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SOLID ST ATI M V IS IO M  OUASTISLT n O N I I S  SIDOST

INTRODUCTION
T h is  re p o r t  cove rs  e o rk  p o rfo ra o d  is  Use S o l id  S ta te  D iv ia io a  fo r  the 

q e s r te r  s a d in f Key 10, 1952. Dm  fe l le e ia p  papers sere prosested by M a k e rs  
o f  th e  d iv ie ie e  a t e a e e t ia f  o f  tbs Aoericee P h ys ica l Socie ty held ia  Coluabus, 
O hio , March M  to  March !S t

N. H. Keroohea sad 6 . M. McCaoaon. "F o d ia f  C h a ra c te r is t ic s  o f  Geama-Iadeced 
C o le re t ie o  ia  High D eaa ity  G le e s ,"  S e ll.  4a. P ky t .  Set.  I I ,  No. 2, •  (1952).

J .  I .  C re e fe rd , J r .  ead J . f .  C le la e d , "E a e rg y  Levels ia  Go Prodeced by 
i , "  ib id .

R. E . Jaa ise a  ead T . N. B le e i t t ,  " S l i p  L ia e o  ia  P i le  I r r a d ia te d  Copper 
*  S ia f la  C ry s ta ls , "  (b id .

| |  R . R. C e lto a a  aad T . M. B le e i t t ,  "The  E f f e c t  o f  N eatroa I r r s d ia t ia a  oa 
M e ta l l ic  D if fa a ie a ,"  Pbye. Bee. M . 041 (1952).

V . E . T a y lo r, "C oepariaoa  o f  T he raa lly  Iadaced L a tt ic e  Oafecta ia  Geroaaiaa 
S i l ie o a  w ith  Oafecta Prodaced by Nodosa Booberdoeat, M ib id . ,  p . 642.

6 .  T /M a r ra y  aad » , E. T a y lo r ,  "N aa troa  Boob a r  doe at o f a C opper-B ery l l ia a  
A l lo y ,  "  ( b id . ,  p. 64S.

T . I .  B le e i t t ,  " B o d ia t io o  E ffe c ts  ia  Copper S ia f le  C ry s ta ls ."

•APIATIfN KT
• r o o t  to d o r  I r r a d l e t  

d e r ia g  t h i s  g a s r te r  boo 
i r r e d ia t i o a  sea caaae so 
0 d e c re a s e  o f  e ro o p  i o  
o a t o r ia l ,  depoadiaf oa th o  to o t  eaadi- 
t ie o a .  To d e ta ro ia e  the  o « s o  o f  the 
a id e  d ioerepaaey ia  e roop io fo ro a t io o  
he la p  re p o rte d  by va rioaa  la h o ra to r ie a , 
e a s t i  le v e r  te a ts  aero ra a  oa typo  J4 t 
s ta ia la a s  s to o l a t te o p o ra ta ro s  hoteeea 
ISM aad 1400*r aad a t a oea ieao  f ib e r  
a tro a a  o f  IM S  p r i .  I t  appears th a t '  
fo r  a g iv e s  a e ta l a t e co a s ta a t s tress  

l i t h e  o f f s e t  o f  i r r e d i a t i o a  ia  to  
0  dec rea se  th e  soeoadory e ro o p  ra te  a t 

lo a  te a p e ra te re a  aad to  ia e ra a s e  tb s  
creep ro te  a t b ifb e r  te a p e ra te re a .

T h re e  i a - p i l a  te a ts  o f  la c o a e l 
have boea coap la ted , aad as i t  is  see 
bast t re a te d  (1650 o r 170f*P  aaaea l), 
la c o a e l ,  w ith  re s p e c t t o  i t e  creep 
p ro p e r t i e s ,  ia  e aa tab lo  code r i r r a d i -  
t ie a .  th e  e b a ra c te r ia tic a  a re  ty p ic a l 
o f  a a e ta l  e a d e rg e ia f a s t a l l o r f i c a l  
changes aoeb as r O e r y a t a l i i a a t io s

la to o o o o o to ro .  i a  e a te a a a o e te r  
e t i l i s i a f  a B o e rd e a  ta b s  aad as 
e l a c t r i c a l  c e a ta e t  baa b o e a  boaeb 
t e s t e d .  The p r e a s e r e - d is t e a t io a  
carve eoa l io e a r  to  e i t h ia  ±0.0001 ia . 
o v e r  9051 o f  th e  e a s ia a a  t r e v e l .  
F a rth e r developaeat aad c b e c k ia f  w i l l  
be doao e i t h  th is  type e f ga«e be fo re  
a d a p t!o f i t  fo r  ase ia  the re a c to r .

