graphi-te; two mater ia l s  which present unusual inspection di.ff icultier,. 

Mzny of the techniques agd equipment developments of t h i s  gr0u.p have 

been adopted by cormercial  vendors. Remo-Le inspection of the HRT core, 

accurate gaging of tile HFIR fuel p la t e s ,  and low-voltagz rad iog~~aphy 

of beryJ.lium a re  among the recent  specif  i.c acconiplishmcnts of t h i s  

group'. 

The pr i  ninry purpose of rcac t o r  mater ia ls  resezrch and dzvz1opxen-t 
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econorny, arc frequently beyond thc capabi l i  t i c s  of the  usual engirieeri ng 

mster ia l s  Consequently, i n  addi-Li on t o  the conventional mctnllurgicsl 

ass i s tance  i n  the se lec t ion  of n3 te r i a l s  for p r t j  culcu. appl icat ions,  

thc program c a q  rises an zi ntcnsive study of the metsllur&.cal propcrti  c s  

of elernenis of spec ia l  i n t e r e s t  (uranium, thorium, zirconium, t i t a n i u n )  

and t h e  development of f ab r i ca t ion  methods for t he  unus iu l  shapes and 

coxbinations of  rnatcrials required i n  nuclear reac tors  As much o f  the 

work as possible i s  done under cont ro l led  and simple conditions leading 

t o  an understmding of t'ne phenomena concerned. 

Homogeneous Heactor Mater i. als  

I n  homogeneous reactors r e l i z b i l i t y  of s t r u c t u r a l  mater ia ls  under 

rather severe ope r a t ing  conditions i s  of p a r t i c u l a r  importmcc . 
l u r g i c a l  developmeni and Lesting of materials, accordingly, has rccc Lvc.3 

Metnl-  

rmrch a t ten t ion ,  emphasizing t h e  developmznt of better cha rac t e r i s t i c s  

of corrosion res i s tance ,  s t rength,  ease of fabr ica t ion ,  a.nd wcldabi l i ty .  

The scope of the metallurgical e f f o r t  extends Troni the developmeiit ol 

new and improved a l loys  through the  establishment and cont ro l  of 

sui"iab1e metallu.rgica1 processing methods ( fabr ica t ion ,  h.eat t reatnent ,  

and welding) t o  the  inspect ion and. testing of the final components 

of %he reactor system. 

M . - t  <t er ia l s  . exylored in thi.s connection have been si,ainless s t e e l ,  

ziFconiwn, a n d  i t a  alloys and ti .taaimi1. O f  outs-tanding inii3or-';pncr. has 

becil the clcvel.oprwiit; of i-relding t e c h r i i c y x s  t ha t  do 11o-t requj-.re use of 

dyy boxes, thus perriiit-l;.inp; coi1ctru.c Lion of large vcsse1.s ~ auld the d3.s- 

C O V C I . ~ ~  of the usur.il:l.y 600.3 corrosi .on i:esistnnce al loys of t i . 1  c %.i.-?i?: 
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system i n  uranyl sulphate under irradiation. It has a l s o  been found 

vent ional  means do not apply to t h e  hexagonal. meta,l.s. 

Molten S a1 t Re ac% o r  Met a1 l u r  gy - 
The successful  construct ion and operation of a high-temperature 

reactor  foi- a i r c r a f t  propulsion depends upon t h e  so1uti.on of associated 

mateyials problems. The puTpose of t h e  metallurgy group i s  t o  determine 

t h e  s u i t a b i l i t y ,  p roper t ies ,  and niethods of f ab r i ca t ion  a n d  handling of 

struc-tura.1, moderator, fuel c a r r i e r ,  coil trol  rod, shielding, and coolant 

mater ia ls  f o r  use i n  such reactor systems. 

The very high heat fluxes involved require  thin-t.ra,l.l.ed me-tal i n  

a l l  heat  exchange s i tua t ions .  The use of such thin-walled me-tal i s  

opposed. by t h e  combinztion of c o ~ ~ o s ~ . o n  and mass t r a n s f e r  by the high 

temperature l i qu ids  ( fused f luor ides  and liquid metals) exploycd, by 

t h e  metal lurgical  defec ts  occurring i n  coumercial mater ia ls ,  and by 

t h e  mechanlcal. s t r e s s e s  imposed. As a corisequence the  rnetal.l.urgicaI 

work has proceeded ch ief ly  along the following l i n e s  : 

(I) The mechanism of corrosion and mass t r a n s f e r  i n  fused 

fluorid.es and I-iquid metals has been inves t iga ted  and. t he  

effect of addi.tives -to t h e  l i q u i d  and al.loy addi t ions t o  

t h e  container mater ia ls  deteniiiiied . R m m g  t h e  co~~n~rc - i a l . I . y  

avail.ab7.c rna-Leria.l.s Incoricl and Hastelloy R have been fCtrunrl 

t o  be best sui-Led but have ccr-Laix def ic ienc ies  ~.rhic:h heve 

been ovcrcoi~ie by the  dcvclopment of a new a l loy  INQR-8 

( ~ i  .-I.~O-C~*-FC:) . 
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(2) Continued progress has been made i n  the  development of new 

meYIods and- ma-leria1.s for weldfing amd b m z i n g  bea t  exchr;ngz.r*s 

and radiator:; for high temperature service An outstanding 

new development has been i n  methods fo r  brazing cermets t o  

metals for valves and beariRgs, 

Ent i r e ly  new arid sens i t i ve  rnethcds for  non-destructive 

t e s t i n g  of small, thin-walled tubing have been devised and 

applied i n  t h e  inspect ion of a11 mater ia l  used i n  t es t  

assemblies. These a re  of the  x l t rasonic-  and eddy curreil'c- 

types. 

An enormous mount of da t a  h a s  been ob-tained on t h e  hlgh 

temperature creep and s t r e s s  rupture  proper t ies  of Inconel 

and other mater ia l s  i n  various cnviroments ,  pas t i c i - l z r ly  

under mul t iax ia l  and cycling stressLng. Appltcation of - .  

these  da t a  should permit b e t t e r  design of corLponcrrl pa r t s .  

( 3 )  

(4) 

I n  addi t ion,  two s p e c i a l  high-teiriperature sh ie ld ing  material:; have 

been developed f o r  t h i s  reac tor :  

WC-Hastelloy C f o r  the Yshield.  

B4C-Cu for t h e  neutron shield and 

Heteromneous Reactor Mater-ials 

The f e a s i b i l i t y  of' expl.oi-ting the compac-tness and 10i.r fuel. 

t ranspor ta t ion  requirements of' nuclear energy $0 powci- p h n t s  to provide 

econoinical. power in remote LoczLions, such as the a r c t i c ,  has been 

demons L r x t e d  by t h e  cons%rl;rctlon ;incJ. sv.ccessful operation of the 
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uranium-investment core  i s  accorillplished by t h e  employment of a bank 

of seven cont ro l  rods, and t h e  u t i l i z a t i o n  OP a burnout poison m i -  

for1nl.y dispersed i n  -the fuel. 

Metal lurgical  ass i s tance  required i n  support of the progrm included 

ma te r i a l  evaluat ion and. se lec t ion ,  development of spec i f ica t ions  and- pro- 

ced-urcs fo r  powder-metallurgy processing, cladding and t h e  joining o f  

the  composite fuel  p l a t e s  i n t o  an i n t e g r a l  assemb1.y by brazing, pre- 

opera t iona l  corrosion, hydraul ic  and mechanical t e s t ing ,  as well as a 

final, demonstration of performance under i r r a d i a t i o n  A similar program 

w a s  ca r r i ed  out i n  the development of t he  enriched boron- 10- beari-ng 

s t a i n l e s s  s t e e l  rod f o r  t'ne absoi-ber sec t ion  of the cont ro l  rod assem- 

b IJ * 

The i n i t i a l  core loading w a s  f ab r i ca t ed  i n  ai:c;ordance with t h e  

spec t f i ca t ions  deve7.oped and adopted, and del ivered  -to the site for 

starrtup of t h e  reac tor  a 

Pla.te-Type Fuel Elen?en"i Development 

I n  support of t h e  Atoms f o r  Peace Program t he re  was an  urgent 

need to develop a highly r e l i a b l e  aluminum plate- type f i e 1  element 

whi-ch u t i l i z e d  20$ enriched U-235 mater ia l s  f o r  se rv ice  i n  fore ign  

reaxtors .  Three types of mater ia l s  have been inves t iga ted  i n  an 

a t t e n p t  -to a r r i v e  a.t an optimum serviceqble and econoi:iical fucl. 

elemen-i; . These combinations inclhde fuel pla-Les cont;ain-ir.g A-1-U-Si 

a l l o y ,  U308-Al cermet, and UC2-Al cermet. Procedures ha\-e been es-La5- 

l isl ied f'oi- melt in^ and cas t ing  h ighly  concentraLed U-A1 all.oys e.nd f o r  

1 tibricaLTng these int ,o  fuel elciiicnLs. 

:i.s co!rij~?e'Lcly suppi'?ssed -by a 3:; Sri add.itIi'.o._; rcSi-il.tii:[: in i m p r  uveG. 

n Thc U A l 4 .  compouiid 5 n such ctlli;yr: 
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workabili ty.  

fou-nd to be more compatible than U02-Al and UC-A1 cermets. 

Highly concentrated U308-A1. and U C 2 - U  cermets have been 

For the  Special  Power Excursion Renctor Teat r e q u i r i n g  si;r.onC;cr and 

more rigid fuel elements of thc  MTR-type, it hPs been demonstrated tha t  

age-hardening aluminum alloys 6961 and 6061 could be su3s t i tu ted  for  

1100 alsminuii with t h e  des i red  r e s u l t s  

There also have been developed several other  new composite pl.ai;es 

which appear promising for f’ur:.L or cont ro l  components: 

uranium clad with zirconium 

thorium clad with zirconium 

thorium clad with alurninum 

dispers ion of  B4C i n  copper c lad with 

s- ta inle  s s s t e e 1  

d ispers ton  of boron i n  iron clad with 

s t a i n l e s s  s t e e l  

dispers ion of %203 i n  i r o n  clad with 

stainless s t c c l  
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REAL'Y'OR II'UEL PROCESSIRG 

War ti! !e PTD[J:JITI 

The s i rong  trerl-i t ion in chemical engi rieering begun dm5ng 

y e a n  when t h e  e n t i r e  Labora.tory was operated as a p i l o t  p lan t  

Vnc var 

f o r  t he  

I-Iamford, Washington, plutonium-production p lan t ,  influenced the AEC %n 

es t ab l i sh ing  ORNL as the  cen te r  of chemical and chcrnical en.gineer5.ng 

research i n  1948. 

Universi ty  of Chicago Metallurgical. Laboratory for  separat ing and pu r i -  

fy ing  pl.uhoniw-n from t h e  r eac to r  f u e l  i n  which it i s  produxed was 

car r ied  t'nrough successfu l  p l l o t  -plant  s tages  at OFWL. The first. grain 

of pure plutonium w a s  produced., separated,  and puri-fied here.  I n  

addi t ion,  the Laboratory had wartime r e spons ib i l i t y  for producing 

thousand-curie anounts of the  radioisotopes barium and lant'nanum, f o r  

use a t  Los Alarnos as a very s t rong  radiation source. Process-improvement 

research and development on .these processes continued throu@ the  war 

yeers,  even a f te r  successL%l. performance had been deinonstra-ted. 

The bismuth phosphate process developed a i  t he  

Postwar Development - The Redox Process 

The successfu l  operation of the Hanford plutonium-production 

f a c i l i t y  a t tes ts  the contr ibut ion of wartime research a t  ORNL t o  the  

atoniic energy program. 

its p i lo t -p l an t  f a c i l i t i e s  t o  t e s t  arid improve the Redox process 

dcvel-oped 3.t Argoniie National Laboratory -for sepa-a t ing  and purifying 

u-an: i~ua arid plutonium by solvent  - ext rac t ion  1;iei;hods. 

cess :;ho;.ied grca-t promise of being much more siinpl.e and economical i i i : t i i  

Soon a f t e r  the war, ORNL was requested t o  use 

The flrgonnc pro - 
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and pu r i fy  only plutonium, bu t  it yielded uranium of i n su f f i c i en t  purity. 

O W L  modified the  process and dcmoristrated on p i lo t -p l an t  scale hair a 

s u f f i c i c n i l y  pu-e ureniun proauct could be produced. A ncv  chemical 

p l a i t  t o  use t h i s  procccs was constructed a t  Hanford i n  1952 a-t a cos t  

o f  $60,000, 000. 

"2 5 " Process 

The Materials Test ing Reactor a t  Arco, Idaho, required a new cheini- 

cal process t o  recover t h e  highly enriched uranium from i t s  used uraniurn- 

aluminum a l loy  f i e 1  elements e ORNL chemists and chemical engineers 

developed a process, ca l l ed  the  "25" process, and demonstrated it in the 

p i l o t  plant. The Laboratory was responsible for t'ne design of the Idzho 

chemical p l an t  and f o r  supervising i t s  construction and i n i t i a l  operation. 

The philosophy of d i r e c t  maintenance was used i n  t h i s  p l a n t  f o r  the  f i r s t  

t i m e ,  a l l  previous chemical p l an t s  having used rexoie-conbrol ma-intenance a 

The $28,000,000 plant vas completed i n  1952, 

s u f f i c i e n t l y  v e r s a t i l e  t o  permit f'uel elements from the EBH, STR, o r  

other  reac tors  t o  be processed rout inely,  as ire11 as 14T'R f'uel e1e:nents. 

The plant  and process were 
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t o  permit the recovery of plutonium as well as urariiwn from ORPJI, wastes. 

The TRP metal-recovery process was adopted a t  Hanford and instal.l.ed a-i 

a cost. of $35,000,000 in an unused f a c i - l i t y  originally b u i l t  for. the 

bisnlilth phosplia-te process, which was replaced by t h e  Bedox process.  A 

new waste-processing f ac i l - i t y ,  t h e  Me-tal Recovery Fac i l i t y ,  was con- 

s t ruc t ed  a t  O R N J  a t  a cos t  of $650,000 t o  use the TUP process. 

new f a c i l - i t y  wzs f:irst used i n  t he  Commission's h igh-pr ior i ty  program 

fo r  sepa ra t ing  uraniun and plutonium from Cha1.k P.Lver reactor f u e l  

elernenbs purchased from the  Canadians arid w a s  l a t e r  used for  recovery 

of the uranium s tored  i n  waste tanks a t  ORNL. 

w a s  a l s o  used. f o r  t he  recovery of uranium and p lu to i i im fron? the Brook- 

haven National Laboratory r eac to r  and Argoiine National. Laboratory' s 

CP-2 and CP-3 r eac to r s .  

The 

The Metal Recovery F a c i l i t y  

Purex Process 

On the  basis of the  work ca r r i ed  out i n  developing the  TBP process 

f o r  recovering uraniux  from waste so lu t ions ,  it was decided t o  inves t i -  

gat.e the p o s s i b i l i t i e s  of using t h i s  type of process f o r  recovering, 

separate  1.y , pluton i u n  and ur ani  uin from H an ford plu. t oni  um- p-~odu c'i i on 

metal. 

feasible, and tht it probably would be more economical than the  other 

proccsses which had been or were being developed i?t t h a t  time. I n  

a,ddi t i o n  t o  uranium an& pluton-iux, l,h? Purex proccss a l s o  isolatcd the 

f iss- ion produe Ls , thus  gr.enL1y simplifying radioact ive waste storage 

probl.cm. I n  1.950, t h e  process war, selecbed a s  -the one to be used by 

du Poiit at t he  S.c~-vaiulali H l v e - r  Project. 

It vas shown i n  the surmner of 1949 t h s t  such a process was 
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The major chernical dcvelopmnt work f o r  Savannah River T ~ T C ~ S  done a t  

ORNL. Some suppleraentary studiec: were ca r r i ed  out at Knol Is Atornj c 

Power Laboratory and at, Argonne Ilraticxm.1 Laborzto-ry. 

pump mixer -se t t le r  t o  be used at the  Savamah River Project as the con- 

t a c t i n g  device, 

KAPL developed the 

I n  add? t i o n  t o  the main-line solvent-extract ion pi-ocesz, called 

the  Purex process, ORNL was responsible  f o r  t he  devel-oplnent of an ion- 

exchange Plutonium-isolation scheme, a process for recovering p lu ton i i~m 

from miscellaneous meta l lurg ica l  wastes, a nieihoct for recovering n l t r i c -  

acid from the  solvent-extract ion wastes, and a process (fuxcl-ess d i s -  

solving)  f o r  removing radioact ive f i s s i o n  gases f r m  di ssolver fuincs, 

permit t ing t h e  recovery of t h e  oxides o f  nitrogen as n i t r i c  acid which 

could then be reused. 

The Purex process was used i n  the two separat ions p lan ts  a t  

Also,  a Furex Savannzh RLver i n  1954 cos t ing  &out $r(5,000,000 each.. 

p l a n t  was constructed a t  Hsnford a t  a cos t  of about $@,OOO,OOO i n  

1956, using a s l i g h t l y  modified process. 

Thorex Process 

The Thorex process separates  protactinium, uraniu~n-233, and thorlun 

f r o m  f i s s i o n  products and from each other. The process js of j n t e rc s t  

for t he  i s o l a t i o n  of fissj.onal’t,le ur=nriium-233 f o r  weapons devel o p e n t  

and €or pow>r-brceder reactors which zre expected to employ thosiur,, 

b l ankc t s .  It w i l l  mnke it possible t o  r e tu rn  i r r a d i a t e d  tllorium t o  
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The process w a s  demonstrated a t  OmIL on a piI.oL p lan t  and s e m 4 -  

production sca le  i n  1954. 

Interim-23 Process - 
The Interim-23 process i s o l a t e s  i i rmium--233 from i r r a d i a t e d  thorium 

and associated f i s s i o n  products. 

The lNT-23 process was developed for  the  production of kilograni 

quan t i t i e s  of uranium-233 required for weapons t e s t ing .  An existing 

development f a c i l j - t y  vas modified t o  provide adequate shielding,  and 

supplementary shielded. waste tanks were constructed t o  receive the  

radioact ive thorium wastes. Slugs i r r a d i a t e d  a t  Haxf’ord were shipped 

i n  spec ia l  shielded c a r r i e r s  t o  ORNL and processed a t  a r a t e  oi’ ‘70 

k i log ra r s  o f  thorium per da,y. 

A total -  of about 2.5 kilograms of uranium-233 was i so l a t ed  i n  

1952 e 

Sl.urrex Process 

The Atomic Energy Commission’s uranium raw-materi a l s  pur5 f i c a t i o n  

program was expanded i n  1951, and a search was made f‘or an a l t e r n a t e  

t o  the  e ther  ex t rac t ion  process being used by Mallinckrodt Chemical 

Works. I n  1950, ORliL was asked t o  make a preliminary evaluat ion o f  

var ious solvents  which could be used for t h e  recovery and pur j f i ca t ion  

of uraniwri from ore concentrates.  

purpose, but a l e s s  hazardous and less v o l a t i l e  solvent vas  hieh1.y 

desirz~b1.e. TBP proved .Lo be the  most a t t r a c t i v e  a l t e rna te .  

Ethyl e-Liier had been used f o r  t h i  s 

The Slurrex process u s h g  TEP as solvent was developed i.n coil juiic- 

t i o n  v:i.tli P?:il.lincl:r.odL Chemical WOY!;~, and Cata ly t ic  Construe-tior! Co. , 
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and demonstrated at OIWL. I n  addi i ion  to t h e  use of a less v o l a t i l e  

solvent ,  the proccss permit-ted t h e  use of ore-digest s l u r r i e s  CJ,S feed 

mater ia l  i n  pulse-colu-ml contaccors I) The process IGLS zd.opiuc1 by The 

National Lead Company f o r  use i n  the Feed Mater ia ls  Production Cenicr 

a t  Fernald, Ohio, A pI.ant cos t ing  approxiinately $20,000,000 vas 

constructed. 

Excer Process 

The uranyl  n i t r a t e  product of cx%raction processes, such as Purnx 

and Redox, must be converted to uranium. t e t r a f l u o r i d e  as the f i r s t  

s t e p  of its preparat ion f o r  recycle  through t h e  gaseous d l f f u s l o n  

p lan t  at K-25. This was accomplished by cos t ly  reduction w i t h  hydro- 

gen and hydrogen f luor ide .  The Excer process converts uranyl  n l t r a t e  t o  

uraniun t e t r a f l u o r i d e  at a much lower cos t .  

.... 
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Fuel and Blanket Processini< 

Since 1.953, s tudies  of reac tor  fuel. processing have included 

the  coniinuing development ol" the Thorex process for ~ r - n i ~ ~ i - 2 3 3  r e -  

covery and t h e  i n i t i a t i o n  of the Fluoride Vo la t i l i t y  process f o r  

uranium- 2 3 5 recovery- . 
Thorex s tudies  were made t o  evalua.tc the  e f f e c t s  of i r r a d i a t i o n  

leve l ,  up t o  4000 Mwd/t, and decay times a s  sho r t  as  30 days. Various 

so lven t  ex t rac t ion  procedures were s tudied t o  achieve maxi-mum separa- 

t i o n  with a miniinum number of  process operations.  During Lhe develhp- 

rnent wora approximately 80 kg of uraLum-233 was separated along \iit,h 

45 metric tons o f  thorium. 

spec i f i c  product was an early object ive of th is  program .'iha,t was not 

achieved. However, i n  t he  runs on short-decayed mater ia l ,  i so topic-  

a l l y  pure urani-ail-233 r e su l t i ng  from the decay of the protactinium w a s  

recovered by reprocessing the waste. 

The separa'iion of protactiniu*:l-233 as a 

The Fluoride VoLatilj-ty process used the  high v o l a t i l i t y  of -uraniu:c 

hexafluoride t o  separate  the uranium from less vola ' i i le  f l uo r ide  salts a 

A t  ORIIL t h i s  process w a s  developed for t he  recovei-y of uranium-235 from 

m l t e n  s a d t  reac tor  f u e l s  and fyorn other  r eac to r  fiels soluble i n  molten 

sal ts .  

235 was recovered from the  MI? molten sa l t  fuel.. T h i s  represented a 

recovery of grca te r  t'nan 99.5% with a dccontminat:i on factor of greater  

I n  t h e  i n i t i a l  phase of the  pil.ot p lan t  t e s t  56.6 ke; of uraniurn- 

tlIail 1.05. 

The 25-TBP process was c1evel.oped f o r  -the recovery and. d.eco1itml.i- 

n z t i o n  01 enr-ichcd U E X I ~ . K U : : - ~ ~ ~  Cor use at Savannah River. This wa.s 

c a :t.?-..I (2 I i i.h~-ough c xpe I. inc lit 2.1 cthcnii c nl E ,  nti e 11 g -i. ne e I-; 112 2.i. ve 1 o 

w i L h  a clcta.i3_ed dcsj.gn study. 
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Processes for the  continuous removal of f i s s i o n  and corrosion pro- 

ducts  from the  Homogeneous Reactor fue l  system were te>j ted on a p i l o t  

p lan t  sca le .  Some of t h e  fission and corrosion products prec ip i ta , te  i n  

the f u e l  solut ion.  These p rec ip i t a t e s  were continuousl-y removed by 

cent r i fuga t ion  i n  a hydraul ic  cyclone separator .  Iodine 'vias removed by 

cheinical absorption on s i l v e r  while t h e  rare gas f i s s i o n  prod-ucts, 

xenon and krypton, were adsorbed on a charcoal bed. 

s tud ies  also included the  d e f i n i t i o n  of the  proper t ies  r e q u i r d  t o  p x ' -  

duce a s a t i s f a c t o r y  thorium oxide s l u r r y  t o  be used as a blanket t o  

I1ornogenco:rs Reactor 

produce uranium-233. 

development t o  produce thorium oxide s l u r r i e s  with spec i f ied  properties, 

t o  develop techniques t o  evaluate  the  behavior of these s l u r r i e s  ugdcr 

conditions of high temperature, pressure,  and rad ia t ion ,  and finall-y 

t o  develop large-scale  procedures for production of sa t5sfac tory  

thorium oxide. Resul ts  of large scale pmFed loop tests and in -p i l e  

bomb experiments indicated t h a t  t h i s  work prorluced a s a t i s f a c t o r y  t1iori.m 

s lur ry .  The Thorex process can be used fo r  t h e  recovery of t h e  uraniuz- 

233; however, a l t e r n a t e  procedures were studied t o  achieve a more d i r e c t  

recycle of both uranium ancl thorium. 

The s tudies  involved cheinical and engineering 

The developirient of reprocessing methods for nuclear poirer Y e a c t - r  

f'ucls has been a major e f f o r t .  The p r inc ipa l  work covercd d 3 . , s n l u t i o n  
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A n  a l t e r n a t e  process for s t a i n l e s s  s t e e l  jacketed fue l s ,  ca l l ed  

Sulfex, dissolved the s t a i n l e s s  s t e e l  jacket  with s u l f u r i c  acid.  The 

h e 1  mater ia l  was then dissolvcd d i r e c t l y  i n  n i t r i c  acid.  This rcdu.ced. 

t he  quant i ty  of material. going through solvent ex t rac t ion  and may 

s implify the  waste d isposa l  problem. A similar process f o r  zirconium 

jacketed f i e 1  , Z i r f l e x ,  used NH4F0NH1,f103 solut ion.  

s t ep  was again followed with the  n i t r i c  acid d isso lu t ion  of  t h e  core .  

It appeared t'nat both Sulfex and Zirfl-ex could be ca r r i ed  out i n  t h e  

sane equipment. These procedures were p a r t i c u l a r l y  appl icable  t o  h e l s  

with urapiwn and thorium oxide cores such as Commonwealth Edison, 

The coating removal 

Yankee Atomlc, and Consolidated Edison. 

Additional s tud ies  with the  Darex Process showed t h a t  complete 

d isso lu t ion  of t h e  s t a i n l e s s  s t e e l  m e 1  with a mixture of HC1 and. 

HXO was possi-ble, and tha-t chloride ion could be removed i n  e i t h e r  

a batch o r  continuous system. The Zircex Process, i n  which H C I  gas 

i s  used t o  remove zirconium from clad. o r  a l l o y  f i e l s ,  was operated 

successlfully on u n i r r a d i a k d  zirconium-beaoing f u e l  elemen-ts to gj.ve 

a zirconium-free so lu t ion  of uranium. 

3 

t 

The Tho-rex process development program a t  Oak Ridge National 

Laboratory has been completed; -the f i n a l  phase of t h i s  study proved 

t h e  f e a s i b i l i t y  of t he  t r i b u t y l  phosphate solvent ex t rac t ion  process i n  

a 200 kg thorium/day pi lo- t  p lan t .  

concerned with processes f o r  sepnratlon of the  t ransuranic  elements. 

Proccsses wzre deveI.opec1 f o r  the Lransuranic elements. Processes were 

developed f o r  -the separat ion of neptunium-237 from i n z d i a t e d  eii15clicd 

ur::m:ivm-2?5 fue l  eleiaents, fi-oin i r r a d i a t e d  na- turs l  uroni~].iri by modif'?.- 

ct-LI.inn of t h e  Purex process , and f ron  the fLuorinnt , ion ash 01 I*ecycliid 

Other s tud ies  during t h i s  pertod were 
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Hanford and Savannah River uranium, 

about 400 grams of  neptuniunl-237 were separated. 

another transuranic element, americiw1-2hl, has been stud1 do P i l o t  

plant t e s t s  on i t s  separation from plutonium metallurgical was te  has 

produced about 40 grams of americium. 

I n  p i l o t  p l a n t  t e s t s  of the  procc;.>?s 

The sepa ra t ion  of 



RIIDTQACTICVI;: WASTE DISPOSAL 

Control of' Waste Off -Gases 

pie handling and disposa l  of high-level  ra,dioactive l i q u i d  wastes 

presented maJor probl.erns of a i r  contamination. Airborne r ad ioac t iv i ty  

must be removed from the  air or off-gases,  trapped i n  some way, and con- 

tained s u f f i c i e n t l y  t o  prevent its being dispersed t o  the  atmosphere. 

Znformation and techniques from e a r l i e r  basi-c inves t iga t ions  of aerosols 

were u t i l i z e d  i n  t h e  deve~opilieiit of methods f o r  the rernoval and contatn- 

ment of orr-gas contaminants. 

A pilot scale aerosol  ent-rai-nment w e l l  wt.s developed and operated 

t o  inves t iga te  the evolution of radioact ive aerosols  from hot and boi 1.irig 

radioact ive solut ions,  and t o  stud-y Ynz effec-tiveness of sand and otiler 

f i l t e r  media f o r  wet aerosols .  

t i o n  (condensate vs l i q u i d  i n  w e l l )  ranged from about lo4 t o  lo6. 

Experimental evaluation of sand and glass f i b e r s  showed t h a t  these 

€ i l t e s  media when dry provide decontamination f ac to r s  greater than 

lo5 per f o o t  of f i l t e r ;  bu t  when the  f i l t e r  rnedia became sa tura ted  wiVn 

condensable vapoi-s 

foo t  or less. 

The deconta-mination f a c t o r  by evapora- 

the  decontaminati.on f ac to r  was reduced t o  lo3 per 

For decontamination of high temperature s in t e r ing  off-gases, a 

s i m p l e  multibed €i l te i -  system was devel.oped. The gases flarizig at a 

vcloci-Ly of 0.1 cen-tirnetcrs per second were passcd throu-gh a. deep sand 

bed. and t'ncn through soda-lime and ac L i v a t e d  CarbcJIl. Morc t h a n  99.99% 

o f  a par- t iculnte  matter was removed i n  -the dry por-Lion of  -the sand bed. 

N- i t ro~cn  oxides, iodj nc, aurl othei- rcr?c-t.i ve gases were zbsorljecl ,-.,rid- 
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r e t a ined  i n  the  soda-lime o r  ac t iva ted  carbon. A l abora tory  model of 

a r ec i r cu la t ing  caust ic-absorber  system f o r  off-gas contaminants from 

s i n t e r i n g  processes was developed and evaluated. I n  t h i s  system aerosols  

and r eac t ive  gases were r e t a ined  i n  a caus t i c  so lu t ion  and nonreactive 

gases he ld  i n  a separa te  container.  

Process Waste Water Treatment Plant  

The process waste system a t  ORNL i s  made up of a network of under- 

ground pipes,  tanks, and sur face  co l l ec t ion  basins  which c o l l e c t s  t h e  

large volume (750,000 gallons per  day) of waste water throughout t he  

Laboratory area.  This l a r g e  volume, including water from labora tory  

floor dra ins ,  operat ing areas, and process cooling, i s  normally l o w  i n  

r ad ioac t iv i ty  but  i s  p o t e n t i a l l y  subjec t  t o  g rea t e r  contamination from 

acc identa l  s p i l l s  or f a u l t y  equipment. I n  the  o r i g i n a l  system the  

waste passed through an  excavated s e t t l i n g  bas in  and, a f t e r  sampling, 

was discharged t o  t h e  Clinch River through White Oak Creek. 

B u i l t  during World War I1 with only ininifim monitoring and cont ro l  

f a c i l i t i e s ,  t h i s  system has  contr ibuted t h e  bulk of t he  contanination 

discharged i n t o  the  Clinch River by the  Laboratory. I n  e a r l i e r  years  the 

discharge of rad ioac t ive  mater ia l s  t o  White Oak Creek averaged 2 to 5 

curies per  day which, d i l u t e d  by normal r iver  flow, d id  not exceed 

permissible  concentrations of r ad ioac t iv i ty  for drfnking w a t e r .  With 

improved monitoring and cont ro l ,  and more complete segregation of 

intermediate- level  e f f l u e n t s  for  s o i l  d i sposa l ,  t he  quant i ty  of radio-  

a c t i v i t y  re leased t o  the  r i v e r  w a s  reduced t o  approximately one-half' 

cur i e  per  day. Even t h i s  ten-fold reducLion i n  r ad ioac t iv i ty  rele?scd t o  

the Clinch River was not considered adequate on a long range b a s i s  



because t h e  system lacked t h e  necessary hold-up capaci ty  t o  cont ro l  

acc identa l  or emergency discharges.  It w a s  considered e s s e n t i a l  t o  

guarantee t h a t  even i n  t h e  event o f  a major acc identa l  re lease  of large 

quan t i t i e s  of r ad ioac t iv i ty  i n  the  Laboratory, t he  r ad ioac t iv i ty  reaching 

t h e  Clinch River could be kept a t  very low leve ls .  Far these reasons 

treatment of t h e  waste before r e l e a s e  t o  t h e  r i v e r  was considered e s sen t i a l .  

A new process waste w a t e r  treatment p l an t  wi th  a capacity of 5OO,OOO 

gallons per day w a s  added t o  t h e  waste system i n  1957. An 800,000- 

gallon equal iza t ion  and hold-up bas in  was provl.ded for the  incoming 

wastes t h a t  require  treatment e 

i n s t a l l e d  t o  ac tua te  an automatic valve which would d i v e r t  t he  more 

radioact ive flows t o  the  equal iza t ion  basin and bypass t h e  uncoritami- 

nated wastes d i r e c t l y  t o  White O a k  Creek wlthout treatment,. 

A r ad ia t ion  monitoring s t a t lon  w a s  

This p l an t  u t i l i z e d  a modified lime-soda sof.tening process, which 

proved e f f ec t ive  i n  the removal of strontium by coprecipi ta t ion.  

Operating exyerience showed t h e  p l an t  t o  be capable of  removing 90$ 

of the  radi.oactive strontium and r a r e  ear ths ;  and. i n  case of abno-mally 

heavy Contamination the  e f f l u e n t  can be recycled for  fu r the r  treatment. 

t o  obtain higher e f f i c i enc ie s  i f  necessary. This  waste treatment p l a E t  

is unique i n  t h a t  i.t i s  t he  f i r s t  t o  be designed s p e c i f i c a l l y  f o r  t he  

removal of radioact ive strontium from l a rge  volumes of low-level wastes. 

Arter treatment t he  wastes are monitored, sampled, and discharged t o  

m i t e  O a k  Cyeek. 

S o i l  D i  spos a1 of Intermediate - ],eve1 Wastes 

The cont inual ly  increasing q u n n t l t y  o f  interalediatc-level- w?s’ies 

-~~ 

zt  ORI!L required e i t h e r  an expansion of cxistiiig t a n k  storazc fac i l i L i e s  
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o r  a change i n  d i sposa l  methods. 

inves t iga t ions  were carr iedout  t o  determine the  f e a s i b i l i t y  of soil 

Extensive laboratory research and f i e l d  

disposal of these  wastes. Consequently, an experimental s o i l  d i sposa l  

system cons is t ing  of t h ree  one -mill ion-gallon surface pits w a s  constructed 

i n  t h e  l o c a l  shale  formation. 

The rad ioac t ive  chemical-process wastes with other- highly radio- 

act7ive l i q u i d s  were a t  one time co l lec ted  i n  the underground s torage 

tanks, reduced i n  volume by evaporation, and hauled t o  t he  d i sposa l  

p i t s  by t ruck.  A s i g n i f i c a n t  change i n  t h e  system was t h e  construction 

of a 1 1/2-mile p ipe l ine  and pumping s t a t i o n  by which the  wastes a r e  

pumped d i r e c t l y  t o  the  d isposa l  p i t s .  'Pump'iag wastes '  t o  the *pits1 

e 1 i - m i  n a ' t - e  d %.be rad ia t ion  hazards of haul ing t h e  wastes i n  

t rucks .  

