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use of my iaiormation, apparatus, method, or process diealored in this report. 

As used in the above. "pereon acting on behalf of the Commiesion" includes any em- 
ployee or contractor of the Commission, or employee of such contractor, to the extent that 
such employee or  contractor of the Commission, or employee of such contractor prepares. 
diswminotaa, or.providoa ecpcese to, any information ptraurnt tn his smplrrymsnt or  centract 
with the Commis~ion, or  his employment with such contractor. 
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This LA.. . MS report presents the status of the LASL Ad- 
vanced Plutonium Fuels Program. Previous Quarterly Status 
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racy in the interest of prompt distribution. 
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This  is  t h e  seventh q u a r t e r l y  r e p o r t ~ o n ~ t h e ~ A d v a r i c e d ~ P ~ u t o " n ~  Fuels Program conducted a t  the  Los 

Alamos - S c l e n t l t i c  Laaoyarory. 111 acldiliull LU ursxlr p ~ a v i e u 3 l y  d o c o ~ i b e d  i n  t h i c  C P ~ ~ P S  nf repnrrs, rht! 

c u r r e n t  i s s u e  conta ins  t h e  f i r s t  account of recen t ly  i n i t i a t e d  s t u d i e s  of  s o l i d  m e t a l l i c  f u e l  systems f o r  

fast reac turs  (Prujcct 824 ) ,  , , ? I  . I , . 

Most of  t h e  inves t iga t ions  discussed here a r e  of  t h e  continuing type.  The r e s u l t s  and conclusions 

described may there fore  be superseded a s  t h e  program progresses .  Published reference t o  these  preliminary 

r e s u l t s ,  o r  quota t ions  of  them, should not  be made without obtaining e x p l i c i t  permission t o  do so  from t h e  

person i n  charge of t h e ,  work. , , . . , , 
, . . '  - . 2; ;:;> , . . . .  
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PROJECT 801 

SODIUM TECHNOLOGY 

Person i n  Charge: D. B .  Ha l l  
P r i n c i p a l  I n v e s t i g a t o r s :  G .  H .  Best 

R.  H.  Perkins  

I .  . INTRODUCTION 

High-temperature sodium systems,  such a s  those  

cbntemplatbd f o r  use i n  f a s t ,  c e n t r a l - s t a t i o n - r e -  

a c t o r  concepts ,  r e q u i r e  a  high l e v e l  o f  p11r i . t~  cnn- 

t r o l  . t o  l i m i t  c o r r o s i v e  p rocesses  and t o  p r e s e r v e  

r e l i a b i l i t y .  In  a d d i t i o n ,  t h e  advent o f  l a r g e  so'- 

dium-cooled f a s t  r e a c t o r s  r e q u i r e s  a  knowledge o f  

f i s s i o n  product  r e l e a s e  and d i s t r i b u t i o n  i n  t h e  

primary Coolant system and t h e  development of  meth- 

ods by which t h i s ' d i s t r i b u t i o n  can be a l t e r e d .  To 

monitor t h e  impuri ty  l e v e l s  i n  coolant  sodium (and 

i n  i t s  a s s o c i a t e d  cover  gas sys t em) ,  s u i t a b l e  iri- 

s t rumen ta t ion  and a n a l y t i c a l  techniques  must b e  de- 

veloped. Methods and k i n e t i c s  of  impuri ty  c o n t r o l  

a r e  s t u d i e d  us ing  t h e s e  a n a l y t i c a l  devices  a s  they  

become a v a i l a b l e . .  

The r e l e a s e  and d i s t r i b u t i o n  o f  f u e l  and f i s -  

s i o n  products  i n  sodium systems have been s t u d i e d  

us ing  both  s e a l e d  capsu les  and forced-convect ion 

sodium loops .  P re l imina ry  experiments have been 

perfoi'nied on t h e  r e l e a s e  o f  f i s s i o n  products  from 

t r a c e - i r r a d i a t e d  (U,Pu)C f u e l  i n t o  a  sodium column 

under i so the rma l  cond i t ions  and with an a x i a l  tem- 

p e r a t u r e  g r a d i e n t .  S i m i l a r  experiments have been 

i n i t i a t e d  t o  s tudy  t h e  d i s t r i b u t i o n  of  i n d i v i d u a l  

l ong- l ived  gamma-active i s o t o p e s  i n  a  s e a l e d  cap- 

s u l e  .conta ining sodium and a  p o t e n t i a l  t r a p p i n g  ma- 

t e r i a l .  

Long-lived f i s s i o n  products  have been i n t r o -  

duced i n t o  a  sma l l ,  forced-convect ion sodium loop 

by immersing a  t r a c e - i r r a d i a t e d  plutonium a l l o y  i n  
' 

t he  flowing sodium. The d i s t r i b u t i o n  of  plutonium, 
155 9 0 ~ r ,  13'cs, and . .Eu i n  t h e  loop,  ove r  pe r iods  of  . 

1000-3000 h ,  has  been observed by i n  s i t u  gamma 

scanning o f  loop components and by radiochemical  

a n a l y s i s  of  t r a p s  and metal specimens removed from 

t h e  loop. Hot t r a p p i n g ,  c o l d  t r a p p i n g ,  and g r a p h i t e  

adso rbe r  experiments have been conducted. 

The s o l u b i l i t y  of  dxygen i n  sodium us ing  t h e  

vac2um-d i s t i l l a t ion  a n a l y t i c a l  t echn ique .has  been 

determined ove r  t h e  temperature  range o f  12S0 t o  

300°C. 'An exper imenta l  f a c i l i t y  t o  be used f o r  t h e  

development o f  a n a l y t i c a l  techniques  f o r  t h e  meas- 

urement of  impurit ie:;  i n  sodium has  been cons t ruc ted  

and is  be ing  t e s t e d .  Another sodium l o o p  which w i l l  . 
be used i n  t h e  development o f  i n - l i n e  instrumeiita- 

t i o n  and i n v e s t i g a t i o n  of t h e  s o l u b l e  g e t t e r i n g  

technique f o r  impur i ty  c o n t r o l  is be ing  b u i l t .  

The performance c h a r a c t e r i s t i c s  o f  d i f f e r e n t  

des igns  o f  co ld  t r a p s  f o r  sqdium sjrstems a r e  be ing  

determined.  Seve ra l  t e s t s  were conducted t o  d e t e r -  

mine t h e  r a t e s  o f  change o f  oxygen concen t ra t ion  i n  

a  system fo l lowing  r a p i d  changes i n  t h e  co ld  t r a p  

Lsn~paraiure .  . Merhods t o  measure t h e  r a t e  a t  which ' 

gases  d i f f u s e  i n t o  sodium loops  have now been t e s t e d . ,  

Resu l t s  a r e  encouraging. The f a b r i c a t i o n  of  a r t i -  

f i c i a l  l eaks  i n  sodium c o n t a i n e r s  i s  con t inu ing .  I f  

t h e  program i s  s u c c e s s f u l ,  i t  may be  p o s s i b l e  t o  

e s t a b l i s h  p re -ope ra t iona l  t e s t i n g  s t anda rds  which 

w i l l  i n s u r e  s a t i s f a c t o r y  s e r v i c e  l i f e  f o r  sodium 

loop 'components. 

11. TRANSPORT AND DISTRIBUTION OF FISSION PRODUCTS 
IN SODIUM: LOOP EXPERIMENTS ' 

(.J. C .  C l i f f o r d ) .  

A .  General 

The behavior  o f  r a d i o a c t i v i t y  . r e l eased '  . t o  



sodium from f a i l e d  o r  vented f u e l  elements may l i m i t  t h e  l a t t e r  time, t h e  a c t i v i t y  of the  adsorbed 1 3 7 ~ s  
7 2 

access t o  por t ions  of t h e  primary coolant  system and on "as-received" f o i l s  was 1.4 x 10 (dis /min)/( in .  ) ,  - 
may a f f e c t  t h e  consequences of  a loss-ofycoolant  in -  and t h a t  on the  oxidized f o i l s  was 1.3 x 10 ' , (d i s /  

c i d e n t .  Depending on t h e  f iss ion-product  r e l e a s e  m i n ) ~ ( i n . ~ ) .  

f r a c t i o n  a n t i c i p a t e d  i n  e i t h e r  circumstance, i t  may . A reduction i n  sodium temperature from 225°C t o  

be d e s i r a b l e  t o  scavenge these  spec ies  (as well  as ' l lS°C i n i t i a t e d  a reduction i n  137~s  a c t i v i t y  on the  

uranium and plutonium) from t h e  coolant .  . f o i l s .  Although t h e  da ta  s c a t t e r  is  s i g n i f i c a n t ,  t h e  

The immediate goals  of t h i s  inves t iga t ion  a re :  a c t i v i t y  loss  from both f o i l s  appears t o  be l i n e a r  

(1) t o  i d e n t i f y  sodium-soluble f iss ion-product  with time. These r a t e s  of a c t i v i t y  l o s s ,  averaged 

spec ies  and (2). t o  examine t h e  e f f e c t s  of primary- 2 over a 200-h period,  were 1.4 x lo4  (dis /min)/( in .  - 
coolant-system construct ion mate r ia l s ,  design fea-  

3 2 h) f o r  t h e  bare f o i l  and 6 . 4  x 10 (dis /min)/( in .  -h) 

t u r e s ,  and opera t ing  condit ions on these  spec ies .  

B .  . Current Resul ts  

A forced-convection sodium system, assembled t o  
'I All 

study r e l e a s e  and d i s t r i b u t i o n  of. "'1, Ha,, 
137~s ,  h d  o t h e r  spec ies  from t r a c e - i r r a d i a t e d  

tonLum f u e l s , '  has been opera t ing  f o r  purposes of 

cleanup f o r  2300 h .  Experiments have been delayed 

by a s e r i e s  o f  d i f f i c u l t i e s  with the  high reso lu t ion  

gamma scanning equipment ( sec t ion  V) a ssoc ia ted  with 

the  loop. 

The "diffusion" cold t r a p  experiment described 

i n  an e a r l i e r  repor t2  has been i n ' o p e r a t i o n  f o r  ap- 

proximately 8200 h .  nuring most of t h i s  q u a r t e r  

(1600 h) t h e  cold t r a p  has been used as  an oxygen 

cont ro l  device i n  t h e  study of  adsorpt ion o f  1 3 7 ~ s  

on s t a i n l e s s  s t e e l  sur faces .  Specimens of "as-re- 

ceived" and heav i ly  oxidized Type 347 s t a i n i e s s  

s t e e l .  i n  t h e  form o f  2-1/2-in.-wide,.2-mil-thick 

s t r i p s  were r o l l e d  i n t o  bundles and immersed i n  

225°C sodium containing 'j7cs. Spacing between f o i l  

f o r  t h e  oxidized f o i l .  The presence of a heavi ly ox- 

i d i z e d  sur face  appears t o  i n h i b i t  1 3 7 ~ s  adsorption 

and t o  a l t e r  t h e  equi l ibr ium parLit ion of a c t i v i t y  

between the  stainless surfaces and sodil.lrn. There is  

sollte evidence t o  suggcst t h a t  t h e  r a t e  of depnsi.tion 

and the  i n i t i a l  d i s t r i b u t i u ~ ~  of cesium a l s o  a r c  nf- 

f ~ c t e d  hy f lnw r a t e ,  . 

The loop being used f o r  t h e  adsorption experi-  

ments is  not s u i t a b l e  f o r  such work because of  d i f -  . 

f i  r.111.t~ i n  c o n t ~ l l i n g  temperaturcf a t  low sodium 

flow r a t e s  and because of flow d i s t o r t i o n s  i n  the  

t e s t  sec t ion .  The experiments w i l l  be t rans fe r red  

t o  another loop which was put i n t o  operat ion re -  

cen t ly .  A systematic  study w i l l  be made uf Llte e r -  

f e c t s  of  i n i t i a l  cesium concentrat ion,  operat ing 

temperature. 5 ~ d i u m  flow r a t e ,  and adsorber sur face  

rnnrlitinns on the  deposi t ion of cesium from sodium 

so lu t ion  onto metal sur faces .  S t a i n l e s s  s t e e l s ,  

~t ickal-Lase a l l o y s ,  and rofrnctory metals w i  1 1  he 

inves t iga ted ,  

l ayers  was provided by winding corrugated and f l a t  111. TRANSPORT AND DISTRIBUTION OF FISSION PRODUCTS 

shee t  toge ther  i n  each bundle. An i n i t i a l  l j 7 c s  
IN SODIUM: CAPSULE EXPERIMENTS 

O (J. C.  Biery, C .  R .  Cushing) 
a c t i v i t y  of  3.6 x l o 0  dis/min p e r  gram of sodium was . , A .  Oitrcral 
providgd hy d i sso lv ing  c a r r i e r - f r e e  1 3 ' ~ s ~ l  i n  so- 

dium a t .  500°C. The rupture of nuclear  r e a c t o r  f u e l  elements 

Resul ts  from t h e  f i r s t  experiment show consid- containing ceramic Pu-U pellsls w i l l  d l o w  f i s3 ion  
, , 

e r a b l e  s c a t t e r  because of severa l  temperature f luc-  products t o  be leached from ene p e l l e r s  by ~ l t e  su- 

t u a t i o n s  i n  t h e  t e s t  i e c t i o n .  However, some crude dium coolant .  The re lease  r8t:es of rhese f i s s i o n  

r a t e  es t imates  were made. A t  , a  sodium temperature pruJucls  sllould be ltnoiirl t o  o v 3 l u 3 ~ e  ~ ~ I . ! ~ I . I I ! I  iyqtem 

of 225°C t h e  est imated average r a t e  of pickup of contamination problems. This research program is  - -- 
15'cs a c t i v i t y  during the  i n i t i a l  20-h per iod  of t h e  designed t o  determinc f i s s i o n  product mass t r a n s f e r  

L 
experiment was 6.9' x 10' (d i s /min) / ( in .  -h) f o r  the  r a t e s  fro111 ceramic f u e l  p e l l c t s  t o  sodium as a f u l ~ c -  

2 "as-receivedll f o i l  and 4.4 X 10' (dis / l l l i~t) / ( in .  -h) t i o n  of tsmperat.ltrc?, sodium condi t ions ,  and p e l l e t  

f o r  t h e  oxidized f o i l .  The adsorpt ion of 1 3 7 ~ s  was composition. 

more than 70 per  cent  complete within 200 h ,  and no The re lease  of f i s s i o n  products i n t o  sodium 

s i g n i f i c a n t  changes were de tec ted  a f t e r  500 h .  A t  from i r r a d i a t e d  Pu-U ceramic f u e l  p e l l e t s  i s  being 



s t u d i e d  by measur in i  gamma count r a t e  s p e c t r a  from 

t h e  p e l l e t  and t h e  sodium i n t o  which f i s s i o n  prod- 

u c t s  have t r a n s f e r r e d .  The neutron i r r a d i a t e d  p e l -  

l e t  i s x e n c l o s e d  wi th  3 t o  10 i n .  o f  sodium i n  a 

12- in . - long capsu le .  The d i s t r i b u t i o n  o f  f i s s i o n  

products  a s  a func t ion  o f  t ime and p o s i t i o n  i n  t h e  

capsule  i s  determined by gamma scanning t h e  capsule :  

The temperatures '  f o r  t h e  exper iments  range from. 

650' t o  900°C. The furnace  can impose e i t h e r  i s o -  

thermal. cond i t ions  o r  l o n g i t u d i n a l  temperature  g ra -  

d i e n t s  up t o  2S0C/in.  
. .. 

B.  ' c u r r e n t  Resu l t s  ' 

. , 

l b o  experiments have been run i n  t h j s  r e p o r t  

p e r i o d . .  The f i r s t  t e s t  was t h e  con, t inuat ion o f  t h e  

experiment desc r ibed  i n  t h e  l a s t  q u a r t e r l y  report: .  . 

The cond i t ions  o f  t h e  run were a s  fo l lows :  i r r a d i -  

a t e d  (U,Pu)C p e l l e t  a t  800°C, under 7 , i n .  of  sodium, 

g a s / l i q u i d .  i n t e r f a c e  temperature  of  700°C, 0.244- 

in. .- long x 0 .260-+ . -d im p e l l e t ,  6 . 7  x 1016 f i s -  

1 3 7 ~ s  atoms. Scans o f  t h e  . s i o n s ,  and 5 . 5  x 10 , 

capsule  were taken 10 and 11 days , a f t e r  exposure t o  

t h e  sodium.?id measurable amounts o f  1 3 7 ~ s ,  140Ba- 

1 4 0 ~ ? ,  1 4 4 ~ e ,  and 1311 were de tec t ed .  Since  t h a t  

.time- t h e . s o l i d  s t a t e  d e t e c t o r  system has  been inop- 

e r a b l e ,  and no a d d i t i o n a l  d a t a  have been ob ta ined .  

The experiment was t e rmina ted  a f t e r . 9 5  days a t  tem- 

p e r a t u r e ,  The o u t e r  capsu le s  have been removed i n  

p r e p a r a t i o n  f o r  p o s t  -portem scanning.  The capsu le  

w i l l  then be  s e c t i o n e d ,  p e l l e t ,  removed, and sodium 

again  scanncd t o  determine f i s s i o n  product  concen- 

t r a t i o n s  wi thout  t h e  h igh - l eve l  i n t e r f e r e n c e  o f  t h e  

pe l l e t . .  , , ' 

' ' I n  t h e  second exper iment ,  sodium. from an i n -  

p i l e  (U;Pu)C i r r a d i a t i o n  has  been scanned t o  o b t a i n  

P i s s i o c  product  d i s t r i b u t i o n s .  ' .The cond i t ions  of  

t h e  i . r r a d i a t i o n  a r e  desc r ibed  i n  d e t a i l  under Sec- 

t i o n  VII,  I r r a d i a t i o n  T e s t i n g ,  i n  t h i s  r e p o r t .  A 

b r i e f  summary o f  t h e  cond i t ions  is  as  f o l l o w s :  s u r -  

f ace  . temperature o f  (U,Pu)C p e l l e t s ,  750°C; sodium 

temperat6re  ,'. 705' t o  750°C; l eng th  o f  sodium column, 

2-1/2 i n .  ; diameter  of  capsu le ,  0..280 i n .  ; number 

o f  p e l l e t s ,  3; hours  o f  exposure ,  113: 

The. s o l i d i f i e d  sodium was. s ec t ioned  i n t o  two 

equal  p i e c e s  and melted o u t  o f  t h e  gamma-hot s t a i n -  

l e s s  s t e e l  f u e l  c l add ing .  The sodium and s t a i n l e s s  

s t e e l .  s e c t i o n s  were then counted wi th  a l i t h ium-  

d r i f t e d  german5um c r y s t a l .  A complete i d e n t i f i c a -  

t i o n  of  t h e  va r ious  peaks has  n o t  been made ... How- 

eve r ,  t h e  usua l  sodium s o l u b l e  f i s s i o n  product,s 

' ( P 3 1 ~ ,  1 3 7 ~ ~ ,  and 1 4 0 ~ a - 1 4 0 ~ a )  have been found. 

Many o t h e r  peaks have no t  a t  p r e s e n t  been i d e n t i -  

f i e d .  With t h e  sodium i n  d i r e c t  c o n t a c t  with t h e  

(U,Pu)C p e l l e t s  d u r i n g  i r r a d i a t i o n ,  f i s s i o n  p roduc t s  

normally n o t  seen i n  t h e  sod ium ' in  o u t - o f - p i l e  .ex- 

per iments  would.show up because  o f  d i r e c t  e x t r a c t i o n .  

o f  s h o r t - l i v e d  p r e c u r s o r s  and t h e  s u r f a c e  knock-off .  

of  f u e l  m a t e r i a l  by f i s s i o n  f ragments .  .A comparison 

of  t h e  r e s u l t s  from t h e  two exper iments  desc r ibed  

he re  may g ive  some i n d i c a t i o n  o f  t h e  importance o f  

t h e  s h o r t - l i v e d  p r e c u r s o r s  i n  f i s s i o n  product  t r a n s -  

f e r  from t h e  (U,Pu)C p e l l e t s .  

T V .  GAMNA RAY SPECTROMETRY 
(J. C .  C l i f f o r d ,  R .  Wilhelm) 

A.  General 

The r o u t i n e  i d e n t i f i c a t i o n  o f  i n d i v i d u a l  gamma 

e m i t t e r s  i n  a spectrum of  mixed f i s s i o n ' p r o d u c t s ;  r e -  

q u i r e s  a gamma spec t romete r  o f  h igh  r e s o l u t i o n ,  an. . 

automat ic  d a t a  hand l ing  sys tem,  and we l l -de f ined ,  

r ep roduc ib le  count ing geometr ies .  While s i n g l e  com- 

ponents ,  such a s  1 3 7 ~ s ,  have been assayed us ing  s o -  

dium i o d i d e  d e t e c t o r s  and s c a l e r s  ,, s imul taneous  i n -  

1311 140Ba-1?Ta, v e s t i g a t i o n  of. s e v e r a l  i s o t o p e s  ( , 
9 5 ~ r - 9 5 ~ b  ,. 1 4 4 ~ e ;  Snd 1 0 6 ~ u - 1 0 6 ~ h )  has  been pos t -  

poned while s u i t a b l e  equipment and . t echn iq0es  a r e  

developed. . . . . 
' . .  . 

B.  Current  Resu l t s  

Operat ion of  t h e  semiconductor an t i co inc idence  

gamma scanning system has  been delayed f u r t h e r  by a 

s e r i e s  of  problems wi th  t h e  scanner  d r i v e ,  t h e  de- 
. . 

t e c t o r  c ryos ta t ' ,  and wi th  t h e  d e t e c t o r  i t s e l f .  ' I ' i i e  

mechanical,  e l e c t r o n i c ,  and vacuum d i f f i c u l t i e s  have 

been r e s o l l e d ,  bu t  ' t h e  d e t e c t o r  has  bee;' r e tu rned  t o  ' 

t h e  vendor.  There has  been no i n d i c a t i o n  'o;f when a' 
. .  . . :  . 

s u i t a b l e  d e t e c t o r  w i l l b e  a v a i l a b l e .  . - 

. . c :  

V. TRANSPORT OF STRUCTURAL, CONTAINER, AND GETTER 
MATERIALS IN SODIUM 

: :  . . , .  . 

( J . . C .  Biery ,  C .  R .  Cushing) - .  ,. . .. 

. ... 
A .  tierierai 

. . 
Fis,siqn product  g e t t e r i n g  s , t ud le s  have , i nd i -  . . 

c a t e d  t h a t  t h e  use o f  carbon beds i n  a,sodium system 
. . .  . 

' may be  u s e f u l  f i r  1 3 7 ~ s  removal.  Carbon,, however, . - , .  

i s  s l i g h t l y  s o l u b l e  i n  sodium and can c a r b u r i z e  aus-  

t e n i t i c  s t a i n l e s s  s t e e l s  and r e f r a c t o r y  me ta l s .  



The temperature dependence o f  t h i s  r a t e  process i s  

not  known. Therefore,  the purpose of  t h i s  s tudy i s  

t o  determine the  temperature range i n  wh,ich t h e  car-  

bon mass t r h s f e r  r a t e s  are  s u f f i c i e n t l y  low t o  a l -  

low use o f  carbon,beds i n  a  sodium system. 

The carbon t r a n s f e r  r a t e s  from carbon rods w i l l  

be s t u d i e d  i n  thermal convection loops. The Type ' . 

304 o r  316 s t a i n l e s s  s t e e l  loop i t s e l f  w i l l  serve as 

t h e  carbon s ink  when these mate r ia l s  a r e  s tud ied .  

In a  second s e r i e s  of runs,  vanadium a l l o y  s leeves 

w i l l  s e r v e  as  t h e  g e t t e r s .  ' 

B. Current ~ e s u i t s  

A l l  b u t  one of t h e  p a r t s  f o r  t h e  thermal con- 

vect ion loop have been received,  m d  assembly w i l l  

.. soon be s t a r t e d .  The containment f o r  t h e  loop i s  

complete, and t h e  instrumentat ion f o r  t h e  loop has 

been assembled. 

A l i t e r a t u r e  survey on carbon mass t r a n s f e r  was 

completed. No references could be found where e l e -  

mental carbon was t h e  source and s t a i n l e s s  s t e e l  was 

t h e  s i n k .  The survey ind ica ted ,  however, t h a t  car- 

bon a c t i v i t y  i s  g r e a t l y  inf luenced by the  oxygen 

a c t i v i t y  i n  the  sodium. This observat ion d i c t a t e s  

t h a t  t h e  mass t r a n s f e r  runs be made with both high 

(25-50 ppm) and low (< 5 ppm) ox)(gen concentrat ions.  

Vanadium a l l o y s  have been ordered f o r  t e s t i n g  

i n  t h e  thermal col~v,ection loop. 

VI. SAMPLING AND ANALYTICAL 'I'ECHNIQUES 
(V. J. Rl~tkauskas, G .  E. Meadows, K .  S .  Berg- 
s t r e s s e r )  

A. General 

Dynamic i n - l i n e  sodium sampling techniques f o r  

t h e  vacuum d i s t i l l a t i o n  a n a l y t i c a l  method a r e  pres- 

e n t l y  beinn evaluated.  The ob jec t ive  of t h i s  phase 

of  t h e  program i s  t o  develop a  prototype sampling 

system f o r  engineering systems and r e a c t o r  p l a n t  

a p p l i c a t i o n .  To complement t h i s  s tudy ,  a l t e r n a t e  

techniques w i l l  be developed and evaluated.  A l -  

though t h e  vacuum d i s t i l l a t i o n  method has marly ad- 

vantages over t h e  more widely accepted techniques 

f o r  impurity ana lys i s  i n  sodium and has demonstrated 

r e l i a b l e  oxygen analyses on sodium t y p i c a l  o f  re -  

a c t o r  coo lan ts ,  t h e r e  are a number o f  problem areas 

which must be inves t iga ted  t o  assess  t h e  over -a l l  

c a p a b i l i t i e s  of  t h e  method. Of prime importance 

a r e  t h e  na ture  of  t h e  residues following a  d i s t i l -  

l a t i o n  and the  e f f e c t s  of  d i s t i l l a t i o n  temperatures 

on the  nature of the  residues.  

The (y,n) ac t iva t ion  technique f o r  the  de te r -  

mination of  carbon and oxygen i n  sodium has the  

capabi l i ty  f o r  measuring oxygen s p e c i f i c a l l y  r a t h e r  

than r e l a t i n g  t h e  oxygen content t o  t o t a l  a l k a l i n i t y  

o r  sodium content .  This method is  t h e o r e t i c a l l y  . 

capable of determining t h e  concentrat ions of these 

elements d i r e c t l y  with a  s e n s i t i v i t y  of < 0 1  ppm. 

I t  should provide a  s tandard f o r  evaluat ing o ther  

methods f o r  oxygen ana lys i s .  

. The development of  prototype i n - l i n e  a n a l y t i c a l  

instrumentat ion f o r  the  continuous monitoring of 

oxygen and/or m e t a l l i c  impuri t ies  of i n t e r e s t  i n  so-  

dj.um systems i s  a b a s i c  rcquircment f o r  the  i n  s i t u  

charac te r iza t ion  of l a rge-sca le  sodium systems. In- 

l i n e  impurity monitoring devices measure a  charac- 

t e r i s t i c  o r  property 'of sodium t h a t  i s  s e n s i t i v e  t o  

impurity concentrations present  i n  the  fl'owing 

stream. The United Nuclear Corporation e l e c t r o l y t i c  

c e l l  oxygen meter and t h e  LASL dc e l e c t r i c a l  r e s i s -  

t i v i t y  meter concept, which is  s t i l l  i n  i t s  forma- 

t i v e  design s tage ,  have both shown a tremendous po- 

t e n t i a l  f o r  t h e  i n - l i n e  ana ly t ica l  capabi l i ty  i n  

sodium systems .during t h e  course of  t h e i r  respect ive 

preliminary t e s t i n g .  Thssc a n a l y t i c a l  techniques 

must be r igorously evaluated over a  range of i m -  

p u r i t y  concentrat ions,  flow, and temperature con- 

d i t i o n s  i n  o rder  t o  f u l l y  evaluate  their  kapabil- 

i t i e s  and l i m i t a t i o n s .  