fc A U IT  m
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V l i r H i m U a .  S t a b i l i t y  U a t a  
l i r a  l a a a  r a a  a a  e k r a a « l * a l a M l  
t k a r a a a a a ^ l a a  i s  a i r  a t  14SA a a d  
1S00*F. A p l a t i B a B - p l a t i a a a - r h a d i a s  
coap is ,  c a l i b r a t e d  a g s i a s t  a N a t i a a a l  
Bavaaa a l  S ta a d a r d s  c a l i b r a t e d  c s a p l s ,  
• a a  e a e d  a a  r a l t r « a c a >  F a r t h e r  
s t a b i l i t y  t e s t a  w i l l  be c s a d a c t s d  i a  
b a l ia a  aad i a  a a c a a a .

l a b i l e  t b a r a a c o a p l a  c a l i b r a t i a a a  
u t i l i s i a f  tb s  a a l t i a g  p o ia t  a f  s a d i a a  
c b l a r i d s  t a r e  a a t  r a a  a f t e r  i t  a a a  
foaad t h a t  tb s  d a r a t i e a  a f  tbe  o p s r a t l a g  
l i f e  a f  tb s  q a a r t a  r a s s a l s  t h a t  c o a -  
ta ia sd  tb s  s a l t  s e e  a a c a r t a i a .  P l a t i a a a  
t a b ia g  i a  b e i a g  a a b s t i t a t a d  f a r  t b a  
q a a r t a .  T s s - g r a a  q a a a t i t i s a  a f  t b a  
c o p p e r* e i l ic o a  a a t s c t i c s  spa r s q a i r a d  
t a  a b t a i a  goad a r r e s t s  > • tba c s s l i a g  
cares .

OMIMKSIftg PMPCBTIBS

1500 *F be f e r e  o p e r a t i s e  a a s  h a l t e d  by 
aae tbe r  leak  i a  t b a  paap c a l l .  S p a a i -  
a a a a  f a r  a a a a i a a t i a a  h e ro  b a a a  c a t  
f r a a  tb a  c a t a r a c t  p e r t i e e  aad  w i l l  
be c a t  f r e a  t b a  p a r t i t a  t h a t  a a a  i a  
tb s  r a a c t a r  a b a a  t b a  a c t i v i t y  
a s a f f i c i s a t l y  l a a  l a r a l .

Aaa tba  r  le a p  a i  t b  f a r t h e r  i a p r a c e *  
e a s t s  i a  a c i d  j o i s t s  a ad  a b i a b  i a -  
c a r p a r a t a a  a a i a r a a a t a l l i a  f i l t e r  
bypass i s  b e iag  b a i l t .  Tabiag i a  b a ia g  
c a r s  fa 1ly i a a p e c t e d ,  aad  a d d i t i e a e l  
• t t a a t i a a  i a  b e i a g  g i v a a  t a  t b a  
e l i a i a a t i a a  a f  a ay g a a  f r a a  tba  a a d i a a  
i a  tb s  s y s ta a .  l a p r e r s a a a t a  base  a l a a  
b s s a  a a d a  i a  t b a  f a b r i c a t i a a  a f  
s l c a t r a a a g a a t i c  f l e e a e t e r  c a l l s  a a  
t b s t  tb a  f i a a l  c a l i b r a t e d  c a l  l a  e r a  
a c r e  d s p a a d a b l a  i a  t b a i r  a p a r a t i a a  
tbsa  they s e ra  f e r a e r l y .

• r a p b l t a  t a e a t e r  L lg a td - B a ta la  
leap. Aa i a r a a t i g s t i s a  i a t s  tba  c a s e s  
• f  t b a  f l e a  s t e p p a g e  t b s t  b o l t e d  
o p e r a t i e a  a f  t b a  I a c s a e l  le a p  a b i a b  
c i r c u la te d  s a d i a a  tb raagb  tb s  g r a p h i t e  
r a a c t a r  a b a s e d  t h a t  c a a s t r i c t i e a a  
r s s a l te d  f r e e  p s a a t r s t i a a  a t  tb s  e s l d a .  
A grey , p s e d s ry  a s t a r i a l  ess  fa sad  t a  
b a r s  a l a s s  t  c a a p l a t s l y  c l a s a d  a a a  
j e i a t  i a  tb s  c a l d a r  p a r t  a f  tb s  l e a p ;  
s - r s y  s x a a i a a t i s a  i a d i c a t s s  t h a t  t b a  
a a t s r i a l  ia  l a r g e l y  a i c b s l .