Through December 1957 a t o t a l  of 8.5 m i l l i o n  gallons of waste 

containing 68,000 cur ies  of C S ~ ~ ~ ,  19,000 cu r i e s  of Rulo6, and l e s s e r  

amounts of Sr89, SrgO, (lo6', S l - 1 ~ ~ 5 ~  and the rare ea r ths  were discharged 

t o  t h e  p i t s .  The predominant stable ions i n  the  waste were sodium and 

n'trate. 

extensively.  The qua l i t y  and extent of waste movement through the 

shale  formation, pr imari ly  through the  weathered zone and along the  

s t r i k e ,  was corre la ted  with separate and t o t a l  p 2 t  inventor ies  , 
surface runoff,  and basal ground-water flow, The purpose was t o  

The dispersion of wastes seeping from the  p i t s  w a s  s tudied 

determine t h e  s a f e t y  factors and probable period of usefulness of t h e  

present  p i t s ,  and t o  develop more s a t i s f a c t o r y  methods of usi.ng the 

capacity of so i l s  f o r  disposal of radioac-tive wastes 
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Fixat ion of High-Level Liquid Wastes by S ic t e r ing  

Po ten t i a l ly  one of t h e  bes t  means of ultimate d isposa l  of radio-  

ac t ive  wastes i s  t o  f i x  the hazardous f i s s i o n  products i n  a .re]-aiively 

insoluble  so l id  form and s tore  them under conditions t h a t  will assure 

minimal dispers ion f o r  several. hundred years. Ceramic m a . t e r j a l s  and 

techniques have been used i n  the  development of methods for i m o r -  

pora-ting f i s s i o n  products i n  a mixture of waste chemicals, shale,  

limestone, and soda ash which, when d r i ed  and heated t o  a high tempcra- 

ture, w i l l  produce a durable nonleachable s i n t e r .  The radioact ive 

s i n t e r  nay be s tored near t h e  e a r t h ' s  surface above the ground-wzter 

table o r  deep underground, as i n  dry caves o r  c a u i t t e s  i n  na tu ra l  sa!-t 

f ormati ons . 
The se l f - f ixa t ion  process, which has been s tudied  i n  t k i e  h b o r a t o r y  

and i n  f i e l d  experiments, would u t i l i z e  t h e  hea t  of  radioact ive dec2.y t o  

evaporate the  water from the  waste mixture, decompose the  w s t a b l e  

compounds, and r a i s e  t h e  temperature of t h e  ceramic s i n t e r  t o  about 

800 t o  gOOOC. The s tudies  a l ready coxpleted, us ing  simulated. ac id  

slim-inum-nitrate wastes and a r t i f i c i a l  heating, have determifled the  

thermal requi-rements of s i c t e r ing .  They have a l so  provided da ta  on 

t'ne engineering problems involved i.n large-s ca le  f i e l d  experiments 

which would u t i l i z e  the  energy i n  a high-level  waste t o  provide the  

hea t  f o r  s in te r ing .  

A la rge  number of  ceramic mater ia ls  and various mixtures have been 

inves t iga ted  f o r  t h e i r  effect iveness  i n  f i x i n g  ihc f i s s i o n  products 

present  i n  waste solut ions.  From ihese stu3ies it appears that i l l i L i c  

c lay n l a t c r i a l s  zre most promisin; for the re';ciition o f  cesium whirh i s  

one of the most leachzbl c lor&-lived mdj  oelenrC'nts. 
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Disposal of Wastes i n  Natural  S a l t  Formations 

Ultimate disposal  of h ighly  radioact ive wastes by s torage under- 

ground i n  natural salt  formations i s  considered a promising method 

because of t h e  impermeability, t e n s i l e  s t rength,  and thermal conductiv- 

i t y  of salt ,  and i t s  widespread d i s t r i b u t i o n  and abundance i n  areas  of 

a low degree of se i smic i ty  i n  the  United S ta t e s .  A major concern i n  

salt; d i sposa l  i s  t h e  s t r u c t u r a l  s t a b i l i t y  of t h e  cav i ty  or  opening i n  

the  s a l t  formation. 

The phys ica l  p roper t ies  of salt  a r e  influenced by pressure,  tempera- 

t u re ,  r ad ia t ion ,  and chemical i n t e rac t ions .  The degree t o  whkh the  

des i red  s t r u c t u r a l  p roper t ies  and s t a b i l i t y  of waste storage f a c i l i t i e s  

would be a f f ec t ed  by l i q u i d  waste chemicals, p re s swe ,  hea t  generation, 

and r a d i a t i o n  w i l l  i n  l a rge  p a r t  determine t h e  r o l e  t h a t  salt i s  t o  

play i n  t h e  d isposa l  of rad ioac t ive  wastes. Preliminary inves t iga-  

t i o n s  have shown t h a t  the s o l u b i l i t y  of sodium chlor ide i n  the already 

highly s a l t e d  waste so lu t ions  var ies  from 50 t o  90$ of i t s  s o l u b i l i t y  

i n  d i s t i l l e d  water. The p l a s t i c i t y  of salt i s  increased by higher 

temperatures and pressures-  The heat generated i n  t h e  wastes and heat 

losses 'by n a t u r a l  conduction i n  salt as a f b m t i o a  of fission product 

concentrat tons have been ca lcu la ted  and are t o  be c h e c k e d . e ~ e r i m e n t a l l y .  

The e f f e c t s  of prolonged exposures t o  in tense  r ad ia t ion  a re  being 

studied e 

Disposal. of Liquid Wastes i n  Deep Wells 

T'hc disposal of l i qu id  radioact ive wastes a t  depths of s eve ra l  

thousand feet through i n j e c t i o n  w e l l s  has grea t  p o t e n t i a l  i f  the 

t echn ica l  problems involving waste pretreatment, pluggicg of the 
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i n j e c t i o n  w e l l ,  and react ions of spec i f i c  wastes with t h e  connate waters 

or cons t i tuents  of the aqui fe r  matrix can be solved. Lal-ge volumes of  

o i l - f i e l d  b r ines  have been desposed of cheaply and sa fe ly  by t h i s  

method. 

Extensive s tudies  must be completed i n  order  t o  develop deep 

well d i sposa l  p r a c t i c a l l y  and safe ly .  

water i n  m o s t  deep porous formations can be shown Lo be a f e w  feet  

per year, far too  slow t o  be hazardous. The wastes and t y p i c a l  

d i sposa l  forniations must be studied. t o  determine t h e  daEger of plug- 

ging from suspended matter o r  p rec ip i t a t e s ,  the p o s s i b i l i t y  of exces- 

s ive  teniperatures due t o  adsorption of fission products near the point 

of in j ec t ion ,  t h e  pressure increases  due t o  i n j e c t i o n  of wastes i n t o  

the  formation, and the  preliminary t rea tmmt  of d i l u t i o n  of the wastes 

t h a t  m a y  be e s sen t i a l .  

The na tu ra l  movement of ground 

Studies  have been car r ied  out t o  charac te r ize  the aged, neutral.i.zed, 

and f i l t e r e d  wastes t h a t  may be amenable t o  deep w e l l  d isposal  and the  

types of geological formations t h a t  w i l l  be suitable. 
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ms1cAlI RESEBRCE 

Physical  research a c t i v i t i e s  at ORNL include major efforts i n  

physics, chemistry, metallurgy, and s o l i d  s t a t e  physics. I n  each of 

these major f i e l d s ,  ORNL's r e s p o n s i b i l i t i e s  have increased s t e a d i l y  as 

the  Laboratory has pursued promising f i e l d s  of research which were 

p a r t i c u l a r l y  su i t ed  to i nves t iga t ion  w i t h  the  Laboratory ' s f a c i l i t i e s  

and s c i e n t i f i c  staff c a p a b i l i t i e s .  

sought t o  maintain i n  i t s  research organization and research f a c i l i t i e s  

The f l e x i b i l i t y  t h a t  ORNL has always 

made it poss ib le  for the  Laboratory also to undertake research on new 

problems of p a r t i c u l a r  urgency as they aros'e i n  various Commission 

programs. While the scope of research e f f o r t s  i n  each f i e l d  i s  broad, 

nevertheless t he re  a re  a reas  i n  which ORNL has spec ia l ized  because of 

i t s  m n  i n t e r e s t s  or program needs, because of t h e  f r u i t f u l n e s s  of the 

work, o r  the par t i cu la r  s u i t a b i l i t y  of f a c i l i t i e s  ava i lab le  at ORNL, 

I n  t h e  f i e l d  of chemistry, OWL'S magor efforts have been on high 

temperature inorganic systems of i n t e r e s t  t o  reac tor  technology and on 

the fundamental chemistry of separations process for nuclear energy 

mater ia ls .  

energy acce lera tor  physics. I n  t h e  f i e l d  of metallurgy, the development 

of plate-type s o l i d  fue l  elements and the  development of new s t r u c t u r a l  

ma te r i a l  alloys have occupied major a t t en t ion ,  along with t'ne study of 

welding techniques and other  f ac to r s  involved i n  the  fczb-r.ication of 

materials of p a r t i c u l a r  i n t e r e s t ,  

I n  physics, ORNL's  work i s  mainly neutron physics and l o w  

Major e f f o r t s  i n  the  s o l i d  s t a t e  physics have been dcvoted t o  the  

study of r ad ia t ion  e f fcc ts  i n  pure metals and s p c c i u l  materi a d s  si-ich 

as the semi-conductors i n  which rad ia t ion  e f f e c t s  can bc studicL1 
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espec ia l ly  f r u i t f u l l y .  ORNL s o l i d  state research has placed emphasis 

on temperature e f f e c t s  such as t h e  annealing of r ad ia t ion  damage and 

the l m  teniperature "freezing in" of r ad ia t ion  e f f ec t s .  Spec i f ic  
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PITKSICS 

The wartime physics program d e a l t  wit'n research and development 

r e l a t e d  to reac tor  design and operation. 

broadened t o  include basic s tudies  which exploit reac tors  as neutron 

Since then, the program has 

sources, as wel l  as appl ied s tud ie s  of importance i n  reac tor  develop- 

ment. I n  the first category a re  neutron d i f f r a c t i o n  and r a d i a t i o n  

damage t o  semiconductors; i n  the  l a t t e r  category are reac tor  e r i t i c a l i 4 y  

experimentation, sh ie ld ing  research, and measurement of such important 

c ross  sect ions as t h a t  of rad ioac t ive  xenon-135. 

Xenon Experiment - 
A t  the s t a r tup  of t h e  f irst  Hanford reac tor ,  it w a s  found that 

t h e  p i l e  'bent  t o  s leep" a f t e r  a few hours of operation, and "woke up" 

again a few hours l a t e r .  This pecul ia r  performance was found t o  be due 

t o  t h e  buildup of a rad ioac t ive  fission-product poison, i d e n t i f i e d  as 

xenon-135, and i ts  subsequent decay. The exis tence of t h i s  poison 

has affected the  design of a l l  high-powered r eac to r s  t h a t  have subse- 

quently been contemplated, and it w a s  c l e a r l y  of vital i n t e r e s t  t o  

l e a r n  with accuracy t h e  neutron absorption cross  sec t ion  of xenon and 

how t he  cross sec t ion  vz r i e s  with neutron energy. 

A t  ORNL, t he  xenon aperirnent  was performed i n  1950 over as  much 

of t he  energy range as could be covered by t h e  use of a neutron crystal 

spec tometer .  The source of t he  xenon-3-35 was s o l i d  fue l  slugs which 

were processed i n  a hot  cell t o  ob'calr; f i s s i o n  prodmt  xenou f o r  study. 

Later 'work w a s  conducted t o  repeat and extend the nizasurernents by 

making use of thc  nlechani c a l  ve loc i ty  selector The second e q c  ri r m n t  
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ut i l ized  thousand-curie quan t i t i e s  of rad ioac t ive  xenon drawn o f f  

from the aqueous f u e l  of  the homogeneous r eac to r  experiment. T'ne 

xenon was pur i f i ed  i n  chemical hot  c e l l s  and compressed i n t o  a small. 

cell about one cubic centimeter i n  volume. The t i n y  capsule of  xenon 

was placed i n  a lead  shield. w'eighing twelve tons,  and moved t o  the  LITE, 

where the sample w a s  taken from the  shield. and placed i n  the neutron 

beam ahead of t h e  ve loc i ty  se l ec to r .  T h i s  machine chops the neutron 

beam into inte-rmit tent  bursts. The neutrons t r a v e l  a d is tance  of 

40 feet, and i n  doing so they s o r t  themselves out according t o  t h e i r  

v e l o c i t i e s ,  so t h a t  sone a r r i v e  a t  the  de t ec to r  e a r l i e r  than o thers ,  

The absorption of t h e  neutrons i n  the  xenon w a s  determined es a function 

of energy and accurate d a t a  were developed f o r  use i n  r eac to r  physics,  

A l l  of t h i s  work had t o  be  done within t h e  t i m e  permitted by t h e  nine- 

hour ha l - f - l i f e  of xenon-135. 

Reactor Physics 

It was recognized t h a t ,  t o  f a c i l i t a t e  studies l i k e  these, a 

research reac tor  providing a higher neutron f lux than any i n  e x i s t e m e  

w a s  needed, s o  the  Laboratory i n  1946 embarked on a program of design 

and development f o r  a "High-Flux Pi le ."  Out of t h i s  work came the 

bas ic  information used i n  t h e  design of t h e  Materials Test ing Reactor 

(MTR), f o r  which ORNL was given r e spons ib i l i t y  under t he  A E C ' s  r eac tor -  

development program. The MTR, designed i n  cooperation with Argonne 

National Laboratory and constructed a t  ATCO, Idaho, under ORNL super- 

vis ion,  incorporated many new features that have been adopted for other  

reac tors .  The basic  idea of the MTR hzs been used i n  the Low Intensity 

T e s t  Rczctor, o r i g i x l l y  a mock-up of t h e  NTR, t h e  B u J k  Sh ie ld ing  Rccc tor ,  
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t he  Oak Ridge Research Reactor, t h e  Tower Shielding Reactor, the  Sub- 

marine Thermal Reactor, and low-cost r eac to r s  f o r  un ivers i ty  research. 

To assure continued advancement i n  r eac to r  technology, t he  Labora- 

t o r y  es tab l i shed  programs of research and development i n  instrumentation 

and controls ,  c r i t i ca l -mass  s tud ies ,  r eac to r  shielding,  and rad ia t ion-  

damage physics. I n  shielding and cr i t i ca l -mass  s tud ies  the  Lzboratory 

performs major work f o r  a l l  AEX i n s t a l l a t i o n s ,  These applied-physics 

programs supplement t he  s tud ies  i n  bas i c  physics, explo i t ing  the  

information a l ready  ava i lab le  and making important new contr ibut ions 

i n  the  spec ia l ized  f i e l d s .  

MTR received wide acceptance and was used almost without change i n  many 

The c o n t r o l  system devcloped a t  ORNL f o r  the  

o ther  research r eac to r s ,  

Neutron Physics 

Basic physics research s ince  t h e  w a r  has been pr imari ly  concerned 

with s tud ies  of neutrons and t h e i r  i n t e rac t ions  with matter.  Odt o€ 

this research have come many s i g n i f i c a n t  contr ibut ions t o  nuclear 

science . 
Rom t h e o r e t i c a l  considerations,  it w a s  predicted tha t  neutrons 

should be rad ioac t ive  and decay by t h e  emission of an e lec t ron  t o  Ponn 

a proton. A t  ORNL, evidence of neutron decay was found i n  a complex 

experiment i n  which a beam of neutrons from the  graphi te  reac tor  w a s  

analyzed to d e t e c t  t he  e lec t rons  and protons r e s u l t i n g  from meutron 

decay. It w a s  d e f i n i t e l y  es tab l i shed  t h a t  neutrons decay i n  the  manner 

predicted,  and t h e  ha l f  - l i f e  assoc ia ted  with t h e  neutron-decay psoce:;s 

was determined t o  bc about 1 5  minutes. 



A program of measuring t h e  neutron absorption cross  sect ions of 

a l l  elements and isotopes w a s  car r ied  out f i r s t  i n  the  rat'ner simple p i l e  

o s c i l l a t o r  i n  the Graphite Reactor and la te r  i n  more sophisticated ways 

using neutron ve loc i ty  se l ec to r s ,  acce le ra tors  and improved insirm- 

mentation. The discovery of the l o w  cross sec t ion  of pu re  zirconium 

w a s  the s t a r t i n g  point  of an intensive program of development t h d t  l ed  

t o  t h e  use of' zirconium-clad f u e l  elements i n  the submarine reac tor  

and its appl icat ion i n  o ther  reactors .  

Neutron d i f f r a c t i o n  s tudies  o f  c r y s t a l  s t ruc tu re  have become an 

exceedingly powerful tool for determining how a t o m  a r e  arranged i n  

c r y s t a l s .  The neutron d i r f r a c t i o n  technique overcomes some l imi ta t ions  

of X-ray and e lec t ron-d i f f rac t ion  methods and permits t he  s t r u c t u r a l  

ana lys i s  of mater ia l s  t'nat cannot be s tudied s a t i s f a c t o r i l y  by any 

o the r  method. One of t h e  e a r l i e s t  contr ibut ions of t h e  neutron 

di f f r a c t i o n  s tudies  w a s  t o  e s t ab l i sh  conclusively the c r y s t a l  s t ruc tu re  

of' ordinary i c e  - a matter of some controversy which could not  be 

s e t t l e d  by previously known experimental techniques. 

A program of low-temperature physics research was i n i t i a t e d  t o  

show t h e  e f f ec t s  o f  polar iza t ion  upon the  in t e rac t ions  between neutrons 

and atomic nuclei. By s t rong magnetic f ie lds  a t  temperatures within a 

t e n t h  of a degree of absolute  zero, atomic nuclei  can be polarized, 

and their- react ions with a beam of polar ized neutrons can be studied. 

Differences between "polarized react ions"  and t'ncis in which the  neutrcms 

and target atoms a r e  not  polar j  zed  were delrionsLrated. I n  pa r t i cu la r ,  



t a r g e t  is  a n t i p a r a l l e l  than i n  the  same s i t u a t i o n  without po%ar iza t , io~ ,  

and somewhat g rea t e r  when the  po la r i za t ions  a re  parallel. 

Charged P a r t i c l e  Physics 

Studies  of nuclear  reac t ions  were extended t o  include those in -  

volving bombarding p a r t i c l e s  o the r  than neutrons. The Laboratory 

designed and constructed t'nree cyclotrons of &inch, 63-inch, and 86 

inch s i zes ,  respec t ive ly ,  f o r  use i n  i t s  nuclear physics research 

program. These nuclear p a r t i c l e  acce lera tors ,  coupled wi th  two Var? 

de Graaff acce le ra to r s  which develop po ten t i a l s  of 2.5 and 6 mi l l ion  

v o l t s  respec t ive ly ,  permit the s tudy of nuclear forces  and nuclear 

react ions as well as t h e  production of c e r t a i n  radioisotopes obtain- 

able i n  no o the r  way. 

The 86-inch cyclotron produced the world's most in tense  proton 

beam, fou r  t i m e s  higher than t'ila-t; of any other  cyclotron, and was 

used i n  s tudying t h e  bas i c  physics of proton-induced nuclear r eac t  ions, 

i n  supplying a source of fast neutrons for b io log ica l  research, and 

i n  producing certain isotopes t h a t  cannot be produced i n  nuclear r eac to r s .  

This cyclotron proved t o  be the  most economical machine €or making 

cyclotron-produced isotopes.  

The 63-inch cyclotron was used for bas i c  physics research on the 

react ions between accelerated heavy p a r t i c l e s  and l i g h t  element t x r -  

gets .  It w a s  this cyclotron i n  which the fusion of nitrogen atoms 

w a s  demonstrated, 

The Itlc-inch cyclotron w a s  used pr imar i ly  fo r  technological  

development w o r k ,  t e s t i n g  new ion sources, new bemi-focusing methods 

and methods of i n c r e a i n g  the  i n t e n s i t y  af t h c  acccleraicd 'UCail .  
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These OENL cyclotrons were probably the  most econorni ca1 ones ever 

b u i l t  because the magnetic-field f a c i l i t i e s  from t h e  Y-12  e l ec t ro -  

magnetic process equipment were used with very l i t t l e  chznge. Other 

unique f ea tu res  were the  v e r t i c a l  mounting ( in s t ead  of horizontal)  

of t h e  "dee" units t h a t  are t he  hea r t  of the  cyclotron, and the high 

beam curren ts  t h a t  were produced. 

t he  high beam curren t  technolow which was the  b a s i s  far t he  high pcr- 

forniance G R I C  constructed a t  GRNL i n  1962. 

These cyclotrons were used t o  develop 

The Van de Graaff acce lerz tors  have been pr imari ly  used i n  fundamental 

s tud ies  of t h e  r e a c t  ions between charged p r t i c l e s  and ta .get nuc le i  e 

Both t h e  Van de Graaff acce lera tors  and the cyclotrons have bcen used 

i n  radiation-damage research t o  show the e f f e c t s  of r ad ia t ion  under 

various conditions.  

These research t o o l s  supply a la rge  proportton of -the bas ic  

data for increased understanding of t he  f i e l d  of  nuclear physics- 

New Research Tools 

The study of nuclear reac t ians  involves the  measurement of r ad i -  

a t i o n  of all types, and consequently, physics research a t  ORNL includes 

strong emphasis on instrument development and modification. O f  t he  many 

new instruments developed a t  ORNL, perhaps the  outstanding examples a re  

t h e  s c i n t i l l a t i o n  spectrometer and the  multichannel analyzers.  The 

s c i n t i l l a t i o n  spectrometer w a s  developed a t  OK[r!L a f t e r  it had been 

observed i n  Germany t h a t  c e r t a i n  types o f  c r y s t a l s  emitted a f l a s h  of 

l5.ght when s t r u c k  by a beam of rad ia t ion  m d  t h a t  t h e  i n t e p s i t y  of tizc 

l i g h t  f l a s h  i s  proport ional  t o  the  e n e r a  of .the rad ia t ion ,  The 

s c i n t i l l a t i o n  spectrometer nieasures t h e  nux'ner and in t ens i ty  cf l i g h t  
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flashes emitted by a c r y s t a l  exposed t o  rad ia t ion ,  and by e l ec t ron ic  

ana lys i s  of t h e  measured f l a shes  gives a prec ise  determination of the  

i n t e n s i t y  o f  t he  r ad ia t ion  and i t s  energy d i s t r ibu t ion .  Multichannel 

analyzers a r e  a p a r t  of t h e  e l ec t ron ic  equipment used i n  analyzing 

the  da t a  from s c i n t i l l a t i o n  spectormeters and other  r ad ia t ion  counters. 

The multi-channel analyzers count simultaneously and separa te ly  the  

number of p a r t i c l e s  or gamma rays of each of' many energies  detected 

by the  c rys t a l ,  and thus enable a corrrplete energy ana lys i s  of the 

r ad ia t ion  beam t o  be made i n  a shor t  time. 

Further information aboGt atomic s t r u c t u r e  and nuclear forces  

i s  obtained through a s t rong program of research i n  spectroscopy. 

This research has been p a r t i c u l a r l y  successful  i n  demonstrating the 

e f f e c t s  of i so top ic  mass d i f fe rences  upon the  spectrum of l i g h t  

emitted by an element under the  e x c i t a t i o n  of an e l e c t r i c  arc .  The 

' 'isotope s h i f t "  observed i n  hyperfine spectroscopy i s  provim a valu- 

able  t o o l  for i so top ic  analysis .  

The ana lys i s  and i n t e r p r e t a t i o n  of l a rge  quan t i t i e s  of nuclear. 

da t a  are aided by wel l -qual i f ied groups of t h e o r e t i c a l  phys i c i s t s  

and mathematicians who have access not only t o  the  most recent d a t a  

bu t  also t o  the  Laboratory's  high-speed computing machines. 

Laboratory obtained an e l ec t ron ic  corn-puter designed and constructed 

by the  II'EPA p ro jec t  and turned over t o  ORNL a t  the  termination of its 

The 

work. 

An advanced ty-pe OZ d i g i t a l  computer, the ORACLE, w a s  constructcd 

f o r  OImL i n  1954 by the Argomie Rat iona l  Labcratory. A t  t h a t  t-ime it 

was perhaps the  fastest machine i n  existence and f o r  several years it 



w a s  surpassed by only a r e l a t i v e l y  f e w .  After f i r s t  being i n s t a l l e d ,  

it was improved i n  severa l  ways t o  increase i t s  versat i i l i ty:  storage 

w a s  doubled, from 1024 words of 40 b i t s  each t o  2048 words; a magnetic 

tape aux i l i a ry  memory of extremely rap id  access was added; a,n on-line 

cathode ray tube curve p l o t t e r  with a photographic recording, an improved 

console with monitoring typewri ter  , a rapid  magne-tic tape output, and 

f a c i l i t i e s  for handling alphabet ic  inforamtion were added. 

Such a machine ca l ,  of course, carry out only the  laborious,  

r epe t i t i ve  s teps  of a computatioi, and e f f ec t ive  u t i l i z a t i o n  w a s  pos- 

s i b l e  only af ter  ca re fu l  and d e t a i l e d  mathematical analysis .  I n  

pa r t i cu la r ,  t h e  evaluation of c e r t a i n  standard functions,  t he  so lu t ion  

of systems of equations, t he  determination of eigenvalues and eigea- 

vectors,  were tjTes of computation t h a t  recur  i n  many physical  s e t t i ngs ,  

and t he  design of e f f i c i e n t  rou t ines  f o r  them was a major a c t i v i t y  of 

the mathematicians. Many such routines were developed, and, t o  mention 

a s ingle  example, t h a t  f o r  cornputigg t h e  e igemalues  of a symmetric 

matrix w a s  widely used i n  computing centers ,  here and abroad. 

Revers ib i l i ty  i n  Nuclear React-ions 

The failure of some time-honored symmetry theorems (such as p a r i t y  

conservation) re-emphasized t h e  need for carehl. .  experimental evalu- 

a t i o n  of t he  v a l i d i t y  of a11 such theorems. The theorem of "time reversal 

invariance" has been of par- t icular  i n t e r e s t ,  not only f o r  "we& i n t e r -  

act ions " (such as radioact ive be t a  decay and ce r t a in  reac t tons  with 

mesons) but  a l s o  f o r  "strong in t e rac t ions"  (for e x m p l e j  neutron ca.ptv.re 

by a nucleus followed by charged pay t i c l e  enfiss ion) .  

deterxinine -the validity of "time r e v e m d  i.nvariance" f ' o ~  the C R G C  o r  

One method of 
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stronginLeraction i s  the  measurement of a nuclear r eac t ion  and i t s  

inverse.  First, l e t  p a r t i c l e  A bombard nucleus By producing p a r t i c l c  

C and nucleus D. 

r eve r sa l  is  indeed invar ian t ,  can be used t o  compute t h e  behavior of 

the "inverse" r eac t ion  where p a r t i c l e  C bombards nucleus D, producing 

p a r t i c l e  A and nucleus E, 

The (measured) behavior of t h i s  reac t ion ,  i f  time 

A t  the  O a k  Ridge National Laboratmy, t h e  development of a f l a t -  

response neutron flux i n t eg ra to r  has made possible the  inves t iga t ion  

of t o t a l  neutron yields  from charged p a r t i c l e  reac t ions ,  The results 

dn the H3 (p,n)He3, L i 7 ( p Y n ) B e 7 ,  Li7&,n)BLo, H 3 k , n ) L i 6  and. Si29&n)S32 

reac t ions  as compared with t h e  r eac t ions  going i n  t h e  reverse  d i r e c t i o n  

are, with in  expeYiiiental e r ro r s ,  e n t i r e l y  cons is ten t  with the assump- 

t i o n  of t i m e  r eve r sa l  invariance.  

Orientat ion of Nuclei 

Nuclear o r i en ta t ion  has been produced through t h e  use of enornious 

c r y s t a l l i n e  e l e c t r i c  and magnetic f i e l d s  occurring i n  suitable solids a.nd 

by t h e  direct appl ica t ion  of the  f i e l d  of a l a rge  magnet, Using these 

techniques, s tud ie s  of t he  spin dependence of neutron capture by Mn55, 

Sm149, and have been made. Also, these techniques have been 

appl ied t o  $33, U234, Am241 and Np237 alpha p a r t i c l e  emission and t o  

U233 f i s s i o n .  

t h e  "c igar - l ike"  shape of these nuc le i  and t h e  d e t a i l e d  nature o f  t h e  

These experiments he lp  t o  e s t a b l i s h  a connection between 

alpha p a r t i c l e  emiss3.on and f i s s i o n  processes.  

Germanium Fi s s i on Counter G 

The study of sp3.n dependen~e i n  nuclear reactions i:; 

forcing the sp in  axes of the  nuclei  i n  a sample t o  o r i e n t  

f a c i l i  t a k d  by 

i n  a d i rec t ion  



-150- 

common t o  a l l .  These nuclear o r i en ta t ion  

developed and, i n  pa r t i cu la r ,  extended t o  

t he  O a k  Ridge National Laboratory. These 

technique s have be en general ly  

f i s s i o n  s tudies  i n  work a t  

inves t iga t ions  must be per- 

formed a t  temperatures near the  absolute zero where the  f i s s i o n  fragnent, 

detectors  that are usef’ul a t  room temperatures are found to become un- 

s a t i s f ac to ry  or inoperative.  For t h i s  reason, a very compact and 

e f f i c i e n t  germanium sol-id state counter has been developed, which 

de tec ts  alpha p a r t i c l e s  and f i s s i o n  fragments over t h e  temperature 

range 1 - 77O K. 

and may be used t o  measure fragpent energies up to one hundred mi l l ion  

v o l t s  o r  more. 

This device has an exceptionally f a s t  response time 

Fission 

The f i s s i o n  cross sect ions of a l l  t‘ne isotopes of uranium have been 

measured i n  t h e  Mev range with r e l a t i v e l y  good energy reso lu t ion  and 

with good s t a t i s t i c s .  

maximum and minimum, and t h e  in f l ec t ions  i n  t h e  cross sections of 

the  even isotopes which heretofore  had been overlooked. 

explanation of t h i s  phenomena, Bohr and Wheeler have re- invest igated 

theo re t i ca l ly  t h e  f i s s i o n  process. Their explanations a re  ba.sed on the  

ideas t h a t  i n e l a s t i c  neutron sca t t e r ing  i s  competing with various modes 

of f i s s ion .  

o r  fission f r a p e n t s  are being measured as a function of energy for 

severa l  of t he  uranium isotopes.  

These ca re fu l  measurements hsve shown up t h e  

I n  seeking an 

A s  a f’urther check on t h e i r  ideas,  aFgular d i s t r ibu i ions  

Fi s s ion Fr agxien t S-pe c t r o  gr aph 

A fissio:i-fragment Inagxt ic  spectrograph u t i 1  izing the OIWL graphl’ie 

reactor  was constructed and operated. Measixrenients were nade of tile 



-151- 

energy d i s t r i b u t i o n  and nuc1.ea.r charge d i s t r i b u t i o n  of fragments of'  a 

given mass--t'flis information i s  of grea t  importance i n  f i s s i o n  theory-- 

of t h e  s c i n t i l l a t i o n  respose, range-energy curves, and equilibrium 

charge of f i s s i o n  fragments i n  gases, and of the  energy d i s t r i b u t i o n  

and frequency of long-range alpha p a r t i c l e s  from f i s s i o n ,  A new p r i a c i -  

p l e  for fission fragment mass separat ion w a s  evolved, and i t s  l imi t a t ions  

were studied, 

Sensi t ive Neutrino Recoil Experiment 

A semitive r e c o i l  experiment has been ca r r i ed  out using the electron-  

capturing radioisotope A37, a monatomic gas, t h a t  was allowed t o  f l a w  

through a vessel under e s s e n t i a l l y  high vacuum conditions. 

of t h e  r e c o i l s  was found to agree wi th in  about one pe r  cent with that 

The energy 

expected from the emission of a neutr ino having a mass of less than m e  

per cent of the Ass of sn electron (the next l i g h t e s t  p a r t i c l e )  

Neutron Cross Sections 

It has been found t h a t  neutrons and protons bound i n  c e r t a i n  nuclei 

16 are usually s t a b l e  (0 

many phenomena, one can consider t h i s  s t a b l e  core of nuclear  matter as 

behavingas  an average a t t r a c t i v e  force to a neutron o r  a proton. 

by studying t h e  s c a t t e r i n g  of neutrons from 0 and by use of knowledge 

of t h e  bound states of 017, one i s  ab le  t o  obtain clues  as t o  t h e  s i z e  

and shape of t h e  neutron and e f f e c t i v e  s t rength  of the in t e rac t ion  oT the 

016 core on a neutron. 

i s  such an example), so t h a t  for i n t e rp re t ing  

Thus, 

16 

For elements above the very lightest, ones, the  cross  scctiowil  area 

of a nucleus, sccn by neuLroris used as probes, SILOITS resorianee pc,~lis 
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a t  various neutron energies.  From the  measured proper t ies  of these 

resonances, one can deduce other  propert ies  of t he  nucleus such as ,  for 

example, i t s  probabi l i ty  of capture of a neutron with emission of garorb 

radiat ion.  FOP neutrons a t  around room temperature, with ve loc i t i e s  of 

about 2200 meters/sec, capture cross sect ions deduced from analyses of 

neutron resonances agree reasonably w e l l  with t h a t  found by experineat.  

Recent r e s u l t s  with neutrons a t  higher energy, having velocitSes around 

2.2 mi l l ion  metess/sec, s h m  much higher probabi l i ty  of capture than 

expected, which ind ica tes  t h a t  information on resonmces i n  t h i s  higher 

energy region i s  needed. 

Neutron-Capture Cross-Section Measurements 

The s i g n i f i c a n t  work i n  t h i s  f i e l d ,  espec ia l ly  t h a t  of inportance 

i n  reac tor  design, i s  centered on t h e  rare isotopes and those obtaina'ole 

only with d i f f i c u l t y ,  both r a d i a c t i v e  and s t ab le .  For these mezsure- 

ments of r e l a t i v e l y  high precision, t h e  pi l e  o s c i l l a t o r ,  time-of -flipJit 

spectrometer, and crystal  spectrometer are u t i l i z e d .  Among the  impor- 

t a n t  contr ibut ions are,  (1) t h e  xenon-135 cross sec t ion  (C) vs. energy 

data,  which are extremely important f o r  the k ine t i c s  of hie;h-flux 

reactors ;  (2) the complete survey of separated s t a b l e  isotopes,  with, 

fo r  example, t h e  dtscovery t'nat; elemental zirconium, po ten t i a l ly  an 

important s t ruc tu re  material ,  has a low cross sect ion;  and ( 3 )  the  

data  on radioact ive isotopes ionium (tho~i~i11-,330), actinium-227, 

uranium-234, and uranim-236. 

Mi 1.l.i - m i  c r o s e c o nd Time -of - F1 i ght 

A t  ORT~IL, a new insti-uriient has been d.eveloped f o r  nexsuring CT'GSS 

sect<-ons fo r  neutrons with veloci t i e s  arouud 2 mil l . ion mr:ters/sec. Tnis  
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involves acce lera t ing  pulses of charged protons 5 t o  10 milli-microseconds 

i n  durat ion (,000,000,005-0.00000001 sec)  with a Van de Graaff machine, 

and measuring t h e  t i m e  it r e q u i r e s ' f o r  neutrons, produced by the protons 

i n  the  Li7(p,n)Be7 react ion,  t o  t r ave r se  a dis tance of a few meters,  I n  

obtaining the data on the  neutron cross  sec t ions ,  t i m e  i n t e r v a l s  of a 

f r ac t ion  of a mi l l ion th  of a second i n  durat ion are measured t o  an  

accuracy of a f e w  per cent. 

Neutron Dif f rac t ion  

Inves t iga t ions  by neutron d i f f r a c t i o n  have furnished a unique 

approach t o  a study of magnetic phenomena a t  t h e  atomic l eve l .  This i s  

the  only method f o r  obtaining t h e  detailed magnetic s t ruc tu res  of nag- 

. n e t i c  mater ia l s  and f o r  obtaining t h e  s p a t i a l  d i s t r i b u t i o n s  of t he  

electrons which contr ibute  t o  the  atomic magnetic moments. Over 

s i x t y  d i f f e r e n t  magnetic mater ia l s  have been invest igated,  including 

elements and compounds of near ly  a l l  t h e  types of atoms i n  whicn the  

e l ec t ron ic  configurat ion produces an atomic magnetic moment. Results of 

t h e  neutron d i f f r a c t i o n  experiments are primari ly  responsible f o r  recent  

theor ies  of the mechanisms involved i n  t h e  i n d i r e c t  coupl-ing of t h e  

magnetic e lec t rons  v i a  the nonmagnetic anioris which surround them. 

Nuclear-Aligpnent Studies 

The sp in  dependence of nuclear  forces  i s  being s tudied i n  a d i r e c t  

manner by measurements of the c ross  sect ions of polarized nucle i ,  

bombarded with neutrons polar ized by passing them throdgli highly mag- 

netized iron. By us ing  a method which u t i l i z e s  the enormous maglietic 

f i e l d  th3t can be created a t  t h e  cucleus by t he  atomic electrons arid a 

saniyic teviperature of 0 . 2  degree above absolli,c zero,  a 41;: chaiige i r l  



-154- 

cross  sec t ion  of manganese has been observed. Resul.”is i n  t h i s  f i e l d  

of experimentation may give an increased understanding of nuclear forces  

and nuclear  s t ruc ture .  