B.  Current Results 

A continuing e f f o r t  i s  being appl ied t o  the  de- 

s ign  of a  remotely 'operated fu l l - f low vacuum d i s -  

t i J . l . a t ion  sampling system f o r  the  rad ioac t ive  sodium 

chemistry l o o p , i n  the  EBW-11. A manually operaeed 

version of t h i s  sampling systom i s  a l s o  being de- 

veloped f o r  i ~ z s t a l l a t i u n  i n  the nonradionctive sot.. 

urldary sollilun system of EBR-11. . As presen t ly  cn- 

v.isj .~>r~ed, t h e  smlpling system w i l l  be an cnginooring 

loop version of the laboratory model fu l l - f low vac- 

uum d i . s t i l l a t i o n  sampling system presen t ly  being 

operated or1 the Analyt ical  Loop No. 1 and Cold Trap 

Experimental F a c i l i t i e s .  The sampling system w i l l  

be a l l  metal and the separat ion of  the  sodium.from 

the  nonvola t i l e  impur i t i es  w i l l  be accomplished with 

an induct ion generator  hea t  Source. The.work c o i l  

of  t h e  induction generator  w i l l  be located within 



t h e  met,al envelope. The sample v a r i a n c e  ob ta ined  

wi th  t h e  f u l l - f l o w  sampling system has  been f 0 .1  g  

a s  compared t o  2 10% with  t h e  i n t e g r a l  vacuum di;- 

t i l l a t i o n  sampling system f o r  t h e  same sample cup 

volume (5 g) . 
Fabr i ca t ion  o f  t h e  sodium s h e a r  and e x t r u d e r  

mechanism has  been completed. Following f i n a l  a s -  

sembly and p re l imina ry  o p e r a t i o n a l  check-out,  t h i s  

equipment w i l l  be used i n  t h e  program t o  e v a l u a t e  

t h e  (y ,n)  a c t i v a t i o n  technique f o r  oxygen and ca r -  

bon i n  sodium. The e l e c t r o n i c  equipment needed f o r  

t h e  remote ope ra t ion  o f  t h i s  experiment i s  under- 

going p re l imina ry  check-out procedures .  

Pre l iminary  assembly of  t h e  Sodium Ana ly t i ca l  

e i t h e r  occur  i n  t h e  sodium coo lan t  n a t u r a l l y ' ( c a 1 -  

cium and bar ium),  o r  a r e  produced dur ing  r e a c t o r  op- 

e r a t i o n  (as  wi th  magnesium). The t echn iques  f o r  t h e  

c o n t r o l l e d  a d d i t i o n s  o f  t h e s e  g e t t e r s ,  maintenance 

o f  f i x e d  g e t t e r  l e v e l s , .  and t h e  s e l e c t i v e  removal o f  

dep le t ed  g e t t e r  me ta l s . and  o t h e r  i m p u r i t i e s  from dy- 

namic sodium systems must be  developed. The s i g -  

n i f i c a n t  chemic'al r e a c t i o n s  o c c u r r i n g . i n  a  sodium . 

system con ta in ing  t h e s e  s o l u b l e  g e t t e r s  must be  

unders tood and c o n t r o l l e d .  This mode o f  q u a l i t y  

c o n t r o l  u s ing  a  s o l u b l e  g e t t e r  has  t h e  p o t e n t i a l  f o r  

e f f e c t i v e l y  c o n t r o l l i n g  n o t  only  oxygen, b l t  a l s o  

carbon, hydrogen, n i t r o g e n ,  and p o s s i b l y  m e t a l l i c  

i m p u r i t i e s .  

Plethods F a c i l i t y  has  been completed and f i n a l  a s -  B.  Current  Resu l t s  
sembly has  been i n i t i a t e d :  The p re l imina ry  assembly 

Assembly o f  t h e  Ana ly t i ca l  Loop No. 2 e x p e r i -  
was conducted t o  i n s u r e  t h e  proper  alignment and 

mental f a c i l i t y ,  which w i l l  b e  used f o r  s o l u t i o n  
leak t i g h t n e s s  o f  t h e  va r ious  components which com- 

g e t t e r i n g  s t u d i e s  and f o r  development and eva lua -  
p r i s e  t h e  f a c i l i t y .  In  a d d i t i o n ,  t h i s  provided an 

o p o r t u n i t y  t o  make an o p e r a t i o n a l  check on t h e  var-  

i ous  mechanisms p r i o r  t o  t h e  f i n a l  assembly. This  

f a c i l i t y  w i l l  b e  used i n i t i a l l y  t o  develop ana ly t -  

i c a l  methods f o r  t h e  de te rmina t ion  o f  microconcen- 

t r a t i o n s  (1-10 ppm) o f  carbon i n  sodium. A f t e r  t h e  . 

completion o f  t h i s  prograin, i t  w i l l  be used t o  s tudy  

t h e  i n t e r a c t i o n s  o f  d i s so lved  i m p u r i t i e s  i n  sodium 

and t o  i d e n t i f y  t h e  r e s i d u e s  which remain fol lowing 

t h e  d i s t i l l a t i o n  s e p a r a t i o n  o f  sodium. 

A vacuum i n e r t - g a s  glovebox f a c i l i t y ,  which 

was r ece ived  dur ing  t h e  r e p o r t i n g  q u a r t e r ,  has  been 

i n s t a l l e d  and i s  p r e s e n t l y  o p e r a t i o n a l .  Modifica- 

t i o n s  t o  t h e  vacuum system and i n e r t  gas r e c i r c u l a -  

t i o n  system were necessary  t o  provide  t h e  r e q u i r e d  

r e l i a b i l i t y  and f l e x i b i l i t y  of  ope ra t ion .  The ac-  

q u i s i t i o n  o f  t h i s  f a c i l i t y  w i l l  g r e a t l y  reduce t h e  

atloospheric cur~taminat ion normally encountered i n  

hand l ing  a l k a l i  metal  samples;  t h e r e f o r e ,  i t  w i l l  

p rovide  a d d i t i o n a l  freedom i n  t h e  program t o  de- 

velop sampling and a n a l y t i c a l  t echn iques .  

VII.  SOLUTION GETTERING 
(V. J .  Rutkauskas, R.  R .  Derusseau) 

A.  General 

For fu tu re '  l a r g e  sodium-cooled r e a c t o r  sys tems,  

i t  may be d e s i r a b l e  t o  use  s o l u b l e  g e t t e r s  f o r  con- 

t r o l  o f  oxygen and o t h e r  d i s so lved  impLr i t i e s  i n  

l i e u  o f  t h e  more convent ional  ho t  and co ld  t r a p p i n g  

techniques .  The soluble metal ee t t .e rs  o f  i n t e r e s t ,  

t i o n  o f  p ro to type  on-stream a n a l y t i c a l  i n s t rumen ta -  

t i o n ,  is  approximately  80% completed. The l a r g e  

volume sodium r e s e r v o i r ,  main pump loop,  and two of  

t h e  t h r e e  smal l  loop c i r c u i t s  have been i n s t a l l e d . ,  

In a d d i t i o n ,  t h e  in s t rumen ta t ion  and c o n t r o l  c i r -  

c u i t r y  a r e  f i n i s h e d ,  and t h e  i n s t a l l e d  p o r t i o n  o f  

t h e  system has  been i n s u l a t e d .  . 

V I I I .  KINETICS OF SODIUM COLD TRAPS 
(C.  C .  McPheeters, J .  C .  Biery)  

A.  General 

Proper  des ign  of  an adequate sodium system co ld  

t r a p  f o r  removal .of  oxygen r e q u i r e s  a  knowledge o f  

t h e  mechanisms o f  sodium monoxide p r e c i p i t a t i o n  and 

t h e  mass t r a n s f e r  c o e f f i c i e n t s  a s  a  func t ion  o f  tem- 

p e r a t u r e ,  sodium f l o w . c h a r a c t e r i s t i c s ,  and t h e  c o l d  

t r a p  geometry. The purpose o f  t h i s  s tudy  is t o  de- 

termine t h e  e f f e c t  of  t h e  above v a r i a b l e s  on t h e  ' 

. o v e r - a l l  mass t r a n s f e r  c o e f f i c i e n t  o f  oxygen i n  so -  

dium. Mass t r a n s f e r  c o e f f i c i e n t s  can be c a l c u l a t e d  

from oxygen removal r a t e  d a t a  when t h e  p r e c i p i t a t i o n  

s u r f a c e  a r e a  and temperature  g r a d i e n t  i n  t h e  co ld  
. . .  

t r a p  a r e  known. Although t h e  temperature  p r o f i l e  

can e a s i l y  be measured, t h e  n a t u r e  and e x t e n t  o f  t h e  

s u r f a c e  a r e a  must be  e s t ima ted .  An a r e a  e q u i v a l e n t  

t o  t h a t  o f  t h e  b a r e  c o l d  t r a p ,  was used i n  t h e  model, 

. a n d  t h e  assumption was made t h a t  t h e  c h a r a c t e r  o f  

t h e  s u r f a c e  d i d  n o t  change apprec iab ly  dur ing growth 

o f  NaZO c r y s t a l s .  



Cold t rapp ing  t e s t s  were conducted i n  a  60-gal 

sodium system equipped with a  d i s t i l l a t i o n  sampler, 

a  plugging meter,  and two UNC (United Nuclear Cor- 

pora t ion)  oxygen meters f o r  oxygen determinat ion.  

The cold t r a p  t e s t i n g  procedure included an equi- 
' 

l i b r a t i o n  period a t  t h e  i n i t i a l  cold t r a p  tempera- 

t u r e  followed by a  rap id  change i n  temperature and . 

t h e  measurement of oxygen concentrat ion a t  s h o r t  

time i n t e r v a l s .  

B .  Current Resul ts  

Experimental work with Cold Trap No. 1 was 

concluded during t h i s  repor t ing  per iod .  Oxygen con- 

c e n t r a t i o n  t r a n s i e n t s  were performed f o r  oxide ad- 

di t.i nns and oxide removal from t h e  sodium. Cullcell- 

t ra t i 'on was measured as a  funct ion of t h e  number of 

system turnovers ,  and the oxide removal and addi t ion 

r a t e s  were used t o  ca lcu la te  mass t r a n s f e r  c o e f f i -  

c i e n t s  a t  var ious cold t r a p  temperatures and sodium 

flow v e l o c i t i e s .  The experimental d a t a  were simu- 

l a t e d  by numerical and a n a l y t i c a l  c a l c u l a t i o n  tech- 

niques.  

The computer s'imulation allows t h e  use of  non- 

l i n e a r  temperature and s a t u r a t i o n  concentrat ion 

p r o f i l e s ,  s l u g  flow delay t imes,  and d i f f e r e n t  mass 

t r a n s f e r  c o e f f i c i e n t s  f o r  p r e c i p i t a t i o n  and d i s -  

s o l u t i o n  of  Na20. This mathematical model serves 

t h r e e  pmpnses :  (1) Since i t  can s imulate  t h e  ex- 

perimental  d a t a  more c lose ly  than s i m p l i f i e d  ana- 

l y t i c a l  models, it produces a  s tandard a ~ a i n s t  which 

t h e  r e s u l t s  from t h e  a n a l y t i c a l  models can be com- 

pared. (2) I t  can produce a  re f ined  s e t  of r a t e  

parameters from t h e  cold t r a p  da ta .  (3) I t  can, 

when t h e  r a t e  parameters a r e  known, p r e d i c t  r e a l i s -  

t i c a l l y  t h e  oxygen removal c h a r a c t e r i s t i c s  of  a  

cold t r a p  i n  a  given system. 

The f i r s t  program uses t h e  Lagrangian po in t  of 

view i n  which an element of f l u i d  i s  followed around 

t h e  system. The element gives up o r  picks up oxygen 

i n  t h e  cold t r a p ;  it i s  moved through t h e  p ipes  i n  

s l u g  flow fash ion ,  and it i s  mixed with o t h e r  e l e -  

ments i n  t h e  s to rage  tank. In the cold t r a p ,  the 

element i s  assumed t o  move as  a  disk of f l u i d  and 

t n  have a  uniform concentrat ion a t  each indexed po- 

s i t i o n .  Oxygen i s  l o s t  t o  o r  picked up from the  

walls  a s  ind ica ted  by Eq. 1. 

Am = mass of  oxygen t r a n s f e r r e d  i n  A t ,  k  = r a t e  con- 

s t a n t  (o r  mass t r a n s f e r  c o e f f i c i e n t ) ,  AA = area of  

contact  with wal l ,  C = average concentration i n  e l e -  

ment of f l u i d ,  Ce = s a t u r a t i o n  concentration a t  wal l ,  

and A t  = time required f o r  element t o  flow pas t  a r e a  

AA. k  assumes d i f f e r e n t  values depending upon t h e  

. s ign  of (C - C,)., 

With t h i s  program, sodium oxide can i n i t i a l l y  

p r e c i p i t a t e  a t  high system concentrat ions and then 

red isso lve  when the  system concentration decreases. 

In l a t e r  s tages  of  runs,  when the system concentra- 

t i o n  is  low, mass j s  r e d i s t r i b u t e d  i n  t h e  cold t r a p .  

A supplementary program has been wr i t t en  t o  

allow for ' two  dimensional var ia t ions  of concentra- 

. t i o n  i n  the  cold t r a p  and f o r  rad ia l  variat.i.nn of 

v e l o c i t y .  This program gives an ind ica t ion  of t h e  

degree of cross  flow i n  the  t r a p  and the  var ia t ion  

of k  with flow rate,when t h e  mass t r a n s f e r  is  d i f -  

fusion l imi ted .  , . . 

The e f f e c t  of temperature and flow r a t e  on t h e  

mass t r a n s f e r  c o e f f i c i e n t ,  k ,  is  shown by. the  A r r -  

henius p l o t s  i n  Fig. 1 .  The s o l i d  l i n e s  a re  drawn 

o 1.0 gallon per minute 
0.5 gpm 

x 60 A 0 2 5  a ~ m  

E 19 kc01 fmolo 
\ PRECIPITATION a E =  3 kcal f mole 

Fig; 1. Arrhenius p l o t s  of.  mass t r a n s f e r  c o e f f i -  
c i e n t s  a t  var ious sodium flow v e l o c i t i e s .  Data 
from experimental Cold Trap No. 1. 



through d a t a  p o i n t s  from co ld  t r a p  runs which a r e  

i n  e x c e l l e n t  agreement wi th  t h e  t h e o r e t i c a l  model. 

The dashed l i n e s  r e p r e s e n t  t h e  probable  s l o p e  of  

t h e  curve  f o r  t h e  low flow r a t e  d a t a ,  which f i t  t h e  

t h e o r e t i c a l  model very poor ly .  Sodium e n t e r i n g  t h e  

co ld  t r a p  dur ing t h e  low flow r a t e  runs underwent a  

very sudden drop i n  temperature  t o  a  l e v e l  we l l  be- 

low t h e  s a t u r a t i o n  temperature .  This r a p i d  change 

i n  temperature  probably  l e d  t o  n u c l e a t i o n  o f  oxide  

c r y s t a l s  i n  t h e  l i q u i d  phase .  The t h e o r e t i c a l  model 

was based on t h e  assumption t h a t  only s u r f a c e  nu- 

c l e a t i o n  and growth occurs .  The sma l l  c r y s t a l s  sus -  

pended i n  t h e  sodium would then be  c a r r i e d  back i n -  

t o  t h e  system t o  r e d i s s o l v e  and cause a  low appar-  

en t  mass t r a n s f e r  c o e f f i c i e n t .  The 1 .0  and 0 . 5  gpm 

(1.24 and 0.62 cm/sec) runs were done wi th  a  s h a l -  

low temperature  g r a d i e n t ,  and under t h e s e  condi-  

Lions, most o f  t h e  oxide  p r e s e n t  i n  the  sodium 

could d i f f u s e  t o  cool  s u r f a c e s  t o  n u c l e a t e  and grow 

i n  a  lower energy form. In  t h e s e  cases ,  l i q u i d  

phase n u c l e a t i o n ,  i f  p r e s e n t ,  was l e s s  s i g n i f i c a n t .  

The a c t i v a t i o n  energy f o r  p r e c i p i t a t i o n  of  so-  

dium monoxide from sodium is  3 kcal/mole.  This  i s  

l n  good agreement wi th  t h e  r e p o r t e d  a c t i v a t i o n  e n - .  

ergy f o r  d i f f u s i o n  of  sodium monoxide i n  sodium. o f  
3 2.4 kcal /mole .  The i n c r e a s e  i n  :he mass t r a n s f e r  

c o e f f i c i e n t  with i n c r e a s i n g  sodium v e l o c i t y ,  p l u s  

t h e  agreement wi th  d i f f u s i o n  a c t i v a t i o n  energy,  i n -  

d i c a t e s  t h a t  t h e  p r e c i p i t a t i o n  p rocess  i s  d i f f u s i o n -  

l i m i t e d .  P r e c i p i t a t i o n - r a t e - l i m i t e d  mass t r a n s f e r  

should  be much g r e a t e r .  

The a c t i v a t i o n  energy f o r  d i s s o l u t i o n  o f  so -  

dium monoxide i n  sodium i s  19 kcnl/mole.  This h igh 

a c t i v a t i o n  enerRy shows t h a t  t h e  di.ssnlilt.ion pmr- 

e s s  i n  t h i s  case  is  not  d i f fus i . on - l imi t ed .  The d i f -  

f e rence  between t h e  d i s s o l u t i o n  a c t i v a t i o n  energy 

and t h e  p i e c i p i t a t i o n  a c t i v a t i o n  energy is equal  t o  

t h e  h e a t  o f  s o l u t i o n  of sodium monoxide i n  sodium. 

The h e a t  of  s o l u t i o n  determined from t h e  LASL oxy- 

gen s o l u b i l i t y  curve is  16 kcal /mole .  Note t h a t  

t h e  p r e c i p i t a t i o n  a c t i v a t i o n  energy determined h e r e  

i s  a c t u a l l y  a d i f f u s i o n  a c t i v a t i o n  energy;  however, 

i t  can be  concluded t h a t  t h e  d i s s o l u t i o n  act ivat i0 .n  

energy must be than 16 kcal/mole s i n c e  a 

nega t ive  a c t i v a t i o n  energy f o r  p r e c i p i t a t i o n  i s  n o t  

p o s s i b l e .  The re fn re ,  19 kcal/mole a c t i v a t i o n  en- 

ergy f o r  d i s s o l u t i o n  seems reasonab le .  

A f u r t h e r  obse rva t ion  can be made concerning . 

t h e  probable  va lue  of  t h e  p r e c i p i t a t i o n - r a t e - l i m i t e d  

mass t r a n s f e r  c o e f f i c i e n t .  Consider t h e  fo l lowing  

chemical equa t ion  
-f 

Na20(c) .+ Na20 ( i n  s o l u t i o n  i n  Na). ( 2 )  

The e q u i l i b r i u m  c o n s t a n t  f o r  t h i s  r e a c t i o n  i s  g iven 

where 

K = e q u i l i b r i u m  c o n s t a n t  

k  = d i s s o l u t i o n  r a t e  cons tan t  d  
k  = p r e c i p i t a t i o n  r a t e  cons tan t  

P  
C  = concen t ra t ion  o f  Na 0  i n  s o l u t i o n  i n  Na 2  

A t  ZUU'C, Cs i s  12 .5  x  mole f r a c t i o n .  Also a t  

200°C, k  was measured a s  approximately 5 .2  x  10- 6  

2  
d  

g/cm -h-ppm. Tl lerefore ,  t h e  t r u e  p r e c i p i t a t i o n  r a t e  

cons tan t  a t  2 0 0 ' ~  should  be approximately  0 .4  g/cm2- 

h-ppm. This value  i s  ove r  f o u r  o r d e r s  o f  magnitude 

g r e a t e r  than t h e  measured d i f f u s i o n - l i m i t e d  r a t e  

c o n s t a n t s .  Experiments i n  which t h e  r a t e  o f  ox ide  

p r e c i p i t a t i o n  i n  h igh v e l o c i t y  sodium was observed 

(work with p lugging i n d i c a t o r s  desc r ibed  e lsewhere  

i n  t h i s  r e p o r t )  r e s u l t e d  i n  mass t r a n s f e r  c o e f f i -  
2 c i e n t s  i n  t h e  range of  0 . 1  g/cm -h-ppm. This  va lue  

is n e a r e r  t o ,  b u t  s t i l l  somewhat s m a l l e r  t han ,  t h e  

t h e o r e t i c a l  r a t e  cons tan t .  

From t h e s e  p re l imina ry  r e s u l t s ,  it i s  appa ren t  

t h a t  high v e l o c i t y  co ld  t r a p s  may r e s u l t  i n  h i g h e r  

oxide removal r a t e s ;  Iiuwever, t h e  mechanical s t r e n g t h  

o f  t h e  oxide  w i l l  probably l i m i t  t h e  maximum p r a c t i -  

c a l  sodium v e l o c i t y  which may he used wi thout  r e -  

e n t r a i n i n g  p r e c i p i t a t e d  ox ide .  

IX. PLUGGING INDICATORS 
(C. C. McPheeters, J .  C .  B ie ry j  

A.  General 

' I t  has  been customary t o  i n t e r p r e t  NaZO plugging 

temperatures  a s  Na 0 s . a t u r a t i o n  temperatures.:  
4 

2  
Huwever, when plugging lndicat 'or  temperatures  a r e '  

compared t o  t h e  l ' a t e s t  s o l u b i l i t y  t u r v e s  they a r e  . . 
lower than t h e  corresponding s a t u r a t i o n  temperasure .  

f o r  a  given oxygen concen t ra t ion .  5,6,7,8,9 The.  

reasons  f o r  t h i s  d ivergence i n  temperature  a r e :  (1) 

' t h e  p r e c i p i t a t i o n  p rocess  i n  t h e  o r i f i c e  o f  a  p lug -  . 
g ing  i n d i c a t o r  i s  a  r a t e  p rocess  and r e q u i r e s  f i n i t e  

concen t ra t ion  d r i v i n g  f ~ r c e s  t o  p rec ip i  f a t e  f h ?  Na: 2' n 



i n  a  f i n i t e  time; and (2) on a  bare o r i f i c e ,  a  con- 

c e n t r a t i o n  d i f f e r e n c e  is  required t o  i n i t i a t e  pre- 

c i p i t a t i o n .  This r a t e  process a t  one o r i f i c e  open- 

i n g  can be expressed a s  follows: 

- dm = kA (C - c ~ ) .  
d t  P  

(4) 

m = mass of  Na 0  p r e c i p i t a t e d ,  g; t = t ime, ' 2  
minutes; k  = p r e c i p i t a t i o n  cons tan t ,  grams of  Na20/ 

2 cm -ppm-min; A = p r e c i p i t a t i o n  a r e a  on wall o f  
2 p  hole ,  cm ; C = c o n c e n t r a t i o n  of oxygen i n  bulk 

s t ream, ppm; and Cs = s a t u r a t i o n  concentrat ion a t  

o r i f i c e  temperature,  ppm. 

For most plugging runs, t h e  cooling. curve can 

he apprnximated by a  l i n e a r  temperature funct ion o r  

a  s e r i e s  o f  connected l i n e a r  curves. In the f i y s r  

case,  (C - C ) i s  equal t.o (RcSt + AC) where Rc i s  

the  cool ing r a t e  (OC/min), AC , i s  t h e  concentrat ion 

d i f fe rence  requ i red  t o  i n i t i a t e  p r e c i p i t a t i o n ,  and 

S  i s  the  s lope  o f  t h e  s o l u b i l i t y  curve over t h e  

concentrat ion range of  i n t e r e s t .  With t h i s  s u b s t i -  

t u t i o n ,  Eq. 4  can be in tegra ted  t o  give Eq. 5 ,  which 

a l s o  inc ludes  t h e  o r i f i c e  flow equat ion.  

In (S), t = time t o  plugging a f t e r  p r e c i p i t a t i u ~ ~  is  

i n i t i a t e d ,  min; p(Na20J = dens i ty  of Na 0  prec ip i -  
3  2  

t a t e ,  g/cm ; ro = radius of o r i f i c e ,  cm; and 

(AG/G 1 - rxac t iona l  flow chmge.  
0' 

B .  Current Results 

Plugging Runs with a  Bare O r i f i c e  

Both k  and AC a r e  funct ions of t h e  flow and 

temperature condit ions of t h e  sodium passing through 

the  o r i f i c e .  Many plugging runs have been analyzed 

t o  detcimine t h e  dependence of  k upon flow r a t e ,  

temperature,  and concentrat ion and t h e  dependence of 

AC on flow r a t e ,  cooling r a t e ,  and concentrat ion.  . 

The d a t a  co l lec ted  t o  d a t e  i n d i c a t e  t h a t  k  i s  

a  func t ion  of flow r a t e .  The dependence appears t o  

be exponential  with ve loc i ty ;  t h e  value of t h e  ex- 

ponent i s  between 0.5 and 0.8. Veloc i t i es  between 

50 and 500 cm/sec have been s tud ied  and k values 
2  between 5 x  t o  1.5 x, 10-1 g  of O/(ppm-h-cm ) 

have been observed. The high values apparent ly r e -  

s u l t  from t h e  increased a r e a  due t o  f a s t  nucleat ion 

and growth of  t h e  o r i  de p r e c i p i t a t e .  

The model pos tu la ted  i n  Eq. 5  assumes t h a t  a  

dense c y l i n d r i c a l  l ayer  of Na20'is p rec ip i ta ted  on 

t h e  ins ide  sur face  of the o r i f i c e .  Under condit ions 

of  small concentration d i f fe rences ,  t h i s  condition 

is  probably approached. However, with large concen- 

t r a t i o n  d i f f e r e n t i a l s  many nuclei  a r e  p r e c i p i t a t e d  

almost simultaneously , and the  apparent k constants  

a r e  g rea t ly  increased.  This change i n  k i n e t i c  be- 

havior  probably ind ica tes  t h a t  t h e  o r i f i c e  cy l in -  

d r i c a l  sur face  i s  covered by small p a r t i c u l a t e  oxide 

c r y s t a l s  which present  a  much l a r g e r  p r e c i p i t a t i o n  

a rea  than i s  ind ica ted  by t h e  annular layer  mode. 

The time t o  nucleat ion of oxide on the  o r i f i c e  

depends upon the  c u ~ ~ c e r ~  t r a t i o n  d i f fe rence  requi.md 

t o  i n i t i a t e  p ~ o o i p i t a t j . o n  (Al:J. '31le rinle Lo 111.1- 

c l e a t i o n  var ies  Erom hours with AC l e s s  t h w ~ ~  a  ppm 

t o  a  few r ~ ~ i n u t e s  with AC i n  the  5  ppm or  g r e a t e r  

range. 'Therefure, t o ' k t e p  A C  small i n  a normal 

plugging run with a  bare o r i f i c e ,  the  cooling r a t e  

should be very slow. With a  slow cooling r a t e ,  suf -  

f i c i e n t  ti111e i s  allowed f o r  nucleat ion nf  t h e  oxide 

with a  small AC. I t  is  apparent t h a t  the  cooling 

r a t e  of the  o r i f i c e  g r e a t l y  inf luences the degree of  

temperature depression t h a t  occurs before p r e c i p i t a -  

t i o n  s t a r t s .  With cool ing r a t e s  g r e a t e r  than 20°C 

per  minute, temperature depressions of 30" -5n "C have 

been observed.' 'Ihe Russians have reportcd s i m i l a r  

 effect^.^"' In t h e  p r e s e ~ ~ t  work, tcmperotures have 

been o s c i l l a t e d  about a 220°C s a t u r a t i o n  temperature 

by 2 30°C with no precipi tat . inn observed on Llle Laie 

o r i f i c e .  