A aas  loop e u  b a i l t  with a a a d i f i s d  
se rg e  te a k  t a  a l i a i a s t o  p l a g g i a g  a t  
t h i s  p a i a t .  O a r ta g  tb a  beach t a a t i a g  
p a r t e d ,  a s a a l l  l e a k  d a sa la p ad  i a  t b a  
•  l a a t r a a a g a a t i c  p aap  c a l l ,  b a t  i t  a a a  
c l a a a d  by a a l d i a g ,  aad  th e  l e a p  a a a  
spare  tad  i a  t b a  g r a p h i t e  r a a c t a r ,  b a l e  
SON, f a r  d b r  a t  1006*F aad 9 f  b r  a t

I I N  S ad iaa  S t

i a  a p r e e i e e e  q u a r t e r l y  r a p a r t  m  
foaad t a  be aas  a t  t s f  e a te ry  shea  t  c a p e r*  
• t a r e s  s e r a  r a i s e d  t a  1S0S*F b a c c a r a  
o f  s s l i d i f i c a t i a a  a f  a ad ia a  i a  th e  g a s  
l i a o s  c e a a a c t ia g  tb a  d iap b rag a  eh sabe r s  
•ad  th e  s a d i a a * p a a p  t a s k s .  I t  a a a  
th e re fo re  d e c id e d  t a  r a s a r t  t a  th e  a a a  
o f  the  a s r a  d ep ead ab le  a l a c t r a a a g a a t i c  
typo o f  paap, a r e a  tb sag b  the sd v aa tag aa  
o f  i a c a r p a r a t i a g  t b s  paap a i t b i a  t b a  
s h i e l d  f l a g  a r e  l a s t .  A pprova l f a r  
tb s a s  a s d i f i c a t i a a a  baa baaa e b t a i a e d  
f r a a  th e  R a a c t a r  E s p s r i a e a t  D a r i a s  
C a a a i t t a a ,  a a d  c a a a t r a c t i a a  i a  
p r s g rc a s .

The p a a a a a t i c  a a t a a a a a c t a r  f a i l e d  
d a r i a g  b e a c h  t a a t i a g  a t  ISAS 
F a r th e r  t a a t i a g  s i l l  be p e r f a r a a d  a a  
• l i g h t l y  a a d i f i a d  r a r s i a a s ,  b a t  f a r  
tb s  p r a s s a t  s s p a r i a a a t s  a 
s a t s a s a a c t s r  s i l l  be adap ted .

taa
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F M  PERIOD ENDING DAY I I ,  1**2

■ e a o e r e a e a t  a f  N e a t r e a  B a e r s ?  
i a a a l r a .  U t M a n w t i i  of the • • ■ i r o n  
e n e r g y - s p e c t r e  t r m n t  a f  b i t  HB2 
a f  the  LITR a r a  a l e o s t  c o a p le t e .  T b i t  
a a a a a r a a a a t *  w i l l  be  c o r r e l a t e d  w i th  
f a t e r e  r a d i a t i a a * d o a e g a  a a a s w r e a e a t a . 
l a  o r d e r  to  o b t a i n  a b roader  coverage  
a f  e n e r g y  aad  t a  e k a c k  aa  p r e v i o u s  
l a t a ,  t h r e e  a d d i t i o n a l  r e a c t i o n s  a ra  
b e i n g  i n v e s t i g a t e d : N1 4 ( a ,  p )C * 4 ;
C l 4 , ( n , « ) ? • * ;  and U*M f i a a i a a .

M a c l a a r  R e n t i n g  a f  R a t e r l n l e .  
N a c l a a r  b e a t i n g  a f  a a t e r i a l s  w i l l  ba 
oceanred  ia  k a l a  MRS aa a f a a c t i a a  o f  
t k a  p o s i t i o n  a l o n g  t k a  a x i s  a f  t k a  
k a l a .  A a v a i l  a a l o r i a a t a r  kaa kaaa  
c a n s t r v c t e d  t k a t  c a a  ka i n s e r t e d  i a  
t k a  7 / l - i a .  s p i r a l  t a k a  t k a t  e x t e n d s  
t k r a a g k  tka  p l e g .  C a l i b r a t i o n  aay ka 
e e e e n p l i s h e d  ky a w b s t i t n t i e a  a f  aa 
a l a a t r i a  k a a t a r  f a r  t k a  epe'sinea.

iitcii mu
R a d i a t i o n  B aaaga  t a  U « i l «  f a a l a .  

R e a c to r  f a a l a  (N a a .  3 ,  i ,  and 17) l a
l a c o a a l  caponlaa  kava  kaaa exposed t a  
i f r t d i e t i a a  a t  I S O f ' F ,  and c k a a i c a l  
aad a%*u l l o r g i c a 1 e x a n i n a t i o n s  kava 
kaaa aada af tk a  f a a l a  aad c a a t a i a a r a .  
T a a t a  t a  d a t a  i o d i c a t t  t k a t  t k a
k a r y l l i a w  a a l t a  ( f a a l a  Nos. 3 aad 17)
a r a  a a t  t v n p l e t e l y  a a i f a r a  a f t a r  
i r r a d i a t i a a .  I f  a k a r y l l i a w  a a l t  i arJ t a  ka a a a d  a a

a k a r y l l i a a  a a l t  
t k a  r a a c t a r  f e e l ,

f a r t k a r  i a v a a t i g a t i o a  akaald  ba aada.