Instrument a t  i on 

The bas i c ’  physics research at ORNL contains a program of i n s t r u -  

ment development and modification. I n  addi t ion  t o  t h e  development of 

equipment f o r  t he  phys ic i s t s ’  use, a program of instrumentation f o r  

medical diagnostic use of radioisotopes has  been ca r r i ed  out.  This 

program includes a one-chassis s c i n t i l l a t i o n  spectrometer, foclising 

coll imators f o r  high resolut ion,  i n  vivo loca l i za t lon  of radioisotopes 

and a su rg ica l  s c i n t i l l a t i o n  counter probe f o r  use i n  su rg ica l  pro- 

cedures. 

Coulomb Exci ta t ion 

Exci ta t ion of nuclei  by a long-range e l e c t r i c  i n t e rac t ion  which does 

not involve a d i r e c t  c o l l i s i o n  with the  nucleus i s  a process known as 

coulomb exci ta t ion.  This process has recent ly  been developed i n t o  a 

powerf’ul t o o l  f o r  t h e  systema-Lie study of nuclei .  Because t h i s  ex- 

c i t a t i o n  depends on the  well-understood e l e c t r i c  in te rac t ion ,  t he  

measured p robab i l i t i e s  fo r  producing excited s t a t e s  a r e  more e a s i l y  and 

r e l i a b l y  interpreted.  Hence one i s  able to exbract from the  experiments 

information on some of t‘ne f i n e r  d e t a i l s  of nuclear s t ruc tu re .  

Ef fec t  of Radioactive Decay Upon Atomic and blolecular S t ruc tures  
.~.___s 

New evidence has recent ly  been obtained r e l a t i v e  t o  the  s t r u c t u r a l  

changes t h a t  take place i n  the  el.ectron shells of a t o m  fo l lowing  a 

radiobct ive change i n  the  nuc7-pus. Tt~o kinds of effects are  observed. 
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The f i r s t  i s  encountered wi th  pure be ta  emi t te rs ,or  beta-gamma emi t te rs  

i n  which the re  i s  no i n t e r n a l  conversion, and i n  these areas there i s  

usua l ly  no loss of extra-nuclear e lectrons.  The second i s  encoustered 

when one or more of the  inner  atomic electron3 i s  removed, and t h i s  

e f f e c t  therefore  accompanies radioact ive decay by e lec t ron  capture and 

decay processes t h a t  involve i n t e r n a l  conversion. I n  these events the 

damage t o  the  atomic e l ec t ron  s t ruc tu re  can be severe. When more 

molecules have been surveyed, embodying d i f f e r e n t  kinds of rad ioac t iv i -  

t i e s ,  t h e  r e s u l t s  promise t o  be of grea t  i n t e r e s t  t o  bas ic  hot-atom 

chemistry. 

Neutron Time-of -Fl ight  Chopper 

I n  completing our understanding of nuclear s t ruc ture ,  as we l l  as i n  

p red ic t ing  the  behavior of high f l u x  reac tors ,  it i s  necessary t o  ac- 

cumulate informati-on on t h e  nuclear proper t ies  of radioact ive nuc le i .  

S ign i f i can t  research w i t h  such nuclei  has been performed by use of the 

neutron chopper a t  ORNL. Neutron t o t a l  cross sec t ions  of t h e  radio- 

ac t ive  f i s s i o n  products, ~ r 9 3 ,  1129, PmI47 and Sm15I, have been measure3 

fcr neutron shaving v e l o c i t i e s  i n  range from 2,200 meters/sec t o  about 

12,000 meters lsec (thermal energies  t o  30 ev). 

For carrying out t h i s  ty-pe of measurements on unstable  as w e l l  

as on s t a b l e  nuclei ,  a g r e a t l y  im2roved mechanical chopper allowfng 

considerably b e t t e r  reso lu t ion  has been instal.led ir! the LITR. 

- Molecular Studfes Using T r i t i u m  

Carefhl measurements car r ied  out on the spectra of t h e  i so top ic  

species of hydrogen have been of considerable v d u e  i n  p r o b i ~ ~  ifze 
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sca l e  a v a i l a b i l i t y  of tritium, the  radioact ive hydrogen isotope of mass 

three,  has now made poss ib le  a f i r t h e r  valuable extension of t h i s  

research technique. 

The current program i n  molecular spectroscopy i s  concerned largPly 

with t h e  study of simple molecules, such as ammonia and some of its 

der iva t ives  i n t o  which bot'n tritium and deut,erium have been se l ec t ive ly  

incorporated i n  various combinations. Through mathematical analysis ,  

using t h e  Oracle, addi t iona l  i n s igh t  has been provided i n t o  the  proper- 

t i e s  of these fundamentally important compounds. 

- @ycl.otron Development 

Over a period o f  years  Oak Ridge National Laboratory has established. 

a pos i t ion  of leadershlp i n  the  design of cyclotrons of high performance. 

The 44-inch cyclotron constructed a t  ORNL holds the  world's  record 

f o r  beam strength a t  one Mev. During t'ne course of performance tests 

of the &inch cyclotron, a maximum beam of 200 milliamperes w a s  a t t a ined .  

Work on a new approach t o  cyclotron design culminated i n  the design of 

t h e  03k Ridge R e l a t i v i s t k  Isochronous Cyclotron ( O R I C )  whose performance, 

first t e s t e d  experimentally i n  e lec t ron  analogs, and l a t e r  demonstrated 

i n  ac tua l  operation of t he  ORIC i t s e l f ,  far o u t s t r i p s  tha-t of any 

ex i s t ing  cyclotron i n  regard t o  s t rength  of beam and f l e x i b i l i t y  i n  

acce lera t ing  a va r i e ty  o f  p a r t i c l e s  over a wi-de range of energy. Thfs 

cyclotron desi.gn represents  a technological breakthrough of t h e  f i r s t  

magnitude and promises t o  open areas  of nuclear research Twhich previous1.y 

could only be ex2l.ored on a l imited bas i s .  The e lec t ron   analog^ t e s t s  

demonstrated tha t  t h e  energy 1 'Lml t ;  encountered with fiscd-frequency 

cyclotrcms cnn be overcornn by t h c  introduct ion of az imutha l  vari .ations 
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in t h e  magnetic f i e l d .  

r e l a t i v i s t i c  increase i n  the mass of t h e  ions with energy makes it 

increasingly d i f f i c u l t  t o  keep t h e  ions both i n  focus and i n  resonance. 

A s  a result ,  t he  pract. ica1 energy l i m i t  f o r  protons i s  Eibout 25 Mev. I n  

I n  t h e  conventional fixed-frequency cyclotron the 

the frequency-modulated cyclotron the  frequency of t h e  acce lera t ing  

vol tage i s  programmed t o  maintain resonance f3r the  o rb i t i ng  ions.  

i s  then possible  t o  go to much higher energies (over 700 Mev), but a t  

the expense of a considerable reduction i n  beam current.  I n  t h e  new 

It 

development, the use of an azimuthally varying f i e l d  introduces s t rong 

focusing forces  which m a k e  it poss ib le  t o  design t h e  magnetic f i e l d  t o  

'keep the  ions i n  resonance to high energies,  up t o  900 Mev. 

The AVF cyclotron r e t a i n s  t h e  g rea t  advantage of both f ixed  

Prequency and f ixed  magnetic f i e l d .  The azimuthal va r i a t ions  provide 

s u f f i c i e n t l y  s t rong focusing t o  overcome the  defocusing e f f e c t  of the 

radially increasing average magnetic f i e l d  which i s  necessary to corn- 

pensate fo r  the r e l a t i v i s t i c  increase i n  mass. Large curren ts  of ions 

can thus be accelerated t o  very high energies.  

The AVF cyclotron has been under inves t iga t ion  at the  Oak Ridge 

National Laboratory s ince  1950. Theore t ica l  s tud ie s  and ca lcu la t ions  

with the ORACLE showed t h e  f e a s i b i l i t y  of such high energy fixed- 

frequency cyclotrons. A Cyclotron Analog, operated t o  t e s t  t h e  

t h e o r e t i c a l  ideas of" new designs, accelerated e lec t rons  t o  an energy 

of 190 kev (comparable t o  350 Mev f o r  protons) .  That t h e  Analog per- 

formed exact ly  as predicted was st rong subs tan t ia t ion  of the  bas i c  

t h c o r e t i c a l  work. 

configuration, was b u i l t  t o  be used i n  a,n analog f o r  a proposed 850-~t?v 

A larger magnet, with an eight-fold azimuthal 
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proton cyclotron. 

Oak Ridge from Brookhaven Nation21 Laboratory f o r  use i n  st,udying 

problems associated with in j ec t ing  protons from such a high energy 

cyclotron i n t o  a proton synchrotron. 

A 10-Mev e lec t ron  synchrotron analog was moved t o  

High Energy Accelerator Studies  

Theoret ical  s tud ies  of tine new type of accelerator system ind i -  

cated i t s  promise of very high performance. The system was composed 

of a sp i r a l - sec to r  fixed-frequency cyclotron, ac t ing  as the i n j ec to r  f o r  

a r ap id ly  pulsed a l t e rna t ing  gradient synchrotron. Each component was 

complex by comparison wl th previous accelerators ,  and careful- s tud ies  

were performed, both ana ly t i ca l ly  and numerically, of t h e  o r b i t s  i n  

t h e  cyclotron, beam ext rac t ion  from the  cyclotron and in j ec t ion  into 

the synchrotron. The s tudies  indicated t h a t  it would be possible t o  

perform t h e  ex t rac t ion  and i n j e c t i o c  much more e f f i c i e n t l y  than has 

previously been possible,  and de ta i l ed  plans were made f o r  experimental 

tests with an e lec t ron  analog. 

AVF Proton Cyclotron-Cyclotron Analog 

The Laboratory pursued the  design and development of  an unusual 

acce lera tor  system which consisted of an 850-Mev-high-inten~ity~ 

azimuthally-varying-field cyclotron i n j e c t i n g  i t s  beam i n t o  a pulsed 

synchrotron ring.' 

considerably exceed-ing t h a t  avai lable  from conventional machixles. To 

gain design experience and t o  study sonie of t h e  problems of orbit 

dynamics f o r  the 8 5 0 - ~ e v  i.njcctor, a cycl.otron and.o(- was b u i l t  m i l  

opcmted. ?'he analog accelerated elcc-Lron:; t o  a n  energy OP 200 kcv 

The system would y i e ld  12-Gev protons a t  an intensi ty-  
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u t i l i z i n g  an air-cored magnetic f i e l d  designed e n t i r e l y  by ana ly t i ca l  

techniques with t h e  a i d  of the OPACLE. The low threshold voltage and 

the  f a c t  t h a t  operat ion i s  aLmost exac t ly  as predicted proves the sound- 

ness of both the  theory and the  design techniques.  A new analog with 

8 s p i r a l  poles w a s  designed t o  model t h e  8 5 0 - ~ e ~  AVF cyclotron almost 

exact ly .  

v ided the  basis f o r  OIwL's proposal -to construct  a f 'u l l -scale  acce lera tor  

of t h i s  s o r t .  

corporate these advances i n  cyclotron technology has been named the  

Me2 Cyclotron i n  the Laboratory's proposal f o r  au thor iza t ion  t o  

coiistruct t he  machines 

The outstanding performance of the  more advanced analog pro- 

The large acee lera tor  proposed f o r  construct ion t o  i n -  
n *  

86-1nch Cyclotron Beam Deflect ion 

A beam def l ec t ion  system was incorporated i n t o  t h e  86-inch 

Cyclotron t o  provide an intermediate- intensi ty  focused proton beam i n -  

s ide  t h e  shielded a rea  and a less in tense  beam outs ide the  shield. Both 

b e a s  a r e  used f o r  nuclear physics experiments. The de f l ec to r  does not 

i n t e r f e r e  with the use of high-current i n t e r n a l  t a r g e t s  for isotope 

production. The d e f l e c t o r  system contains many novel f ea tu re s  which 

increase  i t s  f l e x i b i l i t y  and reduced the cos t ,  

25-Mev Nitrogen Accelerator 

The 63-inch-pole-face-diameter, fixed-frequency cyclotron for 

acce lera t lng  t r i p l y  charged nitrogen ions provides a new and unique 

means of studying nuclear  s-t;ructure. For light nuclei espec ia l ly ,  t h e  

d i r e c t  expcriniental observation of the geometrical proper t ies  ( 5 * e a ,  

angular d i s t r ibu t ion ,  momentum, e t c .  ) of nuclear-reaci ion prwducts 
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permits important deductions Lo be drawn concerning t h e  nature of coulomb 

in t e rac t ion  o f  nucle i  and t h e  detailed mechanism of nuclear reac t ions .  

Additionally, important s tud ies  of range-energy re la t ionships  and the 

charge-equilibrium mechanism of the  in t e rac t ion  of heavy fast-moving 

ions i n  matter are possible.  

Internal-Conversion Coeff ic ients  

One of' t h e  most important procedures for the detennination of spins  

and p a r i t i e s  of nuclear energy s t a t e s  i s  t h e  comparison be-Lween measured 

and calculated values of t h e  internal-conversion coe f f i c i en t .  The values 

of these coe f f i c i en t s ,  representing the  r e l a t i v e  y ie lds  of K-converslon 

electrons t o  gamma rays emitted i n  a t r a n s i t i o n  from an exci ted nuclear 

s t a t e ,  were obtained by using t h e  exact quantum mechanical t'neory of 

the  electron.  These r e s u l t s  have been used extensively f o r  t he  purpose 

of es tab l i sh ing  decay schemes of  radioisotopes,  thereby providing the 

data f o r  t e s t i n g  current  theor ies  of nuclear s t ruc tu re .  

Internal-Conversion Electron Spectra 

Radioactive nuclides produced by proton i r r a d i a t i o n  o f  r a r e  ear ths  

(Gd through Lu) were chemically separated with ion-exchange r e s i n  

columns and t h e i r  internal-conversion spec t ra  s tudied with a 180-deg 

permanent magnet spectrograph. More than a dozen t r ans i t i ons  pro- 

ceeding between pos tu la te  r o t a t i o n a l  l eve l s  i n  even-even nuc le i  were 

observed. 

t he  value of the  moment of i n e r t i a  has a dependence on proton num3er, 

and i s  s l i g h t l y  smaller f o r  higher Z elements with .the same neutron number. 

For t he  region of neutron number 94 t o  108, it appears t h a t  
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Light P a r t i c l e  Emission From Nitrogen-Induced Nuclear Reactions 

L i g h t  reac t ion  products, proton, deuterons, t r i t o n s ,  and alpha- 

p a r t i c l e s ,  were detected from ni t rogen reac t ions  on Li6 ,  bi7, Beg, A.l2T1 

and O I 6 .  The energy d i s t r i b u t i o n s  of these p a r t i c l e s  were measured t o  

provide information on the  level d e n s i t i e s  of t h e  r e s idua l  nuc le i .  

Angular d i s t r ibu t ions ,  i n  t h e  case of p a r t i c l e s  from t a r g e t s ,  

proved to be near ly  i so t rop ic .  

Anomalous I n e l a s t i c  Sca t t e r ing  i n  Heavy Elements 

An unexpected peak i n  the  energy d i s t r i b u t i o n  of i n e l a s t i c a l l y  

sca t t e red  protons was found. There a re  s t r i k i n g  r e g u l a r i t i e s  i n  i t s  

c rass  s ec t ion  and angular d i s t r i b u t i o n  i n  neighboring elements. The 

e f f e c t  has been s tudied i n  g rea t  d e t a i l  i n  a v a r i e t y  of  experiments bu t  

as yet  no completely s a t i s f a c t o r y  explanation has been evolved. 

Neutron Transfer  Reactions 

Transfer reac t ions  were inves t iga ted  i n  which a neutron t r a n s f e r s  

from the  inc ident  nucleus t o  t h e  t a r g e t  nucleus= Exci ta t ion  functions 

were measured i n  the  63-in. cyclotron f o r  t e n  such react ions and a syste- 

matic dependence of the  cross sec t ion  on %he energy w a s  found, Angular 

and energy d i s t r i b u t i o n s  were measured i n  one case. 

bution w a s  found t o  be peaked at  60 deg i n  t h e  barycent r ic  system. 

The angular d i 5 t r i -  

Excessive Charged-Particle Ehission by Medium and Heavy Nuclei 

I n  a s e r i e s  of experiments, a g r e a t l y  excessive emission of protons 

and alpha p a r t i c l e s  w a s  observed from proton-induced nuclear react ions 

i n  medium weight and heavy nucle i .  Various possible  explanations for 

the e f f e c t  were s tudied but almost a l l  o f  these have prover? i n c x r e c t ;  

no good explanation has been found y e t .  
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Fusion of Heavy Nuclei 

A new type of nuclear r eac t ion  i n  which heavy nuclei  fdse w a s  

observed and described f o r  t h e  f i rs t  time. These fusion reacti-ons a re  

produced i n  t h e  63-inch cyclotron by bombarding various t a r g e t  nuclei  

with 28-biev ni t rogen ions.  The two nuclei  fuse and r e s u l t  i n  a f i n a l  

nucleus a few mass u n i t s  l i g h t e r  than the  sum of the  masses of t'ne two 

incident  nuc le i .  An example of such a reac t ion  i s  

The t o t a l  cross  sec t ions  f o r  many such react ions have been measured. 

i- N 1 4 4  A12' -+ 2p. 

Range-Energy and Charge Dis t r ibu t ion  f o r  Heavy Ions 

The behavior of fast  (28-MeV) nitrogel?_ ions passing through matter 

was invest igated.  The r ange -ene ra  r e l a t i o m  i n  var-ious mater ia l s  were 

measured. Zane average charge, t h e  charge d i s t r ibu t ion ,  and the  el.ectror_ 

capture aud l o s s  cross sec t ions  were a l so  determined. 

Di f f rac t ion  Sca t te r ing  of Protons by Nuclei 

The d i f f r a c t i o n  nature of t he  sca t t e r ing  of protons by nliclei was 

observed f o r  t h e  f i rs t  time ia t h e  86-in. cyclotron; a l l  of the qusli- 

t a t i v e  fea tures  of t 5e  process were s tudied.  The maximum w a s  found. t o  

occur a t  t'ne same energy, an& with the  same cross  sec t ion  arid angular 

d i s t r ibu t ion  i n  a la rge  nunber of elements. The evidence ind ica tes  

t h a t  it i s  probably due t o  some type of co l l ec t ive  motion of t he  pro- 

tons and neutrons i n  t h e  nucleus. This has l e d  t o  a l a rge  amount of 

similar work a t  other  Inborator ies ,  and rits t h e o r e t i c a l  ane lys i s  has pro- 

vided most of t he  bas ic  eI.eirents of t h e  o p t i c a l  model of the  nucleus. 

Fl.ast3.c Scrittering of Nitrogen by Ritrogen ___---_ -I__ 

The el-asti c sca t t e r ing  of ni t rogen by ni t rogen was i.nvzst5 g::~,ted. 

The d i f f e r e n t i a l  cross sec t ion  f o r  this process , at seve ra l  energies, 
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was m e a s u r e d  and the results w e r e  explained by a s i m p l e  semi-classical 

total absorption model. 



CHTJCICAL PBOCESSING TECHNOLOGY 

The chemical technology phase of t he  Laboratory's research m d  

development program has been i n  support of  the  processing requirexects 

of nuclear e n e r a .  I-ts purpose has been t o  develop processes which 

will prepare t'ne unique materials required for nuclezr r eac to r  com- 

ponents, processes t o  separate  and recover t h e  valuable materials 

discharged from reactors ,  and t o  t r e a t  rad ioac t ive ly  contaminated 

wastes discharged from the  reac tors  and associated proccsses. These 

processing operations represent a new i n d u s t r i a l  a c t i v i t y  which has 

become an important p a r t  of t h e  chemical industry i n  the  Unitcd S ta tes .  

Raw Materials 

A very valuable chemical technology di-scovery i n  t h e  raw mater ia ls  

area was solvent ex t rac t ion  reagents for recovering uraniurn from s u l f a t e  

solut ions used t o  leach uranium from ore.  

these solvent e x t r a - t i o n  reagents, i n  the  Dapex and Armx pl-ocesses, a r e  

now i n  operation i n  the  United S ta t e s  and Canada (see  t a b l e ) .  

solvent f o r  t he  Dapex process i s  a d i a lky l  phosphoric acid and i s  used 

f o r  both uraniurn and vanadium recovery. The solvent f o r  the Amex 

process i s  a long-chain a lky l  &nine and has been used f o r  uraniurn re -  

covery. These solvent ex t rac t ton  processes have increased uraniiun 

recovery with decreased. chemical cost .  

Ore processing plants  using 

The 

A second d.evelopifieI1t i n  this f i e l d  was the appli.cat-ion of t h z  

Higgins continuous i n i i  exchange equipment t o  crania= recovery from ore 

leach I-iquors . T'nis promised s ign i f i can t  rechc'iion i n  cost si.nce t h e  

urnnri.uni can be extracted d i r ec t ly ,  w5.thm-L thc necessi ty  of c l o r i f y i i i ~  
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the  l i quor .  

"put on t h e  shelf" because uranium processing p l an t s  were operat ing 

wel l  below capaci ty  and further improvements were not of i n t e r e s t .  

Following successful  pilot plant t e s t s ,  the  process was 

The Monex process f o r  the  recovery of t h o r i u 3  from Braz i l ian  sludge 

w a s  developed and ca r r i ed  through engineering t e s t s  with s a t i s f a c t o r y  

r e su l t s .  This solvent  ex t r ac t ion  process employed t r i b u t y l  phosphate 

t o  ex t r ac t  thorium from u n c l a r i f i e d  leach l iquor .  The program was 

terminated when t h e  Commission's requirements f o r  thorium w e r e  reduced. 

Feed Materials 

An ion exchange technique f o r  t h e  recovery of uranium from metal- 

reduct ion bomb l i n e r s  and slag w a s  developed through a p i l o t  plant sca le .  

A p i l o t  p l an t  f o r  recovery of Sl ight ly  enriched uranium from t h i s  waste 

is now in operat ion at Y-12. A Higgins continuous ion  exchange u n i t  

i s  used with t h e  unc la r i f i ed  sulfate leach l iquor .  

The Ekcer process study was completed, This invol.ved aqueous -phase 

hydro-fluorination of uranium t o  ura.niurn tetraf1uorid.e.  The process 

d id  not have s u f f i c i e n t  economic advantage t o  j u s t i f y  replacenent of the  

ex i s t ing  gas-phase process p l a n t s  in t h e  United S t a t e s .  

p lan t  employing t h i s  process i s  being constructed i n  Japan.. 

However, a p i l o t  

The chemical k i n e t i c  s tud ie s  of uranium t e t r a f l u o r i d e  (UF4) reac t ion  

with oxygen t o  produce uraniwn.hexafluoride (UF6) and uranyl fluoride 

(UO2Fp) , t h e  Fluorox process J have been completed 

t e s t s  are in progress.  This process promises econornies by usrErig oxygen 

and en@ neering 

ins tead  of elemental f lzor ine  to convert UF4 t o  UF6. 

Continuous procedures f o r  d i r e c t  reduction of uranimi hexaf luoridc 

and t h o r i m  t e t r ach lo r ide  to metal by sod-imi metal  and sodium or l i t h i u m  
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have been studied. Results of chemical and engineering t e s t s  now i n  

progress are very pmmising. The Metallex process f o r  reduction of 

ThCl-4 with sodium arnalgam appears t o  be competitive with other proposed 

reduction methods. The reduction of  UF by sodium, the  Druhm process, 

o r  by l i thium amalgam have demonstrated y i e lds  of 80% and 8510, 

respect ively.  

6 

Chemical Plant  C r i t i c a l i t y  Studies 

I n  t h e  design of chemical p l an t s  f o r  processing f l u i d s  contaiEir1g 

f i ss ionable  material ,  it i s  e s s e n t i a l  t o  ensure t h a t  Yne f lu ids  not 

co l l ec t  i n  e i t h e r  an ind iv idua l  container or several  contigLzous con- 

t a i n e r s  i n  such a way as t o  cons t i t u t e  a c r i t i c a l  m a s s .  A new ty-pe of 

tank has been experimentally v e r i f i e d  which u t i l i z e s  t h e  annular space 

between two process pipes f o r  so.lution storage,  wit'n water and cadmium 

as neutron absorbers i n  t he  i n t e r i o r  pipe. This arrangexieat w i l l  a f ford  

a considerable saving i n  required container and bui lding space 

Transuranic Elements 

Chemical separatlons s tud ies  f o r  recovery of neptuni-urn and americium 

have been car r ied  through p i l o t  plant  sca le  operation a t  ORNL. G r a m  

quan t i t i e s  of both elements w e r e  success f i l l y  separated as a r e s u l t  

of these s tud ies .  The neptunium w a s  recovered from the  f luor lna t ion  

ash of recycle uranium going from nuclear reac tors  back t o  the gaseous 

d i f fbs ion  p lan t  f o r  enrichment. The ameyicium was recovered from 

plutonium. 

Uranium-233 

A spec ia l  separation of high pu r i ty  uraniuiii-233 was c x r i c d  o ~ t  et 

O a k  KTdge National Laboratory t o  provide mater ia l  t o  Argonne National 
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Laboratory for nuclear cross-section measurements and for other research;. 

Waste streams from the Thorex process which contained uranium produced 

exclusively from protactinium decay w a s  reprocessed in the Thorex pilot 

plant  for uranium recovery. 

magnetic isotope separation at Y-12 to give a U-233 product essentially 

free of U-232, U-234, U-235, and U-238. 

This product w a s  further purified by electro- 

. .  



The general  f i e l d  of chemistay and chemical technology research 

covers ORNL's l a rges t  bas i c  research e f f o r t s .  This sterns from the f a c t  

t h a t  0RNL.has been regarded from the  e a r l i e s t  days of the AEC as the 

center f o r  chemistry and chemical technology research and a l s o  from t h e  

f a c t  t h a t  ORNL's major program i n t e r e s t s  i n  reac tor  development, radio- 

isotope production, and other  a c t i v i t i e s  involve the  appl icat ion of 

methods o r  techniques t h a t  are l a rge ly  i n  the  f i e l d  of chemistry or 

chemical technology. 

New Research Techniques 

Research on the  chemistry of heavy elements has been esuec la l ly  

f r u i t f u l  i n  connection w i t h  t h e  development and improveme:?t of chemical. 

processes f o r  use i n  the  f i s s ionab le  and raw ma.terials prod.uction p l ac t s .  

An ex'mp1.e i s  the  discovery that, by causing uranium t o  form a complex 

negative ian i n  solut ions ins tead  of i t s  usual. pos i t ive  ion, onc can 

e f f ec t ive ly  separate  and pu r i fy  uranium using t h e  ion-exchange technique. 

Research on t'ne fission-product elements required the  development 

of improved methods of separat ing them from each other and from the  

heavy- elements. The ion-exchange process devel-oped a t  ORNI, was t h e  

f i rs t  method t o  be used success f i l l y  t o  separate  gram am01.m-i;~ of t h e  rare- 

ear th  elements i n  pure form. These f i f t e e n  elements are so  much a l i k e  

chemically t h a t  t h e i r  separa-tiun i s  exceedingly d i f f i c u l t .  I n  the  

progress o f  t h i s  work, a neb: element, technettun, was prepared i n  we$g!i- 

able amounts f o r  t he  f i r s t  t i m e  by other nethods developed. a-t ORNL in 

the  fission-product research. Tne ion-exchanze techlliyuc of separation 
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and pur i f i ca t ion  has been used w i t h  outstanding success i n  widely 

d i f f e r e n t  appl icat ions,  such as t h e  separat ion of nucleic  acids  and 

other  b io logica l  compounds and t h e  f i n a l  product purification s t ep  i n  

the Purex process f o r  separa’Lixg and purifying uranium and plutonium. 

Anion Exchange. A new technique involving t h e  use of anion 

exchange resins  and solut ions of  the meta l l i c  elements has been developed 

and in tens ive ly  studied. This technique has important appl icat ions i n  

a n a l y t i c a l  chemistry and the i s o l a t i o n  and pu r i f i ca t ion  of  uranium, 

including recovery of uranium f r o m  extremely d i l u t e  solut ions,  and 

show grea t  promise f o r  general  industrial  Spplication. 

Some elements are very s t rongly  held by these  r e s ins ,  permit t tng 

the processing of la rge  volumes o f  solut-ion w i t h  very s i n a l l  amounts of 

resin.  For example, i ron  could be removed from tons  of caunerc ia l  

hydrochloric acid with only a pound of r e s i n  and, s i m i l a l y ,  tons of 

uranium-bearing solut ions under t h e  appropriate  conditions coti.id also 

be processed wi th  only r e l a t i v e l y  small amounts of resin. 

Many elements which are genera l ly  considered very s imi la r  s h m  

l a rge  differences i n  t h e i r  ab i l i t y  t o  form negat ively charged complexes. 

Anion exchange takes advantage of these  differences,  thus permit t ing 

many separat ions with extremely simple equipment i n  a very short t ime* 

For example t h e  e s s e n t i a l l y  complete separat ion of cobal t  and n icke l  

can be achieved with a very sho r t  colulnn of r e s i n  by passing the  mixtiire 

i n  t h e  appropriate so lu t ion  through the column. The n icke l  appears 

immediately-, while t h e  cobal t  i s  he ld  by the r e s i n  but  then can be 

removed rap id ly  b y  t he  use of a second reagent (watcr). 

separations are possible. I n  some c a s e s ,  f o r  exmple  zinc ancl ur,tnLum9 

scparraLion from pr:ictically a l l  elements i s  possible  i n  less than an 

hour using only comion chemicals. 

Ma9y sirn.il.ar 
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I on-Exchange Research 

The bas ic  concepts involved i n  ion-exchange phenomena, with both 

cat ionic  and anionic res ins ,  have been extended and used i n  important 

and d ive r s i f i ed  appl icat ions,  such as (1) t h e  separat ion o f  the  ra re-  

earch eleiiients i n  up t o  multigram amounts f o r  chemical and physical  

proper-Lies research; ( 2 )  the  separat ion and isol-at ion of nucleic  acids  

and other b io log ica l  compounds important i n  metabolism; (3) the  separations 

as pos i t i ve ly  o r  negatively charged complexes, of elements o rd ina r i ly  

=parable only with extreme d i f f i c u l t y ,  and (4)  th-  0 concentration and 

recovery,of valuzble t r a c e  elements from large volumes of  solut ion.  

The technique of separation i n  a l l  cases invol-ves the sorpt ion of  t h e  

substance on the  r e s i n  under one set  of conditions ( i . e . ,  temperatu-re, 

concentration, pH, complex behavior, e t c . )  and i t s  e lu t ion  under another 

s e t  o f  conditions. 

Pure Quadrupo1.e Spectra 

The new f i e l d  of quad.rupole spectroscopy i n  so l i6s  i s  provrixg to 

be a p a w r m l  t o o l  for e luc ida t ing  the nature of chemical binding, 

i n  addi t ion t o  being a highly prec ise  method f o r  de t emin ing  nuclear 

quadrupole-moment information. Under c e r t a i n  conditions, t h e  exact 

radiofrequency for absorption of electromagnetic r ad ia t ion  i s  a function 

of t he  in t e rac t ion  between the  nuclear-charge dis-Lribution and the  

elec2;1.j.ca.l.-charge dis t , r ibut ion i n  t h e  chemical bonds. Thus t h e  nucl-eus 

i s  used as a probe for  sampling f ea tu res  of t h i s  i n t e rac t ion  which, i n  

tu rn ,  may be r e l a t e d  t o  the nature  of chemical bords. 

A cooperative program with Duke University w a s  s e t  up t o  measure by 

xi c -rowave s s om:: nu c lear propert  j. t? s of  rad i0ac t i .x  i s o L o_ci e s avni I.ab ie 



a t  ORML. One of t h e  proper t ies  s tud ied  was the  way i n  which the  

e l e c t r i c  charge i n  the  nucleus i s  d i s t r i b u t e d  ( t h a t  i s ,  l i k e  a foo tba l l ,  

or like a sphere, o r  l i k e  a saucer ) .  The exact frequency of r ad ia t ion  

which a molecule absorbs i n  t h e  radio-frequency region under ce r t a in  

conditions i s  the r e s u l t  of an i n t e r a c t i o n  between t h i s  nuclear charge 

d i s t r i b u t i o n  and the  d i s t r i b u t i o n  of e l e c t r i c a l  charge i n  t h e  chemical 

bonds which hold the  atoms of t h e  molecule together .  

ment of the  frequency of t h i s  line I n  a s e r i e s  of molecules gives d i r e c t  

Hence, a measure- 

information about t he  d i f fe rences  between analogous bonds i n  the  s e r i e s ,  

a r e s u l t  of t he  highest  i n t e r e s t  t o  chemists. 

t h a t  the  frequencies of  t he  l i n e s  were s o  r e l a t e d  t o  chemical bonding 

It w a s  already kcown 

i n  gaseous molecules, and it w a s  known t h a t  similar l i n e s  could be 

ovserved i n  c rys t a l s ,  but it w a s  discovered a t  t h e  Laboratory t h a t  the 

same d i r e c t  co r re l a t ion  between freqGency and bond nature  appl ied t o  

the  l i n e s  measured i n  c r y s t a l s .  Thus, a very wide f i e l d  of interest 

t o  chemists and phys ic i s t s  has been opened up, f o r  the range of com- 

pounds measurable as  c r y s t a l s  i s  ve ry  la rge .  

Production Processes 

Research on bas i c  chemistry l e d  t o  t h e  development of" a method of 

separating hafnium and zirconium, which always occur together  i n  nature 

and a r e  very d i f f i c u l t  t o  separate .  The OTCNL-developed process was 

se lec ted  out of a g rea t  many developed a t  var ious AEC i n s t a l l a t i o n s  as 

t h e  one t o  be used i n  a production p l an t .  This process i s  of grea t  

importance t o  r eac to r  development, wherc zirconium i s  a very des i rab le  

s t r u c t u r a l  mater ia l  but  is made u n a t t r a c t i v e  by the presence of h=Lf'nii:iri 

with i t s  large capacLty f o r  Axorbin:: neut rom.  Produci j  011 pLn I',S us-ing 
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t h i s  ORNL process have been buiLt t o  supply hafnium-free zirconium t o  

meet the Atomic Energy Commission's needs for t h e  r eac to r  program. 

During the  war, pur i f i ed  radioisotopes were needed for research 

and were supplied mostly by ORT?IL. Radioisotope-production processes 

developed i n  the  research l abora to r i e s  formed t h e  b a s i s  f o r  the Commission's 

program of radtoisotope sales and d i s t r i b u t i o n  centered at ORNJ; af ter  

t h e  w a r .  This research has been expanded t o  include the  preparat ion 

of chemical compounds "labeled" w i t h  radioact ive atoms, p a r t i c u l a r l y  

organic compounds containing carbon-14. 

f a i r l y  la rge  p r iva t e  indus t ry  has been b u i l t  up, depending upcn t h e  

radioisotopes produced a t  ORNL. 

It should be noted t h a t  a 

Studies of chemical reac t ions  and reac t ion  e q u i l i b r i a  l ed  t o  t h e  

development of a chemical method f o r  separat ing c e r t a i n  iso-topes, 

based upon t h e  s l i g h t l y  d i f f e r e n t  d i s t r i b u t i o n  of  t h e  isotopes when 

react ion equilibrium i s  reached. Rn OFNL-developed process for t he  

chemical separat ion of li.thium isotopes w a s  used i n  the  production 

p lan t  constructed i n  Y-12. 

Chemistry of Technetium 

The proper t ies  of f ission-product contlnue t o  be of' importance 

t o  nuclear energy appl icat ions because of the  long h a l f - l i f e ,  t'ne high 

f i s s ion  yield and t h e  large thermal neutron cross-sect ion of t h i s  

isotope. A considerable advance i n  t h e  understanding o f  t h e  chemistry 

of technet iaa  has been made a t  t h e  Oak Ridge National Laboratory. 

Oxidation s t a t e s  o f  '7, 5, 4 and 3 have been shown t o  e x i s t  i n  aqueous 

solut ions.  Thermochemical. and electrochemical measuremen-ts have led to 

a quanti t a t  i ve oxi dr. t  i oii - r c due t i on s ch c ine I n t  e 1- - re  131; i ng t h e  stab i 1.j ti.. c :j 
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i n  aqueous so lu t ions  of s eve ra l  of these  oxidation s t a t e s  t o  t h a t  of 

technetium metal a t  25*. Low temperature s p e c i f i c  hea t  measurements 

have y ie ldea  values fo r  the entropy of s eve ra l  technetium compomds . 
Magnetic measurements have shown t h a t  c e r t a i n  complex compounds of t h e  

t e t r ava len t  s t a t e  of technetium contain th ree  "unpaired" e lec t rons .  