Plugging Runs with a  P a r t i a l l y  Plugged O r i f i c e  

Once t h e  plug has s t a r t e d  t o  form on t h e  o r i -  

f i c e ,  nucleat ion e f f e c t s  a r e  no l u ~ ~ g e r  i ~ ~ ~ p u r t r n t  and 

Na20 is  ' t r a n s f e r r e d  t o  and from the  o r i f i c e  as i n -  

d ica ted  by Eq. 4 .  Thus, the  equi l ibr ium s a t u r a t i o n  

temperature can be determined by o s c i l l a l i n g  the  

plugging meter temperature and ohserving tempera- 

tu res  a t  the  maxima and minima i n  the  flow curve. 

The temperature must be kept i n  bounds S O  r h a l  Ll~e 

plug w i l l  n e i t h e r  completely d i sso lve  nor completely 

block the  o r i f i c c .  This p r i n c i p l e  of determining 

plugging temperatures with a  part.i .ally plugged o r i -  

f i c e  has been u t i l i z e d  by the  French (1363)11 and 

the  B r i t i s h  (1966)12 i n  meters which continuously 

determine t h e  equi l ibr ium s a t u r a t i o n  temperatures. 

1; t h e  present  s t u d i e s ,  it was discovered t h a t  



a standard plugging indicator could eas i ly  be modi- 

f l ed  t o  give continuous osci l la t ing  temperature and 

flow traces by ins t a l l ing  an off-on control on the 

cooling blower. The blower is  turned on automati- 

ca l ly  when the flow exceeds a desired s e t  point and 

is turned off  when the flow f a l l s  below the  s e t  ' 

point. The saturation temperature is then deter- 

mined a t  each maximum and minimum i n  the flow curve. 

With a freshly formed plug and a saturation temper- 

ature near 220°C (16.6 ppm) ,' a maximum o r  minimum 

w i l l  occur every two minutes. A t  107O~ (1.3 ppm) 5 

the kinetics are very slow because of the small 

concentration differences, and a maximum or minimum 

w i l l  occur every 10 t o  20 minutes. 

The tfoscFllating plugging indicator" was tes ted  

a t  cold t r ap  temperatures which ranged from 22S°C 

t o  107°C. Satisfactory operation was found over 

t h i s  complete range. The saturation temperature re- 
corded by the  continuous plugging meter w a s  within 

f 1°C of the  equilibrium cold t rap  temperature. Any 
one temperature obtained from one maximum o r  minimum 

was within t 2% of the  saturation temperature. An 

average of 4 t o  5 such temperatures was less  than 

f 1°c from the  saturation temperature. 

Qlange i n  Kinetics of Na20 Plug with Time 

As indicated above, the apparent kinetics of a 

given o%ide plug are affected by the i n i t i a l  concen- 

t r a t ion  driving force. In addition, a f t e r  many 

cycles the ra tes  of plug dissolution and growth be- 

comes much slower. This behavior resul ts  i n  a con- 

tinued decrease i n  flow osci l la t ion  amplitude for  a 

given temperature amplitude. The apparent k con- 

s t an t s  f o r  dissolution and precipitat ion decrease 

by as much as a fac tor  of 10 i n  th i s  peried. Pos- 

sibly,  a recrys ta l l iza t ion of the plug occurs, and 

less surface area is available fo r  precipitat ion 

and dissolution. With the reforming of the plug, 

the  NaZO may take the shape of the cylinder postu- 

la ted  i n  Eq. 5. . 

Stab i l i ty  01 On-Off C u ~ ~ t m l  Mode fo r  "Oscil- 
la t ing  Plugging Indicator" 

Ihe cycl ic  behavior of the  t*oscil lat ing plug- 

ging indicator" i n  ear ly  t e s t s  was, in general, 

s table.  However, when a new plug was formed, the 

kinetics were sl tff iciently rapid t o  produce osci l -  

lat ions with increasing amplitude. To obtain s t a -  

b i l i t y ,  the flow through the o r i f i ce  was decreased 

t o  slow the kinetics of precipi ta t ion  and dissolu- 

tion. S tab i l i t y  w a s  achieved when the  heating and 

cooling ra tes  of the  plugging indicator were more 

rapid than the  growth character is t ics  of the  plug. 

Since the kinetics naturally became slower with 

time as the  plug reformed, the osc i l la t ing  behavior 

became more s table .  

Dissolution Rate Constants 

Equation 5 can be used t o  generate k constants 

f o r  the dissolution of the  oxide a t  temperatures 

above the saturation temperature. AC f o r  nucleation 

does not apply i n  th i s  case and is given a value of  

zero. Again, the calculated r a t e  constants are  only 

apparent and are, i n  general, much higher than the  

r e a l  r a t e  constants. The main reason fo r  the large 

observed constants is that ,  as dissolution occurs, 

small pa r t i c l e s  of oxide can be eroded from the  o r i -  

f i c e  by the f l w i n g  sodium. With a rapidly precipi-  

t a t ed  plug, r a t e  constants as high as 3 x 10-I g O/ 
2 (ppm-h-cm ) have been observed. However, as the  

plug ages, the ra te  constants decrease. As the  plug 

recrys ta l l izes ,  the area exposed t a  sodium da- 

creases. With the formation of larger  crys ta ls  i n  

the  o r i f i ce ,  the  poss ib i l i t y  of par t icula te  erosion 

a lso  decreases. Constants as low as 1 x have 

been observed with a well aged plug. 

X. BASIC STUDIES 

1. Correlation of Sodium and Helium Leak Rates 
& 

A. General 

The correlat ion of sodium leak developwent with 

measured helium leak r a t e s  provides information on 

the degree of component in tegr i ty  which m a s t  he et-  

tained f o r  safe  long-term sodium plant operation. 

No firm c r i t e r i a  now ex i s t  t ha t  establish acceptable 

levels of tightness f o r  various si tuations.  

This study uses fabricated s ta in less  s t e e l  

leaks and leaks tha t  occur naturally i n  s ta in less  

s t e e l  bar  stock. Leaks having di f ferent  helium 

leak rates w i l l  be incorporated in to  small sodium 

systems (cells)  which w i l l  be held a t  a predatear- 

mined temperature u n t i l  sodium leakage occurs. 

0. Current Results 

The equipment setup f o r  the f i r s t  experiment 

is shown i n  Fig. 2. The sodium ce l l s  are  behind 



Pig. 2. Apparatus f ~ r  f i r s t  sodium-helium leak cor- 
r e l a t ion  experiment. Leaks a re  connected t o  four 
sodium ce l l s .  The c e l l s  w i l l  be run a t  about 450°C 
u n t i l  sodium leakage is detected on the mass spec- 
trometer. The c e l l s  are  located behind the l e f t -  
hand metal panel, and the mass spectrometer is a t  
the  lower l e f t ,  with a power source next t o  it. 
The upper recorder is  f o r  the  temperatures of the 
sodium ce l l s ,  and the lower recorder is f o r  the out- 
put from the mass spectrometer. ' 

the  left-hand metal panel. The m a s s  spectrometer 

(lower l e f t  i n  f igure) w i l l  be continuously ca l i -  

bratad during the ~qer imen t ; ,  

FN~T c e l l s  w i l l  be tes ted  i n i t i a l l y :  a c e l l  

with a compressed tube having a helium leak r a t e  of 
3 1.1 x atm-cm /sec and i ts  control with no de- 

t e r t ah le  leak, and a c e l l  with a porosity leak of 
3 1.7 x atm-cm /sec and i ts  control with no de- 

tec table  leak. These leaks and controls have been 

thermally cycled and found t o  be s table .  Although 

these leaks are  large, a drop of water w i l l  mask 

them completely; they can be reopened upon vacuuu 

f i r ing .  

Sodium t r ans fe r  capsules were f i l l e d  with so- 

dium and radiographed t o  check tha t  they were prop- 

e r ly  f i l l e d .  Befnre sodium i s  introduced in to  the 

ce l l s ,  the  leak system w i l l  be brought up t o  temper- 

ature (about 450°C) with only helium i n  the ce l l s .  

The leak r a t e s  w i l l  be studied as temperature is in- 

creased. The sodium w i l l  then be introduced. 

2. Diffusion of Gases i n  Metals 
(J. P.  Brainard) 

A. General 

Very l i t t l e  quanti tat ive information is avail-  

able on the  diffusion of gases in  reactor system 

containment materials, although t h i s  phenomenon is 

known t o  occur i n  high-temperatwe liquid-mtrlal- 

cooled systems. By use of ultra-high vacuum tech- 

niqucs and a mass spectrometer residual gas analyz- 

e r ,  diffusion ra tes  of 1 x 10-l1 t o  1 x 10*12 torr -  

liter/sec-cm2 (about 1 x 10-l4 t o  1 x 10'15 g/sec) 

equivalent nitrogen should be eas i ly  observable by 

means of a p e s s u r c  ehango i n  a f i ~ d  vn111m. 

B. Current Results 

The i n i t i a l  permeation experiment design i s  

shown sd~cmat ica l ly  i n  Fig. 3. The f i r s t  diffusing 

Fig. 3. Experimental arrangement f o r  gas permeation. 
The diffusing ce l l  contains the gas studied a t  a t -  
mospheric pressure. The gas permeating through the 
c e l l  is determined by the Yhruum pFt8asure. m18 VRT 

i d l o  aonducltsmce rnntrnls the pumping speed of the 
system i n  order t o  keep the pressures within the 
rmgo of the gauge. The calibrating gas introduc- 
t ion  system correlates pressure changes with flow. 

c e l l  used w i l l  be a Type 304 s t a in le s s  sLeel tube 

with two-mil wall i n  the form of a coi l .  Permeation 

ra tes  are determined by the steady s t a t e  flow ob- 

tained thr6ugh the meLal. The tub0 w i l l  be baked 

i n  ultra-high vacvilm hafore the gas of in t e res t  is 

introduced. The time t o  steady s t a t e  is proport- 

t ional  t o  the square of the wall thickness. A two- 

m i l  wall iron tube a t  400°C with an atmosphere of 

nitrogen pressure on one s ide  would take over a 
week t o  reach steady s t a t e  fluw. Two-mil wallad 

tubes are  believed t o  be the thinnest which can be 

obtained i n  s t a in le s s  s t e e l  with a wall variat ion 

within * 10%. 

A m a s s  spectromctcr w i l l  be usad fo r  the pres- 

sure measurement f o r  unambiguous resul ts .  13 

Thermal desorption spectra,  obtained by re- 

sistance heating of the  tubing, should reveal the 



mechanism of  gas adso rp t ion  and deso rp t ion .  

The mass spec t romete r  w i l l  be cont inuously  c a l -  

i b r a t e d  by p e r i o d i c a l l y  in t roduc ing  a known flow 

( l eak )  of  t he  gas o f  i n t e r e s t .  C a l i b r a t e d  l eaks  of  

many gases  have r e c e n t l y  become commercially a v a i l -  

a b l e .  These l eaks  w i l l  g r e a t l y  s i m p l i f y  t h e  method 

of c a l i b r a t i o n .  

The i n i t i a l  permeation experiment was des igned 

t o  determine a wide range of gas d i f f u s i o n  and pe r -  

meation r a t e s  a t  va r ious  temperatures .  Subsequent 

exper iments  w i l l  a l low v a r i a t i o n  o f  t h e  d i f f u s i n g  

c e l l  geometry, t h e  type  o f  meta l ,  and t h e  wal l  

t h i c k n e s s .  

XI. COVER GAS ANALYSIS 
(C. R .  Winkelman, J .  P. Brainard)  

A.  General 

Cover gas ana lyze r s  f o r  h igh- temperature  so -  

dium-cooled r e a c t o r s  must be capable  o f  d e t e c t i n g  

i m p u r i t i e s  such a s  n i t r o g e n ,  oxygen, hydrogen, c a r -  

bon d iox ide ,  and methane i n  t h e  cover gas wi th  a 

s e n s i t i v i t y  adequate t o  measure t h e s e  i m p u r i t i e s  

from t h e  par t -per-mil l ior i  range t o  t h e  p e r  cen t  

range.  The ana lyses  should  be  a c c u r a t e  t o  a t  l e a s t  

5% and r ep roduc ib le  t o  about 1%. High-temperature 

o n - l i n e  ope ra t ion  would be necessary  t o  p reven t  ad- 

s o r p t i o n  o f  sodium compounds and f i s s i o n  p roduc t s  

on t h e  wa l l s  of  t h e  appa ra tus .  

A p ro to type  a n a l y s i s  system has  been c o n s t r u c t -  

ed wi th  which t o  i n v e s t i g a t e  t h e  s p e c i a l  needs o f  

500'-600°C cover  gas a n a l y s i s  appa ra tus .  The pro-  

to type  inc ludes  a wide-range bakeable  quadrupole 

mass f i l t e r  r e s i d u a l  gas ana lyze r .  Design t ech -  . . 
niques  used i n  t h e  p ro to type  a r e  r e p r e s e n t a t i v e  01 

those  r equ i red  f o r  a 5 0 0 ~ - 6 0 0 ~ ~  system. 

B .  Current  Resu l t s  

Library  r e sea rch  on mass spec t romete r s  ope ra t -  

i n g  a t  e l eva ted  temperature  h a s  provided possible 

methods o f  compensating f o r  temperature  e f f e c t s  i n  

t h e  gas a n a l y s i s .  14'15 J l6 The changes i n  measure- 

ment s e n s i t i v i t y  with temperature  can be c o r r e c t e d  

hy  sing an ine r t .  gas o f  known concentrati .on as a 

r e f e r e n c e  i n  t h e  gas sample.  Since  t h e  i o n i z a t i o n  

c ross  s e c t i o n  of the  i ~ l r r t  'gas is  l iear ly  indepen- 

dent  o f  temperature  up t o  100O0C, any change i n  i t s  

mass peak he igh t  must b e  due t o  temperature-depen- 

dent  changes i n  ins t rument  s e n s i t i v i t y .  The sum o f  

t h e  mass spect rum o f  a gas wi th  f i x e d  c o n c e n t r a t i o n  

i s  cons,t=nt w i th  tempFrature i f  normalized by t h e  

i n e r t  . r e fe rence  gas .  This  method n o t  only -removes . . 
s e n s i t i v i t y  v a r i a t i o n s ,  b u t  a l s o  compensates f o r  

14 
c rack ing  p a t t e r n  v a r i a t i o n s  with temperature .  . . 
I t  i s  i d e a l  f o r  ' i n e r t  cover  gas:  a n a l y s i s ,  s!,nce t h e  

i n e r t - g a s  r e f e r e n c e  is a l r eady  . p r e s e n t .  

A dynamic gas mixing system r e c e n t l y  r e c e i v e d  

a l lows us t o  change: t h e  dosing r a t e s  and thus  t h e  

impuri ty  l e v e l  o f '  a c a r r i e r  gas by d i a l i n g  a knob. 

The systeni i s  capable  of  mixing two ' impuri ty  gases  

i n  a c a r r i e r  gas '  from ppb t o  p e r  c e n t  l e j e l s  i n  10% 

i n t e r v a l s  w i t h i n  decade s t e p s ;  Manifolds were de- 

s igned  and p a r t i a l l y  b u i l t . f o r  an i n i t i a l  gas mix- 

t u r e  o f  n i t r o g e n  with hel ium impur i ty ,  and a des ign  

t o  i n t e r f a c e  t h i s  i n s t rumen t  wi th  t h e  cove r .gas  

ana lyze r  was completed. With t h e  gas mixing sys tem,  

we can i n v e s t i g a t e  t h e  fo l lowing  c h a r a c t e r i s t i c s  o f  

t h e  cover gas a n a l y z e r :  

1.' L i n e a r i t y  .of a n a l y s i s  wi th  impuri ty  l e v e l  

and c a r r i e r  g a s ,  

2.  , Minimum de rec , t ab le  contaminat ion,  and 

3. Temperature e f f e c t s  on t h e  mass spectrum. 

The dynamic gas mixing system has  d i s c l o s e d  

n o n l i n e a r i t i e s  i n  t h e  , a n a l y s i s  o f  gas contaminants 

below 500 ppm; E lu t ion  i s  be l i eved  t o  be  t h e  

s o u r c e  o f ,  t h e s e  n o n l i n e a r i t i e s ;  1.e:; gas adsorbed 

on t h e  a n a l y z e r  w a l l s  i s  m e ~ h a n i c a l l y ' b u m ~ e d  o f f  

when t h e  gas s a m p 1 e . i ~  in t roduced .  A new i n t r o -  

duc t ion  system has  been des igned and cons t ruc ted  

which w i l l  minimize e l u t i o n  e f f e c t i  and w i l l  make .. . 

high temperature  sampling p o s s i b l e .  
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PROJECT 807 

CERAMIC PLUTONIUM FUEL MATERIALS 

Person in Charge: R. D. Baker 

Principal Investigator: J. A. Leary 

I. INTRODUCTION Carbide pellets of Uo. 8Pq,. ,+ were synthesized 

The principal goals of this project a r e  to prepare for electromotiJe force measurements. Pellets of 

pure, well characterized plutonium fuel materials,  and PuCo. 847, PuCO. 99Z, h C 1 .  ZZ8, and mi. 343 were prepared 

to determine their high temperature properties. Pro- for use in  the m a s s  spectrometer vapor pressure stuclies. 

perties of interest a r e  (1) thermal stability, (2) thermal Pellets of PuCo. 86 were also prepared for differential 

expansion, (3) thermal conductivity, (4) phase relation- thermal analysis. In addition to preparation madk 'for 

ships by differential thermal analysis, (5) structure and properties measurements approximately 20 g of 

phase relationships by x-ray diffraction, high tempera- Uo. ,Pu0. zC carbide powder was synthesized for devel- ' 

ture  x-ray diffractinn, neutron diffraction and high-tem- opment of analytical chemistry procedures. 

perature neutron diffraction, (6) density, (7) hardness 

and i t s  temperature dependcncc nnd,(8) compatibility 

including electron microprobe analysis. 
' In addition to phase equilibria and general proper- 

ties, specific thermodynamic properties such a s  f ree  

energy of formation by vaporization equilibria in  the 
0 

1000-2000 C temperature range with mass  spectrometer 

identification of vapor species, f r e e  energy of forma.tion 
0 

by electromotive force measurement in the 450-1200 C 

temperature range, and heat capacity and heat of tran- 

sition are being determined. 

11. SYNTHESIS AND FABRICATION . 
(M. W. Shupe, R. L. Nance, W. M. Jones) 

1. Carbides and Nitrides 

Approximately 1 cm diam 'pellets of single phase 

PUN were prepared for  pse ' in  electromotive force and 

vapor pressure measurements. The pellets were pres- 

sed and sintered to 92 percent of theoretical densiw in 

2. Hydrogen Reduction of (U, Pu),Cd(U, Pu)C2 
- .  to (U, Pu)C , . 

Conditions for eliminating the presence'of higher 

carbides from Uo. zC microstructures have now been 

defined. The carbide powder containing a..slight excess  

of carbon is reduced to -325 o r  -230 mesh seive s ize,  
0 

then treated with flowing Hi gas  a t  850 C. With an 

exposed powder planar a rea  of 49 cm2, a treatment 

time of 0.6 h/g powder produces a powder that can be . 

formed into pure monocarbide pelIets. Chemical analy- 

sis of powders and pellets a r e  shown .in the synthesis and 

fabrication section of Project 808. 

Stainless steel valves to contain (U, Pu)C samples . 

for transport and attachment to oxygen vacuum fusion 

analysis apparatus were designed and put into operation. 

Table 807-1 gives the oxygen content of material a t  suc- 

cessive stages in the preparation of pellets for the single 

se t  of such measurements for  which the valves have 

Ar. been used. Although there still  is a considerable scat ter  



Table 807-1 

Oxygen Content of Uo. puO. 

(in g 0 per 10' g metal) 

Raw Ingot Annealed Ingot Powder Pellet 1 ' Pellet 2 

15, 10, 15 5, 155, 5 170, 250, 210 180. 210. 45 100, 180 , 

15, 15. 10 10, 10, 10 , 190, 220. 1 8 0 ~ ~  

Notes: - 
(1) Each analysis i s  a cut from a single sample 
(2) This cut analyzed after standing 24 h In sampling valve 

t o  the data, the monocarbide pellets probably contain 

l e s s  than 200 ppm oxygen. 

111. PROPERTIES 

1. Differential Thermal Analysis 
(J. G. Reavis) 

Additional DTA observations have been made of the 

Pu-C system, particularly of the melting of single phase 

monocarbide. Development of DTA techniques f o r  the 

determination of heats  of fusion is also continuing: 

Melting of PuC: DTA observations of two lots of PuC 

(PuCO. 86 and PuC,,. 81) have consistently shown thermal 
0 .  

a r r e s t s  a t  1605 * 10 C accompanied by progressive 

liquid formation a t  higher temperatures. Easily detect- 
0 

able amounts of liq&d were present a t  1625 but the 

pellets did not slump completely until the range 1650- 

1660' was reached. These temperatures  a r e  to  be 
0 

compared with the literature value'" of 1654 reported 

as' the melting point of PuC, and a r e  consistent with the 

hypothesis of decomposition of PuCO. 86 t o  produce a 

liquid phase and solid Pu2C3 which dissolves in the li- 
6 

quid a t  higher temperatures, the solubility a t  1660 

being sufficiently g rea t  to  give the material the appear- 

ance of complete liquefaction. 

Heat of Fusion of . U09-Pu02: .. . . . - . - Samples of Zr02 ,  U02 and 

U02-20% Pu02  have been cycled through their respective 

melting points a s  many a s  8 t imes with no significant 

mechanical deformation o r  chemical attack of the sealed 

W containers. However, W concentrations in the resi- 

dues werc in  thc rangc 0.5-1.0%. 

To  evaluate the change in calculated heats of fusion 

produced by variation of the amount of oxide sealed in 

the capsules, a second capsule of ZrOz containing 22'?/0 

l e s s  oxide than the f i r s t  was prepared. The s ize of the 

thermal  a r r e s t  produced by the second sample was 35% 

l e s s  than that produced by the f i rs t ,  thus introducing 

an uncertainty of about 17% in heats of fusion determined 

by use of ZrOz a s  a reference material. This  uncertain- 

ty will be avoided in the future by use of capsules filled 

with the same number of g ram formula weights of ref- 

erence material a s  a r e  contained in the capsules of 

u0,-20% mo2. 
Even though the relative magnitudes of the thermal 

a r r e s t s  were changed by changing amounts of ZrOz in 

the capsules, the observed melting point did not change 

(2700 * 20'~). The observed melting point of UOz in a 
0 sealed capsule was 2850 * 20 C. 

2. X-Ray Powder Diffraction 
(C. W; Bjorklund, R. M. Douglass, J. L. Green) 

Ad111 ~ I I J I I I I , ~  l lnit~ have been obtaiaea,~~ h c :  ~ t u d y  of 

self-irradiation damage in p1utnnin.m compounds a s  a 

funation of tirnc, temperalure luld duse. The laetlces of 

Pu02, PuN and Pu2C3'of normal isotopic composition 
. . 

continue to  expand, but a t  a slower rate ,  after 1680 d, 

1533 d, and 977 d, respootively. The present values d 

the lattice dimensions a r e  within 92, 98 and 69%, respec- 

tively, of the saturation values prediced by the equation 

where at  is the measured lattice dimension a t  t ime t ,  

and Pi , P2 and a, a r e  parameters  evaluated by a, least 

squares computer technique. a. is the calculated value 

of the lattice dimensinn at. t,ime 0, and P, is the total 

tiphlSiu11 a1 saLuraL10n. It WBS noted in the preceding 

quarterly report  that the lattice of the plutonium com- 

pounds enriched with 2 3 8 ~ u  have all  expanded to saturation 

values. No further increases have been observed. It  

wno also noted tllai laill1 rel'iectiu~ls had been detected on 

I i h s  of onriohod PuC,, in  pooitiano ecrrrespaii&llg lu 

those d Pu2C3. These reflections continue to be ob- 

served with no detectable increase in inteusily. The 

slow decrease observed for the measured value of the 

PuC lattice dimension is also continuing. 

The lattice expalsimls of samples of enriched PuO, 
0 0  0 0 

stored a t  -198 , 25 , 100 , 200 and 4 0 0 ' ~  have also 

been measured a s  a function of time. An empirical 

equation relating radiation damage (measured by change 

in lattice dimension) to time which included a temperature 



annealing term and which was applicable to PuOz over 

the . temperature . range 25 to 4 0 0 ' ~  was reported during 

the preceding quarter. This equation 

was obtained from Eq. 1 when i t  was found that although 

PI and % were probably exponential functions of 1/T, 

plots of Pi and Pz  were essentially linear over the 
0 

range 100 to 400 C and deviated only slightly from lin- 
0 

earity at  25 C. Accordingly, the equations 

" Pi = Al,$ + A2 (3) 

and 

P2 = A3/T + A4 (4) 

were substitutcd in Eq. 1 to give Eq. 2. A more ra-  

tional expression has now been derived to extend the 

temperature range to include the data obtained for 
0 

PuOz stored at -198 C, which i t  was impossible to  fit 

with Eq. 2, ns well a s  to provide a more accurate fil  

to date obtained over the res t  of the temperature range. 

' This equation i s  related to Eq. 1 which, in turn, can 

be derived from the differential equation 

where Bz i s  a race constant, N is the number of un- 

damaged atoms at  time t and temperature T, and @ 

i s  the corresponding number of atoms damaged by 

self-irradiation of the sample. Integration a t  constant 

temperature pruvides an expression for the fraction 

@/No of "damagedv atoms at  time t, The assumption 

that the fractional change in the lattice dimensi0n.i~ 
' 

proportional to @/No then lends to Eq. 1. correspon- 

dingly, if an annealing term 

is introduced into Eq. 6, then 

where C(T) may be any appropriate function of T. Eq. 5 

was derived by integration of Eq. 8 and again assuming 

that the fractional change in lattice dimension Aa/ao was 

. proportional to @/No. Because most descriptions of 

annealing a r e  generally formulated using equations 

similar to those of chemical kinetics, the function C(T; 

was taken a s  

where A E represents an average annealing activation 

energy, and k is ,the Boltzman, constant. In Eq. 5 A E/k 

was defined a s  B4. B1 i s  a proportionality constant re-  

lating Aa/ao to @/No, and a, i s  the lattice dimension at 

time 0. The particular form of Eq. 5 which treats at 

rather than A a/a a s  the independent variable was chosen 

to avoid the necessity of punching new data decks for the 

least squares computer program. 