U g a l d - P a e l a  I r r a d i a t i a a  l a  tka I f l .  
I taacta r faal  Ra. 21 i a  laceaa l  capaa laa  
w i l l  ka t a a t a d  i a  a 1 l / l - i a . - d i a
k o l a  i a  k a r y l l i a a  p i a c a  A - S I  a f  
tk a  MTR t a  d a t a r a i a a  t k a  a f f a c t a  a f  
tk* k igkar  f l a a  aa  t k a  faa l  a t a k i l i t y

Elam. «a i

a a d  c e r r e a i a a  p r a p a r t i a a  a t  t k a  
o p e r a t i n g  t a a p a r a t a r a  o f  1500*F. Tka 
a a l t ,  a k i c k  w i l l  ba  t a a t a d  i a  a 
k a l i a a  a t a o s p k e r e ,  w i l l  g o a a r a t a  
a p p r a a i a a t a l y  3000 w /cc  a* a t k a r a a l  
f l a a  a f  4 * I f * 4 /  I t  w i l l  t k a r a f a r a  
ka n c c a a o a r y  t a  d i a a i p a t a  h e a t  f r o a  
t k a  c ap aa la  i a  a r d a r  t a  a a i a t a i a  tk a  
a p a r a t i a g  t a a p o r a t w r a .  Haat  r a a a v o l  
w i l l  ka a t t a i n e d  ky a i r  flow avar  the  
capaa la  aad by prwcaaa water flaw aver  
t k a  o a ta r  aaaeably  t a k a .

Tka capaa la  p ro p o s e d  fa r  t k i a  t a a t  
kaa  been bench t a a t a d  ky a a ia g  e l e c t r i c  
k a a t a r a  ta  s i a a l a t e  a a a c i e a r  k a a t i a g  
a f  SS00 a per  cak ic  c o a l i a e t e r  af  capaa la  
aad  aa a i r  f l a a  a f  a k a a t  10 c f a  a t  
30»pai i n l e t  p r a a a a r a  t a  a a i a t a i a  the  
o p e r a t i n g  t e a p e r a t a r e  a f  1$00#F. Tka 
aaaeakly  ta *  tkaa charged  in k a r y l l i a a  
p i e c e  C*4t of  tk a  LITR. Ta s i a a l a t e  
t k e  a a c i e a r  k a a t i a g  e x p e c t e d  i a  tk a  
MTR a a p o c i a l  UF4 -NaF a a l t  waa aaad 
t k a t  g e n e r a t e d  I t i O  w /c c  a t  a LITR 
p a v e r  a f  1001 kw. A n o t h e r  1 4 0 - h r  
i r r a d i a t i o n  vaa a ad a  a t  a paver l e v e l  
a f  1500 kv w i tk  a k a a t  g a a e r a t i a a  o f  
24S0  w / c c .  No d i f f i c a i t i a a  wa r e  
eacoaa te red  ia  e i t h e r  r e a . « L

CRYSTAL ra ta lC B

T * I t  C p e l e t r e a  l a d l a t i a a - P n a a g e  
g t a d l a a .  C k a a i c a l  a a d  a e t e l l a r g i c a l  
aaa ly aaa  are g ivea  f a r  prapoaod r a a c t a r  
f a a l a  Naa. 3 aad  14 a f t a r  a x p a a a r a  
a t  I1S*C t a  p r a t a a  k a ak a rd a e a t  i a  tka  
M * i a .  c y c l o t r o n .  S e v e r a l  aav typea  
a f  t a r g a t a  v a ra  e a p i e y e d  ia  aa a  H a r t  
t a  ia c raaaa  tka a p a c i f i c  p ra ta a  eaergy 
d i a a i p a t a d  ia  tka  f a a l .  Na r a d ia t i o n *  
in d a c o d  c a r r a a i a a  waa n o te d  aa  t k a  
l a r g e r  a f  t k a  new s t y l e  t a r g a t a .  
V i tk  a " a i c r e c a p s a l e "  type  a f  t a r g e t ,  
a a  i n d i c a t i o n  a f  r a d i a t i e a - i o d a c e d  
c a r r a a i a a  was fewad an ra a a  a f  l a a a

1
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than  6 h o m .  A f t e r  •  t * k r  e a p o e e r e  
•  t  81S°C, a « ta  1 lo g rn p b ic  t i a a u a t t o a  
» k w a 4  •  p a a a t r a t i o a  o f  c h e a t  0 .0025 
i a .  i r a a t t r  than t h a t  o f  t h e  c e a t r a l  
a p e e i a e a .  Energy d i a a i p a t i o a  baaed 
ae t h e  o n t i a c t e d  i r r o d i a t i e a  t e h a e  
r a t h e r  th e e  t e t e l  »o1uan o f  e a t e e t i c  
o i t h i a  t h e  c e p e e l e  wee 4 5 0 0  e / c c .  
A n o t h e r  i r r a d i a t i o n ,  a  d u p l i c a t e  
n a  -  e a e e p t  t h a t  t h e  t a t i a a t a f  
energy  van  oa ly  T50 a / c e  -  ahoeed  ae  
o r id e a ce  a f  c o r ro a ie a .