Extensive solvent ex t r ac t ion  measurements have revealed that hepta- 

valent  technetium may be removed e f f i c i e n t l y  from a wide v a r i e t y  of 

aqueous so lu t ions  by organic compounds containing a bas ic  oxygen o r  

nitrogen atom. An examination of t h e  u l t ra -vTole t  absorption spectrum 

of technetium i n  these  organic so lu t ions  ind ica t e s  t h a t  a s e n s i t i v e  

o p t i c a l  method f o r  ana lys i s  i s  poss ib le .  

Orgmic Chemistry 

Techniques of mul t ip le  l a b e l i n g  with carbon-14 which hzve been 

developed a t  ORNL now permit a much more penet ra t ing  stuax of organ-ic 

react ions than has  ever before  been possible .  By t h e  use of these  

techniques 1) the  mechanism of t h e  p inacol  rearrangement has been 

c l a r i f i e d ;  2) i n  combination with stereochemical experiments it has 

been shown t h a t  t h e  energy b a r r i e r s  t o  f r e e  rokat ion about the carbon- 

car'bon bond, contrary t o  general  b e l i e f ,  are deterndning factors i n  

many reac t ions  and 3) it has been demonstraked that the conformations, - 

or  the arrangements i n  space - assumed by c e r t a i n  cyclohexane derivatives - 
are the  important q u a l i t i e s  which differentiate their  reac t ions  from 

those of noncyclic compounds. 

I n o r g m i  c Ion Exchange 

The standard organj c ion exchanger r e s ins ,  though of exireni? 

importance and usefulnzss, suffer  f r o x  3 nL~wi'~~er of se r ious  hai ' l ic*aps I 



p a r t i c u l a r l y  when viewed from possible  atomic energy appl icat ions.  For 

example, they  have r e l a t i v e l y  l o w  s e l e c t i v i t y  for s imi l a r  ions,  making 

some separat ions d i f f i c u l t ;  and they are  unstable i n  intense radLatior, 

f ie1d .s  and i n  the presence of s t rong oxidizing agents.  I n  a1= attempt 

t o  develop new ion exchangers a la rge  gr0u.p of r e l a t i v e l y  simp1.e inorganic 

materials w a s  found sa t i s f ac to ry .  The c lasses  of compounds which have 

received most a t t en t ion  i n  t h e  pas t  few years a re  the  insoluble  hydrous 

oxides and ce r t a in  insoluble  salts containing polyvalent anions such 

as phosphates, tungstates ,  moly’ndates and arsenates .  Most of  t h e  oxides 

studied, which include those of Ti( V I ) ,  Zr( IV) , Th( IT), Nb(V) , Ta(  V) 

and Sn(IV), appear t o  be u s e f i l  anion exchangers i n  ac id i c  and cat.lon 

exchangers i n  bas ic  solut ions.  The oxide of 3i(III) and mixed oxides 

containing excess Bi(II1) are pr inc ipa l ly  anion exchangers 1 6 t h  a 

remarkable s e l e c t i v i t y  f o r  ha l ide  ions. Thr? po1yvlen-L salts ,  as well 

as the oxides of V(V), and U(V1) a r e  a t t r a c t i v e  ca t ion  exchangers. 

These inorganic exchangers have unusual s e l ec t i . v i t i e s  and hence 

permit some otherwise d i f f i c u l t  separations,  e .  g e  

metals from each other or of the  a lka l ine  ea r ths  w2tb very s m a l l  colIuil;n_s. 

The inorganic anion exchangers have spec ia l  s e l e c t i v i t i e s  for poly- 

valent  anions and thus should prove useful  i n  t‘ne recovery of chrornates, 

molybdates, tungstates ,  e t c .  I n  view of t h e i r  an t ic ipa ted  rad ia t ion  

s t a b i l i t y ,  t h e  new inorganic ion exchangers should f i n d  spec ia l  

appl ica t ion  for the  processing of highly rad icac t ive  solut ions.  

of the  a1kal.i 

1norga;tnic Polymers 

Hydrolysis of metal ions i s  frequently accompanied by aggregation 

o r  co l lo id  forination, and the  course of such reac t ions  i s  i!nporiant f o r  



-175- 

an understanding of t he  chemistry of these solut ions.  During t h e  l as t  

f e w  years  es t imates  of t he  degree of aggregation and of t h e  change of 

t h e  aggregates have been obtained from equilibrium UltracentrFfugations,  

and more recent ly  through l i g h t  sca t te r ing ,  techniques n.,t previously 

used i n  t h i s  f ield.  

react ions was confirmed. Huwever, contrary t o  the  opinion of some, 

m a n y  elements (e .c . ,  Pb ( I I ) ,  Bi.(III) ,  Z r ( I V ) ,  Hf(1V) e x i s t  as d i s c r e t e  

The exis tence of a wide var i e ty  of hydrolytic 

l o w  molecular weight polymers over wide ranges of ac id i ty ,  metal iorr 

concentration, and temperature, r a the r  than as c o l l o i d a l  aggregates 

of l a rge  and inde f in i t e  s i ze .  

was observed i n  some cases, p a r t i c u l a r l y  Th(IV). 

Continuous d i s t r i b u t i o n  of small ploymers 

Complexing of poly- 

meric ca t ions  by simple anions (e .g. ,  ClOF) occurs under conditions 

where it i s  not expected for monomeric ions.  The species  formed by 

the amphoteric ions Sn(1V) and Pb(I1) i n  basic  so lu t ion  are monomeric, 

' r a the r  thim col lo ida l ,  as some have held.  liowever, polymeric aggre- 

gates were observed f o r  W(V1)  and Mo(VI) on t h e  a lka l ine  side of the 

i s o e l e c t r i c  point ,  i n  confirmation of usual notions on iso-poly ac5d 

formation. 

dln extremely soluble (ca. 3 kg m(IV> per  kg water) hi$i molecular 

weight hydroly t ic  polymer of Th(1V) containing - ca. 1000 Th(1V') ions 

per p a r t i c l e  w a s  discovered. It can be prepared by cont ro l led  drying 

of p r e c i p i t a t e s  of h y d r a s  thorium oxide. Though it i s  very s t a b l e  at 

l o w  temperatures, a t t enp t s  t o  preserve the dispers ions a t  temperatures 

above 200°C have s o  far been unsuccessfl~l.. 

Anion Exchange Studies of Metal Complexes 

The technique of separat ing m e h l s  by anion exchange through control 

of  the medium and cont ro l  of' t h e  degree oP coiriplexing, which vas discovered 
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e a r l i e r  a t  ORNL, has been broadly extended. 

out i n  so lu t ions  containing most of themetal l ic  ions of t h e  per iodic  

tab le .  P a r t i c u l a r l y  de t a i l ed  i s  t h e  study i n  chlor ide so lu t ions  which 

present ly  encompasses almost 90 elements. These s tudies  have helped 

t o  e s t a b l i s h  anion exchange of metal  complexes as an important p a r t  of 

a n a l y t i c a l  chemistry and o f  hydro-metallurgy. A considerable amourit of 

new information on prope-rties of t h e  res ins  and on cornplexing of metals 

by various anions such as chloride,  n i t r a t e ,  f luor ide ,  s u l f a t e ,  c i t r a t e  

and EETA (ethylene diamine t e t r a a c e t i c  acid)  has been obtained as a 

by-product of these  s tudies .  

Studies  have been ca r r i ed  

On the b a s i s  of information now avai lable ,  2% appears p r a c t i c a l  t o  

devise a general  ion exchange-separatiom scheme fo r  thr! rnetall i c  

elements, and a preliminary scheme involving approximately 20 elements 

has been tested. 

Neptunium-237 P r  d u c t  ion and Furif i cat ion 

I n t e r e s t  i n  t he  prodcction and i so l a t ion  o f  neptunium (element 93) 

of m a s s  237 has been l imited i n  t h e  past  t o  an occasional gram-scale 

operation s u f f i c i e n t  t o  serve t h e  most urgent requirements. The f a c t  

t h a t  l a rge  quan t i t i e s  are  ac tua l ly  formed along with the  production of 

plutonium (U238 n2n U237 4 Np237) presents an a t t r a c t i v e  p o s s i b i l i t y  

f o r  continuing routine by-product production of' t h i s  important elemeni . 
An i n i t i a l  anal_yt,ical inspect ion of one i s o l a t e d  p lan t  process a i  

OHNL resulied i n  the  discovery t h a t  neptunium i n  a n  e s s e n t a i l l y  pure 

s t a t e  was present  as a waste pl-odact. From this process thp first 

1.00 grams of neptunium ( t e n  times as much as all previous proiiucCion) 

w 3 s  eventual ly  i so l a i ed .  Tnspec t i o n  of  o the r  production process?:: failed 
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t o  r evea l  a s imi l a r ly  for tuna te  s i t ua t ion ;  however, af te r  a reexamination 

of t he  solvent  ex t r ac t ion  chemistry o f  neptunium, a highly s igni f icant  

feature ,  t he  c a t a l y t i c  oxidation of neptunium ( V )  t o  an e x t r a c t i a l e  

state, neptunium (VI) ,  involving a t r a c e  concentration of n i t r i t e  ion  

was found. It was then f i n a l l y  possible  t o  accour t  f o r  i t s  of ten e r r a t i c  

d i  st r i b u t  i on. 

Continued inves t iga t ion  has l ed  t o  the  recovery of' neptunium from 

what i s  l i k e l y  t o  become a s i g n i f i c a n t  and permanent source of kilogram 

quan t i t i e s  of neptunium. This i s  t h e  nonvolat i le  residue following 

. f luor ina t ion  of depleted uranium i n  the  Gaseous D i f r u s i . c n  Process. The 

rout ine reprocessing o f t h i s  residue from one plant has already produced 

the second LOO grams of neptunium for  an zpparently unending research 

demand. 

The Preparat ion of Kilocurie Quant i t ies  of Xencn-135 

I n  t h e  i n i t i a l  d i r e c t  measurement of t he  xenon resonance cross-  

sect ion it w a s  possible  t o  cover only a narrow range (0.03 t o  0.20 ev.)  

because o r  the l imi ted  amount of xenon ava i lab le .  I n  reac tor  technology 

it continues t o  be important t o  extend t h i s  energy range of xezon cross- 

sect ion measurements; therefore ,  as soon as the  Homogeneous Reactor 

Experinlent (HRF:) became operative,  t he re  was renewed i n t e r e s t  i n  fu r the r  

d i r e c t  measurement. This reac tor  provided a unique source of even the  

shorter- l ived mixed f i s s i o n  gases and was ac tua l ly  capable of producing 

up t o  40,000 cur ies  of 9.2 h r  Xe-135 p e r  day at the opera t ing  l cve l  of 

1 megawatt. 

Using NI underground holding-tank, t h e  e n t i r e  gas stream con ta in ins  

added- oxygen and t h e  f i s s i o n .  gases produced by the reac tor  WBS xaf'c1.y 
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diver ted  f o r  col lect ion.  In tense ly  radioact ive,  shorter- l ived products 

were then allowed t o  decay a few hours during the period. required fc r  t'ne 

necessary adsorption and chromatographic separat ion.  The u l t imate ly  

pu r i f i ed  samples of 500 or  more cur ies  were seal-ed i n  1 cc volumes i n  

a spec ia l  transmission capsule f o r  neutron at-tenuation measurements. 

Precis ion assay of the absolute number of xenon atoms present i n  a 

sample w a s  accomplished by recovering the  radiogenic cesium-1.35 from t h e  

capsule following xenon decay and applying mass-spectrographic i so top ic  

d i l u t i o n  analysis .  The remeasurement of the xenon cross-section with 

t h i s  quant i ty  of source-material f u l f i l l e d  a s ign i f i can t  need. 

Boron Isotope Separation 

A new and improved system for t h e  enrichment of boron isotopes has 

been developed and success filly demonstrated. T h i s  c oLinterciirrent 

g a s - l i q d d  system u t i l i z e s  chemical exchange bets.reea boron t r i f l u o r i d e  

gas and the anisole  boron t r i f l u o r i d e  complex t o  enrich B1' i n  t h e  

l iqu id  phase. The bas and l i q u t d  streams form closed cycles and re f lax-  

ing  i s  accomplished by adding and removing hea t .  

The new system, named ANC0 and ANisole-Complex, has two p r inc ipa l  

advantages over previous methods of boron isotope enrichment: (1) the  

separation fac tor  i s  much larger, 1.03 a t  2 5 O C ,  ar,d ( 2 )  t he  new system 

can be o p r a t e d  a t  atmospheric o r  higher pressures .  Since the new system 

represents improvement i n  both t h e  enrichment and t h r o u a - p u t  capac i t ies  

of precious processes, a considerable reduction i n  the  un i t  cost  o f  B1' 

i s  an t ic ipa ted  by use of the new method. 
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Radiation-Induced Formation of N i t r i c  Acid i n  Moist A i r  

Most of the i n t e r e s t  of r ad ia t ion  chemists s ince the  beginning of 

t he  atomic enerm pro jec t  has been focused on t h e  r eacz ions  of l i qu ids .  

Only one gaseous system has been of real p r a c t i c a l  i n t e r e s t ,  t h a t  of air .  

E a r l y  work showed that rad ia t ion- f ixa t ion  of  ni t rogen ( t o  form n i t r i c  

acid)  i n  t h e  air over a water-moderated r eac to r  w a s  responsible for the 

increasing a c i d i t y  of the water. More recent ly ,  t he re  have been sug- 

gest ions t h a t  this reac t ion  m i g h t  eventual ly  have p r a c t i c a l  use i n  the 

manufacture of n i t r i c  acid.  Xowever, very l i t t l e  was learned about t h e  

mechanism of the reac t ion  because of t h e  l a rge  number of intermediate 

products for which no s a t i s f a c t o r y  a n a l y t i c a l  methods were availaisle. 

Experiments a t  this LnboratoSy have demonstrated t h a t  a de ta i l ed  

analysis f o r  almost a l l  of the  intermediate conipounds of nitrogen and 

oxygen can be made by in f r a red  spectroscopy. By a combination of t h i s  

with conventional nleasurements of pressure chenge (both carried out, on 

the  i r r a d i a t i o n  c e l l  i t s e l f ) ,  it has proved possible  to unravel most of 

the details of t h i s  process. I n  pa r t i cu la r ,  the role of water has  been 

clarified, and it w i l l  now be poss ib le  t o  choose r a t i o n a l l y  t h e  best 

conditions f o r  n i t r i c  ac id  synthesis ,  and t o  evaluate  with grea te r  

c e r t a i n t y  the ultimate economic prospects of this p a r t i c u l a r  rad ia t ion  

synthesis.  

Short-Lived Fission Products Studies  

I n  1954 it became poss ib le  t o  begin de t a i l ed  studies of shos t -  

l i vcd  f i s s i o n  products because of r e f ine ren t s  i n  the technique of 

quant i ta t ive  beta- and gamma-ray s c i n t i l l a t i o n  spectrometry, aid t h e  

development of pulse hei gh t  arialyzers with large nmibers of ch~.nncl.s, 

eapabl e of rapidly recording comnple-te energy distributions a 
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A comon cha rac t e r i s t i c  of shor t - l ived  f i s s i o n  products i s  t h e i r  

high decay energy which, in turn,  makes it possible  t o  exc i te  many 

nuclear l eve l s  i n  t h e  daughter nuclides at  r e l a t i v e l y  high energies.  

Some of t h e  most energet ic  rad ia t ions  ever seen i n  radioact ive decay 

have been character ized i n  these s tud ies .  The complexity r e su l t i ng  froni 

this s i - tuat ion i s  i l l u s t r a t e d  i n  an ana lys i s  of a gama-ray s p e c t r a  of. 

86-second 11j6; since the  beta-decay energy has been measured in t'lese 

s tudies  as 7.0 Mev, it i s  qui te  reasonable t o  f i n d  t h e  gamla-ray 

spectrum compl.icated by t r a n s i t i o n s  between the numerous, energet ic  

bevels of the daughter, Xe136. 

The p r inc ipa l  accomplishment has been a systeniatic study of Line 

decay schemes of t h e  short- l ived isotopes o f  rubidium, 17.8-minute 

Rb8', 1k.g-minute Rb89, and 2.6-mj.nute RbgO, and of t i e  halogen isotopes 

32-minute Brg4, 52-minute 1134$ and the  86-second 1136 already mentioned. 

It i s  important t o  ce r t a in  c i r cu la t ing  f u e l  reac tor  and continuous 

reac tor  f u e l  processing concepts t h a t  i n  a l l  of t he  short- l ived f i s s i o n  

produc.ts studied, both be t a  and gamma rays of high energy and i n t e n s i t y  

were found. 

Nuclear Chemistry 

A program has been s t a r t e d  t o  determine cross-sect ions of heavy 

nuclides of par t i cu la r  i n t e r e s t  t o  reac tors  and t o  try i o  co r re l a t e  some 

of the  observed transmutations of heavy nuclides i n  reac tors  with re-  

ported cross sec t ion  data. The following a r e  examples of r e s u l t s  obtained 

t o  date:  An e f f ec t ive  reac tor  cross-section of 80 -1; 20 b has been found 

f o r  Np-239. 

has been both measurcd i n  t%e ORNL p i l e  o s c i l l a t o r  and calculated Srorn 

A value of 290 1 30b f o r  t he  thermal cross-section o f  Pu-240 
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known resonance parameters; an i n f i n i t e l y  d i l u t e  resonance i n t e g r a l  of 

about 8500 b has a l so  been calculated from the  l a t t e r .  It was found 

t h a t  observed transmutation r a t e s  of plutonium isotopes i n  graphi te ,  

heavy water and l i g h t  water moderated r eac to r s  were cons is ten t  v i t h  

these  f igu res  and not cons is ten t  with a s ing le  e f f e c t i v e  cross-sect ion 

of about 500 b, as has been previously reported by severa l  inves t iga tors .  

A value of 320 b w a s  ca lcu la ted  f o r  the ( i n f i n i t e l y  d i l u t e )  resonance 

i n t e g r a l  of U-236. Using a thermal cross-sect ion of 6 b, an e f f e c t i v e  

capture  cross-sect ion of 33 b was calculated fo r  MTR neutrons, as com- 

.pared with an observed value of 34 f 6 b .  

may then  vary from 6 t o  about 35 b depending on the  ex ten t  of thermali-  

Since the  e f f e c t i v e  value - 

za t ion  of t h e  neutrons involved, a poss ib le  explanation i s  hereby seen 

for  the spread of 5 to 35 b previously reported by o t h e r  i nves t iga to r s .  

Fused-Fluoride-Salt Systems 

In the realm of r eac to r  f u e l s  f o r  mobile reac tors ,  t he  inorganic 

f l u o r i d e s  have become increasingly prominent, i n  con;tsast t o  chlor ide 

o r  hydroxide systems. I n  the  constant search t o  f ind  fused-sa l t  systems 

wi th  b e t t e r  physical ,  nuclear,  and chemical proper t ies ,  the  Oak Ridge 

National Laboratory has s ince  mid-1950 undertaken t h e  technologtcal ly  

d i f f i c u l t  study of t e rna ry  and quaterncwy systems, as  wel l  as many 

b inary  salt  mixtures. 

zirconium or  beryll ium f luo r ides  as base materials, togeiher  w i t . h  

important physical  da t a  (e.g. , viscos i ty ,  thermal conductivity,  vapor 

From the phase diagrams of systems u t i l i z i n g  mainly 

pressure,  r ad ia t ion  s t a b i l i t y ,  e t c  - 1, i t  has been poss ib l e  to propose 

salt mixtures su i t ab le  f o r  the  a i r c r a f t  reac Lor. 
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H i g h  Temperature Reactor Chemistry 

A continuing program of research has been devoted t o  t h e  behavior 

of f luor ide  mixtures a t  temperatures up t o  10c13°C. 

has generated a considerable body of funda~cntal .  knowledge of t ke  

chemistry molten f luor ides ,  has demonstrated the general  s u i t s b i l i t y  of 

uraniferous f luor ide  m e l t s  as f u e l s  f o r  high temperature nuclear reac tors .  

An experimental study has been devoted t o  the  phase behavior of 

This progrm, which 

f luo r ide  mixtures with espec ia l  emphasis on those containing UF 

ThF4. 

f o r  more, than 30 binary and t e rna ry  systems. 

have been given s u f f i c i e n t  examinations t o  d isc lose  t h e i r  probable 

lack  of value as reac tor  mzter ia ls .  

which f'urnished t h e  f i e 1  €or t h e  Aircraf t  Reactor Expcrimcnt, and 

LiF - BeF2 - ThF4 - UF4 seem most promising f o r  reac tor  eqloi 'bat ion.  

A similar study of phase behavior of mixtures containing the  f luor ides  

and/or 4 
Detailed phass diagrams have been developed, each based on da ta  

Nearly 50 other systems 

The systems NaF-ZrF1, - UF4, 

of p l u t o n i m  has been car r ied  out.  

A method i n  which t h e  molten mixtwe i s  a l t e r n a t e l y  t r e a t e d  with 

gaseous HI? and H2 has been developed f o r  preparat ion of NaF - Zr34 - 

UFit mixtures of r eac to r  pur i ty .  

material f o r  t h e  AFG3 and f o r  the numerous engineering experinents with 

only minor modificat5ons t o  mcany f luor ide  systems. 

This method, which w a s  used t o  produce 

Equilibrium constants have been determined experimentally f o r  

chemical react ions of  severa l  metals with components of molten f luor ide  

solut ions.  Ac t iv i t i e s  of species i n  t he  mol.ten fluorides have bcen 

evaluated from such da ta  as well as from emf's of concentrztton cel1.s 

using molten f luor ide  c l ec t ro ly i e s  and from vspoi' pressurc nie-r,ui-exl?r,ts. 
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Acidvi t ies  of metals i n  s o l i d  a l loys  have been estimated from emf of 

ce l l s  with molten e l e c t r o l y t e s  and a l loy  e lec t rodes .  Mcasurement of r a t e  

.... . .  

of exchange between r ad io t r ace r  ions of a metal i n  molten f luor ide  

so lu t ion  and normal atoms of t he  metal i n  a s o l i d  a l loy  has permitted 

ca lcu la t ion  of  d i f fus ion  coe f f i c i en t s  for t he  t e s t  metal i n  t h e  a l loy .  

Data from a l l  these  sources have been incorporated i n t o  a theory of 

corrosion of me ta l l i c  a l loys  by c i r c u l a t i n g  molten f luor ides  which 

cor re la ted  the  da t a  obtained from many empir ical  cori*asion t e s t s .  

To serve as the  fuel for a long-lived nuclear reac tor  t he  niolten 

f luo r ide  must withstand buildup of f i s s i o n  products as elements or  as 

t h e i r  f l uo r ides .  The f i s s i o n  porduct f l uo r ides  have been found t o  be 

s u f f i c i e n t l y  soluble  i n  the molten f i e 1  t o  avoid p rec ip i t a t ion  during 

reasonable burnup of uranium. The noble gases are very spar ingly  

soluble  i n  the f u e l ;  the  important poisons Xe and -Kr may, as a conse- 

quence, be removed r e a d i l y  and continuously. Several  methods, including 

select-ive p r e c i p i t a t i o n  of oxides, chemisorption on s o l i d  oxide beds, 

and chemical exchange between the  melt arid s o l i d  f luo r ides  show 

promise f o r  p a r t j a l  decontamination of the  f luo r ide  f u e l  mixture. 

Misc ib i l i t y  of Metals w i t h  S a l t s  Sn the Liquid S t a t e  

The increasing technologica l  use of Liquid metals and molten 

salts as hea t  t r a n s f e r  agents has created a s t rong i n t e r e s t  i n  t he  

proper t ies  of rni-dures of these two chemically and phys lca l ly  r a the r  

d i f f e r e n t  groups af subst'ulces. The m i s c i b i l i t y ,  i n  t h e  liyuicZ s-tate, 

of t r a n s i t i o n  metals with some of t h e i r  compounds, ntilnely oxides o r  

sulfides, and lirn5-t;cd s o l u b i l i t y  of some alkali and a l l id  ine earth 

metals i n  t h e i r  molten halides has been known. Work a t  03RL has 



- 184- 
demons t r a t ed  t h a t  for  the  a l k a l i  metals, complete mi-scibil i ty with 

t h e i r  molten ha l ides  i s  a comon occurrence. 

complete misc ib i l i t y  depends on t h e  p a r t i c u l a r  system, and i n  general  

decreases i n  these systems from l i th ium t o  cesium and from fluoricle 

to iodine,  i .e.,  paral le lwit’n the  decrease i n  cohesive forces  i n  the  

metal and the  sal t .  The bromides represent  an i n t e r e s t i n g  and as ye t  

not filly explained exception. 

The minimum temperature of 

A t  moderate metal concentrations, l a rge  differences between the  

e l e c t r i c a l  conductivity of the  a l k a l i  metal solut ions and t h a t  o f  others,  

such as cadmium and bismuth, i n  t h e i r  molten hal ides ,  ind ica te  a rather 

d i f f e r e n t  s t ruc tu re :  a l k a l i  metals form polymerized m e t a l  atoms and 

molecules, such as 5, which donate e lec t rons  f o r  e l e c t r i c a l  o r  thermal 

conductances, whereas other metals form s t a b l e  complcx ions,  s1ic’n as 

CdZ2’ which had been shown not t o  cont r ibu te  conducting electrons. 

These f indings a r e  expected t o  have s i g n i f i c a n t  appl icat ions both t o  a 

theory of t h e  d i l u t e  meta l l ic  state a t  th igh  temperature and i n  a 

st rongly po la r  medium ( sometihat reminiscent of the  d i l u t e  me ta l l i c  s ia te  

i n  l i q u i d  am.nonia solut ions a t  l o w  temperatures),  and t o  t h e  technology 

o f  heat  t r a n s f e r  media. 

High Temperature Aqueous Solution Chemistry 

A concerted e f f o r t  has been m d e  during t h e  last f e v  years  to 

elucid-ate t h e  proper t ies  of  aqueous so lu t ions  a t  elevated temperatures. 

Tfie ce1l.s Ag, A g C 1 ,  HC3. (m)’ H,2 c 1  2’ HB an3 Rg, &2s04(Iifl)Y Ho2L G- $0 I + >  He 

have been studri-ed up t o  25OoC and. have shoxn t o  give the  expccted Es4F 

val.ues vhcn t h e  a c i d i t y  vas s u f f i c i e n t l y  high t o  prevcn-’i hydrolysis 

o f  the mercury so.l-ts. The c e l l  PbSOl,, Pb02, H,SO Ag2SOLt’ A:: V I t 1 3  
2 ’+(In)) 
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s tud ied  up t o  about l.SO°Ce 

i n  various e l e c t r o l y t e  media up t o  2 5 0 ' ~ ;  good agreement w a s  fourd between 

the ca lcu la ted  and observed s o l u b i l i t i e s  i n  H SO media. A n  i s o p i e s t i c  

uni t  f o r  determining osmotic and a c t i v i t y  coe f f i c i en t s  of aqueous 

so lu t ions  up t o  15OoC o r  higher has been designed and constructed.  

The s o l u b i l i t y  of Ag S O  has been s tudied 2 4  

2 4  

Pre l iminmy d a t a  show t h a t  the  osmotic c o e f f i c i e n t s  of a l k a l i  

ch lor ides  and bromides (except for t h e  l i t h i u m  salts) change very l i t t l e  

with temperature; those of sodium f luo r ide  and s u l f a t e  increase with 

temperature; while those of magnesium and uranyl s u l f a t e  decrease 

markedly with increasing temperature. 

has been adapted for high temperature work. 

absorpt ion bands f o r  neptunium ( a t  l e a s t  the pentavalent s t a t e )  r- ania5n 

A recording spectrophotometer 

It has been shown $hat the 

sharp and change l i t t l e  i n  magnitude up t o  a t  l e a s t  Z50°C. 

c a l l y  use fu l  absorption baad has been found for hexavalent neptunium - 

i n  t h e  near i n f r a red  region at  12,230 8. 
D20 i n  t h i s  region is  small, i n  cont ras t  t o  M 0, making the former 

a much more useful. solvent  f o r  spectrophotometric s tud ies ;  t h i s  f a c t o r  

also af fords  a s e n s i t i v e  method f o r  analyzing f o r  H20 impuri t ies  in D20. 

An a n a l y t i -  

The absorption by the  solvent 

2 

Spectrophotometry of Aqueous Solutions of Neptunium up t o  250*C 

The operation o f  aqueous homogeneous r eac to r s  a t  temperatures of 

250°C and above made unusual demands upon current  knowledge of  chemistry. 

Before even considering such a reac tor  seriously, it was necessary t o  

de%ermine experimentally the  l i m i t s  of s t a b i l i t y  of t h e  proposed f'uel 

so lu t ion ,  uranyl  sulfate i n  water,  If such r eac to r s  are operated for 

reasonable times a t  significant power levels, they will sccumultzte 

sizable quanti ties of tmnsmutxLi oa products of uram. i ~ i ~ i ~  A 3  irqportrznt 
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one of these i s  neptunium, and it i s  therefore  urgent. t o  l ea rn  as m u c h  

as possible  about its chemical behavior i n  water a t  these high tempera- 

tures. Since neptunium may occur i n  severa l  valence s t a t e s ,  a prrrequi-  

s i t e  of‘ such s tudies  i s  an ana ly t i ca l  method f o r  each valence s t a t e  

separa te ly  at t h e  temperature of i n t e r e s t .  Spectrophotometry earljr 

suggested i t s e l f  as such a method, bu t  no instrument exis-bed f o r  making 

such s tudies  safely.  Dilute aqueous so lu t ions  at 250°C exer t  pressures 

of aromd 30 atmospheres, and neptunium-237, t h e  long-lived isotope 

of t he  element, i s  a hazard i n  experimen%al s tud ie s  because of i t s  

rad ioac t iv i ty .  

A su i t ab le  l i g h t  absorptl.on c e l l  and associated equipment has 

been designed and b u i l t  for operation wader these conditions,  using 

a commercial spectrophotometer f o r  the l i g h t  measurement. With it, 

a so lu t ion  of a neptunim sa l t  has been s tudied from room temperature 

t o  250°C. 

and t h e  r e s a l t s  demonstrate t h a t  spectrophotometry can indeed be used 

t o  follow the  concentrations of t he  various valence s t a t e s  of neptunim.  

?Xis i s  t h e  f i r s t  time t h a t  such s tudies  have been possible ,  

Physical  Chemistry of Ion Exchange 

An important and relevant  general  object ive of the program of bas ic  

inves t iga t ions  of t he  proper t ies  of synthe t ic  organic ion  exchangers i s  

t o  reduce the lmge degree of empiricism now exisf;ing i n  Yne numerous 

AEC app l i ca t j  ons of these  ma’terials . A t  t he  Oak Ridge National Laboyatory 

a bas i c  thermodynamic equation f o r  t h r  pred ic t ion  of cat ion and aniai 

exchange e y a i l i b r i a  hes been establ ished.  This equation shorrs hcni the  

ion ic  s e l e c t i v i t y  of an exchanger a t  constant temperzturcs w i l l  d e p e d  

on it:; pol.pncric s t ruc tu re ,  on i t s  ionic  co,nposition (i.e.,  loadi in,'^") 
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and on t h e  composition and concentration of  t h e  ex te rna l  e l e c t r o l y t e  

* so lu t ion  with which it i s  i n  equilibrium. The genera l iza t ion  afforded 

ly this equation i s  most important because it i s  now poss ib le  to est imzte  

des i red  ion-exchange equi l ibr ium constants for a very wide range of 

conditions e 

A n  understanding of the f a c t o r s  governing t h e  r a t e  of attainment 

of ion-exchange equi l ibr ium i s  a l so  of great importance t o  the  p r a c t i c a l  

appl ica t ions  of ion  exchangers. 

ca t ion  exchanger e i t h e r  i n  the  presence o r  absence of an e l e c t r i c  f i e l d  

gradient  has been shown t o  be governed by a d i f m s i o n a l  and not by 

The %ransport of ions  i n  an anion or 

a chemical exchange mechanism. This d i f fus ion  r a t e  i s  dependent on 

the  polymeric s t ruc tu re  of the  exchanger, on t h e  tenperature  and on the 

charge ca r r i ed  by the  i o n  t o  a marked degree. The theory of absolute 

r eac t ion  r a t e s  has been appl ied s u c c e s s f i l l y  t o  the  i n t e r p r e t a t i o n  of 

these  ion ic  diff'uison phenomena. 

The ul t imate  aim of these bas i c  researches i s  t o  connect t he  thermo- 

dynamic and r a t e  t heo r i e s  of ion  eichangers t o  theo r i e s  of po lye lec t ro ly tes  

upon which s t a t i s t i c a l  thermodynamic ca lcu la t ions  of all the  re levant  

p rope r t i e s  of ion exchangers may be based. 

High Temperature Ion Exchange 

A systematic evaluat ion of  ion  exchangers i n  high temperature 

aqueous so lu t ions  (up t o  2OO0C) has been performed. The temperature 

s t a b i l i t y  of these exchangers was found t o  be considerably b e t t e r  thaq 

anticrLpated. The s-t;and,ard ca t ion  cxchangers of the D a r e x - T O  typc i n  the  

sodiax form shcnred l i t k l c  demmpositlioi evcn a t  200OC; i n  -t'ne hydorgen 

form -they were less stable; and. noticectblc, thou& not scvai2, dcco:iipositton 
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occurred a t  15OOC. 

was r ead i ly  usable up t o  a t  least 15OoC. 

ture coef f ic ien ts  of approximately a dozen simple ion  exchaoge e q u i l i b r i a  

were found to be s m a l l ,  operation of ion exchangers i n  pressure systems 

and predicti-on of t h e i r  perforrnance should not o f f e r  any spec ia l  

The anion exchanger Dowex-1 i n  a salt  form (ch lor ide)  

Since, i n  addition, t he  tempera- 

d i f f i c u l t i e s .  

Because of t h e i r  s t a b i l i t y ,  ion exchangers can be used at high 

temperatures f o r  e luc ida t ion  of t he  proper t ies  of the aqueous phase i n  

much the  sane way as they are cur ren t ly  widely used a t  room temperature. 

.Thus ion  exchange becomes one more technique for '  t h e  detai led s+,udy 

of soluti.ons a t  high temperature. 

Studies on the Action of Corrosion Inh ib i to r s  

It has long been known t h a t  the  corrosion of mild s t e e l  i n  water 

containing air may be inh ib i t ed  by t h e  presence of  a surface layer  

onzy a few atoms th ick .  This layer forms spontaneously when ce r t a in  

substances, ca l led  inh ib i to r s ,  a r e  present  i n  qu i t e  s m a l l  anaunts i n  

the  water. Previously, l i t t l e  was known about how i nh ib i to r s  ac t :  

t o  cause such a g rea t  reduction i n  t h e  rate of corrosion. 

s tudies  of t h e  chemistry of corrosion led  t o  a hypothesis which 

suggested that ,  of a l l  the  chemical elements, the one having t h e  most 

su i t ab le  combination of proper t ies  ~o:K-  an inhibi- tor  should be the  msn- 

made element technetium. This elemeat i s  not known t o  occur na tu ra l ly  

i n  the  ear th ,  but  i s  produced i n  nuclear f i s s i o n .  

A t  ORiiL, 

By use of technetium 

recovered a t  Oak Ridge from f iss i -on products, the  predict ion tjas f 'ully 

Specimens of mild s t e e l  have been kept for over f i v e  years confirmed. 

without detectzble  corrosion, and the  inhibitor i s  e f f ec t ive  even a t  
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25OoC, a t  which temperature chromates, one of the b e s t  i nh ib i to r s ,  are  

destroyed by s t e e l .  The r a d i o a c t i v i t y  and long life of technetium made 

it possible  t o  conduct var ious s5udies not previously made, and these 

with r e l a t e d  experiments, have contributed considerably t o  the  mder- 

standing of corrosion inh ib i t i on .  Among other  r e s u l t s ,  it was demon- 

s t r a t e d  t h a t  the inac t ive  s t a t e  produced by these i n h i b i t o r s  i s  e l e c t r o -  

. chemically the  same as t h a t  on i ron  "passivated" by n i t r i c  ac id  or 

passage of an e l e c t r i c  current .  