A pew subroutine was written for the HAP computer 

program, and the parameters Bi through Bd and a. were 

successfully evaluated using the combined data for PuOz 
0 0 0 

stored at  -198 , 25 , loo0, 2 0 0 ~  and 400 C. Very good 

agreement was obtained between experimental data and 

the curves calculated at  each temperature by means of 

Eq. 5. The values of the parameters and their. esti- 

mated standard deviations (in parentheses) were: 

Bl = 3.678 X (0.5 X .- 
Bz = 1.136 X lor2 (0.3 x 10: 2) 

B3 = 4.468 x (6. x 

~ ~ = 1 . 4 7 4 ~ 1 0 ~  ( 0 . 9 ~ 1 1 1 ~ )  

a, = 5.3930 (0.001) 
. .  . 

The value of a, was approximately 0,002 lower than 
, . 
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expected, causing the greatest  deviation between calcu- 

lated and experimental resul ts  to occur over the 0-18 d , 

interval,  where the slopes of the  curves were steepest. 

A E  
A E  was calculated from B4 (= 7) to be approximately 

0.1 electron volt, which seems to be  consistent with the 

meager  data available in  the Literature. Although these 

resu l t s  now tend to justify the validity of the data ob- 
0 

tained f o r  PuOz stored at  -198 C, the question a s  to  

whether some annealing still  occurs  during the interval 

required to  warm the samples to  room temperature for 

x-ray exposure still remains to  be resolved. 

3. High Temperature X-Ray Diffraction 
(J. L. Green) 

Development work is continuing on the high temper- 

a ture furnace for the x-ray diffractomster. Mechanically 

the system appears  to be acceptable. However, studies 

using N ~ C '  samples indicate 'that relatively small  but 
0 

observable amounts of oxidation occur a t  1800 C. Lat- 

tice parameter  changes a s  a function of the time a t  tem- 

perature indicate that two separate phases in  stoichio- 

metry change occur. During the initial period of the 

heating cycles (1/2 - 1 h), a relatively large decrease in 

the apparent C/Nb rat io  occurs. This is interpreted a s  

being due to the elimination of oxygen and nitrogen sorbed 

by the sample pr ior  to  heating in the furnace, i. a. , 
the preparation and loading of the sample. An iner t  

atmosphere enclosure is presently being assembled which 

will allow preparation and loading operations to be car- 

r ied out without exposing the samples to  air. The second 

phase i s  a small,  continuous decrease in the apparent 

C/Nb rat io  a s  a function of time.  his is felt  to  be due 

to continuous sources of oxygen o r  water.vapor in  the 

furnace system. Work is presently being done to eliml- 

nate the continuous sdurces. 

4. ~ h e r m o d y n a m i c  Propert ies  of Plutonium Compounds 
by Elecl~.oi~i"Uve Force Techniqueo 
(G. M. Campbell) 

Nitrides: The galvanostatic technique mentioned in the 

previous report  was used to extend the temperature 

range of the Pu v s  PUN emf measurements s o  that the 

data now ranges between 714 and 1032'~. After cor- 

recting the data to  1 atm N2 pressure  and subtracting the 

0.6 I I I I I I I I I 
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TEMPERATURE ( O K )  

Fig. 807-1 Plot of E M F  Temperature for the . 
Cell ~ u ( s ,  A)/Pu+', KC1-LiCl/PuN(s), Nz(g) 

T a  v s  W thermal emf'the galvanic emf for  the cell 
. . 

is given a s  

E = 7.62768 - 2.22111 X ~ o - ~ T  +2.404858.x T' 

-8.7277 x lo-' T' (* 0.003) volts (1) 

0 
where T i s  in K. The data a r e  plotted in  Fig. 807-1. 

The resul ts  of previous experiments by an indirect 

method") gave 0.8745 (* 0.005) volts for  the emf a t  
0 

700 K. From h e  present experiments the emf a t  this 

temperature is 0.8701 (k 0.003) volts, which is in good 

agreement. 

The Pu phase change involving the most energy in  
0 

this t ~ m p e r a t u r e  range is that of ~ o l i d  lirl~lid at. 913 K ,  

Since this involves only about 1 eu, no change in the 

slope of the T v s  emf plot i s  detectable. In the region of 
0 

E.Pu (749-913 K), a leas1 s q u a t s  analysis of the data 

yivco 

E = I.. 15.12 - 4.605 x ld4 T (* 0.0016) volts . (2) 

Ahnve the melting point of Pu (913'~) the least squares 

linc from thc two ccllo io, as shown in Fig. 807-2: 

E = 1.0480 - 3.147 x l f 4  T (* 0.0025) volts . (3) 

The decrease in emf with increasing temperature below 

the meltlng point of Pu is larger  than clu~ be acculuiled 

for by consideration of the known thermodynamic prop- 

e r t i es  of the constituents. It seems likely that in the 

lower temperature range the emf includes a component 
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Fig. 807-'2 Plot of EMF vs Temperature for the Cell 
P U ( A ) / P U + ~ ,  C C ~ - K C ~ / P ~ N ( ~ ) ,  Nz(g) 
' 

A = Data points from Cell No. 1 
= Data points from Cell No. 2 

that i s  not related to the f ree  energy change in the Pu-N2 

reaction. Using the data above the melting point of Pu 

- AGO = 72.5 - 0.0218 T/kcal/mole 
T (4) 

for  the reaction 

Pu(4) + 1/2 Nz(g) 'PuN(S) . (5) 

By combustion calorimetry ~ a p a ~ e ' ~ )  found 
0 

-A H = 70.2 * 1.5 kcal/mole a t  298 K for reaction (5). 

Using the UN data of Godfrey, (4) the U data of Hultgren, (4) 

the PU d i t a  of ~ a i ~ d ( ~ ) '  and the relation 
' 

Cp(PuN) = Cp(UN) - Cp(U) + Cp(Pu), i t  can be shown 

that (Hi,,,- HZ98) PUN = 8.5887 kcal/mole and 

(Slooo~ - SZg8) PUN = 14.57 eu; This gives -A Hi,,, =72.35, 

, which is in excellent agreement with the intercept of . . 
0 

Eq. (4). Eq. (4) then- leads to  = 70.3 - 0. 0179 T 

kcal/mble and (PUN) = 18.2 eu. This compares with 

(UN) = 14.97 eu. If the condition that 
0 0 0 0 

Szs8 (PUN) - Szg8 (Pu) ='S2g8 (UN) - SZg8 (U) is used, 
0 

52098 (PLIN) = 16.17 eu and from the emf data -eg8 = 71.9 

kcal/n~ole. A separate  report has  been written concern- 

ing this system. 

Carbides: Three cel ls  of the type 

P U ( A ) / P U ' ~ ,  LiC1-KC1/(Uo. 8Pu0. Z)zC3 + excess C 

were monitored during the period. The galvanostatic 

technique was used to supplement the liquid Pu electrode 

s o  that any ' transfer of U to the Pu electrode could be 

detected. None of these cells reached a satisfactory . ' 

equilibrium, however, A cell of the type . 

PuRu, + ~ u / P u + ~ ,  LiC1-KC1/(Uo. 8Pq,. Z)2C3 + excess C 

is currently being monitored and seems  to be giving 

satisfactory results. The galvanostatic technique of 

potential determination is being used t o  supplement the 

puRuz + Ru electrode a s  a reference. It  should be pos- 

sible to  determine in the next few weeks whether this 
I 

solid solution system can be studiedsuccessfully by 

these electrochemical techniques. 

5. Thermodynamic Properties from Vaporization , 
Studies (R. .A. Kent) 

'I'he m a s s  spectrometric investigation of the system 

Pu-N has been completed. Over the temperature range 

1658-1976'~ solid PUN vaporizes according to the 

reaction 

PuN(s) = Pu(g) + 0.5 Nz(g) (1) " 

,with the partial pressure of Pu(g) given by the equation . 

-21 953 f 98 
log,, P(ntm) = (6.436 * 0.055) sTOK , . . (2) 

The heat of the decomposition reaction is 

AH& = 156.1 f 2.5 kcal. mole-', from which one 

calculates the standard heat of formation of PuN(s) to be 
0  AH^^^^ = -73.1 * 2.6 kcal. mole-'. 

The resul ts  of the FWI study together with those of 

previous studies of the vaporization of plutonium and gold 

will be presented in LASL Report LA-3902, which is in 

press. 

6.. High Temperature Calorimetry (A. E. Ogard, 
G. Melton) 

The high temperature heat contents and heat capac- 

ities of U,. 8 P ~ 0 .  202. 00 and Uo. iPuo. 201. 98 a r e  beingdeter- 

mined a s  part of a cooperative program with GE-Sunny- 

vale. In addition, these properties a r e  being deter- 

mined for U02 and a-A1203. To date the measurements 
0 

have been completed up to-2400 K in a drop calorimeter 

that was not enclosed in a glovebox. At thesc high ' 

temperatures, grain growth i s  extensive in  the welds of 

the W capsules used to contain the oxides. Thcrefore ' 

the calorimeter has  been relocated in a plutonium . 
handling cnclosure, aid the calorimeter is being recali- 

brated. 



An additional high temperature furnace with a Wmesh 

heating element has been fabricated for  use with the 

calor imeter .  This  furnace has been operated up to 

2 8 0 0 ' ~  in  vacuum. 

IV. ANALYTICAL CHEMISTRY 

1. Determination of Uranium and Plutonium in Mixed 
Carbides and Oxides (G. B. Nelson, K. S. Berg- 
s t r e s s e r ,  and G. R. Waterbury) 

A new transistorized controlled-potential coulometer 

developed a t  LRL was applied t o  the determination of U 

and Pu. When solutions of the pure metals  were used a s  

sa.mgle material,  the method showed no bias for  either . 

elemept, but when (IT, Pu)C ingots were used a s  sul lple  

mater ial  the method was unbiased with respect  lo Pi1 

. but resu l t s  fo r  U were approximately 0.2 percent higher 

Ulall thaoo obtnind hy pntentiomett'lc tl trallu~l.  Thio 

investigation is being continued. Relative standard 

deviations of the method were 0.03 and 0.1 percent re -  

spectively for  the J?u iJ. 

2. Determination of Oxygen in (U, Pu)02 
(C. S. MacDougall, M. E. Smith, and D. E. Vance) 

Three methods a r e  being investigated in which O2 

is liberated a s  CO and COz by inert-gas-fusion a1 

2 . 0 0 0 ~ ~  from an oxide fuel-C pellet and theu n ~ e a s u r e d  

ei ther  gravimetrically, gas  chromatographically, o r  by 

microwave discharge spectrometry. 

Various parameters  in the g a s  chromatographic 

finish were investigated to obtain optimum operating 

conditions. . Good peak separations were obtained with 

a 12-ft column of activated charcoal, but a l l  grades of 

charcoal tried introduced organic contallinants which 

made this column unsatisfactory. A 24-ft silica gel 

column is now being tested with Xe a s  the internal 

standard. 

Previous measuremen1 of Ulc CO and C02 by micro- 

wave discharge spectrometry showed h a t  the rclntivo 

standard deviation of this method was 1.3 percent. 

Conditions to stabilize the g a s  flow through the spec- 

t rometer  cell, integration of the peak a r e a s  using a 

new electronic integrator, and the use of homogeaeous 

U3O8 samples a r e  being investigated in an attempt to 

improve the precision. 

Repeated analyses of a high-purity Thoz and U3O8s 

using an automatic temperature programmer, showed 

that the inert-gas-fusion method was not biased and the 

relative standard deviatiou was 0.1 pcrcent. The 8.p' 

paratus was installed in  a glovebox suitable for  analyses 

of (U, Pu)Oz mater ials  and the work will be continued. 

3. Determination of O/M Ratios in  (U, Pu)Oz 
(J. W. Dahlby and G. R. Waterbury) 

A gravimetric method reported by Lyon (GEAP Rpt. 

4271, 1963) produced high O/M ratios (between 2.006 

and 2.008) for U02 when this material was oxidized in a i r  

in  the recommended manner and then reduced in He-Hz 

a s  the sample was heated fro111 1~00n1 temperature to 
0 

950 C. Experiments perfonllt?i usirk n thormobalsnrp- 

showed that introduction of ,the reducing g a s  mixture 
0 

while the sample was al. 950 C praduood UQt .  wit.h a. 

standard deviation of 0.001. Under these same condi- 
. . 

tions, mixtures containing 4 grams  of U and 1 gram of 

Mi produced u d d e s  having low O,/M ratios, 1.991 19 

1.998. The reasons for  these low resul ts  a r e  being 

investigated by determining conditions that produce 

stoichiomctric PuOz from P u  metal. 

4. Electron Microprobe Examinations of (U, Pu)C, 
Pu,C2 and U,Pu)02(E. A. Hakkiln and H. L. Barker) 

Approximately thirty samples of ( U ,  Pu)C from 

various experiments were examined to identify precipi- 

tates, inclusions, and phases, and to determine homo- 

geneity. In most specimens the matr ices  were holr~o- ' 

geneous with respect ot U, Pu, and C distributions on a 

macroscale although a few were heterogeneous on a 

microscale. Prec lp ik les  and incluoions generally were 

enriched in Pu, depleted i n  U and C, and contained Si 

and often Fe,  Some also contained W, a few contained 

Cu, and one was Pu alone. White phases were enriched 

in U and depleted in Pu, and low density pha.ses were 

enriched in PU, depleted in U aid 0, and contained C1.r. 

Fe, Ni, and Si. A white phase in a Pu2C3 specimen 

contained l e s s  C than the matrix. Tlle diffusion zone of 

a UC-PuC diffusion couple was found to be approximately 

200-pwide. The C content in  this zone was low a s  

compared t o  either carbide. Grain boundary diffusion 

of Pu into the UC was observed. White particles in a 



(U, Pu)Oz matrix were identified a s  W containing some Fe 

but no U, Pu, Ta, o r  Si. 

5. Miscellaneous Analytical Services (N. I.;. Koski, 
G. B. Nelson, M. E. Smith, L. E. Thorn, and 
W. W. Wilson) 

Approximately forty samples of (U, Pu)C materials 

from various preparatory operations and experiments 

were analyzed for U, Pu, C, N, and/or H by controlled- 

potential coulometric, combustion, and Kjeldahl methods. 

Uranium concentrations ranged between 72.8 and 76.3 

percent, Pu between 18.3 and 19.85 percent, C between 

3.98 and 7.58 percent, N generally between 65 and 840 

pprn with a few samples containing between 0.37 and 0.49 

percent, and H between 10 and 70 ppm. For eighty-three 

measurements of oxygen in these materials by an inert 

gas''fu~ion method, most of the values were between 

5 pprn A d  0. I%, but three were n e i r  the 1 level. 

Four (u,  PU)C samples were prepared for mass  spe'c- . . . .. 
trometric measurement of isotopic  composition,^. In ten 

PuN samples analyzed, the .Pu concentrations ranged 

between 90.1 and 93.8 percent, N between 4.8 and 5.4 

percent, and O2 between 150 pprn and 0.13%. The Pu 

concentrations found in three PuC samples were in the 

range from 94.5 to  94.9 percent, C ranged between 4.18 

and 4.24 percent, O2 between 240 pprn and 0.19 percent, 

and N was 130 ppm. 
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PROJECT 808 

COMPATIBILITY OF SODIUM-BONDED (U,Pu)C AND (U,Pu)N FUELS WITH CLADDING MATERIALS 

Person i n  Charge: D. B.  Ha l l  
P r i n c i p a l  I n v e s t i g a t o r s :  R .  H .  Pe rk ins  

J .  A .  Leary 

Tho us? nf qnrliilm f o r  h e a t  t r a n s f e r  between t h e  

f u e l  p e l l e t s  and t h e  c ladding i s  d e s i r a b l e  t o  lower 

t h e  s u r f a c e  t empera tu re  of  t h e  p e l l e t s  and t o  pe r -  

m i t  s u b s t a n t i a l  t o l e r a n c e s  i n  t h e  dimensions o f  t h e  

p e l l e t s  and t h e  c l a d s .  The o b j e c t i v e s  o f  t h i s  pro-  

gram a r e  t o  s t u d y  and unders tand t h e  i n t e r a c t i o n s  

, o f  (U,Pu)C and (U,Pu)N with sodium and p o t e n t i a l  

c l a d d i n g  m a t e r i a l s  and, i f  necessa ry ,  t o  modify t h e  

p r o p e r t i e s  o f  t h e s e  components t o  ach ieve  a  s a t i s -  

f a c t o r y  sodium-bonded f u e l  element f o r  a  LMFBR. 

Emphasis is  t o  be  p l aced  on t h e  s t u d i e s  o f  sodium- 

bonded c a r b i d e s  i n  Type 316 s t a i n l e s s  s t e e l .  

The assembly o f  equipment and t h e  development 

~f procedures  i s  con t inu ing .  In  a d d j t i o n ,  however, 

l i t e r a t u r e  su rveys  were completed on t h e  compati-  
1  b i l i t y  o f  (U,Pu)C f u e l  and (U,Pu)N f;el,' r e spec -  

t i v e l y .  The d a t a  on t h e  c a r b i d e  f u e l  i n v a r i a b l y  

emphasize t h e  d i f f i c u l t y  i n  o b t a i n i n g  s ing le -phase ,  

s t o i c h i o m e t r i c  monocarbide, and s e v e r a l  r e p o r t s  

document t h e  u n s u i t a b i l i t y  o f  t h e  hypostoichiomet-  

r i c  f o r m . o r  t h a t  con ta in ing  d i c a r b i d e .  The n i t r i d e  

f u e l  i s  comparat ively  easy' ro p r e p a r e  i n  a pure 

fnrm t h a t . i s  compat ib le  wi th  s t a i n l e s s  s t e e l .  Con- 

s i d e r a h l e  remains t o  be done wi th  bo th  f u e l s  wi th  

r e s p e c t  to c o m p a t i b i l i t y  i n -  and o u t - o f - p i l e ,  and 

r e g a r d i n e  t h e  t echn iques  o f  p r e p a r a t i o n ,  hand l ing ,  

me ta l log raphy ,  and a n a l y s i s .  

The e f f e c t  o f  d i f f e r e n t  p o s t - t e s t  procedures  

f o r  removing bond sodium on t h e  pore  d i s t r i b u t i o n  

and s i z e  "was s t u d i e d  a s  t h e  i n i t i a l  sLap i n  p re -  

and p o s t i r r a d i a t i o n  examination o f  c a r b i d e  f u e l s .  3  

The s t r u c t u r e  o f  s i n t e r e d  (U,Pu)C was s t u d i e d  by 

meta l lography a f t e r  removing t h e  sodium bond by d i s -  

s o l u t i o n  and d i s t i l l a t i o n .  The p o r o s i t y  a f t e r  so-  

di.i.~m r om oval 1.125 rnrnparerl ,ti) iinhonded I t ~ ~ - g t . ~ e i u c c l ' '  

p e l l e t s .  The d a t a  show t h a t  a  low temper;rture d i s -  

t i l l a t i o n  technique i s  t h e  p r e f e r r e d  method f o r  r e -  

rr~uvli~g sucliiiiii from gsdium bonded f u e l  c a p k ? ~ l e s .  

C a r h ~ l r i z a t i o n  of s t a i n l e s s  s t e e l  c l a d  through 

sodium has  r ece ived  some a t t e n t i o n  i n  t h i s  l abora -  

~ u r y ~  ulcl warrants f u r t h o r  s tudy  r e l a t i v e  t o  +he 

c o m p a t i b i l i t y  o f  (U,Pu)C. In  a d d i t i o n  t o  i n t e g r a l  

t e s t s  o f  c o m p a t i b i l i t y  i n -  and o u t - o f - p i l e ,  more 

s p e c i a l i z e d  s t u d i e s  o f  t h e  fo l lowing  n a t u r e  should  

a l s u  b e  pursued:  

1. The e f f e c t s  o f  vcn t ing  f u e l  capsu le s  t o  

rhu S O ~ ~ W I I  C U U ~ A ~ I ~ .  

2 .  Tl~c  effects o:C h igh  concentrations o f  fi.s, 

s i o n  products  i n  sodjirrn bonds on compati- 

b i l i t y .  

3 .  The y t u b i l i t y  o f  t h e  sodium honrl 1.1nder 

va r ious  s t r e s s e s .  

11. CARBIDE FUEL COMPATIBILI'IY STUDIES 
(F. R .  I , i t t nn ,  L .  A.  Geof f r ion ,  J. H .  Bender) 

The o b j e c t i v e s  o f  t h i s  program a r e  t o  s tudy  t h e  

i n t e r a c t i o n s  amnng s ing le -phase  mixed uranium-plu- 

tonium c a r b i d e ,  a  sodium bond, and' p o t e n t i a l  c l a d -  

d ing  ma . tn r i a l s ,  i . a . ,  t o  i n v e s t i g a t e  t h e  technology 

r e l a t e d  t o  sodium-bonded f u e l  e l emen t s .  There a r e  

two approaches t o  t h e  exper imenta l  work. One ap- 

proach i s  t o  determine t h e  r e a c t i o n s  occur r ing  be-  

tween (Un, RPun - 2 )  C and potent ia .1  c l add ing  m a t e r i a l s ,  

u s ing  Type 316 s t a i n l e s s  s t e e l  and a  h igh - s t r eng th  

vanadium-base a l l o y  (V-15Ti-7.5Cr) a s  t h e  f i r s t  and 



second choices of cladding material, respectively., 

A second concurrent s e t  of experiments is  t o  study 

the mechanism of carbon transport through sodium, 

the effect  of impurities such as oxygen, and the 

carburizing potential of sodium i n  mutual contact 

with carbides and the preferred cladding materials. 

Capsules containing sodium-bonded, single- 

phase (U,Pu)C w i l l  be tested i n  sodium loops a t  

750°C fo r  periods up t o  10,000 h. Primary emphasis 

w i l l  be placed on fundamental reactions occurring 

between (Uo.8Puo.Z)C and Type 316 s ta inless  s t e e l  

o r  vanadium alloy. High-purity, thoroughly charec- 

terized sodium w i l l  be used for  the studies. Fuels 

of known composition w i l l  be supplied using methods 

developed by the Ceramic Plutonium Fuel Materials 

(807) program a t  W L .  Most of the tes t ing rill be 

performed on stoichiometric (U,Pu)C fuel;  hypo- and 

hyperstoichiometric mixed carbides w i l l  a l so  be 

studied t o  determine the effect  of the M/C r a t io  of 

the fuel  on carbon transport by the sodium bond. 

Carbides containing known and controlled amounts of 

oxygen and nitrogen w i l l  be tested to  dotermine the 

effect  of these additives on the sodium bond and on * 

fuel-clad compatibility. The PuJU ra t io  i n  most 

mixed fuels w i l l  be maintained a t  0.2, but some ex- 

periments w i l l  be performed on stoichiometric and 

hyperstoichiometric UC t o  determine the effect  of 

plutonium addition on the behavior of the carbide 

fuel. 

B. Current Results 

1. Mechanism of Carbon Transfer 

Apparatus f o r  studying the mechanism of carbon 

transfer i n  the carbide-sodium-container system w a s  

assearbled and tested pr ior  t o  loading with 300 g 

sodium. The apparatus is shown on page 28, Report 

LA-3880-MS. Provision was made i n  the apparatus t o  

ge t t e r  the sodium with zirconium and t o  add carbon 

t o  the system by introducing a carbon-containiag 

gas in to  the purified helium cover gas. 

2. Compatibility of Clad with Sodium-Bonded Car- 
bide Fuel 

The tes t  capsules f o r  these compatibility 

studies were loaded i n  the Fuel Loading Facil i ty.  

Each Type 316 s ta inless  s t ee l  capsule 10.30-in. 

0.d. by 0.10-in. wall by 3-in. long) was loaded 

with three (U,Pu)C fuel pe l l e t s  (0.265-in. diam by 

0.25-in. long) and one length (0.24-in. diam by 

1-in. long) of extruded sodium rod. After the  

closure welds were made, the capsules were removed 

from the drybox, heated t o  600°C (1112°F) f o r  1 h 

and centrifuged while cooling t o  room temperature. 

They were reheated t o  300°C (572OF) and placed i n  

a magnetostrictive device fo r  1 h. The in tegr i ty  

of the bond was verified by inspection using x-ray, 

ultrasonic, and eddy-current techniques. 

Three capsules were tested i n  a forced-con- 

vection sodium loop operating a t  750°C for 1000 h. 

After the t e s t ,  the capsules were inverted a t  tem- 

perature in  an e f fo r t  t o  separate the bonding so- 

dium from the fuel .  Residual sodium was removed 

from the pe l l e t s  by vacuum d i s t i l l a t ion  a t  500°C. 

Analyses of the loop sodium during t e s t  and 

the bond sodium a f t e r  t e s t  are shown i n  Table I. 

Table I 

Analyses of Sodium Used i n  
750°C Compatibility Test 

Concentration, ppm 
Convection Bond 

Element Loop Sodium 

L i  , Be, Ag < 1 < 1 

Ba < 10 < 1 

Mgs V, Mi < 1 1 

C r ,  Co, N i ,  Sr ,  Mo 3 < 3 

k l ,  Si ,  Pb, B i ,  Ti < 3 < 5 

B < 3 < 8 

Cu 8 8 

Cd < 30 < 10 

Fe, Sn < 10 15 

Ca . 1  20 

K 15 * 
Zn <300 <300 

C - - 42 

P u .  - - 0.8 

u - - 6 

*Not reported. 

The concentrations of uranium, plutonium, and car- 

bon i n  the bond sodium indicate e i ther  solubi l i ty  

of these elements o r  particulate suspension during 

t e s t .  Further t e s t s  w i l l  be run a t  lower tempera- 

tures and with larger quanti t ies of bonding sodium 

t o  verify these results .  

Examination of the Type 316 s ta inless  s t e e l  

cladding by metallographic, electron microprobe, 

and microhardness techniques indicated that  no re- 

action had occurred between clad and fuel. A sample 



3 
of the cladding was prepared f o r  He activation 

analysis,  but t h i s  was not completed during this 

reporting period. 

The fuel  pe l l e t s  were primarily single-phase 

(U,Pu)C [Fig. 1) containing very minor quanti t ies 

Fin. 1. 'JYpical structure of essent ia l ly  single- 

a greater quantity of the metal phase. The struc- 

ture  of the Type 316 s ta inless  s t e e l  clad material 

je  c h m  i n  Mp. R and 4. There was no evidence 

Fig. 3. Structure of Type 316 s ta inless  s t e e l  cap- 
sule  indicating no carburization during t e s t  period. 
Etched, 300X. 

were made as near as practical  t o  the contact sur- 
Fig. 2. Typical structure a t  the sodium contact 
surface. Electro-etched, 300X. face and i n  the center of the tubing. Average 



values were 191 DPH a t  the  inside surface and 198 

DPH (100 g load) near the  center. 

The in t ens i t i e s  of the  carbon, chromium, iron,  

nickel ,  and molybdenum x-rays were measured a t  5 t o  

25 micron in tervals  from the inner t o  the outer 

surface of the capsule. No significant variat ion 

i n  in t ens i t i e s  as a function of location were ob- 

served f o r  any of the elements. The r e l a t ive  stand 

ard deviations f o r  measuring chromium, iron,  nickel 

and molybdenum intens i t ies  were 2.4, 0.9, 1.1, and 

13 per cent, respectively. 

3. Corrosion Study 

lhe behavior of selected cladding materials i n  

zirconium-gettered sodium is being investigated as 

a function of temperature. Groups of s i x  specimens 

each of V,  V-lOTi, V-ZOTi, V-40Ti, V-15Ti-7.5Cr, 

Type 304L and 316L s ta in less  s t e e l ,  Nb-lZr, and 

Nb-1OW were immersed i n  a forced-convection sodium 

loop a t  650°C f o r  1000 h. (Specimen analyses and 

reports of e a r l i e r  t e s t s  are given in  LA-3820-MS 

and LA-3880-MS.) 