T b e ra a l  C a a d a e t l v i t y  a f  S t r e c t a r e t  
■ate r i a l  a. Dariag e 17-day i r r a d i a t i o n  
period i n  the LI1N, ha le  HB3, a h ao le te  
t h e r a e i - c o n d u c t i v i t y  a e a a a r e a a a t e  aero  
aede aa  a h i g h - p a r i t y  a i c k a l  a p e c ia e a  
a t  t a e t p e r a t a r e e  o f  a p p ro x im a te ly  220, 
300. 3 5 0 , 430 , 580. 700, a a d  800*C. 
No c h a a g e a  i a  c o a d a c t i f i t y  a e  a 
f e a c t i a a  o f  i r r a d i a t i a a  t i a e  v a r a  
fouad. Theoe r e s a l t a  are  i a  a g re aa aa t  
e i t h  r e l a t i v e  c o n d u c t i v i t y  a e a a a r e -  
a ea ta  aede  i a  the  GPNL g r a p h i t e  r e a c t o r .

l a c e a e l  a p e c i a e a a  have  h e a a  aede  
L f a r  r e l a t i v e  t h e r a a l - c e a d a c t i v i t y

a e a a a r e a e a t a  i a  t h e  OHNL g r a p h i t e  
r e a c t o r  a a d  a h a e l a t e  c a a d a c t i v i t y  
a e a a a r e a e a t a  i a  th e  L17II. A l t h e a g h  
t h a a e  a x p a r i a e a t a  a r e  a a t  y e t  e e a -  
p l e t e ,  a e a a a r e a e a t a  t o  d a t a  d a  a a t  
i a d i e a t a  a r a d i a t i e a - i a d a c e d  ehaage  
i a  c a a d a c t i v i t y .

T a a t a  an  f r a p t l  t c - B r a a t e a  O a id a  
• a r a .  G r a p h i t e  h a r e  c a a t a i a i a g  
a r a n i a a  a a i d a  a ad a laa  i a  v a r y i a g  a i a e a  
aad g a a a t i t i e a  »e re  e sp eeed  i a  h a l o  R 
o f  t h e  OHNL g r a p h i t e  r e a e t a r  f a r  a 
p e r i o d  a f  a aa  a a a t h .  Era*  a a d  p e a t*  
i r r a d i a t i a a  a a a a a r a a a a t a  w are  a e d e  a f  
weight,  d y a a a i c  a ad a la a  a f  a l a a t i a i t y ,  
e l e c t r i c a l  r a a i a t i v i t y ,  aad  r e l a t i v e  
t h e r a a l  c a a d a c t i v i t y .  The t h e r a a l *  
c a a d a c t i v i t y  a a a a a r a a a a t o ,  a h i a h  
a e c e a a i t a t e d  i a a e r a i a g  aae a a d  a f  the  
n p e c i a o a  i a  a a a l t a a  h a t h  a t  140*C, 
have a p p a r e n t l y  c a a a e d  a a a e a l i a g  i a  
t h e  c e a t r a l  a p e c i a e a a  h a t  h a v e  a a t  
a f f e c t e d  t h e a r a a i a a - h e a r i a g  a p e c i a e a a .  
F a r t h e r  a a a e a l i a g  a a p e r i a a a t a  w i l l  
he c ee d a c te d .

B e d l a t l e e  o a aa g a  t o  T h a r l a a  aad  
Beryl I l e a .  D i a e a s i a a a l  aad h a r d a e a a  
a e a a a r e a e a t a  a a d a  aa  a i a  t h a r l a a  
a l a g a  i r r a d i a t e d  f a r  a i a  a a a t h a  a t  
H a n f o r d  i a d i c a t e d  aa  a i g a i f i c a a t  
chaagea i a  d ia e a a i e a a  aad o a ly  a  a l i g h t  
hardaeaa  i a c r e a a c .

D i a e a a i o a a l  e e n e a r e a e a t a  a a d a  aa  
14 h a r y l l i a a  h a ra  i r r a d i a t e d  f a r  t e a  
a a a t h a  a t  R e a fe rd  i n d i c a t e d  a a  l a r g e  
change i a  d i a e a a i e a a ,  a l t h e a g h  l a c h  
a f  a cc u ra cy  i a  p r e i r r a d i a t i e a  a a e n u re -  
aoatn  a a d e  coapnrinoa d i f f i c u l t .
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F rv a  t k t  v t r k  4 t a t  t k t i  q u r t t i  i t  
l i t  t k a v a  t h a t  a t i t r  i r r a i i a t t a a
•a  i a c r t t t t l  o r  •  d t c r t n t d  e r t t p  
r a t a  i s  p a t a i k l a  i s  the a mm a i t t r u l ,  
d t p a a d i a i  a p a a  t h t  t a a t  e a a d i t i a a a .  
l a  t d d i t i a a ,  i s i t l a l  c r e e p  a a r k  a a  
I a c a a a l  h a t  i a i i e a t a d  t k a t  a a d a r  
• • s l r a a  k a a k a r d s a a t  t b i a  a a t a m l  i s  
a a a l t b l a  a a t a l l a r p l e a l  1 y , t o  t k a  
d a t r i a a a t  o f  i t s  e r a a p  s t r e a p t k .