Studies  on the  Electrochemistry of S ta in l e s s  S t e e l  

The unique property of the  s t a i n l e s s  s t e e l s  i s  t h e i r  a b i l i t y  t o  

become ttpassive", o r  r e s i s t a n t  t o  corrosion, under conditions where 

mild s t e e l s  corrode rapidly. The corrosion r e s i s t ance  of s t a i n l e s s  

s t e e l s  depends upon the  r e l a t i v e  r a t e s  of d i f f e r e n t  possible e l e c t r o -  

chemical processes, some of which may be conducive t o  pas s iv t ty  and 

others  t o  a c t i v i t y .  

appl icable  t o  the r a t e  of a simple electrochem5cal process have been 

A t h e o r e t i c a l  study was made i n  which the  equations 

amplified t o  cover complicated systems such as a composite metal ( a l l o y )  

in a complex, corrosive,  environment. In experimental s tud ies ,  the 

conditions leading t o  passivation of the type of stainless steel. used 

i n  the  homogeneous r e a c t o r  were determined. 

of cn r ren t -po ten t i a l  r e l a t ionsh ips  were m6.e f o r  both s t a i n l e s s  s t e e l  

and Zircaloy-2 i n  sulf 'uric acid,  and the appl ica t ion  of' the  matheniatical 

Very prec ise  measurercents 

theory t o  these da ta  yielded information of value regarding the meclianism 

of the electrochemical processes involved. I n  a few instance,  measure- 

ments were made while the system was Exposed t o  iritensc ga;:mia rad ia t ion ,  

i n  order t o  deterrrilne t h e  e f f e c t  of such a change i n  the  envirsment .  
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Neutron-Diffraction Studies e .  

A new technique i n  the  f i e l d  of structural chemistry i s  the  use of 

intense neutron beams f o r  t he  crystal lographic  examination of hydrogen- 

containing compounds, which cannot be s tud ied  e f f ec t ive ly  by any o ther  

method. The experiments u t i l i z e  conventional d i f f r a c t i o n  techniques, 

bu t  make use of t h e  wavelike proper t ies  of the neutron. From t h e  iiifor- 

mation on s p a t i a l  d i s t r i b u t i o n  of hydrogen atoms i n  molecules, more may 

be learned about hydrogen bonding. Al l ied  t o  these s tud ies  i s  t h a t  of 

t h e  magnetic s ca t t e r ing  of atoms i n  magnetic mater ia ls ,  from which da ta  

may be obtained about the  de t a i l ed  e l ec t ron ic  s t ruc tu re  of t h e  atoms i n  

a c rys t a l l i ne  l a t t i c e .  

Neutron Diffrac-Lion 

Neutron d i f f r a c t i o n  s tudies  were extended over an increasing 

range of inorganic and organic mater ia ls .  Among the  outstanding r e s u l t s  

were Vine c l a r i f i c a t i o n  of t h e  i c e  s t ruc tu re ,  the  e luc ida t ion  of t'ne 

nature  of the  f e r r o e l e c t r i c  t r a n s i t i o n  i n  KH2P04, t h e  aca lys i s  of 

-the molecular s t ruc tu re  o f  oxal ic  ac id  dihydrate,  and the  extension of 

neutron d i f f r a c t i o n  t o  the  b io logica l ly  i n t e r e s t i n g  amino ac id  der iva-  

t i v e ,  a c e t y l  glycine. The determination of thermal v ibra t ion  parameters 

alloi,ied considerable in s igh t  i n t o  -the thermal motions of the c r y s t a l .  

The s t ruc ture  of i ce  i s  of g rea t  i n t r i n s i c  i n t e r e s t  not only because 

of i t s  widespread occurrence, but  a l s o  because of tk int imate  rela-tion- 

ship of water t o  much of chemistry. Theoret ical  predict,ions of -the 

d i s t r i b u t i o n  of  hydrogen atoms along oxygen-oxygen bond l i n e s  had been 

challenged on several  occasions. The ncutzon d i f f r a c t i o n  study establ ished 

t h a t  on the average hydrogen atoms wei'c irid.eed eqilally dis-trli'ou-tci? i.n ~ V G  
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equivalent pos i t ions  along 0-0 bond l i n e s  and t h a t  t h i s  was t r u e  a t  

widely separated temperatures. These f ind ings  were thus i n  e s s e n t i a l  

agreegent with a p i c tu re  of a dynamically disordered i c e  s t ruc tu re .  A 

careruZ analysis  of t h e  thermal motions i n  i c e  gave c l e a r  ind ica t ions  

of hydrogen-oxygen bond s t re tch ing  and bending v ibra t ions  i n  exce l len t  

agreement with expectation. 

Inf ra red  observations of hydrogen bonded c r y s t a l s  indicated a f ine -  

t i o n a l  r e l a t ionsh ip  between 0-H s t r e t c h i n g  frequency and the  length of 

t h e  0-H--0 bond. Neutron d i f f r a c t i o n  bond length measurements made ox 

similar c rys t a l s  over the past several years showed t h a t  t he re  i s  indeed 

also a re l a t ionsh ip  between 0-H bond length  and O-H--O distance.  

t h e  sho r t e r  t h e  0-H--0 bond, t h e  longer the  0-€I bond and, apparently,  

the g rea t e r  the tendency f o r  the  proton t o  be equid is tan t  from the two 

Thus 

oxygen atoms. 

The St ruc ture  of Liquids by X-Ray and Neutron. Di f f rac t ion  

A study, by means of X-ray and neutron d i f f r a c t i o n ,  of t he  s t r u c t u r e  

of various l i qu id  systems a t  both room and elevated temperatures was 

performed at  the Oak Ridge National Laboratory. Because of t he  impor- 

tance  of high temperature f l u i d s ,  t h e  nature  of t he  arrangement of the  

ions i n  f i s e d  salts, i n  p a r t i c u l a r  the  more simple ones, t h e  molten 

a l k a l i  hal ides ,  was invest igated.  As general ly  exTected, the absence 

of a long-range order  was ascer ta ined,  and t h e  packing of ions of 

opposite charge as neares t  neighbors around a given ion was found t o  be 

less dense than i n  the  c r y s t a l l i n e  s o l i d  at the  melting po in t ,  yet w i t h  

a smaller average i n t e r i o n i c  dis tance.  These resul ts  were in good 

agreexent with the concept of" the  -impoi-t:;riee of both di snrder  a; id 



- 192 - 
exjs tence of holes  as pa r t i cu la r  cha rac t e r i s t i c s  of the structure of a 

l i qu id .  

Aqueous so lu t ions  containing t i g h t l y  bound groups of atoms, such 

as the  uranyl. group, were a l s o  studied, wi-t'n p a r t i c u l a r  emphasis 02 the  

quest ion of polymerization of such groups. I n  confirmation o f  chemlcal 

and thermodynamic evidence, X-ray d i f f r a c t i o n  shoved uranyl  f luor ide  

so lu t jons  t o  contain polymers embracing a t  l e a s t  two, and probably 

three, uranyl  groups, bu t  a l s o  proved t h a t  polymers were absexit i n  

uranyl n i t ra te  or perchlorate ,  and i n  acid bismuth chloride solutiom. 

The results fo r  bismuth oxyperchlorate solut ions were consis tent  w i t h  

a proposed hexaier containing octahedrally arranged bisrnuth atoms. 

Pure Quadrupole Spectroscopy 

Studies i n  pure quadrupole spectroscopy have been pursued s ince  

sho r t ly  a f t e r  t h e  announcement of the  f i r s t  successml  observation a t  

ORNL. The method has been applied t o  physical  and chemical grcblems. 

I n  the  l a t t e r  case Yne quadrupolx nucleus has been used as a probe t o  

evaluate fea tures  of t he  e l e c t r i c  charge d i s t r i b u t i o n  i n  chemical. bonds 

%he various s tud ies  have included a prec ise  determination of the rmclear 

quadrupole moment of 11*9 (compared t o  11*7) which was t h e  f irst  such 

measurement on a radioact ive isotope. The ear l ier  work on chlor ine 

resonances i n  subs t i tu ted  methanes has been extended t o  other a l k y l  

ha l ides  as  w e l l  as t o  bromide and iodine resonances i n  simple molecules. 

The da ta  have becn correlated i&th featuf-es Cfi t h e  chemical bond i n  

these subsiaiices . 
ZecInan s tudies  of the quadrupole spectrum f o r  chlor j  ne i n  sodium, 

potassium and barium chlorates have becn ca r r i ed  out. The resulz:; for 
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t h e  sodium sa l t  which has very hi& symmetry were shown t o  be cons is tne t  

with e x i s t i n g  theory and the known crystal s t ruc tu re .  

potassium and barium chlora tes  t he  measurements showed the  e l e c t r i c  

charge d i s t r i b u t i o n  about the chlora te  ion  t o  be remarkably a x i a l l y  

symmetric even though it i s  not  required by the c r y s t a l  s t ruc tu re ,  and 

I n  t h e  case of 

it was demonstrated t h a t  t h e  ordentat ion of t he  ch lora te  ions i n  the 

c r y s t a l  l a t t i c e  could be accura te ly  determined. Zeeman s tud ie s  on the  

iodine resonance i n  iodic ac id  showed a number of  unusual f ea tu re s  f o r  

t he  f i r s t  time. 

or ig ina ted  from a very weak i n t e r a c t i o n  of the  proton with t h e  iodine 

nucleus, and a d e t a i l e d  study has showed t h a t  t h e  loca t ion  of the proton 

i n  the  c r y s t a l  l a t t i c e  can e s s e n t i a l l y  be determined. A t  th is  t i m e  t h i s  

i s  the  only known case of a d i r e c t  magnetic dipole-dipole s p l i t t i n g  

Among these  w e r e  extra spectroscopic l ines  t h a t  

t h a t  has been s tudied  i n  quadrupole spectroscopy. 

Paramagnetic Resonance Studies of Free Radicals Produced by Radiation 

The paramagnetic resonance method has been applied to radiation 

chemistry i n  an e f f o r t  t o  learn something of the  basic processes tak ing  

place immediately after the absorption of r ad ia t ion  but before  the  

f i n a l  chemical products have formed. Often one of the e a l y  r ad ia t ion  

steps is  t h e  breaking down of molecules i n t o  s m l l e r  fragments vhich are 

chemical f r e e  r ad ica l s .  The paramagnetic resonance method i s  a physical  

technique t h a t  i n  some cases w i l l  allow a d i r e c t  observation of the  f r e e  

r ad ica l s  t o  be made by v i r t u e  of t h e i r  magnetic proper t ies .  In applying 

the  method, the sample containing f r e e  r ad ica l s  i s  placed i n  a magnetic 

f i e l d  and the  frequencies at which microwaves are absorbed a re  measured. 
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Radiation chemical s tud ies  have been made by cooling various samples 

of i n t e r e s t  i n  l i q u i d  ni t rogen ( - 1 9 6 O C )  and i r r a d i a t i n g  with gamma rays 

from cobalt-60. 

s t ab ly  trapped i n  t h e  r i g i d ,  cold so l id .  

while s t i l l  cold i n  a paramagnetic resonance spectroilieter. 

I n  t h i s  way f r e e  r ad ica l s  are frequent ly  formed and 

??'e sample i s  then  exmined 

Various concentrations of sulfuric,  phosphoric and perchlor ic  acids  

i r r a d i a t e d  i n  t h i s  way have shown a number of c h a r a c t e r i s t i c  microwzve 

absorptions, o r  l i n e s ,  bu t  one p a i r  of l i n e s  w a s  common i n  t h e  speetr-a 

of a l l  three  acids.  

arise f r o m  the  presence of free atoms of hydrogen s t ab ly  trapped i n  

the  cold materials.  Subsequently atomic hydrogen h a s  been found i n  

a va r i e ty  of other substances i r r a d i a t e d  a t  a low temperature. 

This p a i r  of lines has been c l e a r l y  demonstrated t o  

A number of proper t ies  of atomic hydrogen prepared i n  t h i s  way have 

been studied. 

t r a t j o n  increases t o  l imi t ing  steady state value. 

th is  concentration i s  reached a f t e r  about 150 hours of i r r a d i a t i o n  

i n  a 1000 curie  cobalt-60 source and m o m t s  t o  roughly 0 .1  per cea t  

of the  hydrogen converted t o  atoms. 

i s  found t o  rap id ly  disappear as it enters  chemical reactTons t o  form 

f i n a l  chemical products. I n  s u l f w i c  acid,  f o r  example, t h e  atoms 

disqipear  i n  a matter of minutes when warmed -to - 1 7 5 O C .  The rates 

of disappearance have been measured at  various temperatures which gj ve 

valuable clues as t o  the  mechanism f o r  the dzsappearance. 

Upon prolonged i r r a d i a t i o n  the  atomic hydrogen coneen- 

I n  the  th ree  acids 

Upon wa-ming, t h e  atomic hydrogen 

Gaseous hydrogen i s  known to be one of the p r d u c t s  formed i n  the  

I n  order  t o  a sce r t a in  i r r a d i a t i o n  of these acids  a t  room temperature. 

whether or not the  mechanism for the disappearance o f  atomic hyilrogpn 

was -Lhe rcaction of' two such atoms to form a molecule of hydrogen gas, 
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analyses have been made on the  amounts of atomic hydrogen formed by a 

knm amount of i r r a d i a t i o n  and also analyses made on t h e  amount of 

hydrogen gas re leased upon warming the  acids .  

i s  a very s t r i k i n g  correspondence between atomic hydrogen formed and 

I n  s u l f u r i c  ac id  there  

hydrogen gas re leased upon warming which subs t an t i a t e s  t he  proposed 

mechanism. 

an intermediate has been i d e n t i f i e d  and measured by a d i r e c t  method 

This is probably the  only r ad ia t ion  chemrical study i n  which 

and i t s  r e l a t i o n  t o  the  f i n a l  chemical product demonstrated. 

U s e  of .Molecular Beams i n  Studying the  Mechanisms of Chemical Reactions 

It has long been recognized t h a t  much cculd be learned about t'ne 

d e t a i l s  of gaseous chemical reac t ions  i f  the  r eac t an t s  could be brought 

together  as crossed molecular beams. Then each product molecule 

would r e s u l t  from a single c o l l i s i o n ,  and the complications of chain 

reac t ions  and of wal l  e f f e c t s  could be obviated. Such an experiment 

has been c a r r i e d  out a t  ORNL, between beams of potassium and of 

hydrogen bromide. The usua l  parameters of reac t ion  k i n e t i c s ,  ac t iva -  

t i o n  energy and s t e r i c  f ac to r ,  were measured with good prec is ion  under 

these i d e a l  conditions.  I n  addi t ion ,  t he  angular d i s t r i b u t i o n  of t h e  

potassium bromide produced was measured, and some conclusions drawn 

therefrom about t he  r e l a t i v e  e f fec t iveness  for r eac t ion  of various 

or ien ta t ions  of t h e  co l l i d ing  reac tan ts .  This i s  one of the 

kinds of i n f o m a t i o n  t h a t  can be obtained only by t h i s  technique. 



The program of meta l lurg ica l  research was establ ished a t  OWL i n  

1946 t o  car ry  out applied research pr imari ly  r e l a t e d  t o  t h e  reac tor  

progi-am. The need for such work w a s  s t ressed  by experience with the  

Laboratory‘s reactor.  During the previous years, operation of t he  OF3TL. 

graphite r eac to r  had been complicated by ruptures i n  t h e  aluminum 

jackets around the  uranium f i e 1  pieces.  Metal lurgical  research resu l ted  

i n  the  development of a new technique f o r  canning t h e  uranium t h a t  m a -  

t e r i a l l y  reduced the  rupture problem, 

Fuel-Element Development 

The design of the MTR developed a t  OETL ca l l ed  for a type of  fuel. 

element t h a t  had never been made before - p la t e s  of u=aniLun-aluminum 

a l loy  clad with a1u;ninu.m. 

new fue l  e lenents  were developed, and today OWL-developed fuel elements 

a re  used i n  t h e  MTR, t h e  LITX and i n  most swinmTng-pool reac tors  as  

well, s ince t h e  l a t t e r  also use MTR-type f’uel elements. Improved fwl 

elements have also been developed at, ORNL f o r  the  Argonne CP-3 and CP-5 

reac tors  and t h e  Convair Shie ld  T e s t  Reactor. 

Successful methods of f ab r i ca t ing  t‘nese 

Beryllium Research 

Another probI.em t h a t  arose i n  connection with the  MTX w a s  t h a t  of 

producing and fabr ica t ing  beryll ium f o r  the r e f l e c t o r .  

p.1-oducing beryllium of su i t ab le  qual3 t y  by powder-metallurgy techn-iqucs 

w a s  developed a.t t h e  Brush Beryll.ium Company, who t h e 2  prodi?.iced t h e  

MTR beryllium pieces under ORNI, supervj. s ion .  Successful methods of 

fabr ica t ing  beryl-1-iurn mctal. p ieces  t o  c lose  toler.ances were devclopc-d 

A method of 
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a t  the  Laboratory, and a beryllium-nachining shop was set  up a t  the 

Y - 1 2  p l an t  t o  do t h i s  work. The h i g l l y  successful  operation of the  

Materials Testing Reactor would have been irapossible but  f o r  the 

accomplishments of research and development meta l lurg is t s  working on 

h e 1  elements and beryll ium production and fabr ica t ion .  

Powder-Metallurgy Applications 

Since powder-metallurgy techniques a re  r ead i ly  adaptable t o  

preparation of solid f u e l  elements and cont ro l  rods for high-temperature 

reactors ,  the  Metallurgy Division has developed a well-equipped f a c i l i t y  

for t h i s  work. So l id  f u e l  elements, cons is t ing  of uranium oxide dis- 

persed i n  a s t a i n l e s s  s tee l  matrix, have been fabr ica ted .  Control-rod 

elements have been prepared f o r  t he  Ai rc ra f t  Reactor Experimer?t, the 

Homogeneous Reactor Experiment, and t h e  General E l e c t r i c  A i rc ra f t  

Reactor. The cont ro l  rods f o r  t h e  Ai rc ra f t  Reactor Experiment consisteO 

of boron carbide dispersed i n  i r o n  and canned i n  s t a i n l e s s  s t e e l .  

Reactor N’aterials Research 

The homogeneous r eac to r  p ro jec t  introduced new mater ia l s  require-  

ments which had t o  be m e t  by materials developed through meta l lurg ica l  

research. Operation a t  250 C under 1000 pounds per square inch pressure 

and i n  a corrosive medium imposed severe s t r a i n s  upon t h e  reac tor  s t r u c -  

0 

t u r a l  mater ia ls .  Methods of treatment t o  reduce corrosion and successful  

procedures f o r  Pabrication, welding, and inspection were developed t o  

assure t h a t  the reactor system would stand up under conditions of ogcr- 

a t ion.  Similar problems were encomtered i c  connection w i t h  the a i r c r a f t  

reactor ,  where the s t r u c t u r a l  material had -Lo Pave stren;%h and c o v o b i o n  

resisttince wh2l.e opcra%i.ng at red herit (1500 F) . 0 f-1ej-e again, probleins 
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of fabr ica t ion ,  welding and improving corrosion r e s i s t aace  were solved 

successful ly .  

Welding and Brazing 

The requirement t h a t  complicated f u e l  systems acd heat  exchangers 

f o r  l i q u i d  fuel reac tors  be leak-free and r e l i a b l e  in operation demon- 

s t r a t e d  t h e  need f o r  research and developmznt i n  improved welding aad 

brazing techniques. Techniques were developed f o r  high-quality,  re -  

producible welding of small-diameter tubing t o  header p l a t e s .  

technique, known as "cone-arc welding" was extremely use fu l  i n  fabri- 

ca t ing  the  type of l i q u i d  sodium-to-air heat exchanger used f o r  heat-  

t r ans fe r  experiments i n  the Aircraf t  Reactor Program. 

This 

Research and development on high-temperature brazing a l loys  yielded 

several  new brazing alloys having exce l len t  corrosion r e s i s t ance  t o  

vartous l i q u i d  coolants. 

Physical Properties Research and Alloy Development 

A grea t  many possible s t r u c t u r a l  mater ia ls  were t e s t e d  fo r  s t rength 

a t  high temperatures, corrosion resis tance,  and o ther  metal lurgical  

propert ies .  From these tes ts ,  mater ia ls  were se lec ted  and improved 

for  use i n  the two liqu.id-fuel reactors .  Further work i s  being per- 

formed t o  develop s t i l l  b e t t e r  materials and met'nods of f ab r i ca t ing  

them i n t o  re1iabl.e reac tor  systems. 

Zirconium i s  a metal which has an a t t r a c t i v e l y  low neutron-absorption 

cross sect ion arid which has a s u f f i c i e n t l y  high me1ti.ng point t o  g ive  

promise of i t s  use i n  high-temperature reactor  systems. Research vas 

d ir e c t e 13. to:., ar d dev e loping h i. gh - s t r e n g t h  , h e a"i - t r e a t  ab l e  z i r c or, iwn 

a l loys  which a re  analogous t o  the  high-strength,  hca t - t rac tab le  steels. 
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This program developed certain high-strength zirconium a l loys  which 

can be used in reactors where the high cross section of Inconel or 

stainless steel is undesirable and where the temperatures are too high 

to permit the use of magnesium or aluminum alloys. 

A similar program of metallurgical research and development on 

titanium was undertaken because of its high-temperature characteristics 

and corrosion resistance. 

Ceramic Materials 

Ceramics offer a possible solution to some of the materials problems 

.encountered in the construction of high-efficiency, compact reactors 

0 operating around 1000 C and above. The Ceramics Laboratory at ORNL 

is the only integrated group devoted to ceramics research among the 

vari0v.s installations of the Atomic Energy Commission. Tlie program of 

c e r d c s  research and development included the investigation of new c)r 

unique ceramic materials for possible application in the nation’s 

nuclear energy program, and adaptation of exi.sting materials for this 

service. 

An outstanding accomplishment of the Ceramics Laboratory was the 

development of a fabrication technique for the weapovls program which 

greatly simplified the preparation of certain weapon components, at 

substantial savings in cosbs and nmufacturing time, over other proposed 

methods. 

Fundamental Met a . l l u r  gy 

Althou& almost all metallurgical research and development has 

been re1 ated to the reactor propyam, t’undamntal metallurgi cal research 

was mder taken  02 i? snctll scale, psrticularly f o r  inipoi-tant iiictals I like 
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thorium and uranium, whose metallurgy had not been completely explcred. 

One of %he most important difficulties encountered in. production 

reactors arises from dimensional instability of uranium. This dimensional 

instability was shown to vary markedly with t'ne degree and. nature of the 

orientation of the crystals which make up the uranium. A method was 

devised for determining preferred. orientations in uranium both more 

rapidly and more accurately than was previously possible. Significarit 

progress was made toward connecting various preferred orientations with 

the techniques used in fabricating uranium. 

ble advances with dimensional stability problerns encountered in nuclear 

This work contributed vslua- 

reactors. 

In practical application, a rolling procedure has been developed 

far zirconium alloy plate which gives essentially no preferred orierita- 

tion and therefore uniform properties in all directions, a condition 

desired in metals for some reactor vessels. On the otizer hand, it has 

been found possible by control of extrusion conditions to produce a 

texture which gives a desirable TO$ increase in the longitudinal strength 

of aluminum acd thorium rod.. 

Fundament a 1 Ph y s i c 0- Met allur g i c a1 Re search 

The phase relationship in the alloys of the important reactor metals, 

zirconium and titanium, have been rationalized on the basis of the elec- 

tron concentration and of the difference in size of the solute and solvent 

atoms. The correlations so obtained should permit prediction of alloy 

behavior in systems not yet investigated. 

The response of metals to fabrication and service stresses is in 

large measure related to the preferred grain orientation induced by 

mechanical deformation and recrystallization. An intensive study of a 
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number of metals of i n t e r e s t  i n  reac tor  technology, aluminum, thorium, 

and uranium indica ted  t h a t  a duplex t ex tu re  with t he  a t tendant  complex 

behavior may be a r e s u l t  of  p a r t i a l  r e c r y s t a l l i z a t i o a  r a the r  than a 

complicated mechanism of deformation. 

Some of the lanthanide and ac t in ide  elements, such as cerium and 

thorium, were found t o  show novel a l l o t r o p i c  transformations a t  low 

temperatures. 

cerium revealed very  unusual behavior ir t he  so-cal led d i f fus ion le s s  

t r a n s i t i o n  category, e.g., coexistence of th ree  phases, two of which 

A r a the r  thorough k i n e t i c  study of the  reac t ions  i n  

have the  same. c r y s t a l  s t ruc tu re .  

Thorium Research 

Since t h o r i u m i s  of importance a s  a 

of U-233, an extensive inves t iga t ion  has 

source mater ia l  f o r  Sreeding 

been made of i ts  metallurgical 

cha rac t e r i s t i c s ,  such as phys ica l  and mechanical proper t ies ,  a l loy ing  

e f f e c t s ,  and the  e f f e c t s  of hot and cold working. The f a b r i c a b i l i t y  of 

thorium by extrusion, rolling, drawing, and swaging has been dermnstrated. 

High Temperature Reactions of Metals 

Oxidation i s  a l i m i t l n g  f a c t o r  i n  the  r eac to r  appl ica t ion  of a 

number of po ten t i a l ly  u s e f u l  metals and i s  an important problem i n  high 

temperature r eac to r s  t h a t  employ aqueous so lu t ions .  It has  been found 

t h a t  the  non-protective oxidat ion of niobium and tantalum i s  r e l a t e d  

t o  microscopcc cracks i n  the oxide f i lms,  preS1Jx~~bl.y having their 

or ig in  i n  the  s t r e s s e s  induced by anion d i f fus ion .  

Other work, on the  oxidation of sodium, potassium, and rubidiun-, 

has  proved Chat the t h e o r e t i c a l  cr i ter i -oz fo r  protective oxide formation 

on mtals  ae~tls t o  be d r a s t i c a l l y  revised. 
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Fused NaOH i s  a very usefu l  s t a b l e  f l u i d  moderator, but  i t s  u t i l i % y  

i s  l imi ted  by i t s  reac t ion  with the  metals and a l loys  employed t o  contiiin 

it. A study of the  corrosion mechanism has revealed the  container 

materials to s u f f e r  a novel form of s t r e s s  corrosion. NiMo a l loys  have 

been found t o  be most r e s i s t a n t  t o  t h i s  a t tack .  

'Die in te rac t ions  and the  atomic and e lec t ronic  configurations o f  

t he  species  ex i s t ing  i n  fused salts have been s tudied by means of absorp- 

t i o n  spectrophotometry. Complex ions and o ther  forms of cation-anion 

in t e rac t ion  have been observed. 

Ceramic Research 

"he des i r e  t o  operate r eac to r s  a t  high -thermal e f f ic iency  makes 

ceramic mater ia ls  of keen p o t e n t i a l  t o  "cnis f i e l d ,  which i s  always i n  

want of more su i t ab le  mater ia l s  of construction. ORNL has produced 

U02 c r y s t a l s  which a r e  compatible with aluminum and of high dens i ty  

(95%) UO fo r  f u e l  elements of t h e  proposed gas-cooled and maritime 

power reac tors .  

2 

Reprocessing o f  Fuel Elements 

To assist chemical- reprocessing of s t a i n l e s s  s teel-base f u e l  

elements a metal lurgical  method of carburizat ion was developed t o  destroy 

the  chemical iner tness  of t h e  s t a i n l e s s  s t e e l ,  making i t  amenable t o  

selective disso lu t ion  and permit t ing high u r m i u n  recoveries  by conven- 

tional chemical reprocessing techni-ques. The la rge  f rac t ion  o f  s t a i n l e s s  

s t e e l  re ta ined  as chemically inert ,  s o l i d  waste a l l e v i a t e d  -the lgng-term 

waste d isposa l  probl-em. 
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Disposal of Radioactive Wastes 

Ceramic techniques have been used to develop a method of  radio- 

a c t i v e  waste d i sposa l  whereby f i s s i o n  products a re  inccrporated il? a 

non-leachable s i n t e r e d  mass of shale ,  limestone, and soda ash, which 

can be conveniently s to red  o r  buried. 

SOLID STATE PHYSICS EESEARCH 

Or ig ina l ly  a f a c e t  of t h e  me ta l lu rg ica l  research program, s o l i d  

state physics research a t  O W L  has grown i n  scope, as the  s e v e r i t y  of 

r ad ia t ion  damage problems was recognized w i t h  increas ing  c l a r i t y .  Like 

the me ta l lu rg ica l  reseerch e f f o r t ,  s o l i d  s ta te  phys ics ' research  i s  

s t rongly  influenced by the  problems of s p e c i f i c  r eac to r  systems but  

with increasing a t t e n t i o n  t o  t h e  fundamental physics of solids involved 

i n  understanding t h e  e f f e c t s  of r ad ia t ion .  

Radiation Damage Inves t iga t ions  

Accumulated experience w i t h  e x i s t i n g  r eac to r s  has demonstrated 

t h a t  prolonged exposure of a solid i n  a nuclear r ad ia t ion  f i e l d  ( i . e .  

within a r eac to r  o r  o the r  nuclear  device)  may markedly a l t e r  the  des i r -  

able proper t ies  of the s o l i d ,  o f t en  i n  a d e f i n i t e l y  de l e t e r ious  fashion. 

These changes i n  phys ica l  p rope r t i e s  r e s u l t  from the production of 

defec ts  i n  the  c r y s t a l l i n e  l a t t i c e  of s o l i d s  by c o l l i s i o n s  of the ener- 

g e t i c  p a r t i c l e s  (neutrons , f i s s i o n  fragments photons, etc. 1 whi ch make 

up the  nuclear r a d i a t i o n  f i e l d .  Therefore, i f  exzstinp, mater ia l s  are 

t o  be used t o  t h e i r  f u l l e s t  ex t en t  and new ones are t o  be found whfch 

will be even more r ad ia t ion  r e s i s t a n t ,  it is essential t h a t  the fLcnda- 

mental nature  of yadiatior, damage be ve l1  u~iderstood. A knowl.ec?~e of 
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the nature of radiation-induced lattice imperfections and the mechanism 

by which these influence the behavior of solids will suggest means 

whereby the deleterious effects of radiation on existing materials may 

be minimized and, in addition, will indicate the most profitable approach 

for future developmental research devoted to radiation resistant materials. 

A bong range benefit which should not be overbooked also derives from 

these studies as a by-product in that radiation damage studies will 

yield and have already yielded much valuable information about the 

fundamental behavior of solids in the absence of radiation. 

Irradiation Effects in Semiconductors 

Because of the sensitivity of their electrical properties &.o lattice 

disorder produced by fast-neutron bombardment, the semiconductors silicon 

and germanium have been chosen as important tools in studies of irradia- 

tion effects in solids. 

ties with lattice disorder that occur during irradiation in the nuclear 

By correlating the changes in electrical proper- 

reactor, information is gained that, (1) aids in the construction oP a 

valid model of radiation damage, and (2) yi.ebds of" fundamental infornia- 

tion concerning the modification of properties, such as concentration 

and mobility of charge carriers, due to lattice defects. 

Basic IrradiatLon Studies in Alloys -- 
Neutron irradiation affects the properties of alloys in two ways. 

First, collisions between the impinging neutrons and the atoms of the 

solid produce lattice defects such as vacancies and interstitials, 

which reduce the crystallinity of the solid. 

in pure metals as well as alloys and is largely indepecdent of the 

temperature of irradiation. Tfle second effect; of neutron irradiation 

This effect takes place 
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is t o  enhance c e r t a i n  d i f fus ion-cont ro l led  s o l i d  s t a t e  reac t ions .  These 

reac t ions  are of p a r t i c u l a r  importance f o r  a l loys ,  since many of t h e i r  

s p e c i a l  p roper t ies ,  such as hardness, e l e c t r i c a l  r e s i s t i v i t y ,  or magnetic 

permeabili ty,  depend upon the  ex ten t  t o  ishich such reac t ions  a r e  permitted 

t o  progress during t h e  preparat ion of t he  mater ia l .  

d i f fus ion-cont ro l led  r eac t ions  a r e  order ing and p r e c i p i t a t i o n  from so l id  

so lu t ion .  

Examples of such 

The e f f e c t  of neGtron i r r a d i a t i o n  on a d i f fus ion-cont ro l led  reac t ion  

of t h i s  type w a s  s tud ie s  i n  Cu-A1 a l loys .  It w a s  found t h a t  the e l e c t r i -  

c a l  r e s i s t i v i t y  of Cu-Al a l loys  decreased sharply i n  the  e a r l y  s tages  of 

neutron i r r a d i a t i o n  a t  40 C. 0 This e f f e c t  decreases with decreasing 

aluminum. content and i s  absent  i n  pure copper. Thus, the  e f f e c t  was 

es tab l i shed  as one having to do w i t h  t h e  a l l o y  and not with the  pure 

m e t a l .  Furthermore, the  decrease i n  r e s i s t ance  w a s  not observed when 

t he  i r r a d i a t i o n  w a s  c a r r i e d  out  a t  -120°C i n s t ead  of 40*C. Thus, it 

w a s  shown t h a t  the  r eac t ion  w a s  d i f fusion-control led,  because a t  the  

lower temperature atomic mob i l i t i e s  would otherwise have been severely 

reduced. It w a s  observed t h a t  i r r a d i a t i o n  e f f e c t  can remain l a t e n t  

i n  t h e  material, fo r  when the a l l o y  w a s  allowed t o  w a r m  a f t e r  h w i n g  been 

i r r a d i a t e d  a t  -l20 C, a decrease i n  r e s i s t ance  w a s  observed, I b e  rate 

a t  which t h e  decrease i n  r e s i s t ance  took place as a funct ion of  annealing 

temperature w a s  s tudied and the ac t iva t ion  energy f o r  t he  process was 

found t o  be about one e lec t ron-vol t .  It was found t h a t  a s imi l a r  decrease 

i n  r e s i s t ance  took place after r ap id ly  cooling (quenching) the  a l l o y  

from a high temperature. 

about one e lec t ron-vol t .  However, the decrease i n  res is t .snce a f t e r  

quenching took place a t  temperatures about 65 C higher than the  

0 

This process a l s o  had an ac t iva t io l l  ecergy of 

0 
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temperatures for the decrease in resistance after cold irradiation. The 

inference was that essentially the same process was being observed in 

t h e  quenching and irradiation experiments but the neutron irradiatioc 

endows the material with the ability to carry out the process at lower 

temperatures than are possible in the absence of radiation. 

explanation was that diffusion in solids occurred chiefly by a vacancy 

mechanism and was accelerated as a result of the additional vacancies 

produced by irradiation. 

The apparent 

The significance of this work primarily concerns the fact that 

alloys are frequently prepared to have optinum properties by al-lowhg 

diffusion-controbled reactions such as ordering or preeipitatim to 

occur t o  a critical point. 

ture and diffusion is relied upon to be sufficiently slow at service 

temperatures that the properties of the solid remain stable. 

the experiments indicated that reaction temperatures may be significantly 

lowered by neutron irradiation and, as a consequence, the important 

properties of irradiated alloys may deteriorate at temperatures at which 

they are n o m l l y  thought to be stable. 

Then the solid is returned to room tenpera- 

However, 

Decomposition of Metastable Alloys 

Many structural alloys derive their useful properties from the fact 

that by appropriate pretreatment they can be maintained in a metastable 

condition. The so-called austenitic stainless steels are an excellent 

example of such metastability. 

would prefei- to exist in a different structural form but is prevented 

from doing so by minor al-loying constituents or by the  very mal l  r a t e  

of diffusion, or motion, of constituent atoms permitted in the sol-id 

By metastable it is meant that the alLcy 
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state. 

in particular vacant lattice sites, play a dominant role in solid state 

diffusion, since transport of atoms can GCCU~ by the easy exchange of 

positions of the vacant site and an adjacent atom. 

fast neutrons introduces lattice vacancies into the solid by simply 

knocking atoms out of their normal positions. 

tion of mobile defects markedly increases the rate of diffusion and 

hence decomposes the metastable state, often causing it to lose desirable 

characteristics by increasing the rate of reversion into the more thermo- 

dynamically stable all-oy form. 

It has been conclusively demonstrated that lattice imperfections, 

Bombardment with 

This increased concentra- 

Studies on the behavior of a num'oer of al loy system including 

copper-beryllium, nickel-beryllium, copper-gold, copper-zinc, and coppr -  

aluminum have demonstrated that phase transformations occur and that 

fast neutron bombardment enhances to a considerable degree the rate of 

solid state reactions. These results indicate that considerable care 

must be exercised in choosing alloys for reactor construction in order 

to prevent unwanted metallurgical changes from occurring. 