The weight changes recorded i n  Tablc I1  indi-  

cate no s igni f icant  corrosion of these materials i n  

Table I1  

Corrosion of Materials i n  Hot-Trapped 
Sodium a t  650°C fo r  1000 h 

Weight Change* 
Material Heat Treatment (mg/ cmz) 

v 
V-1OTi 

V-2OTi 

V-40Ti 

V-15Ti-7.5Cr 

Type 304L SS 

Type 316L SS 

Nb-1Zr 

Nb-low 

Annealed 1 h,  900°C 

Annealed 1 h,  900°C 

Annealed 1 h,  900°C 

Annealed 1 h,  900°C 

Annealed 1 h,  850°C 

Annealed 1 h,  1000°C 

Annealed 1 h, 1000°C 

Annealed 1 h, 1350°C 

Annealed 1 h, 1350°C 

*Average of s i x  one-half inch square specimens. 

low-oxygen sodium a t  650°C. Films were detected on 

the vanadium alloys,  but the  amounts were insuff i -  

cient  f o r  x-ray diffraction analyses. Further t e s t s  

a re  i n  process f o r  longer periods a t  750°, 650°, and 

550°C. 

Specimens which had been tested in  hot-trapped 

sodium were subjected t o  electron microprobe exam- 

ination. The objective of the examination was t o  

determine whether a deplection of elements occurred 

near the  surface of the  specimen. The samples tha t  

were examined are  l i s t e d  below: 

Type 304 s t a in le s s  s t e e l  t e s t ed  a t  6 5 0 ' ~  f o r  

1000 h. 

Type 304 s t a in le s s  s t e e l  tes ted  a t  750°C f o r  

1000 h.  

Type 316 s t a in le s s  s t e e l  tes ted  a t  650°C f o r  

1000 h. 

V-20Ti tes ted  a t  6 5 0 ' ~  f o r  1000 h. 

V-2OTi tes ted  a t  750°C fo r  1000 h. 

V-15Ti-7.5Cr tes ted  a t  650°C fo r  1000 h. 

V-15Ti-7.5Cr tes ted  a t  750°C fo r  1000 h. 

The r e su l t s  of these examinations are as follows: 

Type 304L and 316L Stainless Steel  

In tens i t ies  of  iron,  nickel, chromium, s i l i con ,  

and carbon x-rays were measured a t  10-micron in t e r -  

vals across each of t h e  samples, and a lso  a t  ran- 

domly selected areas near the edges and near the  

centers of the samples. Significant differences i n  

in tens i t ies  of  x-rays f o r  these elements were not 

observed between the edges and in t e r io r s  of the  

samples. Sodium was not detected; the detection 

l i m i t  f o r  sodium i n  s t a in le s s  s t e e l  is estimated to  

be i n  the  range between 0.1 and 1 pe r  cent. 

V-2OTi 

In tens i t ies  of titanium and vanadium x-rays 

were measured a t  10-micron in tervals  across each of 

the samples, and a lso  a t  randomly selected areas 

near the edges and near the centers of the  samples. 

For t h e  650°C specimen some enrichment of vanadium 

and depletion of  titanium was detected t o  a depth of  

approximately 20 t o  30 microns from the sample edge. 

However, f o r  the  specimen heated a t  the higher tem- 

perature, significant differences i n  titanium and 

vanadium x-ray in t ens i t i e s  were not  detected between 

the edge and the i n t e r i o r  of the  sample. 

V-15Ti-7.5Cr 

In tens i t ies  of titanium, vanadium, and chromium 

x-rays were measured a t  10-micron intervals across 

each of t h e  samples, and a t  randomly selected areas 

near the  edges and centers of the  samples. Signifi-  

cant differences i n  in t ens i t i e s  of the x-rays f o r  

these elements were not observed between the edges 

and in t e r io r s  of the  samples. 



111. VENTED (U,Pu) C EXPERIMENTS 
(J. C. Clifford) 

A. General 

Sodium and single-phase (U,Pu)C a r e  being cm- 

tac ted  i n  a small forced-convection sodium system 

f o r  periods of 1000 h and longer. The experiments 

are  l imited t o  determining the  out-of-pile s t a b i l i t y  

of single-phase (U,Pu)C i n  flowing sodium i n  sup- 

por t  of studies of f i s s ion  product re lease  from the 

same material  during and a f t e r  neutron i r radia t ion.  

B. Current Results 

After a 2200-h exposure t o  700°C sodium, three 

capsules were examined. Tko of the  capsules had 

apertures a t  the  top and bottom, allowing sodium t o  

flow through the  capsule. 'Ibe th i rd  capsule was 

c l o s ~ r l  a t  t.he bottom t o  maintain an environment of 

s t a t i c  sodium around the pel le ts .  Midway during rhe 

t e s t ing  period the loop developed a serious sodium 

leak and was shut down. The capsules were trans- 

; fer red  under helium t o  an inert-gas storage CUI,  ~11c 

damaged loop section was replaced, and the loop was 

recharged. Cartridges of zirconium f o i l ,  inserted 

one a f t e r  another over a 1400-h period, were used t o  

remove oxygen from the  system. A t  the  end of th i s  

cleanup period the vented capsules were returned t u  

the  loop and the  t e s t  was completed wirhoui furLlrei 

incident.  No oxygen analyses were conducted on loop 

sodium p r i o r  t o  the  fa i lure ,  s o  tha t  the  length of 

time during which the  oxygen concentration was above 

normal, and the oxygen levels at tained,  are ~u~lurowrl. 

However, it is cer ta in  tha t  s igni f icant  amounts of 

oxygen were introduced in to  the system; the hot trap 

contained extensive precipi ta tes  of zirconium oxide. 

As a r e s u l t  of t h e  leak, the behavior of the fuel  

and clad are  thought t o  be atypical ,  but neverthe- 

l e s s  of in t e res t .  

After sodium had been removed from the capsules 

by vacuum d i s t i l l a t i o n ,  metallographic and micro- 

probe examinations were conducted an f i e 1  ar~d clad. 

The fuel  pe l l e t s  showed no unusual features except 

f o r  localized precipitat ion of an acicular phase 

along the  surfaces and edges of pe l l e t s  from a l l  

capsules (Fig. 5). A s l igh t  increase i n  p e l l e t  po- 

ros i ty  was noted (< 4% change), but t h i s  may have 

resulted from incomplete removal of sodium from the 

fuel  during the d i s t i l l a t i o n  step.  

Fig. 5. Surface of a (U,Pu)C fuel  pe l l e t  a f t e r  a 
2200-h exposure t o  700°C sodium. An acicular phase 
has developed. Electro-etch followed by chemical 
etch, 400X. 

Some changes were found i n  the 10-mil, Type 316 

s t a in le s s  s t e e l  clad of a l l  three capsules; the 

s t a t i c  bond capsule was l e s s  affected than the two 

flow-through capsules. The outside surfaces of a l l  

capsules ~ x h i h i t e d  a th in  f i l m  (s 0.2 mil, max) de- 

pleted i n  iron,  chromium, and manganese and enriched 

i n  nickel with respect to  the matrix. No evidence 

of intergranular attack w a s  seen. The inner surface 

of the s t a t i c  bond capsule exhibited no s igni f icant  

peculi a r i  ti ~s : however, both f lpw-through capsules 

containcd carbide p re t ip i l a t c s  i n  regions adjacent 

t o  the fuel  pe l l e t s  (Figs. 6 and 7).  Precipitat ion 

was nnt continuous over the en t i r e  fueled zone of 

e i  t h r r  capsill e ; a t  in tervals  along the carburized 

siirfaces, precipitgte-free zones were v is ib le  (the 

l igh t  areas v is ib le  a t  the metal surface i n  Fig. 7). 

The composition of these zones has not been estab- 

lished. 

Because of the peculiar  behavior noted i n  these 

capsules, another 2000-h t e s t  i s  being conducted in  

hot-trapped, 700°C sodium. The capsules w i l l  be 

available f o r  examination a f t e r  April 6. 



IV.  MADING FACILITY FOR TEST CAPSULES 
(D. N. Dunning) 

A. General 

The sodium and (U,Pu)C fuel capsule loading fa- 

c i l i t y  is operational, although not complete. The 

primary function of the f a c i l i t y  is t o  produce test 

capsules loaded with sodium and fuel  pel le ts  and 

f ree  from contaminants other than any i n i t i a l l y  

present i n  the fuel. An ine r t  atmosphere box f o r  

the handling and inspection of (U,Pu)C fuel pe l l e t s  

is being assembled. 

6. Current Results 

1. Fuel Loading Station 

A new two-section, evacuable, ine r t  atmosphere. 

glovebox is being assembled and equipped for  use i n  

loading the fuel  pe l l e t s  in to  capsules. Transfer 

of the pe l l e t s  in to  the t e s t  capsules w i l l  be made 

through the bulkhead of the box from the "alpha hotu 

t o  the "alpha coldgv section. A semi-automatic pel- 

l e t  measuring device and micro surface examination 

equipment are being ins ta l led in t h i s  box. 

f i e  present fuel  loadings are carried out in  

the sodium loading box using aluminum f o i l  l in ing t o  

control contamination. 

Fig. 6. inside surface of a flow-through, Type 316 
stainless s t ee l  capsule a f t e r  2200 h in  700°C so- 
dium. Some carburization has occurred. Electro- 
etch. 600X. 

2. Sodium Purification Loop, Sodium Loading Box, 
and Sodium Bonding 

Fig. 7. Same capsule as Fig. 6. Carbide precipi- 
ta tes  and a reastzon layer are: v i s i h l e .  Flnrtrcz- 
etch, 600X. 

This equipment continues t o  be operational on 

a routine basis. 

3. EBR-I1 Irradiation Capsule Loading 

Two EBR-11 irradiation capsules were loaded 

during th i s  reporting period. Fifty-three (U,Pu)C 

fuel pel le ts  plus four UC pel le ts  were loaded i n t o  

each capsule using the loading procedure i l lus t ra ted  

i n  Fig. 8. Ihe  capsules were then bonded using the 

standard procedure. Nondestructive t e s t s  showed 

that  the f i r s t  capsule contained a number of chipped 

and cracked fuel pel le ts .  This capsule w a s  rejected 

for  the i n i t i a l  irradiation i n  EBR-11. No defects 

were detected i n  the second t e s t  capsule, so  it w a s  

loaded in to  a secondary container. After sodium 

bonding and f ina l  nondestructive examination, t h i s  

capsule w a s  sent t o  EBR-11. Analytical samples wen 

taken of the sodium used i n  a l l  loadings. 



V. POST-TEST EXAMINATION 
(J. H. Bender) 

A. General 

Metallographic examination is  one of the pr i -  

mary methods f o r  evaluating the compatibility of 

fuels  with cladding; however, delineation of the 

phases tha t  may be present i n  sintered (U,Pu)C 

(metallic, dicarbide, and sesquicarbide) has been 

inaccurate with a l l  of the known metallographic 

techniques. Cantinued investigation of multiple 

techniques has succeeded in  developing a s t a i n  etch, 

microhardness, microhardness and preferential  etch 

method tha t  accurately distinguishes between the 

metall ic,  dicarbide, and sesquicarbide phases of 

(U,Pu)C and precipi ta tes  of PuSi. 

B. Current Results 

Arldi t i  onal e l e c t r ~ n  microprobe analyses of the 

phases and precipi ta tes  in  sintered ( g , h ) C  samples 

have proven the r e l i a b i l i t y  of the stain-etch,  

microhardness t e s t ,  and preferential  etch as a 

quick method fo r  distinguishing between the metal- 

l i c ,  dicarbide, and sesquicarbide phases of (U,Pu) C 

and precipi ta tes  of PuSi. 

A glovebox fo r  ine r t  atmosphere metallographic 

preparation has been received and i s  being prepared 

f o r  operation. The i ne r t  box w i l l  be u t i l i zed  for  

(U,Pu) C sectioning and diamond gilfnding. rrl ad- 
di t ion,  it may be used for  the metallographic prep- 

aration of sodium samples using a technique tha t  is 

now under investigati  011. 

VI. EBR-I1 IRRADIATION TESTING 
(J. 0. Barner) 

A. General 

The purpose of these i r radia t ions  is  t o  eval- 

uate candidate fuel/sodium/clad systems f o r  the 

LMFBR program. In the reference design, pe l l e t s  of 

single-phase (U,Pu)C are separated by a sodium bond 

from a cladding of Type 316 s t a in less  s t e e l  o r  other 

high-temperature alloy.  Seven fuel-element t e s t s  

are planned in. the  i n i t i a l  group of a continuing 

se r i e s  o f  EBR-I1 i r radia t ion experiments. 

The capsules are  t o  be i r radia ted under the 

fullowing conditions: 

1. Lineal power: 29.15 t o  30.20 kW/ft (max). 

2. Fuel composition: (U0.8Pu0.2)C, (single- 

phase, sintered,  fu l ly  enriched). 

3. Fuel density: 85% and 90% of theoretical .  

4. Smear density: 75% and 80%. 

5. Clad s ize :  0.300 in .  0.d. x 0.010 in.  wall. 

6. Fuel s ize :  0.265 in .  d i m  x 0.25 in. high. 

7. Clad type: 316 SS and Hastelloy-X. 

8. Maximum clad temperature: 1250°F. 

9. Maximum fuel centerline temperature : 

2130°F. 
3 10. Burnup: 0.22 t o  0.66 g fissioned per cm . 

B. Current Results 

Procedures f o r  loading the EBR-I1  capsules 

were selected a f t e r  loading t e s t s  with a mockup cap- 

sule. After completion of nondestructive tes t ing 

on the  mockup, the f i r s t  of the planned irradiation 

capsules (designated LASL-42) was loaded and bonded. 

During nondestructive testing,  chips df fuel  were 

found i n  the sodium bond. These chfps were su f f i -  

cient grounds fo r  rejection of the capsule fo r  the 

i n i t i a l  s e t  of i r r ad i  r t i  on egeriments ln E~K-11. 

A second capsule (designated LASL-42B) was 

loaded, bonded, and nondestructively tested. No 

&ips were found .fa the capsule and eddy-current 

' t e s t s  indicated satisfactory bonds, and a l l  welds 

appeared t o  be sound. The capsule was shipped t o  

,EBR-I1  f o r  insert ion i n  the X O l l  subassembly. Final 

nondestructive tes t ing a t  EBR-I1 revealed a small 

tungsten deposit i n  a weld of the outer containment. 

The nmdaotniffitive t e s t  p ~ n p ~ d ~ l r ~ s  nserl a t  ERR-XI 

and LASL are essent ia l ly  identj cal;  hGwever, in- 

spection of a l l  parts of the weld fo r  minute defects 

is  very d i f f i cu l l ,  iuld i t  was apparently only by 

chmcc that  t h e  small tungsten accli~sion was detect- 

ed i n  the second, but not the f i r s t ,  of the radio- 

graphic t e s t s .  The LASL-42B capsule w i l l  be re- 

turned t o  LASL fo r  repair  of the r e j ec t  weld. I t  

should be available f o r  insert ion i n  EBR-I1 about 

April 15, 1968. 

The remainder of the i n i t i a l  seven-pin comple- 

ment w i l l  be available fo r  insert ion during the 

f i r s t  quarter of f i s c a l  1969. 

I 
V I I .  THERMAL FLUX IRRADIATIONS 

(J. 0. Barner, R. L. Cubitt, D. C. Kirkpatrick) 

A. General 

The Omega West Reactor (OWR) has been used for  

preliminary tes t ing of fueled capsules which are 

mockups of those intended fo r  f a s t  f lux irradiations 

i n  BBR-11. 





B. Current Results erated sa t i s f ac to r i ly .  The pe l l e t s  were recovered 

A mockup of t he  EBR-I1 capsules was i r r ad ia t ed  

i n  the Omega West Reactor f o r  113 h. The experi- 

ment w a s  designated OWREX-10; t he  t e s t  capsule held 

three p e l l e t s  of [U0.8P~0.2)C which contained 1.58 

g Pu and 5.79 g 235~ .  Table I11 i l l u s t r a t e s  a com- 

parison between OWREX-10 and LASL-42B. OWREX-10 

w a s  operated a t  1.19 times the maximum heating r a t e  

expected i n  EBR-11, and a t  a 50°F higher maximum 

mean inner  p in  temperature. The maximum burnup a t  

the  fue l  sur face  w a s  5900 MWD/T. 

in t ac t  with no apparent cracks o r  chipping. They 
were l a t e r  inadvertently exposed t o  a i r  while being 

cleaned with butyl alcohol and they disintegrated. 

No carburization of the Type 316 s t a in l e s s  s t e e l  o r  

of the Type 316 s t a in l e s s  s t e e l  pe l l e t s  immediately 

adjacent t o  the fue l  w a s  observed. A small amount 

of 133~e was found i n  the pin gas plenum and small 

amounts of l3'1, 1 4 0 ~ a ,  and 137~s were found i n  the 

bonding sodium. The OWREX- 10 experiment indicated 

t h a t  there  are no serious er rors  i n  the design o r  

OWREX-10 has been destructively analyzed i n  the 
construction procedures of the EBR-I1 capsules. 

hot  c e l l s .  A l l  welds and hold-down devices had OD- 

Table I11 

Physical, llimensional and Operating Characterist ics of OWREX-10 and LASL-42B 

Lower blanket 

Riel  (1J enrichment 99%) 

Upper blanket 

Fuel hold-down spr ing  

Bonds and reservoir  

Inner p in  

Outer pin  

Fin eeatoring dmvi ce 

P i ~ k  hold-doim spring 

A l l  weld design 

A1 1 hold-down design 

Lower blsnkot length, in .  

Fuel length, in. 

Upper blanket length, i n .  

Sodium reservoi r  length, in .  

Fuel hold-down spring,  inc.  

Inner p in  length, i n .  

Total capsule lengt!i, i n .  

Fuel diameter, i n .  

Inner p in  o.d., i .d . ,  in.  

Outer pin, o.d., i .  d., i n .  
Average heating r a t e ,  kW/ft 

Maximum heating r a t e ,  kW/ft 

Maximum mean outer  pin temperature, "F 

Mnximum mean inner pin temperature, OF 

Maximum inner p in  heat  f lux,  ~ t u / h - f t ~  

Maximum fue l  centerl ine temperature, O F  

Identical  

Identical  

0,750 1.000 

0.750 13.250 

0.250 0.250 

2.50 5.25 

9.25 22.01 



VIII. GAhM SCANNING AND OTHER STUDIES 
(D. M. Holm, J. L. Parker, W. M. Sanders, 
B. M. Moore, H. M. Ruess) 

A. General 

Work on improved ganrma-scanning techniques con- 

tinues, and equipment t o  measure short-lived f i s -  

sion-product yields from fast-neutron-induced f i s -  
3 

sion in  plutonium has been constructed. The He ac- 

t iva t ion technique f o r  the determination of oxygen 

and carbon i n  germanium and carburized s t a in le s s  

s f ee l  is  a lso  being investigated. 

B. Current Results 

1. Gauuna Scanning of EBR-I1 Fuel Pins* 

Three EBR-I1 dr iver  fuel  pins were gamma 

scanned t o  determine the distr ibution of f i s s ion  

products and activation products. f i e  Ge(Li) ant i -  

coincidence gamma-ray spectrometer was used, and the  

spectra were unfolded t o  determine the s p a t i a l  dis-  

tr ibutions of the isotopes. The exist ing scanners 

and cave were modified t o  accommodate the ex t ra  

length of the samples. 

From spectra taken a t  d i f ferent  posit ions,  22 

gamma-ray l ines  have been analyzed. Table IV shows 

the energies of the  l ines ,  the isotope ident i f ica-  

t ion,  and the method of production. Figures 9 

through 14 show some typical  r e su l t s  from an axial  

Table IV 

Gamma-Ray Energies Observed i n  EBR-I1 
Driver Fuel Pins 

Gamma- Ray 
Energy 

(keV) Isotope Reaction 

sc& of one of the fue l  pins,  LASL #4. The bottom. 

of the  Euel is a t  2.6 in .  and the top a t  16.2 in .  

Fission 
11 

59~o[n,y)60~o 
11 

Fission 

Fission 
11 

I1 

11 

t l  

I 1  

Fission 
II 

II 

Unidentified 
II Fig. 9. 144~, distr ibution 'in LASL #4. Typical re-  

s u l t s  from a gamma scan of an EBR-I1 fuel  pin. The 
bottom of the fuel  is a t  2.6 in .  and the top a t  
16.2 in.  The scan was done with a s l i t  0.20 in'. 
high, 0.5 in .  wide, and 8 in .  long. 

*See also Project 822, Section I X .  
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Fig. 10. 13'cs dis t r ibut ion  i n  LASL # 4 .  Typical 
r e su l t s  from a gamma scarl sf an BBR-I1 Iue l  pin. 
The bottom o f  the fue l  is a t  2.6 i n .  and the top 
a t  16.2 in .  The scan was done with a slit  0.20 in .  
high, 9.5 in .  wide, and 8 in .  long. 

mszntm CIWUI 

Fig. 11. ''2, dis t r ibut ion  i n  I M L  #4. m i c a 1  
r e su l t s  from a gamma scan of an EBR-I1 fue l  pin. 
The bottom o f  the  fue l  is a t  2.6 in .  and the  top 
a t  16.2 in .  The scan was done with a slit  0.20 i n .  
high, 0.5 in .  wide, and 8 i n .  long. 

PC5ITItm CI)(WJ 

Fig. 12. 5 8 ~ o  dis t r ibut ion  i n  LASL #4. Typical 
r e su l t s  fxnm a gamma s c m  of an EBR-I1 fue l  pin. 
The bottom of the  fue l  is a t  2.6 in.  and the top 
a t  16.2 in .  The scan was done with a s l i t  0.20 in .  
high, 0.5 in .  wide, and 8 in .  long. 

lOSlTIOll c1mlEs> 

Fig. 13. '4h dis t r ibut ion  i n  LASL #4.  Typical 
r e su l t s  form a gaUmB scan of a11 EBR-I1 fuel  pin. 
The bottom of t h e  fue l  is a t  2.6 in .  and the top 
a t  16.2 in .  The scan was done with a s l i t  0.20 in .  
high, 0.5 in .  wide, and 8 in .  long. 



Diametrical scans, of the  capsules with an 

'0.031-in.-dim pinhole are being analyzed, and no 

segregation of f ission,  products has been observed. 

2. ' Gamma Scanning of Short-Lived Fission products 
from Fast Fission of Plutonium 

Fig. 14. 6 0 ~ o  distr ibution i n  LASL lt4. Typical 
resul ts  from a gamma scan of an EBR-I1 fue l  pin. 
The bottom of the  fuel  is a t  2.6 in.  and the top 
a t  16.2 in.  The scan w a s  done with a s l i t  0.20 in.  

The automatic sample changer described i n  the 

l a s t  reporf, of t h i s  se r i e s  has been connected t o  

the Nuclear Data 4096-channel analyzer. The systems 

Function .together as designed, but there is a s l i g h t  

problem of electronic noise. Work has begun on the 

Hydro c r i t i c a l  assembly t o  make it acceptable as a 

f a s t  f i ss ion neutron source f o r  these experiments. 

3. %e Activation , 

Germanium. Several samples of germanium were 

i r radia ted  to  assess the problem of oxygen surface 

contamination. I t  appears tha t  surface contamine- 

t ion  has been a problem i n  the  past ,  and our tech- 

niques f o r  eliminating it were not adequate. During 

the next' 3-5 months, no new irradiafions "ill be 

possible because the accelerators are being con- 

nected i n  ser ies  fo r  three-stage operation. 

Carburized Stainless Steel .  Standard samples 

high, 0.5 in .  wide, and 8 in.  long.- of normal and low carbon s ta in less  s t e e l ,  as well 

as samples of graphite, tantalum oxide, and a metal 
The scan was done with a slit  0.20 in.  high, 0.5 in.  pott ing compound have been i r radia ted;  autaradio- - - 
wide, and 8 in.  long. Spectra were taken every 0.2 graphs were made during the measurement of the ac- - - 
i n .  with 40 min of counting. Some of the spectra t ivation product decay curves. 
were not analyzed because of trouble with the tape . The resul ts  a t  t h i s  time indicate tha t  the  
transport. A l l  f i ss ion products had similar d i s t r i -  pott ing compound has an induced ac t iv i ty  comparable 
butions, and no evidence of migration has been ob- t o  tha t  i n  the s ta in less  s t ee l ,  the spat ia l  resolu- 
served. Axial buckling is evident; the f i ss ion r a t e  tion is about O.OO1 in., and NTB-2 track plates 
in the center of the pin is *qut 30% greater than have a sens i t iv i ty  about 10 times tha t  of NTB p la te s  
a t  the top and bottom. i n  th i s  application. The measurement of the  ab- 

The most in teres t ing  observations t o  date are solute calibration of the system is not complete. 
with regard t o  the ef fec ts  of neutron energy on the 

distr ibutions.  As noted above, the f i ss ion r a t e  i n  

the center plane is about 30% higherdthan a t  the  

ends of the fuel  (Figs. 9-11). However, i n  the cen- 

t e r  plane s f  Figs. 12 and 13, the f a s t  neutron ac- 

t ivation products of s ta in less  steel ' increase t o  

nearly 3 times the &alu@s nt  the en&. The sharp 

discontinuity a t  the ' top  fuel  surface is from a 

s ta in less  s t c c l  ret+fiairrg rod inside the capsule. 

The distr ibution of 6 0 ~ o ,  a thermal activation pro- 

IX.  SYNTHESIS AND FABRICATION 
(M. W. Shupe, C. A. Emery, H. G. Moore, 
R. W. Walker, A. E. Ogard) 

A. General 

Procedures have been developed fo r  synthesiz- 

ing nnd (U,Pu)C and <U,W)N pel le ts  f o r  

compatibility test ing.  The recent ef for t  has been 

Ji~wcLad toward producing fu l ly  enriched (UO.l 

PuO. *) C pel le ts  f o r  EBR-I1  i r radia t ion eleeriments 

duct (Pig. 14), is opposite tha t  of the f a s t  neutron which require 52 pellets pr pin. Ihe pisent 

activation ~ r o d u c t s  shown i n  Figs. 12 and 13. No available inventory f o r  t h i s  experiment is 382 pel-  
- 

6 0 ~ s  was detected i n  the fueled region of the  cap- l e t s .  No e f fo r t  has been allocated f o r  preparation 

sule. of n i t r ide  pel le ts  f o r  compatibility tas t ing .  



Lot No. X 

6-71-1 0.792 

6-82-2 0.796 

6-86-1 0.802 

6-88-1 0.802 

6-106-1 0.796 

6-115-1 0.800 

6-126-1 0.796 

Table V 

Characterist ics of Fully Enriched U Pu C Pel le ts  
x Y Z  

_ Z Quantity 

0.988 16 

0.990 58. 

. . . 50 

. . . 46 

0.977 80 

. . . 69 

... 59 

Diameter Density 
(in. ) (% theor.) Microstructure (1) 

0.265 ... MC,I 

0.266 ... Mc,I 

0.266 89 MC,I 

0.266 89 MC,I 

0.264 90 MC 

0.265 91 MC 

0.265 92 MC 

Note (1) : MC = monocarbide only. 

MC,I = monocarbide plus < 0.5 v/o metall ic impurity. 

Table VI 
Typical Spectrochemical Analysis of Powders and Pel le ts  



c * Carbide pe l l e t s  are produced by the. following 
-i ,., , .. 

method : 

1. Multiple a rc  melting of Us Pu, and C on a 

60 g scale using a graphite electrode. 