V M ts  s s  V i t a  M l  •  t a l a  I s a s  a t a r i .  
I t  aaa  p r o v i s a s  Ip r e p o r t e d * n  th a t  tka  
a r a a p  a t r a a f t k  o f  a a t a l a  d a t r a a t a d  
t a d a r  i r r a d i a t i e a ;  t k i a  aaa  c o n t r a r y  
to  tka  f i a d i a p a  o f  a t  l a a a t  t k r a a  o t k a r  
l a k a r a t a r i a a , i a s t i a f k n a s a  A t o n i c  
F a v o r  O i v i a i a a , ( , >  N o r t h  A a a r i c a a  
A v i a t i o n , ( and  t b s  NEPA P r o j e c t . <•> 
R e c e n t l y ,  k o a t v a r ,  K a o l i n  A t o a i c  
Favor L o k a r a t a r y  r e p o r t e d * 11 r a a a l t a  
i a  a f r o a a a a t  w i t h  t k a  d a t a  of t k a  
OFPL § r a a p  e a a c a r a a d  w i t h  c r e e p  
a t a d i a a .  A l t k o a p k  s a v a r a l  p o s s i b l e  
r a a a a a s  f a r  t k a  d i a p a r i t y  i a  t k a  
r a a a l t a  a f  t k a  v a r i o a a  a o r k a r a  w a r s  
d i a c a a a a d  p r a v i s a a l y ,< 1 * i t  a a a  
d a a i d a d  t a  r a a  c r a a p  t a a t a  o v a r  a 
r a sp e  a f  t a v p o r a t a r a a  i a  aa a t t a v p t  
t a  r a c a a a i l a  t k a  a p p o a i t a l y  k a l d  
v iaaa .  I k s  t a a t a  a a ra  ran aa typa  J47 

l i a l a a a  s t o a t ,  s ad  s a p e r i a a a t a l  
a a a d i t i a a a  a a r a  c k a s a a  i a t a r v a d i a t a

*l l i .  C. VAtaaa, A. A. taafen, J .  C. ta k n a , 
d V. V. p a * ia .  P hpvivn • /  f v l i d i  f u n i o t ,  
•  r l t r i y  P , M f , „  l , , * M  fv r  F t» ted In S ia g  
I f  I I .  IN I . ■ A * I I N .  ». IS.

A t i o l „ l  P»**r,«, lb |K '*< A m  »*. 
t i l l  tv Jeljr I I .  I I I I ,  H i U i »Am m  M a l i  Paanr 
Btatntaa invni Anew*** P n | i w , M P P N  IS. p. tV..

**%. I .  Tnehev. V. Jappane, nal S. A. la a a .
* / / • • »  • /  C r a le t r n e  I w a d i a f t a a  h  C n ,y  • /  
Slaatnaa. M*>9P>ltl IJaaa • .  IN I ) .

t .  S»l>a«a. fo«p i l* f  M,,» , . m «*
l BDIw*f t t u t. 1SU).

PSpvtaaj Pvn*r#»f Any. A m ,
l a l y  I I I I .  l a n l i a  S t e e l *  Snvor l i i i r t u i f ,ir t-u i. p. n.

k a ta a a a  tkoaa  k a r a t a f o r a  aap loyad  a t  
KAPL( I > aad 0Wfl..**> Tka t a a t  t e a p e r -  
a t a r a a  a a r a  b s ' a a e a  1200 aad 1400*F 
a t  a a a x ia a a  f i k a r  s t r a s a  a f  1000 pai 
i a  a c a a t i l a v a r  a p p a r a t a a .