Mechanical Behavior of Metals 

The tensile strength and plastic deformation of metals arise from 

a specific type of one-dimensional lattice imperfection called i? dis- 

location, which is able to move under a critical applied stress, thus 

allowing the metal to yield. It the  metal is subject to an alternating 

or cyclic stress field, the dislocation oscillates, thereby degrading 

the vibrational energ j  in the .Tom of heat. 

as internal friction. 

"his degradation is known 

It is w e l l  known that fast p a - t j c l e  bombardment 

causes metals to harden, thus inerewing the sti*ess nccessery to cimse 
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the metal t o  flow. 

i n  t h e  case of a pure metal such as copper. 

conducted a t  bot'n low temperature (20OK) and room temperature have 

L'nrown considerable l ight  not only on the  nechanism of rad ia t ion  

hardening but  on the mode of d is loca t ion  as w e l l .  It w a s  shown tha t  

r ad ia t ion  hardening by f a s t  neutron bombardment i s  caused by the  i n t e r -  

ac t ion  of l a t t i c e  imperfections with the  d is loca t ions .  The imperfections 

a c t  as b a r r i e r s  t o  the  motion of d i s loca t ions .  Studies of i n t e r n a l  

f r i c t i o n ,  using cyc l ic  s t r e s s  f i e l d s  i n  the ki locycle  range w i t h  very 

small amplitude, dernonstrated t h a t  a t  room tenperature  imperfections 

migrate to the  dis locat ions.  Consequently, t h i s  property i s  extremely 

sens i t i ve  t o  rad ia t ion  and percept ib le  char,ges i n  i n t e r n a l  f r i c t i o r ,  

have been observed a t  exposures as bow as lo9 neutrons/ CI? (csO.001 

secund a t  t he  center of the  ORNI; gpaphite r eac to r ) .  

This hardening e f f e c t  i s  pa r t i cu la r ly  pronounced 

Experiments which were 

"his reduction of i n t e r n a l  f r i c3 ion  fsroned the bas i s  of an i n s t r w -  

t i v e  exhibit a t  the  Geneva Conference e Two high-purity, s ing le-crys ta l  

copper tuning forks  were prepared, one of which was bombarded w i t h  fast 

neutrons i n  t'ne graphi te  reac tor .  When s t ruck  with a wooden clapper 

t h e  i r r ad ia t ed  fork  rang as though it were bronze; whereas the u-qirradi- 

a t ed  c r y s t a l  did not.  

Experiments on Semiconductors 

The great s e n s i t i v i t y  of  c e r t a i n  semiconductors t o  the  disorder ing 

e f f e c t s  of nuclear radi-ation has made them excel lent  niaterials w i t h  

which t o  study the  nature of  l a t t i c e  imperfection produced by reac tor  

rad ia t ion .  The inves t iga t ion  of the  influence of  l a t t i c e  defec ts  on 

the  e l e c t r i c a l  behavior of germanium has  been extended t o  inc lude  many 
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other  semiconductors such as s i l i c o n ,  indium antimonide, gallium a n t i -  

monide, indium arsenide,  etc. ,  which show promise f o r  use i n  e l ec t ron ic  

devices. 

changes of 2 x 

b i l i t y  of semi-conductors. These data have elucidated the  e l ec t ron ic  

s t ruc tu re  of semiconductors and, a f t e r  bombardment, have revealed the  

magnetic nature  of l a t t i c e  defects introduced by fast neutron bombardment. 

Other experiments have shown t h a t  gamma rays  from a cobalt-60 source 

A s e n s i t i v e  electrodynamic balance ( sens i t i ve  t o  weight 

grams) has been used t o  measure the  magnetic suscept i -  

a r e  capable of introducing defec ts  which alter t h e  e l e c t r i c a l  p roper t ies  

of germanium in much the  same way as, but a t  a considerably smaller r a t e  

than, f a s t  neutrons. Information gained from these fundamental s tud ie s  

has been used t o  explain t h e  drastic and de le te r ious  e f f e c t  of reac tor  

rad ia t ion  on semiconductor e l ec t ron ic  components (diodes and t r a n s i s t o r s )  

and have ind ica ted  possible  ways i n  which t h e  r ad ia t ion  r e s i s t ance  af  

such devices might be improved. 

Thermal Conductivity of  Non-Metallic Crys ta l s  a t  Low Temperatures f o r  
the  Studv of La t t i ce  Defects 

Y 

The thermal conductivity,  K, of s ing le  c r y s t a l s  i s  very sens i t i ve  

t o  the presence of l a t t i c e  defects .  Point defec ts ,  such as i n t e r s t i t i a l  

atoms, vacancies, or impurity atoms r e s u l t  i n  a reduction in the  value 

of thermal conduct ivi ty  i n  an otherwise perfect c r y s t a l .  Dis locat ions,  

inkroduced by bei idhg a c r y s t a l ,  r e s u l t  i n  a decrease in IC a t  low tempera- 

tures .  However, t he re  i s  a q u a l i t a t i v e  d i f fe rence  i n  the  Ynermal  r e s i s -  

t i v i t y  introduced by point defec ts  on the one hand and a i s loca t ions  

on the  other .  Fur-them-ore, it i s  possible  by measurerneiitts of K t o  

ascertain whether t he  lattice defects are clustered together ,  thereby 

ac t ing  as a s c a t t e r i n g  region that i s  l u g e  conpared to i s o h t e d  point 
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defects  

%he low temperature thermal conductivity has, conseqi;ently, been 

a use fu l  property i n  studying t h e  nature of l a t t i c e  defects ,  whether 

present i n  the  o r ig ina l  c r y s t a l  o r  purposely introduced by i r r a d i a t i o n  

with Co gamma rays, fast neutrons, or thermal neutrons. 60 

!The difference i n  the  ty-pe arid d i s t r ibu t ion  of defec ts  produced by 

Coho gamma ray  bombardment and bombardment by fast neutrons i s  being 

s t u d i e d  by examining Yne r e s u l t i n g  Lhermal conductivity changes i n  

high p u r i t y  s ing le  c r y s t a l s  of KC1,  CaF MgO m d  S i 0  Using LiF 

s ingle  c rys t a l s ,  the  e f f e c t s  of successive thermal. neutron bombardment 

on the  r e s u l t i n g  K decrease a t  law temperatures are being s tudied t o  

2' 2'  

obtain information with regard t o  reported s t r u c t u r a l  chariges i n  Lip. 

The difference betweet? thermal neutron damage of  LiF ar,d Co garma ray  

darnage of the  same material w i l l  be ascertained. 

60 

The s t ruc tu re  o f  quartz c r y s t a l  amd fused- s i l i ca .  a r e  a l t e r e d  by 

fast  neutron bombardment. Both, upon bombardment, approach a l irr . i t ing 

densi ty  intermediate between t h a t  of the  two forms, suggesting an i n t e r -  

mediate state of order. The low temperature thermal c o n d x t i v i t y ,  which 

is  sens i t ive  t o  c rys t a l l i ne  order w a s  measured an fused s i l i c a  before 

and af ter  successive exposures t o  a maximum dosage of '7 x 10 fast  

neutrons/cm . 
t he  short; range order i n  s i l i c a  improves w i t h  fast  ccut ron  bombardnieilt. 

19 

2 The r e s u l t i n g  increase i n  K and dens i ty  ind ica tes  t h a t  

Low Temperature Studies of RzdLation Damag;c i n  De ta i l  ---- -- 

The disordering e f f e c t s  of f a s t  p a r t i c l e  honoardnicnf ,  on the  c r y s t d -  

l i n e  l a tk i ces  of soljds m a j  be almost coLnplLe-t;ely removed by appropria he 

heat  t r ea tmi l t .  I n  the case of copper, aaceal i n s  abovc 350 L i s  

suffjcjent t o  remove the  r ad ia t ion  hardening. 

0 

I n  f a c t ,  f o r  a soft 
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mater ia l  such as aluminum, r a d i a t i o n  e f f e c t s  anneal almost complete1.y 

a t  room temperature. A more c a r e f u l  inves t iga t ion  has shown t h a t  the  

l a t t i c e  damage re ta ined  by most s o l i d s  bombarded i n  the  room temperatine 

range is only a s m a l l  portion of that expected t o  r e s u l t  from a given 

bombardment i n  the  reac tor .  

of the damage tends t o  "heal" i t se l f .  

completely the nature of t he  l a t t i c e  disorder ing processes and t o  gain 

some idea  as t o  the  extent  and configurat ion of the  l a t t i c e  damage 

remaining at  room temperature, it i s  necessary t o  conduct bombardments 

This ind ica t e s  t h a t  a considerable por t ion  

I n  order t o  understand more 

' i n  the r eac to r  a t  temperatures s u f f i c i e n t l y  low t o  "freeze-in" a11 of 

the  la t t i ce  defects r e s u l t i n g  from a fast neutron c o l l i s i o n  within the 

specimen and, i n  addi t ion,  t o  study the k i n e t i c  processes ixvolved i n  

the annealing or "healing" of damage as the specimen i s  warmed t o  room 

temperature. merefore, a r e f r i g e r a t e d  reac tor  chamber w a s  constructed 

i n  which specimens could be i r r a d i a t e d  at; temperatures as low as 10 K. 

The reac tor  c ryos ta t  consis ted of a vacuum-jacketed tube extending 20 

0 

ft i n t o  a v e r t i c a l  hole of t he  r eac to r .  

stream of helium gas which c i r c u l a t e s  i n  a hea t  exchanger surrounding 

t he  specimen chamber. 

f l u i d  i n  an expansion-engine type of r e f r i g e r a t o r  u n l t ,  and the coolir,g 

capacity i s  such t h a t  temperatures Less than LO K under no heat load 

can be obtained. 

Cooling i s  suppl ied by a cold 

I"ne c i r c u l a t i n g  helium is  the  refrigerant 

0 

This  low temperature f a c i l i t y  has been employed i n  the study of 

a v a r i e t y  of metals during exgosure. The rate of damage as indica ted  

by the change of e l e c t r i c a l  r e s i s t ance  has been S h G W  t o  vary by as tmsch 

as a factor of 10 3 i n  going frorri good metals such as copper to poor ones 

such as bismuth. Measurements of  t e n s i l e  proper ties and in ' iernal  fric-ti.cn 
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during and subsequent t o  exposure a t  the  low temperature and u:goc isarming 

have been of grea,-L ass i s tance  i n  understanding the  n a t w e  of r ad ia t ion  

hardening of metals. Final ly ,  i n  the  case of  copper and aluminlrm, the  

energy s to red  i n  the  form of l a t t i c e  disorder during i r r a d i a t i o r  below 

20 K has been measured on warming t h e  specimens a t  a c m t r o l l e d  r a t e .  

A comparison of the  surpr i s ing ly  low amount of energy released with t'ne 

recovery of t he  radiation-induced increase i n  r e s i s t i v i t y  reveals  tinat 

current  t heo r i e s  of the nature  of fast neutron induced l a t t i c e  disorder  

and of t he  recovery or heal ing process t h a t  o c c u s  during warming are 

0 

' inadequate. 

Radiati on Damage  i n  Refractory Ron-Metals 

Since the  mater ia ls  problems for high tem2erature reac tor  design 

m u s t  be solved before economical power reac tors  can be cons t rwted ,  a 

knowledge of the  behavior of r e f r ac to ry  so l id s  i n  in tense  r ad ia t ion  

f i e l d s  i s  e s s e n t i a l  t o  progress i n  t h i s  area.  For tlnis reason much 

e f f o r t  has been spent i n  fundamental s tud ies  of c e r t a i n  nonmetals 

which may be considered prof,otmes of r e f r ac to r i e s .  Both e l ec t ron ic  

propert ies  and s t r u c t u r a l  behavior have been examined i n  some d e t a i l .  

The former, i n  pa r t i cu la r  t h e  o p t i c a l  and magnetic propert ies ,  a re  

important s ince  char,ges i n  these may be in t e rp re t ed  t o  give information 

about t'ne nature  of t he  bombardment-produced defec ts .  S1,udies of change:; 

i n  s t ruc tu re  a l s o  y i e ld  such information; but,  even more i m p x t z n t  from 

an applied standpoint, these y i e ld  information about the  dimensioaal and 

phase s t a b i l i t y  of ce r t a in  c r y s t a l s  a n d  c r y s t a l  s t ruc  Lures which i s  

essential-  i n  choosing materials f o r  reactor  construct ion.  By means of 

densi ty  measurements and X-ray d i f f r ac t ion  techniques, a wide v a r i e t y  
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of r e f r ac to ry  c r y s t a l s  has been s tudied.  

a11 c r y s t a l s  s tudied expand, i,e. decrease i n  densi ty .  One of Them, 

namely quartz,  expands 'by as much as 14% ar,d a t  the  same time loses  its 

crystal s t r u c t - a e  completely, becorning a glass. Other mater ia ls  of which 

z i r con ia  and barium t i t a n a t e  a r e  examples change from a s t ruc tu re  of 

law symmetry t o  one of high symmetry which i s  normally thought t o  be 

It has been found t h a t  near ly  

s t a b l e  only a t  high temperatures. Here, as i n  the  case of s tud ies  on 

alloys, fundamental research has ind ica ted  t h a t  care must be exercised 

i n  choosing ceramic mater ia l s  f o r  r eac to r  construct ion.  

Fusion Research 

I n  1953 ORNL i n i t i a t e d  a small t h e o r e t i c a l  study of scme approaches 

t o  the achievement of control led thermonuclear reac t ions .  U t i l i z ing  

mainly the  serv ices  of consultants,  OREL pursued these s tud ies  t o  a 

poin t  where it appeared t h a t  experimental research and development on 

a new approach t o  the  achievement of cont ro l led  therinonu.clear fusior, was 

J u s t i f i e d  'cy the promise indicated from the  t h e o r e t i c a l  s h d i e s .  ?'he 

broad background of experience w i t h  the  electromagnetic separat ions and 

d t h  the development and operation of high cur ren t  cyclotrons l e d  OR?& 

rather na tu ra l ly  i n t o  the use of energe t ic  ion  in j ec t ion  as i t s  major 

approach t o  achievement of  a ho t  plasma. S m l l  sca le  research arid develop- 

ment a c t i v i t i e s  were s t a r t e d  i n  1955 and were s i g n i f i c a n t l y  expanded i n  

2956 as r e s u l t s  continued t o  show promise. By early 1957 a technological 

breakthrough had been achieved i n  t he  development of high current  carbon 

arc t h a t  would e f f i c i e n t l y  d isassoc ia te  D ions so t h a t  they would be 

e f f e c t i v e l y  trapped inside the magnetic f i e l d .  With t h i s  schernc molccu- 

+ 
2 

lar i ons  could be accelerated to an  energy well i n  excess of thoi ;  needed 
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i n  t he  high temperature plasma. 

ca l l ed  the Direct Current Experiment (EX) w a s  constructed i n  the ear l j j  

pa r t  of 1957 t o  permit more de t a i l ed  inves t iga t ions  of the phenomena 

encountered i n  a fusion device of t h i s  type. Molecular deuterium ions 

were in jec ted  i n  t'ne E X  a t  energies up t o  625 kev. 

t he  magnetic f i e l d ,  the  a r c  breaks up the  beam, yielding 300 kev deuterLwn 

i o n s  which a re  trapped, plus  energe t ic  deuterium atoms which pass on 

through the  f i e l d .  The deuterium ions are trapped i n  the magnetic f i e l d  

i n i t i a l l y  i n  an organized r ing ,  which gradually spreads out  as t'ne motion 

of the ions becomes random through c o l l i s i o n s  e 

of t he  BCX was achieved i n  Ju ly  1957, and successful trapping of the 

accelerated beam w a s  accomplished on Augast 21, 195'7. 

An experimental thermonuclear device 

Near the  edge of 

Experimental operation 

Later i n  195'1 another technological  breakthrough came as a r e s u l t  

of development of the  concept of "burnout" of neu t r a l  atoms as a necessary 

i n i t i a l  condition f o r  the formation of a thermonuclear plasma i n  t he  EX. 

This concept w a s  elucida+,ed u n t i l  it w a s  pcssible  t o  pred tc t  the in j ec t ed  

beam current  and vacuum t h a t  would have t o  be achieved before burnout 

would occur. For example, with a spher ica l  plasna volume of a radius  

equivalent t o  t h a t  of 300 kev deuterons i n  a magnetic f i e l d  of 10,000 

gauss and with a pressure of 10 

region, a deuterium ion in j ec t ion  r a t e  of 80 milliamperes i s  reqcired 

t o  achieve burnout. The b e t t e r  t he  vacuuni, t he  lower the i n j ec t ion  

current  &an be. 

-6 mill imeters  of mercury i n  t h e  p l a s m  

-a The vacuum conditions i n  DCX, which have reached 3 x 10 mm Hg, 

w i l l  be improved fur ther  and t h e  incoming beam current  increased u n t i l  

t'ne residual gas i n  the plasma region can bc cortipletely ionized by 

incoming beam. When t h i s  condition ( ca l l ed  "burnout") i s reached, t h e  
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trapped ions w i l l  be l o s t  much more slowly, and a plasma of hot  ions 

and e lec t rons  i s  expected t o  form. 

w i l l  be a major event. 

Tkie attainment of "burnout" condition 

The plasma formed a f t e r  burnout i s  reached should have an e f f e c t i v e  

temperature which may be as grea t  as 250 kev, and thermonuclear neutrons 

should be produced t o  such an exten t  t h a t  the  neutron l e v e l ,  which before 

burnout w i l l  be p r inc ipa l ly  produced i n  the walls and neu t r a l  gas o f  DCX, 

w i l l  r i s e  by a f a c t o r  of 10 and 10 This d i s t i n c t  r i s e  i n  neutron 

l e v e l  w i l l  ind ica te  the  production of a d e f i n i t e  thermonuclear reac t ion ,  

4 5 

.which w i l l  be another major event. 

The magnetic f i e l d s  i n  t h e  DCX machine a r e  too s m a l l  t o  colltain the 

reac t ion  products of the thermonuclear reactiorrs, and a self-sustainfng 

reac t ion  cannot be produced i n  it. Another f a c i l i t y  must be constructed 

with a stronger magnetic f i e l d  and a higher mirror r a t i o  i s  a s e l f -  

sus ta in ing  thermonuclear reac t ion ,  f e d  by cold gas, i s  to  be demonstrated. 

This second machine, ORION, w i l l  have a c e n t r a l  f i e l d  value of about 

26 kilogauss and a mirror f i e l d  of about 91 kilogauss.  

DCX are 10 and 20 kilogauss,  respec t ive ly .  The c o i l s  w i l l  be designed 

t o  permit increas ing  the  f i e l d  rap id ly .  The purpose of increasing the 

f i e l d  i s  t o  compress the  plasma assoc ia ted  wi th  t he  trapped atomic ions,  

and t o  contain reac t ion  products. It has been shown t h a t  molecular-ion 

These f i e l d s  i n  

in j ec t ion  must s top  when the  field i s  increased and neutral-atom in j ec t ion  

w i l l  then be used. It w i l l  be possible  t o  use energe t ic  nextmils i f  they 

are needed. These neut ra l s  w i l l  be ionized by c o l l i s i o n s  i n  t he  coinpressed 

plasma. 

When the  plasma has reached i t s  maxiiriurn deasity ani1 impuri t ies  j.2 

the working volume have been "cleaned up", cold deuteriiuri and tritium 
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gas will be f ed  i n t o  the  p l a s ra  and the  energet ic  c e u t r a l  beam stopped. 

A se l f - sus ta in ing  plasm, heated by thermonuclear react tons,  i s  expected 

t o  r e s u l t  from t h i s  procedure. Tne system i s  extremsly f l ex ib l e ,  arid 

severa l  procedures w i l l  be t r i e d .  It may be possible  t o  compress the 

trapped ions and i n j e c t  cold gas immediately, thus eliminating the  

energet ic-neutral  i n j ec t ion  phase. 

When a se l f - sus ta ic ing  plasma has been created,  varioLls skneines o f  

p o w e r  ex t rac t ion  w i l l  be studied. I n  ad.di-kion t o  the  power represeiited 

by the  production of energe t ic  charged p a r t i c l e s ,  which most des i rab ly  

would b e ,  converted d i rec ts ly  i n t o  e l e c t r i c a l  pcwer, t h a t  l a rge  ammnt of 

-wwer t h a t  i s  d iss ipa ted  by neutrons and radiatiorL mdst be used. Many 

o f  t he  neutrons can presumably be trapped i n  a surrounding blanket con- 

t a in lng  l i thium, f o r  the  f l x t h e r  generation of nuclear pswer (about 5 

Nev per neutron captured) and regeneration of t h e  t r i t i u m  burned i n  the  

react ion.  A heat  cycle w i l l  be necessary i n  order t o  ccnvert power 

from these sources t o  a use fu l  form, 

Geceva Conferences 

At t h e  two in t e rna t iona l  conferences on peaceful uses of atomic 

energy he ld  i n  Geneva, Switzerland., i n  1955 and 1958, GZNL placed 2 major 

?ole i n  providing exhib i t s  t o  show recent advances i n  nuclear science 

and techncloky i n  the United S ta t e s .  Die f i rs t  conference emphasi zed 

the  peaceful appl icat ions of reac tor  technology, and f o r  thi-s conference 

ORKL desi@-ed and constructed an operating research r eac to r  of the 

"swimming pool" type. The reac'ior w a s  designed, cocstructed., and t e s t -  

operated at. CLsNL. It was then shipped to Geneva where i-t was inst,all.ed 

i n  a build-ing constructed under ORNL supervisj.cn a t  thi. conference s i  Le 
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The complete job of 2roviding t h e  reac tor  and the  building, from i n i t i a l  

design t o  f i n a l  publ ic  demonstration during the conference, w a s  carried 

out i n  t he  f i v e  months between €&ch a d  Septexber, 1-95?. 

reac tor  proved t o  be a major a t t r a c t i o n  among the  exhibits and w a s  ca l l ed  

"the most b e a u t i f u l  reac tor  ever buil t ."  

The Geneva 

For the  1958 Geneva conference, which emphasized progress in fusion 

reseasch, ORNL again assumed re spons ib i l i t y  f o r  overseeing construct jon 

of the exh ib i t  bui lding and for  providing maJor exhib i t s  of fusion de- 

v ices .  

.device designed fo r  v i s u a l  displzy of the bas ic  operat ing pr inc ip les .  

Throu& viewing windows, it w a s  possible  t o  see the  in j ec t ed  ion  beam 

and the  trapped ring during actual operation of t h e  device,  Again i n  

1958, t h e  Geneva exhib i t s  were outstanding and provided a. high point of 

i n t e r e s t  during t h e  conference. 

for  the 1958 cozlference were designed, constructed, and opened t o  the 

public i n  a period of f ive  months. 

ORNL constructed two full. scale operat ing models of the E X  

A s  i n  1955, the bui ld ing  and exh ib i t s  

BIOLOGY AND MEDICIrn 

Biology - Effects of Radiation on Living Cells 

I n  the f i e l d  of cytogenetics, it has  been found a t  ORlK that t h e  

presence of oxygen increases the  l ike l ihood of chromosome breaks i n  

l i v i n g  cells,  t h a t  such an e f f e c t  can be counteract.ed by a v a r i e t y  of 

chemicals, and t h a t  most of' these  chemicals seem t o  pro tec t  aga ins t  

rad ia t ion  damage by rermving oxygen. 

can be made t o  recover from the  darnaging e f f ec t s  of r ad ia t ion  by post- 

It has a l so  been found Ynat bactnria 

exposure t reatmeat  c o n s i s t i n g  of' incubat5 on at lower- tliar?-corm:il 
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temperatures i n  LIE presence of ce r t a in  n u t r i t i o n a l  fac tors .  These 

f ac to r s  can be i so l a t ed  from m e a t  ex t r ac t  OF yeast  ex t r ac t ,  and appear 

t o  be r e l a t e d  t o  the  spleen f ac to r  which enables i r r a d i a t e d  uLce t a  

recover from X-ray damage. 

The phatographs show -three af  the  kinds of r ad ia t ion  e f f e c t s  which 

the Cytogenetics Section i s  using to study the  bas ic  nature  of b io log ica l  

r ad ia t ion  damage and the  mechanisms by which it i s  brought about. The 

center  of i n t e r e s t  i s  damage t o  those pa r t s  of  c e l l s  - the chromosomes 

and nucleus - which cont ro l  c e l l u l a r  processes and inheri tance.  Much 

a t t e n t i o n  i s  cur ren t ly  being paid t o  the  r o l e  of malecul.ar oxygen i n  

Vne production of t h i s  damage. These s tudies  have given inportant  inform- 

at.ion about the complex processes by which r ad ia t ion  damage i s  ~;roAirced. 

In  mammalian genetics and development research, it has been estab- 

l i shed  t h a t  mutation r a t e s  i n  mice a r e  considerably higher’ than expected 

on the  b a s i s  of Drosophila ( f r u i t  f l i e s )  experiments, and tizis discovcry 

requires  reconsideration of t he  present tolerance dosage for ma2. 

Studies of t h e  e f f e c t s  of r ad ia t ion  cn embryonic mice give much informa- 

t i o n  about t h e  mechanisms of enbryonic development, and da ta  obtained 

are of considerable importance i n  determining the  possible  r ad ia t ion  

e f f e c t s  on women exposed t o  atomic explosions or  o ther  radiatior, .  

Extensive s tudies  on radiation-induced ca t a rac t s  and leukemis i n  

mice a r e  i n  progress. It has been found t h a t  ca t a rac t s  i n  mice can be 

induced by as l i t t l e  as  15 rep  of fas t  neutrons. 

Radioiodine i n  la rger  doses depresses o r  destroys the  thyl’oi d gl aid, 

and research a t  ORNL has shown t h a t  t h i s  causes a disturbance i n  tile 

normal- hormonal balance and t he  thyroid-regulating gland (the p l t u i t e r y )  

uniiergoes a twiorous enlargement. l’hese p i t u i t a r y  tumors a r e  capabl e 
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of growing i n  hos ts  whose thyroid function i s  depressed, and, i f  un- 

cont ro l led ,  i n  time they become autmomous cancers.  These tumors secre te  

thyroid-s t imulat ing hormones and cause great enlargement of t he  thyroid 

gland. Studies  a r e  i n  progpi?ss t o  l ea rn  about t he  f a c t o r s  of i n i t i a t i o n  

and con t ro l  of these and o ther  tumors which can be c a u e d  by total-body 

i r r a d i a t i o n  o r  by radioisotopes.  

New Research Tools 

The technique of ion-exchange chromatography, wel l  known i n  the  

field of inorganic chemistry ( e spec ia l ly  f o r  r a r e  ea r th  separa t ions) ,  

has been appl ied t o  the  de tec t ion  of the  breakdown cons t i tuents  of the 

nucleic  ac ids ,  which are polymers approximating the s i z e  of pro te ins  and 

which, l i k e  proteins ,  a r e  l a r g e l y  known through t h e i r  breakdown products. 

It quickly developed tha t  t h i s  excel lent  t o o l ,  not before appl ied t o  

t h e  problem, could de tec t  many fragments never before 'considered t o  be 

cons t i t uen t s  of nucleic  ac ids .  

been prepared f o r  fu r the r  study. 

kind of nuc le ic  ac id  (r ibonucleic  ac id )  has the same general  s t ruc tu re  

These new n a t u r a l  products have now 

They have l e d  t o  the concept t h a t  one 

as the  o ther  (desoxyribonucleic ac id )  and not an  e n t i r e l y  d i f f e r e n t  one 

a s  previously supposed. Although it is  ye t  t o  be demonstrated t h a t  t h e  

former type (concerned with c e l l  growth and pro te in  synthes is )  i s  con- 

ver ted  t o  the l a t t e r  (a cons t i tuent  of chromosomes), or t he  reverse, it 

is  s t i l l  a m a t t e r  of considerable s ign i f icance  t h a t  t he  two typzs  have 

so similar a bas ic  s t ruc tu re .  

Bio logica l  Discoveries 

These methods have not  only revised the  concepts of b i o s y n t h e s i s  

of nuc le ic  acids  but have made possible new ailproaches t.o bio1ogica.l 
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problems, An addi t icna l  by-product has been the developmenc of methods 

for t he  separat ion by ion  exchange of the  n e u t r a l  sugars by means of 

t h e i r  bora te  complexes and also  of t h e  b io log ica l ly  important s u g a ~  

phosphates 

A new phenomenon, th'e luminescence of' green p l an t s  during photo- 

synthesis,  has been discovered. Luminescence from ex t r ac t s  coming from 

luminescent bacter ia ,  a phenomenon searched f o r  by many of t'le most out- 

standing sc ie f i t i s t s  during the last  50 years, has been f o w d  i n  t h i s  

laboratory.  Studies on microbial  metabolism have elucidated s o m  of 

the  mechanisms by which b a c t e r i a  synthesize c e r t a i n  i n p o r t  ark corr~o.iirfis. 

The Biophysics Group developed new methods of p repa r i ig  and measuring 

beta- rad ia t ion  source plaques and obtained much new information 01: 

d i f fus ion  of potassium i n t o  and out of i r r ad ia t ed  erythrocytes.  A 

d-ifference i n  the  e f fec t iveness  of 250 kv X rays and cobal t  gama  rays 

i n  causing rad ia t ion  damage has been found. 

developed t o  obtain nrzcleic ac ids  i n  p r a c t i c a l l y  nat ive condition from 

a va r i e ty  of' cells. This high1.y polymerized nucleic  ac id  showed extzeme 

s e n s i t i v i t y  t a  X rays very similar t o  the  s e n s i t i v i t y  of chromosomes I n  

vivo. 

New mzthods have been 

Radiation-Induced Genetic Damage i n  Mammals 

Large-scale experiments on t h e  genetic effects of  radi.ation i n  m?:.ce 

have been car r ied  on f o r  the past  l C  years ai; t he  O a k  Ridge National. T.,ab- 

oratory.  The most recent f ind ings  come from two groups of r e l a t i v e l y  

long term expei-iments which use two d i f f e ren t  approaches t o  the probiem 
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of genet ic  r ad ia t ion  hazard. 

The first approach i s  e s s e n t i a l l y  b u i l t  around t h i s  question: "What 

bas ic  f a c t o r s  a f f e c t  t h e  freqiiency w i t h  which m t a t i o n s  a r e  inauced by 

rad ia t ion?"  

"What do mutated genes do t o  the  ind iv idua l  and the  p o p l a t i a n ? ' '  

The second group of experiments centers  around the  question: 

Using these two approaches, some of t h e  e a r l i e r  Oak Ridge f indings 

Thus, by t h e  first approach, it has have been confirmed and extended. 

been confirmett t h a t  the  mutation r a t e  i n  the mouse'fs higher than i n  

f r u i t  f l i e s ;  t h a t  t he re  i s  no decrease with t i m e  i n  the probabi l i ty  of 

' t ransmit t ing a mutation; and t h a t  t h e  dose-curve drops from l i n e a r i t y  

a t  high doses, possibly because, a t  these doses, t he  r a t e  may be measured 

i n  only the more r e s i s t a n t ,  surviving c e l l s .  

Using the second approach, e a r l i e r  r e s u l t s  i nd ica t ing  de le te r ious  

e f f e c t s  i n  f i r s t  generation o f f sp r ing  of i r r a d i a t e d  animals have been 

extended t o  include shortening of t o t a l  l i f e  span and o ther  e f f e c t s .  

New work w i t h  chronic gamma rad ia t ion  has brought t w o  major 

surpr i ses .  The f i r s t  comes from extensive da ta  on the  induction of 

mutations i n  male mice t h a t  i nd ica t e  t h a t  t he  inirtation per t o t a l  dose 

i s  considerably lower than it w a s  i n  the e a r l i e r  Oak Ridge experiments 

with acute  X-irradiation. This appears t o  cont rad ic t  the  results of 

genet ic  expeslments i n  o ther  organisms where it has been shown t h a t  

mutation r a t e  i s  determined only by t o t a l  dose and i s  icdependent of 

whether t h a t  dose i s  given Over a shor t  or  long i n t e r v a l .  

possible  explanattons of the results that, are ccmpatible with Yne 

orthodox view must be considered. 

Kowevcr, 

O m  possible i r , t e rp re t a t ion  i s  t h a t  chronic i r rad- ia t ion  at. tho  

par t i cu la r  dose and i n t e n s i t y  levels used destroys re lak ive ly  more 
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sens i t ive  c e l l s  i n  the  t es t i s  than does acute i r r a d i a t i o n  and t h a t  t he  

mutation rake observed i s  t h a t  c h a r a c t e r i s t i c  of the more r e s i s t a n t  

surviving c e l l s .  This explanation i s  s i m i l a r  t o  t h a t  invoked t o  account 

f o r  the  drop i n  mutabion r a t e  a t  high doses i n  the  acute X-irradiat ion 

experiments. Since t h i s  hypothesis i s  a t  l e a s t  plausible ,  it would be 

incautious,  a t  the  present t i m e ,  t o  reach the  sweeping conclusion -that 

chronic gamma i r r a d i a t i o n  of males w i l l ,  a t  a l l  doses and i n t e n s i t i e s ,  

be less e f f ec t ive  i n  the induction of mutation than acute X-irradiat ion.  

Whatever the S ina l  explafiation turns  out t o  be, it i s  apparent 

t h a t  t h e  measurement of radiation-induced mutation rates i n  the  immature 

male sex c e l l s  of a mammal is  a f f ec t ed  by f ac to r s  t h a t  were not anticiga’ie? 

from the  r e s u l t s  obtained with t h e  mature sex c e l l s  of t he  f r u i t  f1.y. 

Since it i s  t h e  immature c e l l  s tage  t h a t  i s  important i n  man, these 

findings a r e  c l e a r l y  of v i t a l  s ignif icance i n  the estimation of genetic 

hazards of radiat ion.  

The secand major surpr i se  i n  t he  new body of resu9.t~ j s  t h a t  the 

mutation r a t e  found i n  female mice exposed t o  chronic garma rad ia t ion  

i s  much lower than t h a t  used heretofore  as the yards t ick  for genetic 

hazards, namely, t he  mutation rate obtained from acute X-irradiat ion of 

male mice. The difference could be due t o  i n t e n s i t y  o r  qua l i t y  of 

rad ia t ion  o r  t o  sex. 

Radiation Protection and Recovery 

A t  t he  O a k  Ridge National Laboratory research has been car r ied  o u t  

on rad ia t ion  protect ion and recovery and cons is t s  both of bas ic  s tud ies  

a t  the c e l l u l a r  level and methods of protectir?g i r rad ia ted  manmals. 

These s tudies  may very well be considered t o  lezd t o  p r a c t i c a l  m d i c a l  
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appl icat ions,  which would be valuable  i n  acc identa l  i r r a d i a t i o n  from a. 

reac tor  or other  sources. 

Cel lular  Level 

An important n e w  f ind ing  i n  pro tec t ion  and recovery a t  c e l l u l a r  

l e v e l  i s  the enhancement of r e jo in ing  of chromosoEe breaks by supplying 

energy within a shor t  time a f t e r  exposure t o  r ad ia t ion .  This indica tes  

the  f e a s i b i l i t y  of reducing r ad ia t ion  in ju ry  by appropriate t r e a t m n t s  

sho r t ly  a f t e r  i r r a d i a t i o n .  

agents v a r i e s  widely among difTerent  species  and s t r a i n s  of micro- 

'organisms. In  some c e l l s ,  p ro t ec t ive  compounds a c t u a l l y  increase the  

y i e ld  of radiation-inauced mutations; the mechanism and s igni f icance  

of t h i s  e f f e c t  remain t o  be determined. 

The pro tec t ive  e f f e c t  of c e r t a i n  chemical. 

Chemical Protect ion i n  I r r a d i a t e d  Mice 

Among the many c l a s ses  of chemicals that have been tested a s  pro- 

t e c t i v e  aga ins t  r ad ia t ion  damage, the most e f f e c t  i n  mice seems t o  be 

the aminoalkylisothioureas and t h e i r  corresponding mercapt;oa3_kyl~anidines. 

The rad ia t ion  IJ) 

af compound up t o  a maximum of 1500 r f o r  (101 X C 3 H ) F  

mice show an LD /30-ds?y value of approximately 700 r. 

protected a r e  apparently s a t u r a t e d  a t  1500 r p  and the ailministration 01' 

/30 days i s  proport ional  t o  the l og  of the o r a l  dose 
50 

mice. 