2. Solution treatment o f  the ingot. 

3. crushing &d grinding i n  a WC vibratory . 
m i l l ,  hilowed by screening the resul t ing  

4. Reduction of excess carbon by reaction 

' with folowing Ha. - 

5. Cold compaction . followed . by s in ter ing . in ,  

flowing argon. . .. 

B. Jqrrent  Results 

- r:e During th i s  period 76 pe l l e t s  were delivered' 
. . 

,-- a 
_L;I', Poi. use i n  compatibility studies', and 119 pe l l e t s  

J - 
f ' ' c :s  of (U,Pu)C plus 10 pe l l e t s  of UC were delivered f o r  
> - -  

EBR-1-1 i rradiations.  

Characterization-of the 7 l a t s  of pe l l e t s  pro- 

duced during t h i s  period is  summarized i n  Table V. 

A t  t h i s  time evaluation i s  not fu l ly  complete; Ex- 

perience t o  date indicates tha t  a Ha treatment time 

of  0.4 h / g S k i l l  eliminate MC2 Bhd M ~ C ~  frbm the pel- 

l$t' microstructures i n  most cases. pe l l e t s r  pro- 

duced a f t e r  l o t  No. 6-82-2 were treated a t  a r a t e  

of. 0.6 h/g and a l l  t h e  microstruct'ures were f r ee  of 

higher carbide phases. O f  the  250 pe l l e t s  from lo t s  

6-71-1 'through 6-106-1, a l l  have been examined 

radiog~aphically and '16 were rejected because they .. > 

, , - were found t o  have in ternal  cracks. 
7 - 

. -  - In the previous xeport it was shown how re- 

duction of impurities could be at tained by using 

purer melting stock. Further reduction t o  very low 

impurity levels i n  pe l l e t s  has been attained. Typ- 
i c a l  powder and result ing pe l l e t  ' impurity concen- 

t ra t ions  are shown i n  Table VI. Experience has 

shown that  very low impurity levels are necessary 

before clean pe l l e t  microstructures can be attained. 

Typical analysis f o r  0, N, and H a re  on the 

order of 250, 400, and < 10 ppm, respectively. A 

typical  photomicrograph of pe l l e t  microstructure is 

shown h Fig. 15. A typical  l a t t i c e  dimension is  

4.965 * 0.001 1. ' 

Par t ic le  s ize  distr ibutions of H2 reduced 

(U,Pu)G powders are  shown i n  Table VII. The a r i th -  

metic mean diameters of the 4 l o t s  show a consist- 

Fig. 15. Typical s ingle  phase (Uo 8p0.2)C (Lot 6- 
115-1). Delta e lec t ro lys is  etch, .SSOX. . 

, -. 

Table V I I  

Par t ic le  Size ~ i s t r i b u t i o n  0% Hydrogen ' 
Treated U0-8Pu0.2C Powders 

(By Sedimentation Balance) 

M a g s  -' 
Maximum Size ,, Tap Median 

tot No. Mesh (11) Density Diam 

- .  
X. ANALYTICAL CHEMISTRY 

(A. L. Henicksman, E.  A. Hakkila, ff. L. Barker, 
K. S. Bergstresser, 0 .  R: Simi) . 

Specific..analytical techniques. have been de- 

veloped and evaluated t o  cope with the  pr&lems en- 

countered i n  the investigation of fuel-clad c w -  

p a t i b i l i t y  and i n  the general development of ,godim 

technology* While the r e su l t s  of many of these 

special  wrrlyses are given i n  several sections oE 

the  report , in Projects 801 and 80.8, the analytical  

te*niques th-elves hgve no% been desc~ibed;  ,A: 
brief summary o f ,  some of the  techniques ,, and rhe , , 

problems t o  which they were applied, i6 g,iven be- 

low, 
ency of pa r t i c l e  s i ze  when process conditions are 

controlled. 



h " 

B. CurrentResults 3. Investigation of Disti l lation Residues from 
the Vacuum Dist i l la t ion of Metallic Sodium 

1. The Determination of Uranium and Plutonium in 
Sodium Fabrication of the equipment for  measuring i m -  
p 

Compatibility studies involving sodium bonded purities in was and hitia1 as- 

.sombty of the components was made i n  the shops. 

have required a method for  determining uranium and The equipment was then disassembled for  minor modi- 

plutonirrm in tke Plutonium is detedned . fications and for reassembly as a component par t  of 

by alpha-counting but uranium must be determined by the inert-atmosphere enclosure system. This re- 

a chemical method, The uranium is  separated from assembly with the ine r t  system w i l l  be made without 

the s o d i a  by being a&o&ed fmm 8 Y m03 U(IV) d i s ~ t i n g  the at.u~here which presently is at a 

on Darex 1 x 8 resin,  eluted with 0.1 HN03. Nitric level Of ppm '2 and ppm '2' 

acid is then removed by evaporation of the solution weeks of operationo It is that con- 

t o  dryness with HC1. The uranium is reduced t o  tinued operation of the ine r t  system w i l l  gradually 
1 

U(II] with zinc and Arsenazo I11 is added t o  form reduce the moisture level t o  1 ppm. Final assembly 

the colored complex whose absorbance is measured at of the equipment probably w i l l  be completed within 

670 mu. To date a l l  work has been done on known 1 month, and vacuum d i s t i l l a t ions -of  sodium started.  

'1 
solutions,  but the method w i l l  be applied t o  actual 4. Spectrochemical Analysis of Sodium 

sample materials. An electrode-sample preparation developed a t  
C 

2.  Microprobe Examination of Alloys and (U,Pu)C WAPD~ w a S  modified Tur our requirements. This in- 

Materials . volves dissolution of the Na metal i n  ethanol, con- 
The following services have been performed on version to  NaC1, evaporation to  dryness, mixing 

, nater ia ls  involved i n  compatibility studies:  wPLli Sy-2 graphite powder &d oxeiting with a dc 

Approximately 10 (U,Pu)C samples that  had been arc. Table VIII shows'the limits of detection fo r  

i n  molten Na fo r  2000 h were examined t o  determine the various impurity elements. I t  i s  expected the 

homogeneity on a macroscale and t o  identify .precipi- method w i l l  be applicable t o  hot c e l l  use for the 

ta tes .  The U s  Pu, and C were homogeneously d f s t r i -  analysis o f  irradiated samples. 
I - buted on a macroscale. The more-common precipitate Table V I I I  - -- 

w a s  enriched in  Pu, depleted in U arid C, and cofi- I'entativa LineLrtr uf D(P' LFULIVII PUL I U I ~ U P ~  t y  
- 

tained Si .  A few precipitates were found tha t  were Elements i n  Sodium 

depleted i n  U and Pu, and contained s ignif icant  L i m i t  of L i m i t  of 
Detection Detection 

amounts of S i  and A l .  Five s ta inless  s t e e l  speci- - -. Element Element ~ P P ~ S  
mens that  had contacted [U,Pu]O or  m6lten Na were LI 0.8 Cu 5 ,  

examined t o  determine concentration gradients, dif  - Be 

fusion of C and Cu, and t o  identify reaction layers B 

and precipitates.  Concentration gradients f o r  Fe, Mg 
- - N i ,  C r ,  Mo., and C were nat found ia the matrix lua- A1 

- t e r i a l s .  A s l igh t  diffusion of Cu from a surface Si 

layer in to  two specimens was observed. The reaction K 

layers were enriched i n  N i  and depleted i n  Fe, C r ,  Ca 

and Mn. Precipitates contained e i the r  Mn-Si-Cr, Ti 3 Cd 

Mn-S-Cr, or  Mn-Cr. Of two V - I Y  alloys aid Lwu \I 0 8 In 

V-Ti-Cr alloys tha t  had contacted Na a t  650' t o  . 
750°C fo r  1000 h only one V-Ti alloy showed that Mn 

reaction had occurxed. A surface layer, 20 t o  30 Fe I 0.8 Au 

microns thick, was enriched i n  V and depleted in  Ti Co 3 Pb 

i n  t h i s  alloy. N i  



5 .  b l iscel laneous  Ana ly t i ca l  Se rv ices  

S i x  samples o f  sodium metal  t h a t .  had con tac ted  

i r r a d i a t e d  plutonium f u e l  m a t e r i a l s  were analyzed 

f o r  t o t a l  sodium and f i s s i o n - p r o d u c t  e lements . ,?ko . , ' 

sodium co ld  t r a p s  made of  Type 316 s t a i n l e s s  s t e e l  ;. 
. .  . 

loaded wi th  g r a p h i t e  rods were analyzed f o r  Pu, Ce, . . . .  ' 
and f i s s i o n - p r o d u c t  e lements .  P repa ra t ion  o f  t h e s e  

samples f o r  a n a l y s i s  r e q u i r e d  a c i d  l each ing  o f  t h e  

s t a i n l e s s  s t e e l  and burning o f  t h e  g r a p h i t e  fo i lowed 
" 

by d i s s o l u t i o n  o f  t h e  i g n i t i o n  r e s i d u e .  Three 

s t a i n l e s s  s t e e l  samples t h a t  had been . i n  c o n t a c t  wi th  
, . . 

sodium a t  750°C:for 1000 h were analyzed by a com- 

b u s t i o n  method fo r "ca rbon ;  t h e  va lues  ob ta ined  ranged 

from 35 t o  50 ppm. @ a l y s e s  by an i n e r t  gas f u s i o n  
> . .  - .  . . 

method o f  f o u r  zirconium f o i l s  taken from' sodium h o t  

t r a p s  showed t h a t  t h e  O2 .concentra t ions  ranged be- 

tween 0,.30 'and 32 p e r  cen t  as.compared t? 780 ppm i n  . . 
t h e  o r i g i n a l  zirconium f o i l . ,  

, . .. . 
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PROJECT 811 

REACTOR PHYSICS 

Person in Charge: D. B. Hall 
Principal Investigator: G. H. Best 

I. INTRODUCTION 

Basic to the evaluation of fast breeder concepts 

and propbsals are the analytical techniques and 

physical data used in the analyses. Valid compari- 

sons between different concepts and proposals de- 

pend on minimization of diffrrellces in results due 

' to the methods of analysis. To this end; the Los 

Alamns Scientific Laboratory is cooperating with 

other AEC laboratories and contractors ir~ the rlr- 

velopment of evaluated cross-section data and assoc- 

iated processing codes; This work is coordinated by 

the Cross Section Evaluation Working Group (CSEWG), 

which is made up of representatives of the various 

organizations. In addition, the Laboratory is work- 

ing on the development and maintenance of digital 

computer programs pertinent to the nuclear analysis 

of fast breeder concepts. Finally, the Laboratory 

is evaluating the pertormarice cnarac~rrlsil~s uf 

various fast breeder reactor concepts. 

11. CROSS-SECTION PROCUREMENT, EVALUATION, AND 
TESTLNC (M. E. Battat, n. 3 .  Dudziak. R. J. 
LaBauve) 

A. General 

Accurate predictions of reactor design param- 

2. a uranium-reflecked 2 3 5 ~  metal assembly - 
TOPSY 

3. a dilute plutonium-fueled assembly sur- 
r0unded.b~ a depleted uranium reflector - 
ZPR-3 Assembly 48. 

For all three systems, critical lllassej and ccntrol 

reaCrSviLy wuitbs  were computbd; in a d d L ~ i n n ,  ,-.en- 

tral activation ratios were calculated for ZPR-3. 

Assembly 48. Calculations were coolpared with cxper- 

imont and w$ t h  ~ F ? s I . I ~ . ~ . s  obtaiuecJ kI6M the W E A  cl-t~tl 

LRL neutron data contained in the LASL library. 

Results are summarized in Tables I through VI. This 

work was presented at the Second Confcrence on 

Neutron Cross Sections and Technology, held March 

4-7, 1968, in Washington, D.C. 

CALCULATED AND MEASURED CENTKAL SPECTRA 

Percent of ~otai Flux - ENDFIB Cross Sections 

'calculated 'ex eriment 
'1 ower JEZEBEL TOPSY ~#:[4& i:W/48* 

6.065 MeV 2.36 1.23 0.42 
3.679 9.04 5.72 1.71 
2.231 16.27 12.29 3.81 
1.353 18.73 16.22 5.47 
0.821 17.73 16.60 7.31 

etprs, s11c.h as critical mass, sodium w6i!th, and 0,498. 14.37 15.77 9.90 10.85 
11.71)7 9.95 13.27 LL.94 11.36 

spectral respnnse, require the development and 0.183 5.69 8.87 12.01 10.85 

maintenance of up-to-date basic microscopic nuclear 0.111 3.04 1 4  10.15 10.31 
67.4 keV 1.75 2.74 8.88 8.97 

data files. To meet this need, a national coopera- 40.9 1.31 7.20 7.13 

tive program is in progress to prepare an evaluated 24'8 0.86 0.65 6.77 5.83 
15.0 0.13 5.64 4.76 

nuclear data file (ENDFIB). 9.12 0.04 3.42 3.85 
5.57 0.19 2108 2.80 
3.35 1.40 1.82 

B. Data Testing 2.03 

Calculations have been performed for,three se- 1.23 
748 eV 

lected critical experiments,' using multigroup con- 454 

stants derived from the Category I ENBF/B library 214 , 

data. The experiments selected for study were: + 

1. a bare plutonium-metal assembly - JEZEBEL Normalized as follows : 
Sum of measured fluxes - sum of corresponding 

calculated fluxes 



TABLE I1 
. . 

TABLE V 
. .. . . 

CALCULATED AND EXPERIMENTAL CRITICAL. MASSES . ZPR-3' ASSEMBLY 48. - CENTRAL REACTIVITY WORTHS 
. .  . 

ENDF/B CROSS SECTIONS " cen t s /mo le  
. , . .. 

JEZEBEL Pu ~ ~ o n t a i n s  4 ;5% 24d 
T ~ P S Y  U i s  en r i ched  t o  94.1% .25y;. 

Calcu l a t ed  . Experiment 
System ' (kg) (kp) 

JEZEBEL 15.65  Pu 16.28 Pu 
TOPSY 15.9 U 17.4 U . 
Zp~-3 /48  339 2 3 9 ~ u *  272 239~u**  

. * 
c a l c u l a t e d  homogeneous' s p h e r e  , 

(Rcore = 49.78 cm) = 337.1  kg . 

Homogeneous c y l i n d e r  = 337.1/0.927 = 363.6 
Heterogeneous c y l i n d e r  = 363.6 - 25.0 = 338.6 

keff = 0.975 f o r  RCnr, = 47.42 cm 
** . 

Heterogeneous c y l i n d r i c a l  mass. 
- a . . 

TABLE I11 

JEZEBEL - CENTRAL REACTIVITY WORTHS 
cen t s /mo le  

M a t e r i a l  ENDF/B UKAEA Experiment 

Fe - 27.2 - 22.2 - 21.5 
N i  - 60 .1  - 54.6  - 48.0 
235u . . . 929. : 821. 798. 804.  
2 3 8 ~  87. . .  103. 98. 114.  
2 3 9 ~ u  1763. 1557. 1591. 1592. 
240ru 1091. ~ 8 3 .  855. . 1038. 

TABLE I V  

TOPSY - CENTRAL REACTIVITY WORTHS 
cents /mole  

M a t e r i a l  

6 ~ i  
7 i i  " 

B " 
Fe 
Mo . .. 
2 3 5 ~  
238u 

239pu 
240pu 

LRL Experiment - 
- 130.4 

7 .9  
9.2 

- 2.2  
-. 5.8 - 3 .5  

207.3 208.4 
28.7 26.7 

403.4 402.6 
168.  286 . 14  

C. S h i e l d i n g  

. 'An.evalua t . ion  of  n e u t r o n  i n t e r a c t i o n  and photon 

p r o d u c t i o n : c r o s s  s e c t i o n s  f o r  sodium, magnesium, 

c h l o r i n e ,  potass ium,  and ca lc ium was r e c e n t l y  com- 

p l e t e d  by ~ r a k e . , l . a n d  t h e  d a t a  were p r e sen t ed  i n  an 

e x t e n s i o n  of  t h e  Uni ted  Kingdom (UK) d a t a  f i l e  f o r -  ' 

mat. As p a r t  of  t h e  LASL e f f o r t  on' t h e  CSEWG, t h e  

sodium d a t a  were t r a n s l a t e d  t o  t h e  extended ENDFIB 

M a t e r i a l .  ENDF/B UKAEA .' Experiment* 

C : - Oi21 - 0.04 - 0.'21 - 0.017 
Na - 0.19 - 0.07 - 0.046 

*va lues  were conve r t ed  from c e n t r a l  p e r t u r b a t i o n  
c r o s s  s e c t i o n s  t o  cen t s /mo le .  ' 

TABLE V I  

ZPR-3 ASSEMBLY 48 
CENTRAL. ACTIVATION RATIOS RELATIVE TO 2 3 5 ~  FISSION 

ENDF/B CROSS -SECTION$ 

(1.0-cm r a d i u s  cen ' t r a l  r e g i o n )  

Type C a l c u l a t e d  ~ x p e k m e n t  . 

f i s s i o n  0.0332 0.0307 
239u ( n , y j  0.158 0.138 
2 4 0 P ~  f i s s i o n  0.960 ' 0.976 

Pu f i s s i o n  0.248 0.243 

3 '  f o rma t  (extended t o  i n c l u d e  photon d a t a  ), and a 

copy of  t h e s e  d a t a ' w a s  s e n t  t o  t h e  N a t i o n a l  Neut ron  

Cross  S e c t i o n  Cen te r  (NNCSC) a t  BNL, where t hey  w i l l  

u s e  t h e  d a t a  a s  a t e s t  set f o r  ex t end ing  t h e  check- 

i n g  code CHECKER t o  i n c l u d e , t h e  photon p roduc t ion  

d a t a  and d a t a  f o r  i n e l a s t i c  s c a t t e r  t o  d i s c r e t e  

l e v e l s .  The d a t a  w i l l  t hen  b e  p l o t t e d  by t h e  NNCSC, 

wherc p o s s i b l e ,  Lor comparison w i t h  t h e  sodium e v a l -  
. . 

u a t i o n  p r e s e n t l y  on t h e  ENDFIB f i l e .  :A review o f  

t h e  'two s e t s  of  sodium d a t a . w i l 1  b e  performed by . 

LASL. The ENDFIB v e r s i o n  of  Drake ' s  sodium d a t a  i s  

a l s o  b e i n g  s e n t  t o  ORNL f o r  review, The magnesium, 
. . 

c h l o r i n e ,  potass ium,  and ' ca l c ium d a t a  w i l l  be  t r a n s -  

l a t e d  i n t o  t h e  extended ENDF/B format  when t h e  f i n a l  

v e r s i o n  of  t h e  d a t a  i s  ava l  l n h l e  i n  . t h e  cxtcnded 'UR 

fo rma t .  

The t r a n s l a t i o n s  were performed by ~ W O ' L A S C  

codes  w r i t t e n  f o r  t h i s  purpose ;  ,LUTE, which t r a n s -  

. l a t e s  t h e  photon d a t a ,  and LATEX,' which t = a n s l a t e s  . 

n e u t r o n  d a t a  and makes a c o m p l e t e , ~ ~ D F / B ' t a ~ e .  Both 

codes ,  a long  w i t h  f low diagrams,  a r e  b e i n g  s e n t  t o  



ORNL to assist .in constructing a general UKc+ENDF/B 

translation code. Some parts of the UK+ENDF/B 

translation could not practically be automated, such 

as the general file 1 data in ENDF/B, which has, no 

counterpart in the UK data file. Also, the photon 

production data from inelastic scatter were entered 

in ENDF/B by hand, using the transition probability 

option which is available only in ENDF/B format. 

The translation of Drake's sodium data is the 

first set of photon production data in the ENDF/B 

format, which will be useful for debugging the data 

retrieval codes for photon data. A code is now 

being written at LASL to extract photon production 

matrices for use with photon transport codes. The 

code, called LAPH, will compute pointwise (in.en- 

ergy) photon production cross sections and average 

them over N arbitrary neutron energy groups, for G 

arbitrary photon energy groups. The resulting N x 

G matrix can then be used in conjunction with 

neutron-group flux vectors to prepare the spatially 

dependent photon source'term for photon transport 

codes such as QAD, MCG, or DTF-IV. Figure 1 is a 

schematic diagram of the code.. 

PHUTUN 
GROUP 

GROUP CAPTURE 
AND FISSION XS 

NEUTRON XS PRODUCTION XS 

STRUCTURE 

FUNCTION 

I 

TOTAL PHOTON 
PRODUCTION 

MATRIX : NIG 

Fig. 1.. Schematic diagram of LAPH code. This code 
extracts photon production matrices from ENDFIB 
data for use with photon tranoport codee. 

111. REACTOR ANALYSIS METHODS AND CONCEPT 
EVALUATIONS 

A. Space-Time Reactor Kinetics Codes . 

1. Synthesis Method (J. C. Vigil). The GAKIN 
4 code has been compiled on the CDC-6600 computer. 

GAKIN is a one-dimensional multigroup diffusion 

theory kinetics code which incorporates the following 

features: 

1. Solutions for slab, cylindrical, or spherical 
geometry. 

2. Arbitrary number of neutron energy groups. 

3. Arbitrary number of regions and space points. 

4. Optional inclusion .of xenon poisoning. 

5. Time~dependent cross sections. 

6. Optional incliision of external sources. 

7. Arbitrary number of delayed neutron groups. 

GAKIN is an extension of the WIGL2 cude5 to the 

multigroup case, except it does not include thermal 

feedback. Comparisons will be made brcwrr~! ~rsults 

from GAKIN and reeults from the code dnve3.oped at 

LASL . 

2. Multienergy-Group Methods (G. C. Hopkins). 

Preliminary comparison runs have been made with 

the monoenergetic transient analysis code ANCON 
6 

and its multigroup equivalent, ANCONMG. Data rep- 

resenting $ l . > U  and $0.65 reactivlLy i~~suttions 

were prepared by ONEDAC for irlput tu AMCON, and by 

PARAM for Input t 0  ANLUNMG. The analysis e u y l o p e J  

UHTREX data, a s t ~ p  reactivity insertion, and two 

feedback lumps (fuel and moderator). When delayed 

neutrons were included, the Kerpin 6-gloup param- 

eters' were used. Results are shown in Table VII. 

Physical or numerical phenomena effecting ana- 

lytical differences in the results will be analyzed 

in a later rep0r.t. A few l~rief ,obaervationo can be 

made at this time: 

1. Within the margin of printed-out values (5% 

change in power), 1-group ANCONMG results agree 

well with ANCON results. 

2.  When delayed neutruils were included in the anal- 

ysis, the peak power and maximum fuel tempera- 

cure were slightly higher for the 2-group case 

than for the 1-group case. However, the 1- 

group results were higher when the delayed neu- 

trons were omitted. Differences were not as 

large at these reactivity insertions as they 

are expected to be for larger insertions. 



TABLE V I I  . 
. . . -  . . i . . 

. , COMPAI~SON OF TRANSIENT, RESULTS . . . . . . . . . .  . . 
ANCON AND ~ C O N M G  

. ,  . . . . . 

Peak Time. t o  Peak Power . Time t.0 (Tflmax 
Delayed 

Np. Neutrons Feedback Power T r a n s i e n t  CP ; (Tf )max ' Trans,ie?t  CP 
Program Groups Inc luded  Inc luded (MW) ( s ec )  ( s ec )  (OK) ( s e c )  ( s e c )  

. .  . 
$1.50 R e a c t i v i t y  I n s e r t i o n  

ANCON X X 56.99 3.413 6 .249 900.0 26.05 ' 9.592 
ANCONMG 1 X X 56.84 3.409 . . 0.869 .:900.0 25.26 2.472 
ANCONMG 2 X . X 57 .OO 3.412 457.8 , 906.5 21.58 3366 
ANCON X . 28.92 '  1.295 10 .10  352.7 1 . 9 7 1  15 .03  
ANCONMG 1 X 29.29 1.312 '0.953 352.7 1 .974 ' 1.412 ' 

ANCONMG 2 X 24.67 1.265 9 0 . 1  344.7 . 1.972. 139.8 . 
ANCON X 2.140 7.777 

0[5a5a 
ANCONMG . 1 . X 2.139, 1.122 
ANCONMG 2 X 2.140 , 227:2 . 
ANCON 1.95 x 10  1 .833 15 .41  

I ANCONMG 1 1.832 0.895 
ANCONMC 2 1 .821 69.59 

$0.65 K e a c t i v i t v  I n s e r t i o n  . , 

ANCON X X 1.318 41.57 . 5 .512 . .  570.7 130.53 ' .  9.640 . . 

ANCONMG 1 X X 1.367 42.71. 0.918 570.7 . 131.15 3.833 
ANCONMG 2 X . X  . b 
ANCON X 5.42 2.665 9.123 319.6 4.106 13 .56  
ANCONMG 1 X 5.65 2.735 1 .241  319.6 4.115 1 .837 
ANCONMG 2 X 4 .73  2.668 183.7 315.8 4.129 '282.2 
ANCON X %  , 

, 6.0 x 10-6a 2.102 1 .701  
ANCONMG 1. x .  2.101 0.347 1 ANCONMG 2 X 2.101 224.3 
ANCON 1 .6  x , l ~ ~ ~ ~  7.133 26.23 
ANCONMG 1 7.134 . 1.529 
ANCONMC; 2 . 7  . I74  264 ..I 

a ~ n l c u l a t i o n  a r b i t r a r i l y  s t 0ppe .d -a t  t h i s  power l e v e l .  
bpeak power n o t  reached a f t e r  60.2 min CP t ime .  E x t r a p o l a t e d  CP t ime  t o  peak power = 93.2 min. 

3. The 1-group ANCONMG c e n t r a l  p r o c e s s o r  (CP) t imes  

were . f rom 2 .5  ($0.65 r e a c t i v i t y , d e l a y e d  n e u t r o n s  

and . feedback i nc luded )  t o  17 .2  ($1.50 r e a c t i -  

v i t y ,  no de l ayed  neut rons .  o r  feedback)  t i m e s  

s h o r t e r  than the e q u i v a l e n t  ANCON CP t imcs .  

Th i s  s a v i n g  i n  t ime was b rough t  about  by i n t r o -  

duc ing  a v a r i a b l e  number of  d e r i v a t i v e s  i n  t h e  

T a y l o r  series i n  ANCONMG, whereas ANCON h a s  a 

f i x e d  number of d e r i v a t i v e s .  

4. .The 2-griup ANCONMG CP t imes  were, from. 77.7 . 

($1.50 r e a c t i v i t y ,  no de l ayed  neu t rons  o r  feed- 

back  i nc luded )  t o  6091 ($0.65 r e a c t i v i t y ,  de- 

l ayed  n e u t r o n s  and feedback i nc luded )  t imes  a s  
. . .  

l ong  a s  t h e  e q u i v a l e n t  1-group,ANCONMG CP t imes .  

5 .  When de l ayed  n c u t r o n s  were e l i m i n a t e d  from t h e  

2-group a n a l y s i s ,  t h e  CP t i m e  t o  peak power was 

. . reduced .by a f a c t o r  of 5 ,  t h e  CP t ime t o  maxi- 

mum f u c l  temperature by a fliceoi u1 24. 

D i r e c t  comparisons between t h e  a c t u a l  peak 

po,wers and maximum f u e l  t empera tu re s  a r e  p r o h i b i -  

t i v e l y  expens ive  i n  CP 't&e f o r  2-group problems 

t h a t  i n c l u d e  de l ayed  n e u t r o n s .  A q u i c k e r  i n s i g h t  

may b e  ga ined  about  mu l t i g roup  b e h a v i o r  t r e n d s ,  how- 

e v e r ,  from a comparison of t h e  t i m e  p r o f i l e s  o f  t h e  

l e a d i n g  edge o f  t h e  power peak f o r  l a r g e r  r e a c t i v i t y  

i n s e r t i o n s .  