Tka knack a ad  i a > p i l a  t a a t a  a a r a  
s t a r t e d  a t  1200*F aad aara  aaksaqaaa t ly  
r a i s e d  t a  k i p k a r  t a a p a r a t a r a a , as  
akoaa ia  F tp .  1 aad i a  tka  t a k a l a t i e a  
a f  F i p .  2.  Tka t i a a « s t r a i a  p l a t  i a  
F t p .  1 a k a a a  t k a  f a r a  of  tk a  c r a a p  
c a rv o a .  Tka k a a c k  t a a t a  a a r a  raa  i a  
d a p l i c a t a ,  bat  t k a  d i f f a r a a c a  ka taaaa  
tka  t a r v a a  i s  aa  a v a i l  t k a t  tkay a r a  
i a d i a t i a p a i a k a b l o  on a drawing a f  t k i s  
s c a l e .  Vken p l a t t e d  s p a i a a t  t k a  
r e c i p r o c a l  a f  a b a a l a t a  t e a p s r a t a r a  
(F ip .  2),  tka  v i a i v a a  craap r a t e s  p iva  
a f a i r l y  a t r a i p k t - l i n e  r e l a t i o n s h i p ,  
except fo r  tka  t o o  h ip k e s t  t a a p a r a t s r a  
r a t e s ,  fo r  which  t k a  t i o e  o f  okaa r*  
va t ion  was vary a b o r t .  I t  say ka aaea 
t k a t  a t  1200°F t k a  r a t i o  a f  tka  kaack 
r a t a  to  tk a  i a > p i l a  r a t o  ia  2 . 8 ,  aad 
i t  bacovaa a a i t y  a t  akoat  1400*F.

MHV
a r a

P aflartlaa  va. Viva.

as  s a  i # •  * a a aa a v •
:

a a a

•  a#  s  a a a  # 
a s s  s a v s  s

a s a a  a a s s  s a _ 
s  s  s s  •  #
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Fig .  t .  t i f l i l l t - f i i i r X i w  C r t t i  
n  T i l t  >47 l U U I t M  t t a e l ;  L*s 

C r»«»  l i t *  f t .  B a c l s r a e a l  A l i i l a l t  
T « a » » r i t « r » .

Ay performing c ru d e  e x t r a p o l a t i o n *  
o f  t k t  data  ia  Fig.  2 and Ay a a g l a c t i a g  
t h e  a f f a c t  a f  s t r e s s  aad ( l a x ,  the  
f o l l o a i a g  e o a p a r i a o a a  a v a  a a d a .  
Vkaraas  KAPL( * * r e p o r t s  a sack Aigher 
i a . p i l a  c reep r a t a ,  Ay a f a c t o r  a f  a t  
l a o a t  7, tAaao a x t r a p o l a t i o a a  in d ic a te  
tA a t  tAe i a - p i l a  c r a a p  l a t a  sAeald Ao 
a a l y  o a e - fo s r th  a f  tAa AeacA r a t a .  I f  
tAa e a r l i e r  OANL d a t e  a f  1S00*F aad 
1500 p a i * 1* a r e  c o o p e r e d ,  i t  nay Aa 
a a t a d  th a t  tAa i a - p i l a  r a t a  ia g r e a t e r  
t b a a  tAa AaacA r a t a  Ay a f a c t o r  of  2, 
i a  f a i r  ag reeaea t  e i t A t h e  e x t r a p o la t e d  
v e i n *  a f  l . S .  AltAaagA tAa e x p e r i ­
m e n t* !  r o a a l t a  ware a a t  tAa aaaa aa 
thmae a f  K A P L , i a  s p i t e  of s i a i l a r  
a x p a r i a a n t a l  c a a d i t i o a a ,  a b a s i s  fo r

o s  p l a i n i n g  tAa d i f f e r e n c e  i a  tAa 
a f f e c t s  o f  A o a b o r d a a a t  r e p o r t e d  Ay 
v a r i o a s  o A so r ro r s  aaa  fowad .  Appar­
e n t l y ,  f a r  a givan a a t a l  a t  a c o n s ta n t  
a t r a a a  tAa a f f e c t  a f  i r r a d i a t i o n  i a  
t o  d a c r a a a a  tAa c r a a p  r a t a  a t  l a *  
t e a ^ e r s t a r e s  aad to  i a c r a a a a  tAa c ra a p  
r a t *  a t  h i g h e r  t e a p a r  a t i a r a s  . TAa 
s i n g l e  t o s t  aa a i c A a l ,  r e p o r t e d  l a s t  
g a a r t a r . * ’ * a a b a t a n t i a t a a  t h i n  v i a * .  
The t e m p e r a t u r e s  a t  vAicb  i r r a d i a t i o n  
Aaa a a  o f f s e t  aa  tA* c r a a p  r a t a  ( tAa  
p a i a t  a t  *Aick tAa c « r v a a  a f  F i g .  2 
c r a a a )  w i l l  p r o b a b l y  Aa s h i f t e d  Ay 
c h a n g e s  i a  s t r e s s  a r  f i n s ,  and i t  i s  
o s p a c t a d  t h a t  t h i s  t a a p a r a t a r a  * i l l  
s h i f t  t o  Aigkar  v a l a a a  aa  tAa s t r e s s  
( a a d  t h a s  tAa s t r a i n  r a t a )  i s  i n ­
c r e a s e d .  S h e a l d  t h i s  s h i f t  o a e a r  
as  o s p a c t a d ,  i t  a a a ld  a c c e v a t  f a r  (Ao 
f a c t  t h a t  tAa r a a e l t s  a a  s l a a i a n a  
r e p o r t e d  Ay b a t h  NM< * > a a d  NCPA<*’ 
i n d i c a t e  d e c r e a s e d  c r a a p ,  s l t h a a g A  
tA* t a a p a r a t a r a *  a e p l e y a d  o a r *  r e l a ­
t i v e l y  high fa r  a laa iaam .