The systems 

Unprotected a 

50 

add i t iona l  compound docs not  f u r t h e r  increase the  L3 

i m u m  o r a l  dose of AET retnains e f f e c t i v e  for  6 hours aga ins t  the acute  

/30 days. A max- 
50 

l e t h a l  e f f e c t s  of' 300 r. 

Chemical modification of the RJT stsucture es tab l i shed  a r e l a t i o n  

between pro tec t ive  activity and molecular s t ruc ture ;  the m r j o r  requirement 

f o r  mximrn a c t i v i t y  i s  t h a t  t he  nitrogen and su l fu r  s t o m  not be 



-224- 

separated by more than th ree  methylene groups. Thi r ty  compounds con- 

forming t o  these general  requirements varying widely i n  t h e i r  chemical 

t o x i c i t y  have given good 30-day surv iva l  when administered before X 

i r r ad ia t ion .  Although no s ing le  mechanism can completely explain Yne 

functions of these compounds i n  pro tec t ing  cornplex mammlian systems, 

it seems l i k e l y  t h a t  t h e i r  main funct ion i s  the  neu t r a l i za t ion  of t h e  

f r e e  r ad ica l s  formed by ion iz ing  rad ia t ion .  

Eone Marrow Treatment i n  I r r a d i a t e d  Mice 

Mice given whole-body i r r a d i a t i o n  near the  level t h a t  caw,es 100% 

death i n  30 days can usual ly  be kept a l i v e  i f  they receive an intravenous 

in jec t ion  of  normal, l i v i n g  isologous bone marrow c e l l s  after the ex- 

posure. Isologous bone marrow t ransplan ta t ion  means t h a t  t h e  animal 

donating t h e  marrow i s  gene t i ca l ly  l i k e  an ideEtica1 twin -to the  irradia- 

t e d  animal receiving the  marrow. HomoPogous bone marrow t ransplan ta t ion  

w i l l  prevent acute r ad ia t ion  death but the r ad ia t ion  in ju ry  t o  the  inmum 

system Lhat allows it to grov i n  tine f i rs t  place (s ince it i s  genet ica l ly  

d i f f e ren t  from the  hos t )  is gradually healed and a new disease compl.ica- 

t i o n  develops ca l l ed  t h e  f o r e i m  bone marrow reabtion. IIomologous f e t a l  

bone marrow w a s  t r i ed  and proved to be grea t ly  superior  t o  homologous 

adul t  bone marrow. 

marrow reac t ions  from which they usua l ly  reeovered. It appears t h a t  

f e t a l  t i s s u e s  will be an important mater ia l  f o r  study of homotraas- 

p lan ta t ion  problems. 

The radiated mice developed very m i l d  foreign bone 

Modiftcation of Immune Sta tus  of Irradia,ted Mice 

Studies of the antibody response of' l e t h a l l y  i r r a d i a t e d  mice pre- 

t r ea t ed  with MKG or post t reated with isolocous bone m a r r o w  p e r f o r m d  
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... 

l,lT, and 30 days d t e r  i r r a d i a t i o n  revealed t h a t  the  recovery r a t e  of 

the immune mechanism of mice in j ec t ed  with MEG and then exposed t o  950 r 

of X rays w a s  almost comparable t o  t h a t  of the  mice given 475 r without 

other  treatment. 

usually undergo 6r delayed r eac t ion  30-90 days after i r r a d i a t i o a ,  

Lethal ly  i r r a d i a t e d  mice receiving foreigr,  bone marrow 

Bone 

marrow chimeras t h a t  survive t h i s  reac t ion  for more than 90 days appear 

normal outwardly but t h e i r  response t o  an t igenic  stimulus i s  subnormal. 

The rad iosens i t ive  mechanism of antibody-producing c e l l s  of n o r m 1  

mice can d i f f e r e n t i a t e  and respond t o  c lose ly  and d i s t z n t l y  re la ted  

antigens with equal e f f e c t ,  bu t  r ad ia t ion  damage to the  nechanism f o r  

recognizing and responding t o  the more c lose ly  r e l a t e d  ant igen i s  grea te r  

than t o  t h a t  fo r  a d i s t a n t l y  r e l a t e d  antigen. From these s tud ies  a wealth 

of information about t r ansp lan ta t ion  immunity and the  passive t r a n s f e r  

of antibody-forming systems has been derived. 

chemical nature  of the  ant igens r e s p n s i b l e  f o r  he t e rog ra f t  (bone marrow) 

Determination OS the 

r e j ec t ion  should provide the  immunologist with new ways of studying t i s s u e  

t ransplan ta t ion .  

Modification of Delayed Radiation Effects 

I Mice of the W and (101 X C3H)F1 s t r a i n s  were exposed t o  whole- 

body 25O-kvp X r ad ia t ion  a t  10-13 weeks of age with and without concomi- 

tant adminis t ra t ion of AET or isologous bone marrow OT a combination of 

the  two. 

marrow shows that the  LD 

e i t h e r  agent along, and the  use of botl-1 agents i n  combination further 

increased the  LD 

Cornparable protect ion was a lso  afforded agaTn5-t the l i f e -  shortcnir-g action 

m e  preliminary r e s u l t s  of combined treatment with U T  and bone 

/ 3 O  drys w a s  near ly  doubled by treatment w i t h  50 

/30 days to 2.5-3.0 tirres i t s  value i n  untr-eatcd aniinals. 
50 



-226- 

of rad ia t ion ,  the mean loneevi ty  of 30-day survivors being more c lose ly  

associated with the  per cent ( f r ac t ion )  of -their 30-day surv iva l  than 

with the dose of r ad ia t ion  they  received. Induction of leukenia W ~ S  

a l s o  g rea t ly  inh ib i ted  by AFT and by bone marrow. The r e s u l t s  of these 

studies  demonstrate t h a t  AET acd bone marrow pro tec t  aga ins t  delayed 

e f f e c t s  of rad ia t ion  as w e l l  as aga ins t  30-day mortal i ty .  

Nuc1ei.c Acids, Genes, Viruses, and Bacteriophage 

C e l l  nucleic  acids  appear t o  be d i r e c t l y  r e l a t e d  t o  h t h  ge3eti.c 

s t a b i l i t y  and growth of organisms. 

c l a s s  of' snanonucleotide cons t i tuents  of nucleic acids w a s  discclvvera?. 

The continued development of new a n a l y t i c a l  techniques allows a progres- 

s ive ly  grea te r  ins ight  i n t o  t h e  s t ruc tu re  of nucleic  acids ,  t h e i r  

chemical propert ies  and t h e i r  s u s c e p t i b i l i t y  t o  spec i f i c  enzymes. 

A t  ORNT, a number of years agc a new 

It has thus becoae increas ingly  possible  to a t t ack  the  prablern of 

t h e  funct ion of the  nucieic  ac ids  i n  r e l a t i v e l y  simple b io log ica l  systems, 

such as the bacteriophage v i r u s  i n  i t s  hos t  bacterium Gr i n  a s c i t e s  t imor 

c e l l s .  

t he  nucleic acids  and pro te in  during t h e  synthesis  and reproductive 

cycle of the v i rus ,  t he  composition of t he  l a t t e r  being almost t o t a l l y  

nucleic ac id  and protein.  

The approach i s  desi.gned t o  study biochemical re la t ionships  of 

It has been demonstrated t h a t  during %he infec t ion  process, with 

concoro_itant v i r u s  synthesis, a small but  highly ac t ive  pool of  r ibonucleic  

ac id  (RNA) serves as a phosphorous precursor, presumably t o  v i r a l  de- 

oxyribonucleic ac id  (DHA). 

s t r a t i o n  of such a b io logica l  precursor relnf,i.onship. 

of the ribonucleic, ac id  i s  e i t h e r  i n e r t  o r  t l xns  over rmch more s1.owi.y. 

If verif:ied, this wm&fi be the first deman-. 

The ma jc j r  porttor, 
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Agents ( fo r  example, chloramphenicol) t h a t  prevent the  synthes is  of v i r u s  

deoxyribonucleic acid,  but not  of c e l l u l a z  r ibonucleic  acid,  have been 

used t o  separate  the  two events;  upon removal of the  i n h i b i t o r ,  synthesis  

of the  former and turnover of the l a t t e r  are i n i t i a t e d ,  which permits 

study of the in t e r r e l a t ionsh ips  between these compounds. 

The prote in  synthes is  i n h i b i t o r ,  chloramphenicol, has apparent ly  

two e f f e c t s  on RNA metabolism on phage-infected bac te r i a .  I f  chloram@-en- 

i c o l  i s  added shor t ly  a f t e r  in fec t ion ,  a new kind of RNA similar t o  'chat 

found i n  con t ro l  cu l tu re s  i s  formed but  i s  not  degraded. If chlorampheni- 

col i s  added before in fec t ion ,  the  new kind of RNA i s  not  formed. I n  

both cases, when chloramphenicol i s  removed, I?JU turnover and DlVA synthesis  

occur. 

ad.ditFon of chloramphenicol at  later times a f t e r  i n fec t ion  allows DNA 

RNA turnover i s  not  d i r e c t l y  r e l a t e d  t o  DNA synthes is  s ince the 

synthesis but  s t i l l  prevents RNA turnover. 

A theory t h a t  f i t s  t h e  data, i s  t h a t  RNA trrrnover i s  int imately 

connected t o  pro te in  synthes is .  Thus, as suggested by o ther  inves t iga tors ,  

a new pro te in  must be formed shor t ly  a f t e r  i n fec t ion  before  new phage 

DNA can be synthesized. We suggest t h a t  once t h i s  p ro te in  i s  formed, 

chloramphenicol would have no e f f e c t  on DNA synthesis but would i n h i b i t  

the  RNA turnover assoc ia ted  with the  synthesis  of nometabol ic  phage 

pro te in  . 

Amino Acid Activation and Protein Synthesis 

From a consideration of ava i lab le  information, a working hypothesis 

of the mechanism of p ro te in  synthes is  i s  t h a t  i s  i s  a four-stage process: 

primary ac t iva t ion  of amino acids;  secondary ac t iva t ion  (a,nhyct-ide ex- 

change); t ranspor t ;  and f i n a l l y  polynerization OS t hc  ac t ive  cons 'iituer-its 
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t o  protein.  

that only about t e n  of the  thir ty-odd amino ac ids  seem t o  p a r t i c i p t c .  

i n  the  primary ac t iva t ion  s tep .  Hecce, the  secondary ac t iva t ion ,  or 

anhydride exchange react lon,  has been introduced as a possible  mechanism 

f o r  the ac t iva t ion  of those amino acids which do not p a r t i c i p a t e  i n  t‘ne 

primary ac t iva t ion .  

@a1 systems, f o r  example, the ac t iva t ion  of ace toace t ic  acid by i f i tzr-  

ac t ion  w i t h  succinyl-coenzyme A .  The b io log ica l  a c t i v a t i o n  of amtno 

ac ids  has been measured by the  amino acid-dependent excharge of p p o -  

phosphate ( labeled with rad ioac t ive  phosphorous) w i  tiz adenosine tri yhos- 

phate and has been s tudied  i n  rat l i v e r ,  r a b b i t  l i ve r ,  mom9 axl rL’, bsne 

marrow, and chicken erythrocytes .  All tissues so far s tudied car ry  o.;t 

t h i s  react ion.  

indi-ridual. amino ac ids  has been s tudied i n  r a b b i t  1Lver. 

acids, phenylalanine, h i s t i d i n e ,  tryptophan, va l ine ,  isoleucine,  cysteine,  

methionine, tyrosine,  and IcLicine, were ac t ive .  This i s  the same grog? 

t h a t  has been found t o  be ac t ive  with severa l  microbial  ex t r ac t s ,  tmd 

this f ind ing  adds fu r the r  e v i d e x e  t h a t  these  amino ac ids  are the oces 

that  undergo primary ac t iva t ion .  The remaining amino ac ids  may be a c t i -  

vated i n  another manner, for  instance as suggested earlier,  by anhyfiride 

exchange. The r a the r  general  d i s t r i b u t i o n  of t h e  a~~~T.ino acid-dependent 

exchange of pyrophosphate with ATP suggests t h a t  it may indeed by jnvolvcd 

i n  p m t e i n  synthesis.  A detailed invest3gation i s  being rmde of several 

of the  individual  amino ac id-ac t iva t ing  enzymes. 

Zxperiments at  the Oak Ridge National Laboratory ind ica te  

I 

Such anhydride exchanzes are not  uncamon i n  bzologi- 

The c a t a l y s i s  of the pyrophcsphate-ATP exchange ‘cy 18 

Only nine amim 

Erfect of Extremely High Gama Irradiation on Green P i a n t  FhotosycLhesis 
P l  I 

The photosynthesis process i n  green pl-snts i s  known to be r p l a t i v e l y  
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i n sens i t i ve  t o  ion iz ing  and u l t r a - v i o l e t  i r r a d i a t i o n .  I n  addi t ion,  the 

formation of t h e  photosynthetic process (greening) i n  e t i o l a t e d  p l an t s  

upon exposure t o  x g h t  i s  a l s o  (radiation i n sens i t i ve .  

experiments, dosages of 150,000 r of .( r a d i a t i o n  were necessary t o  

produce a temporary inh ib i t i on  of photosynthesis. After 24 hours green 

p l a n t s  re turned t o  a normal r a t e  of photosynthesis and e t i o l a t e d  plants 

had greened normally. 

I n  t w o  OWiL 

I n  t h i s  r epor t  are given some analyses on these 

i r r a d i a t e d  p l an t s  fo r  the  subsequent per iod which they survived. 

E t io l a t ed  plm-ts, a f t e r  exposure t o  an acute  dose of 150,000 r 

.of t/ rad ia t ion ,  w e r e  kept i n  pots  of s o i l  i n  a constant environment 

p l an t  growth chamber. 

appeased normal, but  there  w a s  no new growth except fo r  some general  

enlargement of t h e  p lan t ,  probably from c e l l  elongation. By the  fourth 

week, the  p lan ts  were ch lo ro t i c  and fungal  growth appeared on the  dying 

leaves. A t  Yntervals, the r e s p i r a t i o n  w a s  measured, photosynthesis was 

examined by f i x a t i o n  of C 

experiments were examined chromatographically. 

increased a t  the  end of the  second week, p a r t  of which may have been d w  

For the first two t o  three  weeks t h e  p l an t s  

02, and the  products of the  photosynthesis 14 

The r e s p i r a t i o n  r a t e  

t o  b a c t e r i a l  contamination on the  dying leaves .  

t h e  second day was away from the  no rm1  p a t t e r 2  of sucrose synthes is  t o  

incorporat ion of C i n t o  glycine and se r ine .  This same t rend  had pre- 

v i aus ly  been noted t o  a l e s s e r  degree i n  green p l an t s  immedj-ately af ter .  

radiation. During t h e  l a s t  two weeks seve ra l  substances, such as glutamic 

ac id ,  were not labeled during one hour of e x p c s x e  of C140 

Though the  wheat p l an t s  had received a l e t h a l  acute dose of r ad ia t ion ,  

t h e r e  w a s  ne i ther  i nh ib i t i on  of r e s p i r a t i o n  nold photosynthesis, b u t  

powth  was prevented. 

The t rend  even after 

14 

i n  the  li&t. 
2 

k i n g  t h e  f i r s t  two weeks after radistioc, tlzsl-e 
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appeared on the  epidermis of t he  leaves numero-as drople t s  of a g u m m y  

concentrate, which d r i ed  as beads and w a s  co l lec ted  and analyzed. 

t h e  p lan ts  been watered by r a i n  o r  spray, t h i s  phenomenon would no', have 

been detected, s ince t h e  exudate would have been washed o f f .  

creta contained rrmch glucose, glutamine and ser ine,  as well  as substan- 

t i a l  amounts of fructose and many other  a.rflir.0 acids .  The exudatiofi 

ceased between t h e  second and t h i r d  week when the  photosynthetic rate 

dropped. During t h e  f irst  two weeks after i r r ad ia t ion ,  t h e  leaves 

probably accumulated l a rge  amounts of t he  p r o d x t s  of photosynthesis, 

s ince the  process was not i nh ib i t ed  while powth,  which would haTie 

Nad 

The ex- 

u t i l i z e d  the  products, ceased. This a c c ~ u l . a t i o n  of photrJsynt3esis 

products may a l so  have been p a r t i a l l y  responsible  fo r  the  d r o p  i n  r a t e  

of photosynthesis and change i n  the  products of photosy-flt'nesis. 

Between the  second and four th  weeks, t h e  p lan ts  showed a slow 

decline.  No d e f i n i t e  period of death occurred, r a t h e r  fun@- growth 

slowly took over t f l e  leaves.  This pa t t e rn  of death i n  p i an t s  i s  i n  

marked contrast .Lo t h a t  found with animals exposed t o  massive dosages 

of acute rad ia t ion .  

Role of Peroxide i n  Bac te r i a l  Metabolism 

The mechanism of the  oxygen e f f e c t  on the  r ad ia t ion  sens i t iq i . ty  

of b io logica l  mater ia l  i s  s t i l l  unknown. It i s  therefore  of interest ,  

t o  understaEd the  de t a i l ed  mechanism of peroxide metabolism i n  l i v i n g  

organisms. To t h i s  end, microorganisms are among the  most suitable 

material f o r  study. 

Electron t ranspor t  enzymes f r o m  the s t r i c t ;  anaerobe Clostridium 

perfrinpm; a re  being used t o  study t h e  r o l e  of  peroxide i n  the  melab01 ism 
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of =aerobic bacteria, with special reference to the mechanism of" oxygen 

toxicity. 

The reduced diphosphopyridine nucleotide (DPNH) oxidase of this 

organism has been further characterized with respect to: 

of H acceptors utilized, (2) inhibi tors ,  (3) ultra-violet inactivation, 

(4) kinetics of inactivation by substrate (CPNH), and (5) role of peroxide 

in the DPNH inhibition reaction. The r e s u l t s  demonstrate that even 

extremely l o w  peroxide concentrations may be toxic to certain anaerobes 

and that these peroxide concentrations can be the result of DPPJH oxida- 

tion reactions. 

(1) v a r i e t y  

The behavior of DPNH oxidase indicates that some enzymes 

may show enhanced sensitivity to peroxide when they a r e  combined with 

substrate, reduced, or 'turning over * . 
The Relation Between Structure and Activity in Radiation Protection 
Sul fh ydr y 1 Compounds 

The oral administration of mercaptoethylguanidine (?.IEG) and mercapto- 

propylguanidine (MPG) has been shown in this laboratory to reduce radia- 

tian damage in mice. 

respective thiuronim salts - AET or  APT - by neutralization, and since 
Since both compounds must be prepared from their 

they are susceptible to oxidation to the less-active disulfides, it 

would be obviously advantageous to administer them as the more stable 

thiuronim salts either as a so l id  or in solution. The pI.1 of the animal 

is 

to 

in 

such that it could be expected thgt both AET and A2T would be rearranged 

MXG and PIIPG. upon absorption into the body fluids. 

Indeed, both cornponnds were found to be Just as effective wheri given 

this manner, and in addition, it was found that they were effective 

over a lmger period of time, since they were probably absorbed more 

slowly. Since there is EL relatively wide Inslrgir! of activity for both 
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AET and AFT, a series of r ad ia t ion  LD experiments a t  clifferent drug 

doses were performed. The elevat ion of t he  r ad ia t ion  LD i s  23i-opor- 

t i o n a l t o  the logarithm of the  dose of &rug and APT i s  mcjre e f f ec t ive  

50 

50 

at lower dose l e v e l s  than AET. A compound - 3-aminopropyl-11’ -methjr?_i- 

sothiuroniumEBB’KE3r (AFT4T)- t h a t  had been found t o  be very e f f ec t ive  a t  

900 r i n  screening tests, and t o  have a very  des i rab le  therapeut ic  ratio 

at t h i s  leve l ,  vas subjected t o  the  same t e s t .  It w a s  fo?und t h a t  A R K ’  

very rap id ly  sa tura ted  whatever s i tes  it w a s  p ro tec t ing  and t h a t  even 

increasing the drug dose 16 t i m e s  d id  not br ing ;i53ut any fu r the r  IC- 

crease in the  r ad ia t ion  LD 

t h e  protect ive a c t i v i t y  i s  on the  s t ruc ture  of the compcund. The sim-gLeat 

These f a c t s  i l k i s t r a t e  how deperidest 
50 * 

one, AET, apparently i s  widely d is t r ibu ted ,  and small ch.anges i n  s t ruc tu re  

a r e  s u f f i c i e n t  t o  a l t e r  the s e l e c t i v i t y  arid distri’ou%ion of tile coaprsunds 

markedly e 

Tne period f o r  which 8 single ,  maximum, oral. dose of mT or AFT re- 

mained e f f ec t ive  w a s  fmrzd by the  determination of line rzdiat ior ,  LD50/3C 

days a t  several’ t ime i n t e r v a l s  after administration of t;he drug. me 

protective a c t i v i t y  remained a t  i t s  maximum f o r  an hour and f e l l  off  

with t i m e ,  u n t i l  a t  5 hours t‘ne LD An estimate 
50 

of the  r a t e  of excret ion of these compounds ind ica tes  t h a t  a t  5 hours 

about 20% of the  AET i s  s t i l l  present,  while the AFT was more rap id ly  

excreted with only about 10% remaining i n  t’ne an iaa l .  

/ 3 0  days w a s  900 r. 

Biophysics Re  search 

Biophysics research a t  the  O a k  Ridge BJational Laboratory i s  cox- 

cerned wi.th the de tec t ion  and evaluation of rad ia t ion  hazards and with 

protect ion of personnel from these hamrds. The scope of work i n c h d ? s  
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all types of radiation hazards to employees in the nuclear energy estab- 

lishments and to t h e  general public, includirg hazards of normal plant 

operations, unusual accidents, or military uses of atomic weapons. 

equal emphasis is placed on the three aspects of biophysics research: 

detection of radiation, evaluation of t h e  hazard, and protection of 

persoanel f r o m  the damaging effects of the radiation hazard. 

About 

The ORM; biophysics research program is strongly influenced by the 

needs of applied health physics g o u p s  concerned explicitly with the 

protection of ORNL employees a d  inhabitants of the general area around 

ORNI;. Consequently, emphasis is placed on detection and control of 

radiation 'hazards of the t ype  to which personnel in nuclear er,ergy es- 

tablishments are most likely to be exposed. 

Radiation Protection for Eknployees 

In health physics-, research has covered a wide field, ranging from 

the development of new radiation-detection and monitoring instruments 

to studies of the distribution of radioactive waste materials in the 

environment of White O a k  Creek, into which low-radioactivity waste 

solutions are drained. 

radiation hazards is a routine service carried out so w e l l  by the health 

The protection of Laboratory employees from 

physics groups that since the Laboratory started operation in 1943 

there has been no known case of injury to a iJorker resulting from radia- 

tion exposure. 

Raaation Detection Instruments 

En carrying out and improving its program of radiation protection 

for employees, the Laboratory developed new instruments for t he  detec- 

tion and measurement of radiation. Many of these instnunents have been 



adopted fo r  use a t  o ther  N3C i n s t a l l a t i o n s  and. a r e  being manufact-xed 

from ORNL d e s i s s  by p r iva t e  industry.  

A s c i n t i l l a t i o n  counter developed f o r  r ad ia t ion  mcjnitoring proved 

so  sens i t i ve  t h a t  with modifications it has been adapted t o  prospecting 

f o r  uranium f m m  a low-flying a i rp lane .  

have been a portable neutron survey instrument, underground radiatiolz 

de tec tors  f o r  use i n  core d r i l i i n g s ,  and a pocket screamer" t h a t  s:ma.ds 

Other very successful  instr-m-ents 

I t  

an alarrri when the  wearer has received t h e  maximum permTssible r a d i a t i n c  

exposure. 

C iv i l i an  Defense Contributions - 
A method of adapting army f i e l d  water-purif icat ion equipment t o  

the  removal of radioact ive contaminants has Seen developed as a pa r t  

of t h e  hea l th  physics pTogram. The successfu l  adaptat ion of s tsndard 

c i t y  water-purif icat ion procedures t o  t h e  removal of radioact ive material 

from a water supply has a l s o  been demonstrated. 

Nzw i t e n s  of protect ive equipment f o r  nse  a t  the  Laboratory and i n  

c i v i l i a n  defense aga ins t  atomic bomb a t t acks  have been developed a t  

OFCXL and made avai lable  f o r  widespread d i s t r i b u t i o n  t o  c i v i l i a n  defense 

centers .  The constanf; improvements of radiat ion-detect ion instrumer,ts 

t o  give good service under rough use has provided severa l  simple and 

reliable instruments t h a t  are now being manufsctured by p r iva t e  ind ix l ry  

under an agreement s e t  up by t h e  Atomic Energy Cornmission. 

Wmte Disposal Research - 
I n  scclcing Lo improve the  cont ro l  of radioact ive materials re lex ied  

i n t o  an a-rea surrounding radiocherni.cn1 processing plents: it was decide4 

t o  conceatrute l i qu id  wastes by e v a p r a t i o n .  The f i r s t  radiochemical 
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waste evaporator was designed and operated a t  OWL. This philosophy cf 

concentrating rad ioac t ive  wastes f o r  s torage by evaporakion has s ince  

been adogted a t  other  AEC i n s t a l l a t i o n s .  

Basic Research 

Fundamental health physics research has beer, successfifi i n  providing 

new i n f o m a t i o n  r e l a t i z g  t o  permissible r ad ia t ion  exposure and t o  t h e  

e f f e c t s  of radiat5on on body %issues.  

radioisotopes icgested by brea th ing  or  eating has been proposed by ORTJL 

A "permissible i n t e r n a l  dose" f o r  

hea l th  phys i c i s t s  and es ta5 l i shed  as 

t i o n  pro tec t ion .  I n  addition, bas ic  

ment of s a t i s f a c t o r y  i n s t m e n t s  for 

fast and thermal netrtrons. 

I n t e r a c t i o n  of Radiation with Matter 

Electron Attachment Studies  

Most measurements by t h e  hea l th  

a standard national code f o r  radia-  

research has r e su l t ed  i n  the  develop- 

t h e  mzasurements of dose ra.te of 

phys i c i s t  of absorbed r ad ia t ion  

dose r equ i r e  g a s - f i l l e d  counters complying with t h e  Bragg-Gray p r inc ip l e .  

A knowledge of the  number of e lec t rons  which become captured while 

crossing t h e  gas under the  inf luence of an e l e c t r i c  f i e l d  makes possible  

an eva lua t ion  of the  e f f e c t s  of e lectronegat ive gases i n  the  operation 

OF propor t iona l  counters, Geiger-Mueller Coua-cers, and i o d z a t i o n  ch,mbers. 

A n  apparatus was developed at  t h e  Laboratory for the purpose of' measilring 

attachment coe f f i c i en t s  of e l e c t r o i s  t o  vrarious gases. Typical resttl-ts 

from t h i s  apparatus give the required info-mation i n  suttable form 

for p r a c t i c a l  app l i ca t io r .  

bas i c  information regarding t he  probability for tke  excharge of v ibra t ioaa l  

Fur+,Ser Znterpretation of tke  results yie lds  

energy by c o l l i s i o n s  between molecules. 
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Electron Transport and Slowing Down 

Determination of t h e  spec t r a  and s p a t i a l  d i s t r i b u t i o n  of e l e c t r m  

f lux i n  s o l i d s  i s  important for  es tab l i sh ing  the  p o t e n t i a l  damage t o  man 

from beta-emitt ing isotopes.  

e lectrons i n  a s o l i d  containing a unjformly d i s t r ibu ted  P3' source has 

been madeusingasolenoidalbeta-ray spectrometer. 

d i s t r i b u t i o n  due t o  e lectrons inc ident  on a s o l i d  has been measured and 

i s  of importance i n  determining the  p o s s i b i l i t y  of be t a  burns from 

externa l  exposure and i n  in t e rp re t ing  be ta  dosimeter readings. 

Measurement of t h e  energy spectr-m of 

The depth dose 

Tne Physics of Tissue Damage 

The concept of Information Theory has been applied i n  t h i s  Labora- 

t o r y  t o  %he mathematical study of radiatior- damage t o  l i v i n g  o r g a l i s m .  

'The ro l e  of noise i n  the genet ic  s p e c i f i c i t y  nessage has been inves t lge ted  

and has r e su l t ed  i n  a general  treatment of surv iva l  from t h i s  poir,t of 

view- A n  equation r e l a t i n g  r ad ia t ion  injury,  dose and reco-very, or ig-  

i n a l l y  suggested by H. A. B l a i r ,  has been derived by appl ica t ion  of  these 

. ideas a 

Charac ter i s t ic  E n e r a  Losses by Charged P a r t i c l e s  i n  Matter 

Experimental and t h e o r e t i c a l  researches on t h e  energy lo s s  of charged 

p a r t i c l e s  i n  matter have been car r ied  out.  Discrete  losses  by f a s t  e lec-  

t rons  t r ave r s ing  metal l ic  f o i l s  have been observed and have been a t t r i b -  

ut,ed t o  the  exc i t a t ion  of plasma osc i l l a t ions  of e lec t rons  i n  t h e  conduc- 

t i o n  band of  t h e  metal-. The observed values of the energy loss  per u n i t  

path lengLh i n  the  f o i l  agree we l l  with theor ies  of t'fle pl-asma eff 'ect. 

A theoly of t h e  e f f e c t  of the boundaries of the foil upon the plasma 
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Losses has been developed. 

Fast-Xeutron Dose Calculat ions 

The d i f f i c u l t  problem of  es t imat ing the  energy re leased  by neutrons 

i n  t h e i r  passage through l i v i n g  t i s s u e  has been solved rather accura te ly  

by the  "Monte Carlo" method. This ma themt ica l  technique involves cal-  

cu la t ing ,  s tep by s t ep ,  possible paths of neutrons through the  t i s s u e  i n  

such a way t h a t  t h e  in te rac t ions ,  occurring along a large number of such 

paths (2000), w i l l  be a s t a t i s t i c a l l y  r e l i a b l e  sample of the  reac t ions  

occurring under actual i r r ad ia t ion .  Such calculations are important for 

understanding and predic t ing  b io log ica l  e f f ec t s  of  i r r a d i a t i o n ,  which 

i n  tu rn  a r e  important for es t ab l i sh ing  standards of pro tec t ion .  

Instrumentation and Dosimetry Development 

Radsan Fast  Xeutron bs ime te r  

Around r e a c t o r s  and acce lera tors  there  i s  of ten  an acxte need fcr 

an instrument which w i l l  measure the fast neutron dose in t h e  presence 

of gamma radia t ion .  The "Radsan" instrument,developed a t  ORNL 'gives ; 

a direct measure of fast neutron dose and is  e s s e n t i a l l y  in sens i t i ve  

to gamma rays a t  rates less than 5 c/hr.  

protect ion measurcnents aEd f o r  research i n  radiobiology, neutron physics, 

and shielding. 

It i s  s u i t a b l e  for  rad ia t ion  

Neutron !Phreshnlci Detector System 

Another very important dcvelopmcnt i n  'cne measurement of neutron 

dose i n  the pseseccu of h i &  gama fields i s  the  threshold de tec tor  

technique. It employs a s e r i e s  o€ foils ~;hich respond t o  neutrons above 

Ccrkain energy levels. Tke amolunt of induced activity i n  t h e  dctcctc?rs 



-238- 

i s  determined with s c i n t i l l a t i o n  counters. Differences i n  the  f l u e s  

indicated by the f o i l s  give a measure of the  s p e c t r a l  d i s t r i b u t i o n  of 

t h e  neutron flux. This method works wel l  f o r  high i n t e n s i t y  neutron 

bu r s t s  and i n  high gamma f i e l d s  and may be accomplished under conditions 

where o-ther methods, e.g., t he  ioniza%ion chamber and proport ional  counter, 

would lead t o  questionable data.  

Beta-Ray Dosimeters f D c  Personnel Monitoring 

An QRl$L-developed personnel dosimeter system f o r  b e t a  r ad ia t ion  

has many appl icat ions.  These pocket chambers, I n  conJu*.nction with the  

standard Victoreen chambers, pen f i t  accurate  measurement of beta-rzy 

dosage f o r  personnel monitoring. The chambers are near ly  e n e r a  inde- 

pendent and a r e  ca l ibra ted  i n  water solut ions of s eve ra l  beta-emitt2ng 

isotopes 

Another dosimeter of t he  general  s i z e  and shape of a wrist watch 

has been developed t o  measure the  r ad ia t ion  exposure t o  the  hands. The 

device i s  rugged, e a s i l y  and cheaply fabr ica ted ,  and records the  exposure 

frail s o f t  be ta  r ad ia t ion  which nomally escapes detectiol?,, and from X- 

rays and gamma says as well .  General use of t h i s  dosimeter w i l l  enable 

a more carem1 assessment o f  beta-ray exposure t o  be made, which i n  t u r n  

w i l l  do much t o  reduce the  hazard of b e t a  burns on the hands of workers 

i n  atomic energy and r e l a t ed  programs. 

Applications 

Instruments developed i n  the Radiation Dosimetry Section have been 

ex-tensTve1.y applied i n  measurements i n  Appl.i.ed Real-th Physics, and In 

radiobiological  experiments. 
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Radiation Dosimetry for Human Exposures 

A most important application of radiation dosimetry is accurate 

determination of the neutron bombings of Hiroshima and Nagasaki. A 

correlation of the doses received with their medical effects will lead 

to the important goal of establishing w x i u  permissible levels of 

exposure of man to radiation. 

continued liaison with the Atomic Bomb Commission in Japan and participa- 

A far-reaching program at ORNL involves 

%ion in weapons tests to determine structure shhlding. 

X-Ray Dosimetry 

Radiation doses to the skin and gonads of patients during routine 

diagnostic X-ray procedures have been determined for various techniqLLes 

and equipments. The doses vary widely with technique and are tabulated 

as functions of filtration, cone or  diaphragm, size, distance, ki lo-  

voltage m d  milliamp seconds. The data obtained have been used to deter- 

mine the gonadal dose from occupational medical exposure of employees 

of t he  Oak Ridge National Laboratory. A method has been initiated for 

determining this dose from all medical sources. 

Human Tissue Studies for Mpc Determination 

One of the most important problems of  Health Riysics is t h e  estab- 

lishing of maximum permissible concentration (P4PC) values of radioactive 

materials in the body and in air, water, and food. A knowledge of the 

distribution of stab1.e trace elements in the human body is 02 great 

value in this connection, because the  principal organ of deposition for 

a radionuclide is the same as f o r  t h e  stable isotope. During the past 

several y e a r s  spectroga$ic analysi s has  been performed for 37 elcrtients 

in 35 human tissues from aboi..it 300 autopsies €roui nine cities in the 



-240- 

USA and from f i f t e e n  fore ign  countr ies .  I n  addi t ion t o  t h e i r  appl.ication 

in determining MPC leve ls ,  these data are proving t o  be of value to  s tud ies  

of cancer and hea r t  disease.  

I n t e r n a l  Dosimetry of Uranium i n  Man 

The potential, large-scale i n d u s t r i a l  use of uranium as a sowrce of 

power has led t o  concern about the hazard t o  man from chronic or accident- 

a l  exposure t o  t h i s  element. Valuable da ta  on the excret ion of uranium 

and i t s  d i s t r ibu t ion  i n  the  body tissues has been obtained from t he  

in j ec t ion  i n  terminal  b ra in  tumor pa t i en t s  a t  the  Massachusetts Gereral  

Rospital ,  where the p o t e n t i a l i t i e s  of" uranium-seutron capture therapy 

i.n the  treatment of inoperable b ra in  turrtors i s  being s tudied.  

Radionarticulate Inhalat ion Studies 

I n  order t o  evaluate the  hazard of airborne p a r t i c l e s  of uraniux, 

preliminary measurements of the r e t en t ion  of inhaled uranium i n  dogs 

have been made. Data obtained i n  t h i s  way w i l l  be of grea t  i n t e r e s t  

f o r  t h e  determination of values  f o r  airborne urantim i n  man's environ- 

ment. 

Radioactive Wastes and Environmental Studies 

Water Decontamination Studies 

A n  extensive program of research and develop~ent  on decontamination 

of radioact ive water supplies f o r  c i v i l i a n  and mi l i t a ry  use and work on 

related probl.ems w a s  begun i n  1949. 