. . 
A s t u d y  was conducted  on  numer i ca l  methods o t h e r  

t h a n  cont inuous  a n a l y t i c  c o n t i n u a t i o n .  Both t h e  

Runge-Kutta and Milne C e n t r a l  D i f f e r e n c e  P'=edictor-  

C o r r e c t o r  methods were t r i e d .  However ,' f o r  s t a b l e , .  

numer i ca l  r e s u l t s  t o  b e  o b t a i n e d ,  t h e  t ime  s t e p  s i z e  

had t o  be  sho r t ened  t o  t h e  p o i n t ,  where' t h e ; r e s u l t i n g  

CP times were 1 . 5  t o  2.0 times a s  l ong  a s  t h o s e  en- '. . . j  
coun te r ed  w i t h  ANCONMG. 



B. P r e p a r a t i o n  and Maintenance of Code Packages 
One a p p l i c a t i o n  of Eq. 1 is t o  t h e  s y n t h e s i s  of 

. s two-dimensional d i f f u s i o n  problems. I f  i t  is  as-  
1. A p p l i c a t i o n  of Syn thes i s  Techniques (B. M; * 

Carmichael) sumed t h a t  $ and $ a r e  s e p a r a b l e  i n  x  and y ,  
g  g  

By s y n t h e s i s  techniques ,  t h e  number of param- _ I: 

e t e r s  can b e  fo rmal ly  %reduc id  i n  c a l c u l a t i o n a l  prob- . +:(x,y) = 
+;g(y) 1 , , 

lems. For example, time-dependent one-dimensional ' ' ( 6 )  

s o l u t i o n s  t o  neu t ron  k i n e t i c s  problems can b e  ob- . 

t a i n e d  by s y n t h e s i z i n g  t h e  s e p a r a t e  space  and time 

s o l u t i o n s ,  o r  two-d imens iona l ' s t a t i c  s o l u t i o n s  t o  and v a r i a t i o n s  of Eq. 1 wi th  r e s p e c t  t o  $ and $* 
neu t ron  t r a n s p o r t  problems can  b e  ob ta ined  by com- l g  l g  

a r e  taken,  one o b t a i n s  . 
b i n i n e  t h e  s e ~ a r a t e  s o l u t i o n s  f o r  each of t h e  two - 
space  dimensions. I n  e i t h e r  o f  t h e s e  a p p l i c a t i o n s ,  2  

t h e  s y n t h e s i s  method would reduce computing times 

by more t h a n  an  o r d e r  o r  magnitude. 
. . 

Mult igroup D i f f u s i o n  Theory. With r e s p e c t  t o  

s t a t i c  neu t ron  d i f f u s i o n  problems, t h e  s y n t h e s i s  is 

performed w i t h  t h e  mul t igroup d i f f u s i o n  theory . 
2 

Lagra r~y ian  

. . 
We c o n s i d e r  h e r e  a  r e c t a n g u l a r  geometry ( x , y ) ,  bu t  

t h e  method works a s  w e l l  f o r  o t h e r  two-dimensional 

geometr ies .  I n  Eq. 1, i f  L is v a r i e d  by va ry ing  * 
t h e  a d j o i n t  f l u x , $  i n  group g ,  t h e  d i f f u s i o n  equa- 

K 
t,i nn . . . . 

is ob ta ined ;  t h a t  is,  

S i m i l a r l y ,  a  v a r i a t i o n  of t h e  f l u x  $ g ives  
g .  

- .  
is  t h e  equa t idn  a d j o i n t  t o  Eq. 2. 

Equations i n  y e x a c t l y  analogous t o  Eqs. 7  and 8  

a r e  obta ined by t ak ing  v a r i a t i o n s  wi th  r e s p e c t  t o  * 
$2g and $ 2g' 

Equations 7  a r e  t h e  r e g u l a r  and a d j o i n t  one- 

dimcnoionol d l f f u o l d n  thcory cquat lono l n  I[, 'Lhc 

procedure f o r  us ing  these  equat ions  would be  t o  

s o l v e  o problem i n  y  f i r s t  u s ing ,  f o r  cxomplc, DTF 

wi th  t h e  buckl ing op t ion .8  The y  s o l u t i o n s  a r e  sub- 

s t i t u t e d  i n t o  Eqs. 8  t o  o h t a l n  t h e  parameters needed 

f o r  i n p u t  t o  Eqs. 7 ;  f o r  t h i s ,  t h e  parameters  would 

b e  i n p u t  t o  a  DTF problem s e t  up t o  s o l v e  t h e  x  

dimension case .  Parameters der ived from t h e  l a t t e r  



s o l u t i o n  would be  s u b s t i t u t e d  back i n t o  t h e  y  case ,  

and s o  on. Th i s  is  a  l eng thy  procedure  r e q u i r i n g  . . 
automation. 

Multigroup Transpor t  Theory.. A procedure  based 

on d i f f u s i o n  theory might be, poor ly  s u i t e d  t o  some 

problems, p a r t i c u l a r l y  sma l l  f a s t  assembl ies .  For . .. 
such c a s e s ,  t h e  t r a n s p o r t  Lagrangian 

should  g i v e  b e t t e r  r e s u l t s  where 

c a l c u l a t e d  by, t h e  DTF-IV code8 ( e igenva lue  d i f f e r -  

ence method) was s l i g h t l y  l a r g e r  t h a n  t h e  smal l -  . 

sample (0.1454-cm r a d i u s )  worth  c a l c u l a t e d  by t h e  

DAC code ( p e r t u r b a t i o n  method).  Exper imenta l ly ,  

t h e  f in i t e - sample  worth is about  8% l e s s  t h a n , t h e  

small-sample worth.  

To i n v e s t i g a t e  t h i s  anomaly, t h e  o r i g i n a l  DTF-, 
I V  S  c a l c u l a t i o n s  were r epea ted  w i t h  f i n e r  mesh 

8  
spacing (10 i n s t e a d  of 5 )  i n  t h e  sample r eg ion ;  i n  

a d d i t i o n ,  t h e  problems were r e r u n  w i t h  t h e  S 16 
op t ion .  A summary of t h e  DTF-IV and DAC problems 

wi th  t h e  S8 and S16 op t ions  is  g iven  i n  ~ a b i e  V I I I .  

is  t h e  t r a n s p o r t  equa t ion  i n  terms of t h e  a n g u l a r  * 
f l u x e s , ' ?  and Y ' :  As i n  t h e  d i f f u s i o n  case ,  

g  g  - 

However, i f  one a t t empts  t o  s e p a r a t e  the  v a r i a b l e s  

a s  i n  t h e  d i f f u s i o n  case ,  t h a t  i s ,  i f  one assumes, 

f o r  example, t h a t  

t hen  t h e  v a r i a t i o n a l  p r i n c i p l e  does  not  y i e l d  c l e a n  

one-dimensional t r a n s p o r t  equa t ions .  Even t h e  

c u r r e n t  approximation 

TABLE VIII 

239~u CENTRAL WORTH IN JEZEBEL 

Core Material 
Radius in 

Problem Theory 2 keff (cd Center 

DTP-IV 
01058 REG 8 critical 6.2807 
021868 REG 16 

01048 ADJ 8 6.2807 
021.9hA ADJ 16 6.3023 

01038 . REG 8 
022168 REG 16 6.3250 

12287 ADJ 8 6.3044 
022268 ADJ 16 6.3250 . 
12317 REG 8 . 1.003959 . 6.3044 239~u 
022368 REG 16 1.003861 6.3250 

11197 ADJ 8 1.003959 6.3044 
022468 ADJ 16 1.003860 .6.3250 

DAC (small sample) 
01048 . 

6 01058 , 
8 6.2807 Fuel 

, . .  
021868 
b021968 

16 6.3023 I 
DAC (0.7268 sample) 
12287 

L 12317 
8 

022268' 
LO22368 

ie 63044 13.3230 1 
Although t h e  a n a l y s i s  of t h e  r e s u l t s  is  no t  y e t  com- 

which is a  n e a r  d i f f u s i o n  theory assumption, does ' 

p l e t e ,  it can be  seen. t h a t  t h e  2 3 9 ~ u  worth was r e -  
n o t  appear  t o  provide  a  t r a c t a b l e  approach. Solu- 

duced by 2.5% i n  going from S8 t o  S16; however, 
t i o n s  t o  t h i s  problem have no t  been found i n  t h e  

t h e  c r i t i c a l  mass was . increased by 1%. I n  c o n t r a s t ,  
l i t e r a t u r e .  Fu r the r  s tudy  is i n d i c a t e d .  

t h e  DAC r e s u l t s  d i d  no t  seem t o  change s i g n i f i c a n t l y  

i n  going from S t o  S16. Examination of the  d a t a  
2. C a l c u l a t i o n  of C e n t r a l  R e a c t i v i t y  Worths 

(M, E. B o t t n t )  i o  o t i l l  i n  progrcso.  

C e r t a i n  i n c o n s i s t e n c i e s  have been noted i n  t h e  

r e s u l t s  of c a l c u l a t i o n s  t o  determine t h e  c e n t r a l  3. One-Dimensional F e r t u r b a t i o n  Code (B.  El. 
Carmichael,  R. L. C u b i t t )  

r e a c t i v i t y  worth of 2 3 9 ~ u  i n  JEZEBEL. As an  exam-, . ' 

The one-dimensional v e r s i o n  of t h e  DAC pe r tu r -  
p l e ,  t h e  f in i t e - sample  (0.7268-cm r a d i u s )  worth 

. b a t i o n  code, DAC1, is  being w r i t t e n  i n  t h e  same 



format  a s  t h e  one-dimensional S  code DTF. Accord- 
n  

i n g l y ,  t h e  i n p u t  format is  t h e  s h e  as ,  i n  DTF, t h e  

v a r i a b l e  dimension scheme from DTF is used, and t h e  

o p t i o n s  i n  DTF a p p l i c a b l e  t o  p e r t u r b a t i o n  theory 

a r e  p rese rved .  

Inpu t  for-DAC1 c o n s i s t s  of t h e  unmodified inpu t  

deck t o  DTF, f l u x  dumps from r e g u l a r  and a d j o i n t  

DTF k-eigenvalue problems f o r  t h e  nuc lea r  system 

under s t u d y ,  and s p e c i f i c a t i o n  of p e r t u r b a t i o n s .  

The e n t i r e . c o d e  has  been w r i t t e n ;  t h e  i n p u t  

s e c t i o n ,  t h e  c a l c u l a t i o n  of t h e  e f f e c t i v e  delayed 

neutron'  f r a c t i o n ,  t h e  neutron l i f e t i m e  c a l c u l a t i o n ,  

and t h e  buckl ing p e r t u r b a t i o n  op t ion  have been 

debugged. The c a l c u l a t i o n  of t h e  delayed neu t ron  . 
f r a c t i o n  h a s  been genera l i zed  t o  permit  c a l c u l a t i o n  

of an  a r b i t r a r y  mix tu re  of delayed neu t ron  e m i t t e r s .  

The buckl ing p e r t u r b a t i o n  was added r e c e n t l y .  

I n  DTF, t h e  buckl ing parameters  i n t r o d u c e  f i c t i t i o u s  

a b s o r p t i o n  i n  t h e  one-dimensional calcu1at ion:which 

accoun t s  approximately  f o r  neu t ron  leakage i n  d i -  

r e c t i o n s  t r a n s v e r s e  t o ' t h e  s p e c i f i e d  dimension. The 

buck l ing  c o r r e c t i o n s  a r e  c a l c u l a t e d  from t h e  extrap-  

o l a t e d  h e i g h t s  o r  r a d i i  i n  t h e  d i r e c t i o n s  t r a n s v e r s e  

t o  t h o s e  s t i p u l a t e d  i n  t h e  DTF i n p u t .  D A C l  calcu- 

l a t e s  t h e  r e a c t i v i t y  r e s u l t i n g  from a  p e r t u r b a t i o n  

of t h e  e x t r a p o l a t e d  dimensions. 
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I. INTRODUCTION 

This project i s  directed toward the examination 

and comparison of the effects of neutron irradiation on . 

LMFBR Program fuel materials. Irradiated materials 

will be examined a s  requested by the Fuels and Materi- 

a l s  Branch of DRD & T. 

11. FUEL CAPSULE HANDLING CAPABILITY 
(P. J. Peterson) 

Re-evaluation of the cask design for shipping 

irradiated capsules from ERR-IS, to LASL is being done, 

and an engineering analysis of i t s  performance under the 

hypothetical'accident conditions of Chapter 0529 of the 

AEC Manual is being undertaken. Procurement of the 

cask will be delayed &ti1 FY 1969. 

III. INERT ATMOSPHERE BOXES 
(M. D. Keehn, R. F. Velkinburg) 

Testing of the Ar pur'ification unit in  conjunction 

with an alpha containment box to be used in-c,ell has been 

completed. .With a 1 CFH Ar purge through the volume 

between the manipulators and booting, the discharge 

from the box was maintained a t  - 1 ppm H20.and - 2 ppm 

02. To simulate damage to the booting. a 1/8 in. diam 

hole was made in the ,boot and, with the Ar p q g e  of the 

hnnt increaser1 to XO,CFH, no adverse effects were notod. 

Moderate manipulator activity produced no change. It is 

to be dmphasized that ,these tests  were performed under 

ideal conditions and a r e  not necessarily representative 

of the purity that can be maintained in rea l  operation. 

Controlled and measured a i r  leaks were intro- 

duced in the system to determine the effectiveness.of the 

purification unit. It was found that with an a i r  (- 50% 

relative huniidity) leak ra te  of 100 cc jmin ,  H20 concen- 

trations were'kept a t  < 5 ppm, but 0 leirels rose  to 2 
>lo0 ppm. This deficiency has been reported to  the 

supplier for  possible corrective recommendations. 

1V. IN-CELL EQUIPMENT . 
(E. L. Ekberg, F. J. Fitzgibbon, G. H. Mottaz, 
P. J. Peterson, T. Romanik, J. R. Trujillo) 

~a Distillation . 

, The unit for  distilling Na from irradiated fuel 

pellets has been fabricated and is currently being tested . 

to  ascertain the optimum vacuum and temperature con- 

ditions for quantitative Na removal. 

Gamma Scanning 

. The new unit for  handling fuel capsules up t o  . . 

- 40 in. long has been designed, 'and commercially 

available components have been ordered. Fabrication 

will proceed in the near future. 

Fission Gas Sampling 

Development of the new system for puncturing 

the clad of irradiated capsules, measuring gas pressure 

and sampling for fission gas analysis is currently in pro- 

gress .  

Dcnsity Measurement 

Density determination of mock-up pellets gener- 

ating 0.5 watts of heat in a volume of - 0.3 cc has shown 

density e r r o r s  of - 0.4O/n due to the thermal currents  in 



the immersing media. Work is continuing on methods of 

reducing this  e r r o r .  

De-Canning Saw 

A s  a back-up for cladding removal by stripping, 

a saw for  slitting and sectioning of irradiated capsules 

has been fabricated. The unit is in the process  of being . 

tested. 

Techniclue For  Removing EBR-I1 Driver Fuel 
F r o m  Cladding 

A furnace, using heating tapes,  was fabricated 

for  the purpose of removing the fuel pin a s  an integral 

unit f rom the clad. 

The technique employed is a s  follows: I;l~e fuel 

,, element is sectioned with a tubing cutter a t  the lower cnd 

ncar  the plug and a t  the npper end,near the restrainer .  

The upper end of the section containGg the fuel pin is 

then opened up beyond its original diameter with a flaring 

tool. The flared end is ,inverted,in the furnace, and a 

collet is tightened on the opposite end. After evacuating 

t h e  furnace assembly it is heated to  - 1 7 5 O ~ ,  a rod  (ex- 

tending through the furnace cap) is forced down'on the 

fuel by the use of manipulators. The fuel is ejected from 

the clad into a receiving tube which is the lower psfrt of 

the  fiirnar.~. a.ssernhly. After cooling the furnace and vent- 

ine;, the entke assembly is rinsed with Dowanol E B  to 

dissolve the residual Na, and the clad and fuel pin a r e  r e -  

T o  date 3 unirradiated pins and 2 irl'aulatea pms 

have been removed in this manner. Fuel with increased 

swelling is obviously more difficult to  remove. This  tech- 

nique, however, permits: taking diametral measurements 

on the full length of fuel pin; viewing of the entire iength 

of an intact pin; and preserving the cladding for  such 

measurements a s  tensile tests  on tubes. 

V. . DIFFERENTIAL THERMAL ANALYSlS 
(D. B. Cv<u~'l) 

Fabrication of al l  components for  the differential 

thermal  analysis system has been completed. Installa- 

tion of the induction heating generator and oscillator is 

under way; and the in-box furnace components a r e  in- 

stalled. The alpha box is 90% prepared for  in-cell instal- 

lation. ' 

VI. HEAT CONTENT MEASUREMENT 
(C. E. Frantz) 

Design d the isothermal drop calorimeter has 

bccn completed. Fabrication of the block portion is 

about 80% complete. Materials a r e  being procured for 

the furnace. An instrument console for the calorimeter 

is in the initial stages of fabrication. Installation of the 

vacuum pumps and electrical transfor h e r s  for the calo- 

r imeter  is in progress. Design of the power leads from 

the t ransformers  to  the furnace has been completed. 

Variou~s layout designs of utilities required for the calo- 

r imeter  ha've been drawn. 

Design of the welding fixture for sealing tungsten 

capsules used in the calorimeter has been completed, and 

the f k t u r e  has bccn fabricated. 

VII. .&$ALYTIC_A-L CHEMISTRY- 
( 0 .  R. Simi, J. H. Dahlby, C. S. MacDougall, 
T .  K. Marshall,  C. R. Waterbury) 

The Determination of F r e s  (Uncombined) Carbon 
in Irradiated Carbide Fuels 

In adapting a methud (Rpt. LA-3G03, 1966) for 

remote manipulation, a compact fused-silica furnace, for 

igniting thc separated f ree  C ,  coupled with a Ni furnace 

filled with CuO was tested hy a.nalysis of twclvc portions 

01 a uc sample f o r  tulal a id  I i e e  C. Aiiei!age vaiucu uf 

9.32% total C and 0.919; f?&e c Were ubtall~ed. Tlle lulal 

C content i s  in ag-reement with ;u~ avera ie  of 90.1% ob- 

tained fog l.J in  this sample. Operation of the furnacc 

using manipulators was fouhd to be satisfactory. Instal- 

lation in  the hot cel l  has started. 

Diasoli~tinn nf Tiranium. Fuel& Containing Ru 
(UFisslum) 

Several samples of unirradiated U-fissium alloy 

were dissolved in a HC1-HNO -HC10 mixture in a dis- 
3 4 

solver designed for hot cell use. The apparatus consists. 

of a closed dissolver pot connected to a water-cooled 

NaOH 'trap to collect'volatile Ru. Samples ranging be- 

tween 0.5 and 1 g were dissolved without visible residue 

remaining. and the recovery of Ru was 100%. The dis- 

solver was installed in a hot cell  and applied successfully 

t o  dissolution of irradiated fuel alloys. , 



.Table I 
D,etermination of oxygen in Irradiated 
Reactor Fuels 

I . Tentative Limits of Detection for  Impurity Elements 
A.fused-silica furnace designed for inert-gas- in Sodium 

fusion meas,urement of 0 in irradiated fuels was tested 
2 

under simulated hot cell  conditions. Plans for instal- Limit of Limit o f .  - 
Detection, 

lation of the furnace in a hot cell  were made, and instal- Detection, 
Element ppm Element ppm 

lation of the induction heater and other ancillary equip- . . .;Be . '  0.8 ' Ni 3 
ment was s ta r ted ,  Some delays a r e  anticipated because B .  8 CU " 3 ' *  

an inert atmosphere enclosurefor  sample preparation is 

not completed. 

Adaptation of Emission Spectrographic Methods 
to the Analysis of Irradiated Materials 

. (a) Analysis of Irradiated U-Pu Fuels , 

Unirradiated UC is being used a s  a stand-in 
2 

material for adapting a carrier-distillation method to the 

analysis of irradiated U-Pu fuel by remote manipulation 

in a hot cell. Individual steps such a s  weighing and crush- 

ing the sample, igniting to the oxide, mixing sample with 

4% Ga 0 a s  a c a r r i e r ,  loading the electrodes and excit- 2 3 
ing the sample'with a d. c .  a r c  have been remotized. 

Twenty~one impurity elements may he  determined in con- 

centrations varying from the limit of detection (0.3 to 30 

ppm depending on the element) to  an upper limit of about 

3QOppm. . 

(b) Analysis of Sodium Metal Containing Fission 
Products 

This method is being adapted to hot cell  operation. 

It involves weighing the sample, dissolving in butanol, 

converting to NaC1, by addition of HC1, evaporatiug to 

dryness ,  mixing with graphite and d. c .  a r c  excitation. 

The limits of detection obtained with standards zrced in 

the hot call are shown in Tab10 I. Li and IE will Le added 

to the list. 

VIII. EXAMINATION O F  UNIRRADIATED FUELS 

Plastic Deformation 
(M. Tokar, A. L. Gonzales) 

order  to  r a i s e  the operating temperaturc to ,at  least  

1 8 0 0 ~ ~ .  

Thermal Conductivity 
(K. W. R. Johnson) 

The 3M Model TC-200 comparative type thermal 

conductivity apparatus has been modified for, use on small- 

e r  plutonium specimens. 

Thermal conductivity calibration measurements 

were continued using a 1/2 in, diam x 1/2 in. long metcr-  

specimen-meter assembly fabricated of Inconel 702. In 

anticipation of compatibility problems associated'with 

nuclear fuels and the components of the ~pparatus a t  high, 

temperature, an attempt was made to make measurements' 

in  vacuum. With the existing equipment, good thermal 

balance could not be obtained when either ceramic packing 

o r  radiation shields were used betweeh thk conductivity 

stock and the guard. In an iner t  atmosphere, with radi- 
Preliminary testing of 1/2 in. diam x 1/2 in. 

ation shields instead of ceramic insulation and using 
tall  cylindrical specimens of UC has been started with the o matched guarding th measurements at 200 C ware within 

' new instrument, The press  and furnacc havc bcen en- 
the * 10% accuracy specified for the apparatus. At 5 0 0 ~ ~  

closed for  plutonium work. Maximum temperatures and 
0 thc accuracy exceeded lo%, but acceptable accuracy was 

pressures  were 1400 C and 7000 psi ,  respectively, with 
obtained a t  500 and 7 5 0 ' ~  by using linear guarding. By 

. . the original arrangement of the 15 KVA motor-generator 
adjusling the temperature profile of the m a r d  to minimize 

set. Leads from this power supply a r e  being modified in 
the interface temperatwe gradients hetween metoro m d  



0 
specimen,. accuracies a t  677 and 981 C were 7.2 and 6%, B . Stereo-viewing and Macro-photography 

respectively. All s ix  irradiated and five unirradiated elements 

A specimen of AAQ graphite has been substituted were  visually examined. The only notable feature was a 

f o r  the Inconel specimen t o  test the reliability of the , slight discoloration (golden brown) on al l  the elements. 

measuring procedure in  a different thermal  conductivity The elements with.the'most prominent stain SL 42-17 

range . . (irradiated) andSL49-60 (unirradiated) were selected for  

The glovebox for  housing the thermal  conductivity an attempt to  identify the stain by chemical analyses. 

apparatus has been received and is being installed. C. Chemical Analyses of Surface Material in 
Discolored Areas on Stainless Steel Clad 

Hot Hardness and Wires 
(A. L. Gonzales) ' , - 

Discolored surface a r e a s  on spacer wires  o r  . 

The instrument has been install& in a glovebox, cladding of three fuel elements were leached in succession 
and is essentially ready for use. with alcohdl-acetone and then twice with a dilute HC1- 

Vacuum Cathodic Etching H N 0 3  solution. The f i r s t  acid leach removed the dis- 
(K. A. Johnson, A. L. Gonzales) 

coloration and the second dissolved some of the substrate 
A design change was made to the glovebox material to provide a reference solution. Emission 

erlclnsnra to  accommodate hlgh volttlge ked-lllroughs. sp~.ct.rnchemical determinations of the major cons t l lue~~ls  
The instrument is essentially ready for  use. were  made on each of the leach solutions. The total 
M. EXAMINATIONOFEBR-IIDRNERFUEL quantities of material found in each of the f i rs t  two leaches 
(K. A. ,Tohnson, J. W, Schulte, G. R. Waterbury) . . 

oi each sample were  small ,  r a i # i l l g  ~ I U  0.8 to 44.4 pg. 
At the request of the Division of Reactor Develop- Iron, chromium, and nickel, which are constituents of . 

ment and Technology, LASL will do an extensive study the stainless s teel ,  were the main solutes in the acid 
on 6 irradiated EBR-I1 Driver Fuel Rods. leach solutions. Submicrogrnm quantities were found of 

The resul ts  obtained t o  date a r e  given below. surface contaminants such a s  Cu, Y ,  P b ,  Mn, Al, and Ca. 
Fuel  Element , . -. Oxygen, which might contribute to the s w f a c e  discolor- 

. A. Measurements of Physical Propert ies  
ation, could not be measured because of the nature of the 

Measured Physical Froperties 

Max. 
Radiation , ' Surface 

Element R/hr nt 1 m Weight, g Temp. .0c2 
AmS-5fi (Trrarl ) 2R 84 .82  30,6 

SL 38-16 (Irrad.) 29 84.64 29 .2  

. 4088-100 (Irrad.) 3: 84 .49  . 29 .9  

4087-53 (Irrad.) 32.5 84.80 29 .6  

4057-84 (Irrad.) 26 84.07 30.7 

Dimensions in inches 
Diam. (i 0.0002 Ln.) 
Max. Min. Length (+1/32 in.)  ow,^ in. 

0.1750 0.1744 18 1/16 0 .080  . 
0.1754 0.1750 18 1/16 0: 035 

0.1749 0.1743 18 1/16 0.018 

0.1746 0.1742 18 1/16 0.011 

0.1136 0.1732 : I8 1/16 0.038 

SL 42-17 (Irrad.) 28 84 .42  3 0 . 0  ' 0.1752 0.1748 18 3/32 0 .019  

S L 4 9 - 6 0  . -- 84 .81  -- -- -- 18 1/16 -- 
0459-14 -- 83 .54  -- -- -- 18 1/10 - - 
0121 H-05 -- -- -- 0.1735 0.1729 -- 0.014 

0121 H-23 -- -- -- 0.1739. 0.1735 -- 0.055 

0121 11-27 -- -- -- 0.  1.735 0.1728 -- 0.027 

'swipes showed no cr contamlnatlon and 4-50 inr/hr p - y  contamlnatlon. 

'~emperature of hot cell was 2 9 . 0 ~ ~ .  

3 ~ o w  measurements are to i 0.005 ln. , but flexibility of the fuel elements makes the tolermce accuracy doubtful. 
Some bow may have been induced by handling. 



sample. It was difficult to  evaluate the significance of 

the metallic contaminants which might have been intro-' 

duced onto the surface during the many handling oper- 

ations. 

'. . D. .Gamma Scanning 
. ; (Dale, M. Holm, K-1) 

'A s e r i e s  of gamma scans with 4 keV energy and 

good spatial resolution have been made on EBR-I1 driver 

fuel pins. Twenty-two gamma-ray lines were observed 

and analyzed from the spectra taken a t  different positions. 

Table 111 shows the energies of the lines, the isotope 

identification and the method of production. Although 

Table  III 

Gnmma-ray Energies  Observed ln EBR-I1 Driver  Fuel  Element  (No. 4087-53), 

. . Thcir  Idcntificntion, nnd Mcthod of Production 

Reaction 

Fiss ion Product 

F i s s i on  Product 

54 54 
Fe(n,p)  Mn 

5 8 ~ i ( , . p ) 5 8 ~ o  

PIeaion Product 

58 58 
Ni(n.P) Co. 

F i s s i on  Product 

Unidentified 

a l l  of the data has not been interpreted, preliminary 

resui ts  'indicate that no migration of fission products ' 

occurred in the fuel elements. 

There is a marked difference in the distribution 

of stainless steel antivat.ion products a s  cumgared to the 

fission proddcts.  h he activity from fission products'in 

Lht: median plane is 30% higher than a t  the ends of the 

fuel, whereas the fast (> 2 MeV) neutron (n ,  p) activation 

54 
products ( Mn and 5 8 ~ o )  a r e  260%'higher in the median 

plane than at  the ends of the fuel. Conversely, the ther- 
'60 ma1 neutron activation product ( Co) is not detected'in 

the fueled region but i s  seen in the nonfueled region. 

, Since no.(n,a)  reaction products from stainless 

steel were observed', i t  i s  presumed that they will not be 

detectable by gross  gamma counting of the fuel elements. 

However, since both the ( n , a )  and the (n,p).reactions a r e  

from the high energy component of fission neutrons, it 

should be possible to  deduce the number of ( n , ~ )  reactions 

in the stainless steel.  

E. Nondestructive Tes t s '  
(Group GMX-1) .. 

1.  eta-  am ma Autoradiographs 

The six irradiated elements were autoradio- 

graphed; the dark images obtained were then x-ray radio- 

graphed at  a low energy level. The resulting radiographs 

were traced with a microdensitometer. The maximum 

change in film density of the fuel element Images was 

about 2.2%. 

This method is not particularly productive 

of information a s  applied to this particular type of fuel 

element. 

2. Eddy Current Measurements 

Eddy current  measurements were made on 

the elements at  a frequency of 250 K Hz with the resul ts  

a s  shown in Table N. The values in Table lV have not 

yet  been correlated with any particular features of the 

element; however, low conductivity indications may show 

Na voids. 

Table IV 

LOcatlons of Conductlvlty C h w e s  

Element Dielance Lrom Top of Fuel Element. In Inchcs i 0.2 Inches ' 

4015-56(Irrpd.) 4.6. 5.0 11.6 13.5 

SW8-16(lrrnd.) 1.1 1.75 3.9. 6.6 7.75 12.1. 
13.2 13.8 14.4. 15.0. 15.5 1 5 . 7 5 . 1 6 . 4  

4088-loO(lrrd.) 1.13 2.6 3.6 6.8 14.2 14.9 
14. W 16.2 

4087-53(lrrnd.) 4.5 5 .9  9.4 13.5 

4057-84(Lrad.) 3.0 8.3 9.25 11.8 .12.4 I$ .R ld i2  

SUP-l l ( lrrd.)  2.0' 3.1 9.3' 10.110 11.0. 11.75 12.3 
12.8 16.1 

0121H-05 4.5 6.8 7.7 11.3- 11.7 13.410 i2.9 . 
13.4tOIS.W . 

01218-23 . 2.1 3.0 . 3.4.to3.7 6107.5 10.5. . . 
0121H-27 6.3 6.2 10.5 to 10.9 15.2 

. . 
HIgh conducuvlty pointa, all othere are low conductivity points. 

. , .  ... , . , 



3. X-ray Radiography 

Results of radiographic inspection of 9 

elements a r e  a s  follows: 

Element 

4015-56(krad. ) Five voids, 10 t o  30 mils diam located 
in the fuel pin hetween 1 and 2 inches 

' 

from the bottom of the capsule. 

SL38-16(Irrad.) No voids detected. 

4088-100(Irrad.) Two voids in the fuel pin, about 10 mils 
diam , 5.2 and 5.6 inches from the top 
end of the element. 

4087-53(Icrad. ) No voido detected. 

4057-84(Irrad.) No voids detected. 

ST.A2-17(Trrad. ) No voids detected. 

0121H-05 ' Voids in the fuel pin from the top to 6.8 
inches from the bottom, a l l  in center of 
pin. 

0121H-23 Possible incomplete fusion in weld at 
top end. Voids all along the center of 
the fuel pin. 

012111-D7 No voids detected, 

4. Sodium Level Measurements 

Sodium levels in the elements, a s  measured 

from the top of each element, were  determined to be a s  

follows: 

Table V 

Measured Sodium Levels, in Inches 

13y X ray  By Eddy Cnrrent 
Elcment Radiography * u. 125 111. 

4087-53(Irrad. ) 1.82 1.75 

4057-84(Irrad. ) 2.45 2.25 

SL42. 17(Irrad. ) 1.46 1.13 

0121H-05* 2.81 

0121H-23* 2.40 

0121H-27* 2.81 

* 
These elements were rejected by ANL because the Na 
levels did not conform to specifications. 

5. M r a r e d  Hadlometr? 

One unirradiated element was inspected by 

this method, and preliminary indications a r e  that this 

technique may be itseful in detecting Na levels. 

Components 

A. Clad 
1. Chemical Analyses, 

The hottom tip and one section of clad from 

each of two unirradiated fuel elements were analyzed by 

a microcombustion method for 6 .  The tips contained 60 

to 65 ppm, and the clad from elements SL49-60 and 

0121H-05 contained 80-180 ppm, respectively.. These C 

values were within the maximum specified in the com- 

position requirements of ASTM-A-240-63 for type 304 L 

stainless s teel  and in the Product Specification for the. 

EBR-II  river Fuel Elements, FCF-1. Emission spec- 

trographic analyses for metallic cbnstituents and ad- 

ditional carbon determinations gi.e progress. 

2. Metallofiraphy and Autnra.diography 

YeCtions of the clad I rum elamant 4007-50 

(irradiated) were mounted and metallographic exami- 

nations a r e  in progress. Alpha and beta-gamma auto- 

radiugraylls llave Leci.1 rliade. With o~cpoouroo of up to 

40 min,, they show no detectable images. Longer ex- 

posures will be tried. 

3. Tensile Tests  

Preliminary resul ts  of tensile tests  on 

sections nf clnd nsr: @ven in Table VI. 

T d l .  V I  

Tenelle Test Resvlte 

Clad from Clnd Head Speed. Yleld Ultimnte 
Element L e a h ,  In. In./mln. Polnt. Point. 

' 4081-53(irrad. ) 5 0.5 426 Ibs 518 Ibs 

SIA9-GO 3-1/2 0.05 to 0.5 162 Ibs ,462  lbs 

OlZlH-bS 0 U. b ZZ5 lbn 41111 lba 

0121H-21 3-1/2 0.6 225 Ibe 432 lbs 

' ~ e e n g t h s  nrsreported direct, not M pal. 

The above resul ts  indicate a probable increase in both 

yield and ultimate strengths in the clad a s  a result of llle 

irradiation. Metallopaphy may pinpoint the strengthen- 

ing mechanism. 

B. Fuel Pins 

1. Stereo-Viewing 

. Three unirradiated and one irradiated fuel 

pin were examined; the only notable feature was a few 

shallow depressions on the irradialad rod 4087-53. 



These depressions may have been produced during the Samples from irradiated fuel pin 4087.-53 a r e  dissolved 

removal of the fuel from the clad, a s  evidenced by flakes and analyses a r e  started. 

found in the Na and the disassembly equipment. 

2. Measurements 

Tnble VLI 

Measured Physlcal hoperues  

lrnrnerslon 
Danslty, g/cc. 

Welght. *O. 16% 
Element _g Near Tor, Near Bottom 

4088-lOO(1rrad.) 64.95 --- --- 

Dlmenslans. In. 
Dlam(t0.0002 In.) Length. Is. 
Max. Mln. ItO.03 1n.L 

0 . 1 4 7 8 ~  0.1450 13.68 

0.1530 0.1488 13.81b 

ConsontnUmo 
RWlflsd , Pln G U S  0 P I  OlZIH- 

Caoannlr.u.o ' Tor, Mlddlde 3 kddla OS- 

%lameter of pre-lrradlatloa pIn I8 -0.144 In. 

b~re-lrradlatloa length of Ulls fuel p L  was 13.499 L. 

'welght d thls fuel ph. se reported by ANL Idaho. was 83.81 g. 

The weight of fuel pin 4087-53 is 0.16 g lower 

than the pre-irradiation weight (65.06 g), a s  reported by 

ANL Idaho. This difference may be attributed to the dia- 

lodging of small chips during the removal of fuel from 4. Metallography and Autoradiography 

Metallography is in progress on top, middle clad. 

and bottom sections of pins No. 4087-53 (irradiated, Surface temperatures measured for two irradi- 

ated fuel pins were within 1°c of the hot cell temperature 

(3 1 ' ~ ) .  

SL49-60, 0121H-05 and 0121H-27. Preliminary alpha. 

and beta-gamma autoradiographs have been made t o  

determine exposure time and to check hot cell  techniques. 3. Chemical and Isotopic Analyses 

Concentrations of some alloying elements 5. Retained Fission Gas Measurement 

Identification and measurements will be  made and impurities were determined in two fuel pins by spec- 

on fission gases retained in the fuel by complete dissolu- trophotometric and radiochemical methods, and the 

tion of 1 in. sections. The work is currently in progress. isotopic composition of the uranium was measured mass 

C. Sodium 

1. Chemical Analyses 

Metallic impurities in the Na from two cap- 

sules  were determined by an emission spectrographic 

method. The Na was leached with butanol from the top 

section of the clad of element SL49-60, and two small  

samples of metallic Na were removed with a spatula 

from the clad about 3.4 inches below the top end of 

element 0121H-27. Hydrochloric acid was added to each - 
sample and the butanol was evaporated to prepare the 

samples for analysis. The resul ts  (Table M) show that 

the Na removed mechanically from the element was 

'more  pure than the Na leached from element SL49-60 by 

butanol. The higher impurity concentrations obtained 

for the leached sample could be the resul t  of foreign 

spectrometrically. These deterruinations were made on 

aliquots of solutions prepared by dissolving 1-g samples 

taken from the top, middle, and bottom of the fuel pins. 

Solid samples from the middle of each rod were analyzed 

by an iner t  gas  fusion method for 0 and a microcom- 2 
bustion method for C. The resul ts  obtained to date 

(Table VIII) a r e  within the concentration ranges listed in 

Product Specification for the EBR-I1 Driver Fuel Elements, 

FCF-1, with the exception of the slightly higher concen- 

trations of 2.76% for Mo and 2.19% for Ru in the top 

sample of fuel pin SL-49-60, and the slightly lower iso- 

topic concentration for 2 3 5 ~ .  Emission spectrographic 

determinations of impurities in the samples from the 

middle of each pin and controllecbpotential coulometric 

titrations of the U in each sample a r e  in  progress. 



material  either on the cladding o r  in the Na. Reagent 

blank determinations showed that the reagents were not 

contaminated. Unfortunately, i t  was not possible to  r e -  

move Na samples mechanically from the irradiated ele- 

ments ,  but g rea t  c a r e  was  exercised in cleaning the out- 

side of the cladding prior  to leaching of the sodium with 

Dowanol. Emission spectrographic analyses of these 

Na solutions a r e  in progress. 

Table IX 

Concentrations of Impurities in Sodium 

specifieda 
Element Maximum, ppm 

Ag 2u 

Au 30 

Concentrations, ppm 
in Na from 

SL49-60 0121H-27 - - 
< 0.8 < 0.8 

a 
Product Specifications for  the EgH-11 Driver Fuel 
Elements ,  h'Ch'-1 

. . 
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FAST REACTOR METALLIC FUEL STUDIES 

Persons in Charge: R .  D. Baker 
D. B. Hall 

Principal Investigators: W. J. ~ a r a m a n  
R. H. Perkins 

I. INTRODUCTION 

The objective of tllis program is the development 

of metal fuels for fast reactor application. The primary 

efforl is placed on preparation and fabrication develop- 

ment of the Pu-U-Zr alloys. Supporting effort is di- 

rected toward areas  of physics and system evaluation, 

determination of physical and chemical properties, and 

fuel-cladding interactions. 

11. FUEL PREPARATION AND FABRICATION 
(D. R. Harbur) 

A. General 

The initial goals of this project a r e  to  prepare 

high purity, homogeneous U-15 w/o Pu - 10 to 15 w/o 

Zr alloys, to  fabricate tliese alloys into fuel piqs of the 

EBR-11 size and to fully characterize these pins. P r e -  

sent efforts a r e  being dirccted toward the prepaa l iun  of 
. . 

a high purity, homogeneous alloy. Consideration is also 

being given to several fabrication methods and to the pro- 

curement of fabrication equipment. 

R . Current Results 

Two methods a r e  being evaluated for the prepa- 

ration of high purity, homogeneous TJ-1.5 w/o Pu-10 to 

15 w/o Zr alloys: induction melting in conventional cruci- 

bles and in "cold n r ~ ~ n i h l e s .  I t  Induction melting of tho 

,alloying materials inside of a graphite crucible with a non- 

reactlve coating offers the advantage of being able to  pre- 

pare  and cast  homogeneous alloys in  a one-step operation. 

Preliminary data now indicates that a homogene- 

ous ternary alloy may be prepared at  1 4 0 0 ~ ~  in less  than 

0.5 h r  provided the melt i s  mechanically s t i r red  and a 

U-Zr binary is used with Pu. The binary was prepared 

from high purity U and crystal bar  Zr  using repetitious 

a r c  meltings. (The 0 content was held to 70 ppm by 

weight. ) 

The reactivity of crucible materials apd for cruci- . . 
ble coatings with these ternary alloys at  1 4 0 0 ~ ~  for short 

times is being studied. Oxidized Ta melting crucibles, 

which a r e  routinely used for most P u  alloys, were se- 

verely attacked by both a U-15 w/o Zr  binary and a 

U-15 w/o PU-10 w/o Zr ternary. Flame-sprayed coat- 

ings of W ,  . Mo and TaC were badly wetted by the ternary, 

whereas ZrO and Y203 were not. However, the ZrO 
2 2 

coating was darkened, which indicated 0 depletion. A 

quantitative evaluation of ZrO and Y203 coatings is 
2 .  

being conducted. In conjunction with flame-sprayed 

coatings of Zr02  and Y 0 colloidal suspensions of 
2 3 '  

these two ceramics have been ordered from the Acheson 

Colloids Co. Coatings made from colloidal. suspensions 

a r e  readily applied and have a high adhesive strength. 

In the cold crucible technique the ternary alloy 

is prepared by melting and s t i r r ing inside of a water- 

cooled metallic crucible. In this method there is  always 

a frozen alloy skin next to the water-cooled crucible 

which prevents pickup of impurities from'the crucible. 

Homogeneous U-15 w/o Zr alloys have been preparerl 

on the wall of a horizontally positioned, water-cooled Cu 

heat concentrator. (The concentration of Cu in the binary 

was 13 ppm by weight.) A heat concentrator unit has 

been installed in a P u  glove box and several 65 g batches 



of U-15 w/o - 12.7 w/o Zr alloy have been prepared. 

Analytical results on these alloys a re  pending. The heat 

concentrator i s  being redesigned to increase the volume 

of metal contained. These units a r e  powered by a 25 KW . 

radio-frequency unit. An alternate method being studied 

involves the partial levitation and stirring of a 350 g or 
' 

larger charge, inside of a thin, water-cooled Ta cone. 

In this case the charge is heated by the output from a 

motor-generator set. (This approach offers the added 

possibility of being able to cast the alloy directly.) In 

connection with all' of the above studies, carefully selected 

stocks of characterized feed materials have now been ob- 

tained. A tentative correlation between hardness and 

composition of the U-Zr binary has been established. 

Casting studies of the ternary are  yet to be insti- 

tuted. Sbce  it may not be feasible to gravity cast rods. 

to the EBR-11 size, both extrusion and swaging are  to be 

investigated. The design of a high temperature extrusion 

die and press is nearing completion. A Fenn swaging 

machine has been purchased and its enclosure inside of 

a glove box is  being considered. 



OTHER ADVANCED SYSTEMS - RESEARCH.'AND DEVELOPMENT 
. . . . 

. . Person i n  Charge: D., B.  Ha l l  
' P r i n c i p a l  lnvels t igators ' :  R. H .  Perkins  

E. 0 .  Swickard , 

2 .  - .  

I .  AQUEOUS NEUTRON SOURCE 
(B. J .  Thamer, M .  E. B a t t a t )  

f o r  e s t i m a t i n g  t h e  H202 c o n c e n t r a t i o n  t h a t  would be  

gene ra t ed  f o r  a g iven amount o f  f i s s i o n  energy a s  a 

A.  General u n i t  o f  t h e  f u e l  passed through t h e  c r i t i c a l  r e g i o n  

O n e o f t h e m o r e s e r i o u s p r o b l e m s i m p l i c i t  i n  . o f  a USFR. Although t h e  f u e l  might con ta in  copper 

t h e  concept of  a Liquid J e t  Super Flux ~ e a c t o r l  is  and i r o n  s a l t s  t o  decompose H202, such decomposi- 

t h e  p o s s i b l e  p r e c i p i t a t i o n  of  uranium pe rox ide  from t i o n  would be  s l i g h t  du r ing  t h e  approximately  

t h e  aqueolls f u e l .  Such p r e c i p i t a t i o n  could  cause second o f  t r a n s i t  a c r o s s  t h e  . c r i t i c a l  r eg iqn :  

h o t  s p o t s  on s o l i d  s u r f a c e s  o r  g ive  problems i n  t h c  Table I  c u r ~ t a i n s  exper imenta l  de t e rmina t ions  o f  

c o n t r o l  o f  t h e  r e a c t o r .  The r e a c t i o n . o f  r a d i o l y t i -  H202 s o l u b i l i t i e s  f o r  two, f u e l  composi t ions .  The 

c a l l y  produced H202 with aqueous U02S04, f o r  exam- f i r s t  o f  t h e s e  has  been o f  i n t e r e s t  t o  Atomics 

p l e ,  i s  nominally I n t e r n a t i o n a l  i n  r e l e v a n t  s t u d i e s  . 4  The l a s t  c o l -  

U02S04 + H202 = UO4$ + H2S04. umn g ives  t h e  maximum energy t h a t  ' could be gene ra t ed  

This  r e a c t i o n  is  important  bel,ow 200°C, i . e .  a t  t h e  i n  a g iven volume o f  t h e  f u e l  p e r  passage through 

temperatures  o f  t h e  LJSFR a s  p r e s e n t l y  conceived. t h e  c r i t i c a l  r eg ion .  U04 could  p r e c i p i t a t e  i f  t h i s  

A t  tcmperatures  h i g h e r  than 200°C t h e  danger from va lue  were exceeded. S ince  t h e  H202 s o l u b i l i t i e s  

e q u i l i b r i u m  would be much reduced because o f  t he  . of  Table I  have been determined a t  2d°C, t h c  l a s t  

n e a r l y  in s t an taneous  decomposition of  t h e  r ad io -  coiumn o f  t h a t  t a b l e  is  s t r i c t l y  a p p l i c a b l e  on ly  

l y t i c  H202. However, such high temperatures would ' f o r  t h a t  temperature  f o r  t h e  f u e l  a s  i t  leaves  t h e  

e n t a i l  an undes i r ab ly  high vapor p res su re  o f  t h e  c r i t i c a l  r eg ion .  Hence.measurements a l s o  shou ld  be  

s o l u t i o n ;  hence,  temperatures  below 200°C a r e  f a -  made a t  h i g h e r  temperatures  a s  w e l l  a s  with d i f f e r -  

vored.  The recombination o f . r a d i o l y t i c  hydrogen e n t  f u e l  compositions o f  i n t e r e s t .  Changes i n  t h e  

and oxygen could  be accomplished with a catalytic f u e l  composition and t h e  temperature  might have an 
. . 

recombiner o f  p l a n t i n i z e d  alumina. important  e f f e c t  on t h e  co r ros ion  o f  con ta ine r  ma- 

B .  Current  Resu l t s  t e r i a l s  such a s  t i t a n i u m ,  s t a i n l e s s  s t e e l ,  e t c .  

1 .  Fuel Chemistry 

Recen'c s t u d i e s  were concerned wi th  d e t e r -  

2 .  Neutronic  Ca lcu la t ions  

In  connection wi th  t h e  p o s s i b l e  a p p l i c a t i o n  

.mining t h e  cond i t ions  under which U04 would p rec ip -  of  an aqueous (uranyl  s u l f a t e  f u e l )  r e a c t o r  as.,.a . . - .  
i t.at.e from a U02S04 . s o l u t i o n .  p a t a 3  are a v a i l a b l e  h igh - f lux  neutron source ;  t h r e e  two-dimensional . , 

8 

. . . . 
Table  I  

H202 S o l u b i l i t i e s  and Corresponding Fiss ion-Pulse ,  Dens i t i e s  
(Temperature,  24OC) 

Fuel Composition, . H202 S o l u b i l i t i e s ,  Number 
. molar mo 1 a r  Ga j/cm3 passb . " 

. . 0.864 M U02S04. + 0.50 M H2S04 0.0062 + 0 .004 .  1.1 54. 

. i 

a~ = No. of  molecules o f  H202 produced p e r  100 eV o f  r e a c t o r  ene,rgy. See Ref. 3 ,  Fig.  16.30. 

b ~ a l c u l a t e d  'from No. j/cm3 .pass = (H202 s o l u b ~ l i t y ) / 0 . 0 0 0 1 0 4  G .  See Ref. 3 ,  Eq. 16.27. 



problems based on one-dimensional survey calcula- 

tions were run; a system of possible interest 

(Fig. 1) was then specified. Selected calculation- 

a1 results for this system are presented in TableII. 

The 2DF (two-dimensional transport) code and the 

Hansen-Roach 16-group cross-section set5 (aniso- 

tropic hydrogen) were used. Room temperature was . 

assumed for the system. 

z LINER 7 

Fig. 1. Geometry of Aqueous Uranyl Sulfate Reactor 
(Central H20 Island and Be Reflector]. 

55- 

40- 

Calculated Critical Configuration 
and Neutron Economy 

Materlal compoSi ti bn: 

t (4.13 1 11.07 
8-R 

61.07 
3.81 10.44 

' I 

I 

H20 

Fuel: uranyl sulfate, 1.1 g/ml, 
75 g 235~/t, H / ~ ~ ~ u  = 343 

Liner: 75 V/O Zr + 25 v/o Ti 

Ketlectol! Be, 1.8 g j c c  

I 

Criticnl .volume (fuel) : 11.3 p. 

Critical m n :  0.87 kg 2 f i ~  

Maximwn centerline fluxes (500 MW): 

6.3 x 1016 n/cm2-sec (thermai) 

VOID 

FUEL 

4.5 x 1016 n/cm2-sec (all above thermal) 

Neutron economy: 

Absorptions: H20 3'. 55% 
. inner liner : 1.59 

. fuel 57.55 
outer liner 5.12 
Be 3.88 

I 

Leakage: 

Be 

TOP 9.4% 
Bottom 16.1 
Side 2.8 

11 .  HIGH TEMPERATURE NEUTRON DETECTOR TEST 
(E. 0. Swickard, J. L. Bacastow) 

A.  General 

Two high temperature neutron detectors were. 

purchased from each of three manufacturers for eval- 

uation. The detectors have 2 3 5 ~  coated electrodes 

with integral, mineral-insulated cables. Specifi- 

cations required that both the detector and cable 

operate at 600°C. The test objective was the'deter- 

mination of the effect of temperature on the follow- 

ing: (1) pulse height distribution; (2) neutron 

counting sensitivity; (3). detector and cable resis- 

tance; (4) detector and cable capacitance; and (5) 

detector and cable noise. 

Detectors with their integral signal cables 

were installed in four 17-ft high furnaces that 

contain a helium atmosphere at a few psig. Elec- 

trical heaters on the,outside o f  the furnace tube 

ware wired YO L ~ U L  'LIIUJQ in tho dotostor rpginn anrl . . 

those in the cable region are independently control- 

lable. 

The integral cable was connected to a suitable 
. , 

preamp, an amplifier, a scaler, and a 400-channel 

pulse hqight analyzer. counts were taken with and 

without a neutron source just outside furnace in- 

sulation. Measurements were made at ambient tem- 

perature, 100, 200, 300, 400, 500, 600, 625, and 

650°C. 

D. Current Results 

All data required by the testing program has 

beefi taken; i r  Is curralllly Leii lk  analyccd. Figuro 3 

shows thc dcpend~nae of leakage cvrrcnt on tempera- 

ture at constant voltage. Figure 3 is a plot of 

capacitance vs temperature for 1000 Hz. The effect 

of temperature on pulse height distribution, neutron 
sensitivity and noise will be knuwn when analysis of 

multichannel pulse analyzer data has been cull~pla~ed. 

Tablc 111 ghows manufacturer'> rv~.~lmm~ncl~~I nperating 

voltage and the maximum voltage that can be used 

befure big~ldl-Lo-noisc ratio bccomos unacceptable. 

labie 111 

Detector decommended Maximum Voltage Plaximum Voltage at 
Identification Voltage Range Volts Temp.('C) Final Ambient Temp. 

W- 1 200 - 800 185 600 dZ0 
W-2 1 U U  - LlUU 180 625 255 

RS-1 150 - 350 Failed 600 Failed 
R3-2 150 360 150 $75 ,350 

GE-1 100 - 800 164 650 492 
GE-2 100 - 800 172 650 485 

All detectors (except RS-1) were held at temperatures of 600°C or 
above for st least 1000 hours. 



111. EQUATION OF STATE OF REACTOR FUELS 
(E. 0. Swickard, B. Goplen) ' 

100 200 300 400 500 600 700 

DETECTOR 8 CABLE TEMP. ( O C )  

Fig. 2. Variation of Detector Leakage Current at 
Temperature. 

DETECTOR a CABLE TEMP. ( O C )  

Fig. 3. Variation of Uctcctor Capacftants with 
Temperature. 

A.. General 

Fast reactor accident analysis requires data 

on the equation of state for fuel materials at high 

temperatures. Currently such information is obtain- 

ed by extrapolation of available low temperature 

data using an assumed model. Results of such an 

extrapolation are dependent on the model used and 

there is little to indicate which model, gives cor- 

rect information. 

Shock transient time measurements have been 

used to calculate the material equation of state 

for high pressures and low temperatures. By test- 

ing materi'al (fuel) of reduced density, this tech- 

nique may yield. data applicable at temperatures and 

pressures of interest in reactor accident analysis. 

. A  pr,ogram is underway to invest,igate the fea- 

sibility of (1) fabricating reactor fuel samples 

with a range of densities down to about one-fourth 

normal density, and making shock transient time 

measurements on a serres of different density ma- 

terlal to find if the method will yield equation of 

state in the range of interest. 

B. Current Results 

Small U02 samples have been made having den- 

sities 10'.34, 6.38, and 2.91. These samples have 

been used in a high explosive experiment which meas- 

ured shock transient times. The Hugonlot for the 

material has been calculated. Normalization of the 

Hugoniot requires the preparation and shooting of 

much larger samples. Fabrication of the large sam- 

ples is underway. Data from small sample U02 shots 

is in process of declassiflcation. 

Making low density samples of the next mate- 

rial to be tested, UC, is much more difficult than 

from U02. Sample densities less than about 60% of 

crystalline require porous particles as starting 

material. Industrial firms are being contacted to 

find out if porous UC particles are available com- 

mercially. 
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