U. S. Army Corps of Engineers, Tennessee Valley Authority, and graduate 

students from several un ive r s i t i e s  cooperated in these s t u d i e s .  Tne 

gcneral purpose was: 

?'lie U. S. Public Health Service,  

(1) t o  def ine t h e  sources and. s ignif icance oP 
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r a a o a c t i v e  contaminants i n  water supplies;  (2)  evaluate conventional, 

nonconventional, and modified water treatment processes f o r  t he  removal 

of radioact ive mater ia l s  from water; and (3) to develop e f f e c t i v e  app!i- - .  

cat ions of these processes f o r  the  decontamination of water suppl ies  and 

low-level rad ioac t ive  wastes. 

i n  1954. 

Most of t h e  expnrimental work w a s  completed 

In experimental l abora tory  and p i l o t  p l an t  s tud ie s  of conventional 

methods of water treatment the e f f i c i e n c i e s  of var ious processes s ipg ly  

or i n  combination ranged from zero to 99 per cent  i n  the  remmal of in-  

dividual  radionucl ides  or  mixtures of rad ioac t ive  mater ia l s  from water. 

The ion  exchange process, where appl icable ,  i s  one of the  most e f f i c i e n t  

methods fo r  removing rad ioac t ive  contaminants from water supplles. By 

eo-precipi ta t ion i n  the  lime-soda sof ten ing  process s t r o n t i u n  w a s  removed 

with e f f i c i e n c i e s  of 95 to 99 per cent  or  higher. 

In s tudies  of nonconventional w a t e r  t reatment processes,  phosphate 

coagulation removed up t o  98 per cent  o r  more of radiostrontium arid more 

than 90 per cent  of most other  radionucl ides  s tudied.  Eff ic iency of de- 

contamination 

pre-treatment 

cesium, o r  of 

i n  water treatment p l an t s  c2n be increased by modified 

procedures, as by the addi t ion  of c lay  f o r  removal of 

m e t a l l i c  dus ts  fo r  absorption of c e r t a i n  other radionucl ides .  

A thorough evaluat ion of m i l i t a r y  mobile water treatment equipment 

w a s  completed i n  1954. 

units, including coagulation and f i l t r a t i o n ,  ion-exchmge, and. d is t i l la-  

t ion ,  could be operated rout ine ly  w i t h  s a t i s f a c t o r y  e f f i c i e n c i e s  and 

It w a s  found t h a t  the seve ra l  mi l i t a ry  f i e l d  

without undue r ad ia t ion  exposure of operat ing personnel. 
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Aerosol Studies 

Basic s tudies  of  aerosols  have been ca r r i ed  out  i n  cooperatioz with 

t h e  U. S. Arny Chemical Corps. m i s  work has contr ibuted g rea t ly  t o  m 

understanding of aerosol  k i n e t i c s  and has been he lp fu l  i n  meeting problems 

of personnel protect ion and off-gas decontamination. A d i f fus ion  battery 

w a s  developed which i s  appl icable  for  determining the  s i z e  of homogeneous 

p a r t i c l e s  from molecular dimensions t o  r a d i i  of about 0.3 microns; 

however, b a t t e r y  construction diff icul t ies  e s s e n t i a l l y  l i m i t  the  method 

t o  pa r t i c l e s  under 0.1 micron radius. 

photoelectr ic  p a r t i c l e  s i z e  meter ( O w l )  was ailtomatized to provide COD- 

tinuous recording of the  s i z e  of homogeneous p a r t i c l e s  i n  t he  range of 

0.1 t o  0.2 micron radius.  This instrument was useful ,  p a r t i c u l a r l y  i n  

s tudies  of p a r t i c l e  generator c h w a c t e r i s t i c s .  A modified L a e r  type 

aerosol  generator irnproved upon t h e  s t a b i l i t y  and homogeneity of p a r t i c l e s  

produced i n  the  submicron t o  seve ra l  micron range. 

t he  Wilson cloud chamber p a r t i c l e  counter, based on Green s (Br i ta in)  

apparabus, w a s  .developed which could enumerate p a r t i c l e s  as s m a l l  as 

The Naval Research Laboratory 

An improved model of 

micron radius.  An o r i g i n a l  development was a lead shot-colum 

p a r t i c l e  s i z e r  t o  speed up determinations of the  s i ze  of aerosol  p a r t i c l e s  

Another accompbishnent w a s  t h e  establishment of an optimum p a r t i c l e  sj..ze 

f o r  maximuin f i l t e r  penetration which has aided in f i l t e r  design prcblems. 

It w a s  found t h a t  t he  maximum penetrat ion i n  f ibe rg la s s  and sand f i l t e r s  

resu l ted  from p a r t i c l e s  of about 0.2 t o  0.5 micron radius .  

Ecology Program 

Nuclear power 

high-level vastes  

programs are expected t o  produce, i n  addt t ion  t o  

large volumes of Low- and interm=&iate- level  mst,es 
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It may be possible  t o  re lease  some of these to the n z t u r a l  environment. 

The purpose of the  E c o l o a  Program i s  t o  provide data which w i l l  a i d  

i n  the  determination of safe r e l ease  concentrations.  D s t a  a r e  being 

obtained on the d i s t r i b u t i o n  and movement of f i s s i o n  products i n  s o i l  

and food chains, on t h e i r  u l t imate  concentration i n  p l an t s  and animals,  

and on the  long-term ecological  e f f ec t s  of these concentrations.  Many 

inves t iga t ions  are being ca r r i ed  out i n  the  drained White O& Lake bed 

ma i n  t h e  environs of the  radioact ive waste p i t s  with t h e i r  s ign i f i can t  

concentrations of Srgo and C s  137 . 

Ecological Re search 

Ecological s tud ie s  a t  ORNL a re  mainly i n  the contaminated White 

O a k  Lake Bed t h a t  w a s  formerly the  radioact ive waste impoundment a rea  

and now is  one of the  t r u l y  unique t r a c t s  of land i n  the  world. !helve 

years of low-level waste impoundment have r e su l t ed  i n  t e r r a i n  t h a t  

contains nore strontium-90 and cesium-137 than any comparable land now 

know. 

per acre  and those  of cesium-l27 range up t o  20 cur ies  per acre .  

addition, t he re  are s ign i f i can t  concentrations of cobalt-60, nnthexium- 

106, cerium-144, and the  t r i v a l e n t  r a r e  ear ths .  

Average concentrations of strontium-90 a r e  aboLt 400 mi l l i cu r i e s  

IE 

The presence of these 

mater ia ls  i n  the  s o i l  makes the  t r a c t  s u i t a b l e  for s tudies  of the d i s -  

tribution and uptake of these f i s s ion  products by both natural and 

cul.taivated vegetat ion.  Radiation fields i n  excess of 100 times n a t m a l  

background make the  a rea  su i t ab le  for  s tud ies  of  t h e  Long-term effects 

of low-level r a d i a t i o n  011 plant  arid mima1 popxlatrions. 

Major f i e l d  eco log j  research ef fo i  t has been applied t o  the 

fur ther  charac te r iza t ion  of the c o q l e x  physiCas-chernfr,al s o i l  system; 
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t o  t h e  charac te r iza t ion  of t h e  n a t u r a l  f l o r a  and fauna developing on the 

lake  bed; and the  determination of concentrations of strontiunl-90 and 

cesiwn-lY( i n  the  so i l ,  in the natural. vegeta%i.cn, and i n  corn gr0w-n ir! 

the bed. 

The first results of the corn analyses ind ica te  that the  concer_tra- 

t i ons  of cesium-137 m y  differ between t h e  var ious p lan t  organs. 

r a t i o s  of cesium-137 t o  potassium indica te  a considerable discr iminat ion 

aga ins t  cesium-137. Prelimjnary ma lyses  of strontium-90 concent ra t ims  

i n  these p lan ts  ind ica te  less discrimiflation aga.inst t h i s  r ad iomcl ide  

than f o r  'cesium-137. The evidence a lso ind ica t e s  that strontium i s  

d i f f e r e n t i a l l y  deposited i n  the  var ious p l an t  organs, w i t h  t h e  hfghest 

concentrations being found i n  the  leaves.  

The 

Prelircinary t rapping studies have shown t h a t  several species  of 

mmals have moved anto t h e  lake  bed. Since t h e  r ad ia t ion  f i e l d  over 

the  ground surface averages above 0.5 roentgen per day plus add i t iona l  

exposure due t o  ingest ion o f  contaminated food mater ia ls ,  it i s  believed 

khat there  i s  opportunity here t o  obtain in fomat ion  an long-term effeczs 

of low, continuous doses of rad ia t ion .  
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TRAINING AND EDUCATION 

As one of the  f i rs t  research establishments t o  undertake a major 

nuclear  energy program involving l a rge  q u a n t i t i e s  of rad ioac t ive  

materials, OEWL has, from i t s  very beginning, devoted much a t t e n t i o n '  

t o  t r a i n i n g  and education i n  the f i e l d s  of  nuclear science and technol- 

ogy. 

t o  operate the  Hanford production pa l tn ,  the  early postwar t r a i n i n g  

Major a c t i v i t i e s  have included the o r i g i n a l  t r a i n i n g  of personnel 

of personnel from p r i v a t e  indus t ry  i n  reac tor  technolow,  and the subse- 

quent operation of formal t r a i n i n g  programs i n  the  O a k  Ridge School o f  

Reactor Technology and i n  Radiological Physics. 

A program of  research p a r t i c i p a t i o n  for un ive r s i ty  f acu l ty  members 

i s  conducted; and, i n  cooperation wlth the  O a k  Ridge I n s t i t u t e  of 

Nuclear Studies, a program of graduate t r a i n i n g  is  offered. A 

Traveling Lecture Program j o i n t l y  sponsored by OFXTJS and ORNL provides 

speakers from ORNL's s c i e n t i f i c  s t a f f  t o  visit southern universities 

and colleges f o r  l e c t u r e s  t o  s tudents  and faculty on recent  s c i e n t i f i c  

advances. From time t o  time, spec ia l ized  short courses are offered by 

ORNb t o  meet p a r t i c u l a r  needs. 

Also, ORNL accepts employees from prLvale industry and other  

government agencies t o  receive on-the- job t r a i n i n g  by working with 

ORNL research and developrnent groups. 

of the Oak Ridge School of Reactor Technology was discontinued a t  the 

end of the 1957-58 school year, s ince  it a2peared by then tliat 

The h ighly  successful operation 

adequate educational opportuni t ies  were avai lab le  through the uni  - 

v e r s i t i e s  mid coll.egcs, Training i n  r eac to r  technology i s  continuing 
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on a l imited sca le  to meet special. needs f o r  advanced t r a i n i n g  or  f o r  

concentrated shor t  coixses i n  spec ia l ized  areas  such as reac tor  operatjons 

and reac tor  hazards evaluation. 

Also as a p a r t  o f  i t s  t r a i n i n g  and educat ional  a c t i v i t i e s ,  OWE 

p a r t i c i p a t e s  i n  the preparation of s c i e n t i f i c  reference books and 

handbooks on various phases of nuclear science and technol-am, i n  

consul ta t ion with foreign countrl.es on nuclear energy programs, and 

i n  the  evaluation o f ,  or ass i s tance  with, reac tor  construct ion pro jec ts .  

Spec ia l  conferences on nuclear energy are of ten held on a regrional, 

nat ional ,  or i n t e rna t iona l  basis. Many reg iona l  conferences are spon- 

sored by ORNL, while f o r  the na t iona l  and i n t e rna t iona l  conferences, 

the Laboratory of ten  plays a major r o l e  i n  providing repports, displays 

or exhibits. 

Ear ly  Postwar Program 

One of t he  e a r l y  postwar programs a-i; t h e  Laboratory w a s  a 

t r a i n i n g  school, which operated f o r  one year i n  1964 and 1947 as a 

nuclaar-technology school for s c i e n t i s t s  i n t e re s t ed  i n  en ter ing  the 

new f i e l d  of atomic energy.  Approximately 40 s c i e n t i s t s  from univers i -  

ties and industry attended the  t r a i n i n g  school., including several. who 

are now among the  best-lunovn f igures  i n  t h e  American atomic energy- 

e f f o r t .  

O a k  Ridge School of Reac-tor Technoloa 

The success of the t r a i n i n g  school gave impetus t o  the  plans for 

es tab l i sh ing  a f'ulI-fl.ed.ged t r a in ing  program, Tn -'.950, the  O a k  Sidge 

School of Reactor Technology s t a r k d  operati-on on a permanent basis. 

The f i rs t  "interim" class while the school was get t i .ng s t a r t e d  i.nclucicd 
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18 students from governmental agencies and industry.  Subsequent class 

enrollments for the  one-year course have been 46, 68, 80, 7Lz, 84, 88, 

and 111 making a t o t a l  of 569 engineers and s c i e n t i s t s  who successfu l ly  

completed the  r U L l  program. About 75 add i t iona l  people attended port ions 

of the program during t h i s  period. 

with t h e  graduation of t h e  1956-1957 class. 

of six months of fundamentals i n  a cooperating univers i ty  and s i x  

months of advanced r eac to r  technology at ORSORT was i n i t i a t e d  i n  March 

1957. The p a r t i c i p a t i n g  u n i v e r s i t i e s  a r e  Carnegie I n s t i t u t e  of Tech- 

ilology, Case I n s t i t u t e  of Technology, Sorthwestern Universi ty ,  Union 

College, University of Cal i forn ia  a t  Los Angeles, and t he  Universi ty  

The o r i g i n a l  program was discontinued 

A two-part program composed 

of Flor ida.  

Applications for t h e  1958-1959 class were much fewer i n  number, and 

it w a s  decided t h a t  un ive r s i ty  and col leges  were meeting the rnajor 

educational needs i n  this f i e l d .  

The f i rs t  two cooperative classes numbered 69 and 50. 

A small but  important by-product of ORSOIiT i s  t h e  preparat ion 

of University f acu l ty  members fo r  teaching i n  t h e  nuclear  f i e l d ,  

year, the ORSORT facul ty  i s  augmented by seve ra l  loanees from various 

un ive r s i t i e s ;  after 6-12 months, these  men r e tu rn  t o  the u n i v e r s i t i e s  

prepared t o  t a k e  ac t ive  parts i n  the growing nuclear programs on t h e  

campuses. 

Each 

I n  the  summer of' 1-957, ORTJL offered a special  8 weeks i rwt5tute  

i n  r eac to r  physics under the j o i n t  sponsorship of  t h e  AEC and the  

American Society f o r  Engineer ing Education. This advanccd course was 

attended by 14 un ive r s i ty  teachers  and 7 representa t ives ,  of iazd.usixy. 



Research Pa r t i c ipa t ion  Program 

Another program which contr ibutes  t o  t'rae t ,raining of un ive r s i ty  

facul ty  members as  wel l  as t o  the  Laboratory's research i s  the research 

pa r t i c ipa t ion  program, under which f acu l ty  members work on research 

pro jec ts  with establ ished ORNL groups during the  summer when they a re  

not teaching. The f a c u l t y  members l ea rn  as  they work, and qui te  

f requent ly  a r e  able  t o  make noteworthy contr ibut ions t o  the  research 

from t h e i r  own experience. The exchange of ideas  i s  bene f i c i a l  t o  a l l  

concerned. Under t h i s  program, research pa r t i c ipan t s  from t h e  univers i -  

t i e  s work at ORNL each summer. 

Graduate Study Program 

The cooperative program ca r r i ed  out with t h e  Oak. Ridge I n s t i t u t e  of 

Nuclear Studies ( O R I N S )  allows un ive r s i ty  graduate students t o  do 

t h e i r  t h e s i s  research a t  the  Laboratory, contr ibut ing t o  the  research 

program as we l l  as t o  t h e i r  own education. 

Traveling Lecture Program 

The t r ave l ing  l ec tu re  program i s  a l s o  car r ied  out  i n  cooperation 

with ORINS.  Speakers on unca lss i f ied  s c i e n t i f i c  subjects  are supplied 

from t h e  Laboratory staff t o  speak t o  technica l  groups a t  un ive r s i t i e s  

according t o  arrangements made cooperatively with ORTGITS. 

I_-. Education and Training Ac t iv i t i e s  

I n  cooperation with Vanderbilt University during V i e  per iod 1-953- 

1957, ORNL has t r a ined  108 people under the  U. S. Ato,nic Energy 

Comflission ' s  Radiological Physics Fellowship Program. 

80% of these fellows a re  now engaged i n  health physics a c t i v i t i e s .  

Approximately 
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Two In te rna t iona l  Courses i n  Health Physics have been conducted by 

ORNL personnel-, one at  Stockholm, Sweden, i n  1955 and one a t  Mol, Belgium, 

i n  1957. 

U. S. Atomic Energy Commission. There were 51 par t i c ipan t s  from 29 

countries. A course i n  Health Physics w a s  conducted by members of the  

Health Physics Division of t h e  Oak Ridge National Laboratory a t  the  Centre 

D'Etudes Nucleaire, Mol, Belgium, and was attended by 27 students  from 

19 countr ies .  The course, sponsored by t h e  World Health Organization, the 

Atomic Energy Commission, and the O a k  Ridge National Laboratory, extended 

over a five-week period and covered much of t h e  same mate r i a l  presented 

t o  the  AEC Fellows i n  Radiological Physics plus elements of reac tor  theory 

as appl ied t o  the  study of r eac to r  sa fe ty .  

t o  widen the  f i e l d  of Health Physics i n  Europe where the  people associated 

with the nuclear energy developments are anxious t o  obtain information on 

r ad ia t ion  pro tec t ion  and the  t r a i n i n g  of hea l th  physicists..  

These were spolzsored by the  World Health Organization and the 

"he Belgium course d id  much 

A s p e c i a l  sho r t  course ( e igh t  weeks) i n  Health Physics Fundamentals 

was offered  a t  ORNL i n  1958 t o  f i l l  an immediate need f o r  personnel 

who have some understanding of the  nature,  scope and magnitude of 

Health Physics problems. The couz'se included formal classroom work 

concurrent with Applied Health Physics Training, 

Numerous individuals and groups from industry,  w-ivcrsf t i e s ,  t he  

U. S. b e d  Forces, and from ORNL, have been t ra ined  during this 

period. The Health Physics personnel from the  Nautilus received much 

of t h e i r  t r a i n i n g  here. 

.... 



ISOTOPE PRODUCTION 

Radioisotopes- 

The Atomic Energy Commissiong s i so tope-d is t r ibu t ion  program w a s  

inaugurated i n  1946 with t h e  f i r s t  radioisotope shipment t o  a non- 

p ro jec t  user .  

radioisotopes ko meet research needs during t h e  w a r ,  and was es tab l i shed  

by the AJ3C as the center f o r  radioisotope production and d i s t r ibu t ion .  

Radioisotopes have proved very valuable i n  a wide range of uses)  from 

i n d u s t r i a l  appl icat ions i n  such devices as thickness gauges, t o  research 

programs using radioact ive t r ace r s ,  and tkerapeut ic  treatments where t h e  

rad ia t ion  from radioact ive atoms has been used i n  combating cancer. 

Radioisotopes have been ca l l ed  "the most valuable r e s e w &  t o o l  si-nce 

t h e  invention of the microscope." 

shipments has increased g rea t ly  each year; the  t o t a l  number of shipments 

through Apri l  1953 w a s  43,572. 

The Laboratory had been t h e  main source o f  supply for 

Since 1946, the  nmber of radioisotope 

Stable  Tso-topes 

The calutron u n i t s  used f o r  separat ion of uranium isotopes on a 

production sca le  a t  the  electromagnetic p lan t  have been adapted t o  the 

separat ion of the  isotopes of o ther  elements, and. a s tock of those 

na tu ra l ly  occurring stable isotopes has been b u i l t  up, and i s  ava i lab le  

f o r  research uses under the  i so tope-d is t r ibu t ion  plan. S tab le  isotopes 

can be t raced  by t h e i r  m a s s  d i f fe rences ,  and are extremely usefu l  i n  

t racer  s tudies  where it i s  undesirable t o  use radioact ive atoms. Also, 

s t a b l e  isotopes provide exce l len t  sources f o r  preparing certain pure 

radioisotopes.  When ordinary i r o n  i s  i r r ad ia t ed  with neutrons, two 



-251- 
radioisotopes,  iron-55 and iron-59 are formed from the  stable isotopes 

present. 

i e t h e r  pure iron-55 o r  pure iror,-59 can be prepared without contanina- 

t i o n  by the  other .  Approximately 50 elements have been processed f o r  

isotope separation, and the total number of sepamted  isotopes now 

By using a separated s t a b l e  isotope €or the i r r a d i a t i o n ,  

ava i lab le  from these  elements is  185. Through Apri l  1953, 1,759 ship- 

ments of s t a b l e  isotopes were made. 

Raiiioisotopes Separations Development 

The expanding use of radioisotopes has resulted i n  increased 

e f f o r t s  t o  develop new processes and new products. 

sale of sepaxated and analyzed shor t - l ived  radioisotopes made by i r r a d i -  

a t ing  t a r g e t  mater ia l s  in high-flux zones i s  a major program.. Since 

1953, 26 shor t - l ived  new radioisotopes have been made ava i lab le  as 

analyzed products. These products range i n  h a l f - l i f e  from 12.44 hours 

t o  19.5 days. 

The production and 

Processes fo r  the  recovery and p u r i f i c a t i o n  of radioact ive gases 

were developed. Typical products a re  5.3-day xenon-133, 354a.y argon-37 

anit 10.27-year krypton-85. Small quan t i t i e s  of xenon-1.31 a r e  produced 

f o r  research a c t i v i t i e s  at ORNL. Iodine-Eg,  with a h a l f - l i f e  of 

l7,QQO,OOO years ,  i s  recovered frorn the scrubbers for  the off-gas 

from disso lu t ion  of i r r a d i a t e d  uranium. 

used as essentially a stakle  isotope or  as a target material for  the 

production of l2.5-hour iodine-130 by neutron i r r ad fa t ion .  

process for the  recovery of phosphorus-32 uses highly pur i f i ed  sulfur as 

the target  nlatci-ial; the excess su1f'u-r i s  vacuwn d i s t i l l e d  from t& 

phosphorus - 3.2 product in qunr- t z  equipmzn t . 

The iodine-129 can be 

An impi*o-ced 

The p-rod1.x t hac a 11: gli 
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p u r i t y  and low t o t a l  so l ids .  Improved techniques have been developed 

f o r  t h e  preparat ion of tr i t ium-zirconium t a r g e t s  f o r  use with p a r t i c l e  

acce lera tors  t o  provide monoenergetic neutrons f o r  research purposes. 

Rad-ioisotopes with much higher s p e c i f i c  a c t i v i t i e s  than can be 

obtained by i r r a d i a t i n g  na tu ra l ly  occurring elements are being produced 

by using t a r g e t  mater ia ls  obtained from the  s t a b l e  isotope separat ions 

program. 

a s p e c i f i c  a c t i v i t y  of about 15,000 m i l l i c u r i e s  per gram of chromiuq. 

The t a r g e t  material i s  chromium i n  which t h e  chromium-50 isotope h a s  

A p a r t i c u l a r  example i s  the production of chromiu~-51 with 

been enriched from the  na tu ra l ly  occurring 4.31% t o  more than 75%. 

T h i s  development; has been of par t icul-ar  i n t e r e s t  i n  medical appl ica t ions .  

Development has continu.ed on improvement of  processes f o r  t'ne re- 

covery of f i s s i o n  products from waste S O h t i O E S .  Processes f o r  t h e  

recovery and p u r i f i c a t i o n  of Cs-137, Tc-99, Np-237, and €'1n-14~( were 

developed,. 

Isotope Production 

During t h e  period 1954 t o  1957, radioisotope sales increased 400$ 

i n  terms of annual t o t a l  number of m i l l i c u r i e s  shipped while u n i t  

productrion costs  per  m i l l i c u r i e  sold were reduced 760$1. I n  t h e  calendzr 

year  1957, "Line Laboratory made over 104,000 shipments containing a t o t a l  

of 375,000 cur ies  of  rad ioac t iv i ty .  These reduced u n i t  product,<.on 

cos ts  i n  s p i t e  of increasing ' 9 ~ o ~ t ~  of l i v ing"  have permitted Yne 

Commission t o  pass the benef i t s  oP increased production t o  the  customers 

i n  u n i t  p r i ce  reductions.  

i n  ha l f  i n  1957. 

Pr ices  f o r  cobalt-60 were e s s e n t i a l l y  cu i  
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The conversion of ~t major por t ion  of t h e  s t a b l e  isotopes distri- 

bution program from a loan t o  a sa l e s  bas i s  has permitted r ecove r j  of 

a s u b s t a n t i a l  portion of production costs .  

Radioisotope source production increased almost 600% from 1954 

t o  1957 i n  the  t o t a l  nuniber of cur ies  shipped while the  a c t i v i t y  per  

average ind iv idua l  source increased almost 30@. 

place during a time when permissible r ad ia t ion  exposure tolerances for 

the production personcel were reduced by 75%- 

t r end  more heavi ly  shielded processing f a c i l i t i e s  with advanced renote- 

This expansion took 

I n  keeping with t h i s  

operat ing techniques were b u i l t .  

barytes concrete as sh ie ld ing  and equipped with master-slave manipula- 

t o r s  a.nd a lead  g l a s s  viewing window was constructed t o  handle greater 

q u a n t i t i e s  and higher s p e c i f i c  a c t i v i t i e s  of cobalt-60. 

cur ies  a t  one time can be handled sa fe ly  i n  t h i s  c e l l .  

A manipulator ce l l  w i t h  3 f e e l  of 

Up to 10,000 

A p l a n t  f o r  t h e  separat ion of  short- l ived f i s s i o n  products was 

T h i s  p lan t  b u i l t  to operate a t  a capaci ty  of 400 cur ies  per  month. 

e x t r a c t s  f i s s i o n  products with ha l f - l i ves  of 12 t o  60 days. 

products are 40-day ruthenium-103, 65-35-day zirconium-95-niobiu-~5,  

12-day barium-140, 53-day strontium-89, and the  rzre ea r ths  32-day 

cerium-141, U-day neodymium-147, 14-day prascody~xium-143, and 58-day 

yttrium-91. 

allow the production of up t o  100,000-curie q u a n t i t i e s  of long-lived 

separated f i s s i o n  products. Tyyical uses a r e  t e le therapy  so'clrces of 

cesium-137, cerium-144, or  rut~~eniurn-106, small  batteries potrcrrri. by 

promethi~m-14~(, and corrosion protectior? by technctiurn-93, an  e l e m n t  

not  found i n  nature.  

of sep,wation processes a t  p lan t  leve ls  of rudioactivi . ty $0 accumulate 

Typical 

Completion of. the new f i s s i o n  product p i l o t  p lan t  w i l l  

This p i l o t  plant  will also perm?% the  testing 
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information t h a t  could be used i n  designing a megacurie-level separat ion 

plant .  

Remote source-fabri ca t ion  techniques and equipment have been 

developed. 

by a remotely operated hydraulic press.  

!The radioact ive powder i s  compressed i n t o  dense p e l l e t s  

A remotely operated welder 

which seals s t a i n l e s s  s t e e l  source capsules by a fissi-on weld under 

blaxiketing i n e r t  gas w a s  developed and i s  used rou t ine ly  t o  s e a l  sources 

containing cesium-'137 chloride.  - 
Another outgrowth of tke  f i s s i o n  product p lan t  program. i s  the 

development of l a rge  shielded c a r r i e r s  t o  t ranspor t  f i s s i o n  prod7x-t 

waste solut-iuris from other  locat ions t o  ORTSL for t e s t  runs i n  the  

p i l o t  pa ln t .  A prototype u n i t  of 250 gal lons capaci ty  was b u i l t  and 

t e s t e d  by t r ans fe r r ing  waste from the  Idaho Chemical Processifig P lan t  

t o  OIiNL. Based 09 t h e  da t a  obtained from t h i s  t r a n s f e r ,  s i x  tanks 

of 500 gal lon capaci ty  a re  being fabricated.  

A cobalt-60 i r r a d i a t i o n  f a c i l i t y  has been constructed t o  use 

radiographic and te le therapent ic  sources which are s tored  at ORNL 

p r i o r  Lo sa le .  The heat  re leased by the  200,000 t o  3OO,OOO cur ies  

i n  storage i s  removed'by a i r  flowing around t h e  storage tubes.  

Special  Isotopes Services 

During the  e a r l y  p a r t  of t he  period from 1953-57, while e s s e n t i a l l y  

all. enriched stsb1.e isotopes were d i s t r ibu ted  on a loan bas is ,  it w a s  

noted t'nat considerable waste of va1uabl.e i so top ic  material.. w a s  result- 

ing from losses  when researchers unfamiliar w i t h  t he  techniques of 

quant i  t a t i v c  chemical recoveries prepared t h e i r  t a r g e t s .  I n  numerous 

cases more than ha l f  the  sample was l o s t  diirTng conversions of target 

preparations.  
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It appeared t h a t  considerable savings t o  the  overall, program could 

be e f f ec t ed  i f  ORNL were t o  provide c e r t a i n  s p e c i a l  services  i n  con- 

nection with some of 

Nat only would the re  

or l o s t )  per t a r g e t ,  

users who perfer not 

the t a r g e t  f ab r i ca t ion  and other  r e l a t e d  needs. 

be a reduct ion i n  the amount of isotope used (axid/ 

but t he re  would be ava i lab le  a serv ice  f o r  many 

t o  have t o  prepare t h e i r  own t a r g e t s .  

Since the  incept ion of t h i s  program, the  number of s p e c i a l  

services  performed on a cost-recovery b a s i s  has increased until it now 

comprises about 15% of a l l  s t a b l e  isotope shipments. 

variety of techniques and serv ices  a v a i h b l e  and t h e  items prepared 

2 have run t h e  gamut from a 1 mg/cm e lec t ropla ted  unsupported copper 

f o i l  t o  4-kilogram targets of elemental  l i thium-6 and 7. I n  general ,  

i sotopes from inventory may be converted t o  more des i rab le  chemical 

conpounds; la rge  and s m a l l  cou2ons of many elements can be made by 

powder metallurggr techniques; t h i n  f o i l s  a r e  vacuum-evaporated, ro l l ed ,  

or  e lec t ropla ted ;  wires have been drawn and t h i n  me ta l l i c  s t r i p s  f a b r i -  

cated. 

cmpetent  i so tope  chemist t o  assure  e f f i c i e n t  recovery cf any unplated, 

unconverted, o r  unreduced material. 

There i s  a wide 

And upon completion of each service,  t h e r e  i s  ava i lab le  a 

86-Inch Cyclotron Isotope Production 

Marked reductions i n  the cos t  of cyclotron-produced isotopes have 

been achieved; f o r  example, t h e  cos t  of arsenic-74 has been reduced 

ten-fold i n  the  pas t  two years. Thts posi t ron-emit t ing isotope i s  now 

being used i n  the detectiorz and loca l i za t ion  of brain t unor s .  

Formerly, arsenic-71: cost $200 per  mil l icuyie;  it i s  now available 
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The pr ice  includes t h e  full cos t  of cyclotron operation as we l l  as the 

processing cos t s  at  the  pharmaceutical laboratory (Abbott). 

Cost reductions a re  made possible  by t h e  high performance of t h e  

0RNL &inch Cyclotron. 

protons t o  about 25 MeV. 

germanium with protons, a cur ren t  of 200 microamperes i s  used an a 

wster-cooled t a r g e t .  

per hour. With the  increased success i n  t'ne use of t h c i s o t o p e  as a 

diagnost ic  t oo l ,  t he  production of arsenic-?& has been increased t o  a 

r a t e  of over 2000 mi l l i cu r i e s  pe r  year. 

This machine acce lera tes  l a rge  currents  of 

The arsenic  isotope i s  produced by bombarding 

The y i e l d  i s  now approximately 15 m i l l i c m i e s  

Calutron Product i on Irmrovements 

Improvements i n  calutron ion sowces  have made poss ib le  the e i ec t ro -  

magnetic separiztion of isotopes t h a t  c w l d  not previousljr be vaporized 

nd ionized s u f f i c i e n t l y  w e l l  f o r  calutron processing. For example, 

rare ear ths  were processed as soon as su i t a5 le  charges became ava i lab le  

but only after development of the M-14 source. 

platinum-palladium group w e r e  t h e  resu l t  of development of the  bombard-. 

ment-heated so-uce.  The production rate achieved i n  t h e  separat ion of 

isotopes of these four elements was approximately f i v e  t i m e s  t h a t  pre- 

Separations of Llae 

* dic ted  throuE;h use of t h e  more conventional cathode-spi t ter ing source 

types e I n  general, production r a t e s  of elemen-Ls previously separated 

can be increased by proper choice of ion source. A two-fold increase 

i n  separat;io:n rates f o r  ehrornium and calcium resu1,ted froiii development 

of - the rnodifi-e4 Alpha-2, M-56, and modified grid ion sources. 

Another technique f o r  increasing isotope scparati.ons i s  'ihe 

siniul.taneous collec-ti.cn of c e r t a i n  "side-band" iso+sopcs such as those 
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of n icke l  and copper which r e s u l t s  i n  an ove ra l l  increase i n  product ivi ty  

per calutron tank hour. I n  t h i s  case, 106 grams of copper isotope were 

separated as a "by-product" of a n i cke l  co l lec t ion ,  simply by adding 

copper t o  t h e  charge material and providing proper co l l ec to r s .  

Improvements i n  methods of cooling rece iver  pockets has increased 

the re ten t ion  of material to such an ex ten t  that  product ivi ty  shows 

marked improvement even f o r  a f ixed  ion  output. 

isotopes show a two-to f ive- fo ld  increase i n  co l l ec t ion  rates as a r e s u l t  

of this development. 

S i l v e r  and magriesiwn 

The separat ion of high-purity samples provides EL real serv ice  for 

research, bu"i such spec ia l  separat ions would be e ~ e c t e d  t o  be a t  the  

expense of production rate. 

noteworthy exceptions t o  t h i s  genera l  rule. Improvements i n  i so top ic  

pur i ty  without loss i n  production rate a r e  zt t i m s  achieved by 

unusual operzting techniques and equipment design. The increase ir, 

p u r i t y  of selenium, for example, was achieved through use of alcohol  

High-purity Li6 and Li7, however, a r e  

f o r  r e f r ige ra t ion  of t he  calutron components; t h e  increase i n  cahium 

pur i ty  resul ted from t h e  use of inter-pocket sh ie ld ing  and improved 

operating techniques + 

Extension of t h e  use of graphi te  co l l ec to r  pockets t o  replace 

copper i n  a l l  possible  instances has reduced chemical processing t i m e .  

Q u i &  assay can be obtained and used as a basis f o r  pocket combinations 

p r i o r  t o  complete recovery and sample processing. The quick assays 

have also made possible  in t ra - run  con t ro l  of the separat ions e 

Separation of Plutonium Isotopes 

The electroniagnetic separat ion of the pl.utoniu,n isotopes was 
240 successfXlly undertaken. Grain qwmt i t f e s  of enriched P U * ~ ~ ,  Pu , 
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and m241 w e r e  separated w i t h  m a x i m  p u r i t i e s  of 99.8$, 92.2$, and 62,0$, 

respect ively.  

a t  Chalk River, Canada. To obta in  isotopes of higher puri ty ,  p1utoni.m 

is  beinghighly i r r a d i a t e d  i n  t h e  MI'R t o  achieve a feed of optinrum 

iso topic  d i s t r ibu t ion .  Also, a high reso lu t ion  isotope separator  has 

been developed. 

d i s t r ibu ted  on a Commission-wide bas i s  f o r  cross-sect ion measurements and 

other  bas i c  research uses. 

The feed plutonium used w a s  obtained from the NRX reac tor  

The products of t h e  isotope separat ion program a r e  

High Resolution Isotope Separator 

A new i s a t  pe separator  developed f o r  hsavy-element-isotope 

work, and a l s o  f o r  research wit'n cyclotron or  reactor-produced radio- 

nuclides, gives la rge  separat ion Tactors and high ef f ic iency  with r e l a t ive ly  

small- amounts of feed mater ia l .  This u n i t ,  which has the  same mass 

dispersion and uses the  same megnetic gap and shims as  t h e  Beta 

calutrorr operates s a t i s f a c t o r i l y  at a feed rate of approximately 

one milli-mole of element per  hour with an e f f ic iency  of 5-lO$. i n  

one t e s t ,  U235 (0.7% normally abundant) w a s  enriched t o  &8$ p u r i t y .  

er_richnent f ac to r  w a s  1000, a f a c t o r  of t e n  grea te r  than obtained with 

conventional high enrichment calutrons.  

Tm 