T e a t s  a f  l a a a o o l .  Upon c a a p l a t i e a
a f  t h r a a  i a - p i l a  t e s t a  a f  l a e o a s l ,  i t  
h a s  Aaaa c a a c la d a d  t h a t  a i t  A r a s p s  a t  
t o  i t a  c raap  p r o p e r t i e s  l a c a a a l  as  i t  
i a  a a *  h a s t  t r e a t e d  ( 1 6 5 0  a r  1700*F 
a a a a a l )  i s  aa o a s t a h l *  a a t a r i a l  s a d a r  
i r r a d i a t i o n .  I f  the  c o a c a r r a a t  AaacA 
a a d  i a - p i l a  t e s t s  a t  1 1 0 0  p a i  aad  
1500*F shava ia  Fig .  3 a r *  co n s id e red ,  
th e  a f f a c t  o f  a a a t r a a  AaaAardaaat can 
be e a s i l y  observed.  TA* i a - p i l *  c a r v e s  
a p p e a r  a o r a a l  ap t o  SO t o  100 Ar a f  
i r r a d i a t i o n ,  a t  which t i a *  the c r a a p  
r a t o a  i a c r a a a a  r a t h e r  s h a r p l y  f a r  a 
s h o r t  p e r io d  sad then  d e c r e a s e  s l e o l y  
a g a i n .  Ia the case  a f  th e  appar  ca rve  
(A),  for th* l a s t  ISO Ar a f  tA* t*-»t the  
c a r v e  i s  l i n e a r ,  e i t h i a  t h e  l i s i t s  a f  
a s p a r i a a a t a l  e r r o r .  A s a c a a d  r a n  
( c a r v e  B )  * a s  a s d *  a a d a r  t h e  a a a *  
c a n d i t i a a s ,  excep t  f o r  a s h o r t e r  t i iM ,  
t o  v e r i f y  the  f o r a  o f  c a r v e  A. TAo

< * * * .  * .  S e tt* ,  i. C. S U M O , *e4  J. C. M s * .
* • • • •  V « * r t * r l y  Mt p u t tr**sart ri. f in , aaai.mi.

p • 19 •

467 n o
.

c o  a * a  a a a a s  c o c a c  
c a c  c a t  a s *  * * •
e a s e *  c a s *  a a a a
a  a * a a a a a  a  a a a
a a a  a a *  a *  * a a a
a *  a a a  a e a c  a  a  a a  a *  a  a

a *  a a a a  **. s . .
a a a  a s  
a a a a 
a a a a 
a a a a  a a

'
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creep r * t t  f« r  tk« second run decreased 
narkedly during (1m  f # « « * r  shutdow n* 
b « t * « H  about 10 end 400 h r ,  but no 
such decrease « u  observed dor in f  the 
shutdeun on tbo f i r s t  run (4 )  a t about 
490 boots . Tbs sbsps o f tboss curves 
is  t y p i c a l  s f  s n a ta l  u n d s r fo in f  
s s ta l  l u r g i c a l  ebsn«ss such as r e -  
c r y s ta l l is a t io n  during c re e p .t->  Tbs 
bsaeb ts a ta  (curvss 9 and f ,  F ig . 3) 
oars n o t p a r t ic u la r ly  in f o r n a t iv s ,  
aacspt t h a t  she s tra in  a i t o r  ISO hr 
uaa l o ss  th a n  tb s  s t r a i n  in  tbs

'■ 'J . V. mi  a. I .  f c w p ,  J. red .
as. us  <»*»*>.

in > p i 1 o t a s t e .  At s tre s s e s  b a les  
3000 p s i,  creep tests s f Inconel run 
in tbs M eta llu rg y  D ivision have shown 
an upward in f lc c t ia a  a fte r  periods s f 
f ro n  SO t o  >00 b e a rs . A t h i f h e r  
s tre s s e s  and fo r  p r is r  an n e a ls  at 
ts n p s ra ta re a  a f  tbs srdsr o f  1009*F 
th is  pbenoosnon is  sbssat. At f i r s t  
i t  eas thought that tbs n a ta lln rg ie s l  
ebaags canaiag tbs large d e fe rw a tiea  
ess tbs c a rb id e  p r e c ip i t a t io n ,  but 
S k in n e r * * *  o f  In te r n e t io a a l  N ic k e l

( * ) p r ie e t e  e e s s e a tc M ie s , * .  H . i t t s a e t ,  
l i u m i t M d  Rtebel CtR»«M, »« O. I .  I m I t ,
o a t n u iU f iT  M t u i n .

- t m m .  ^
■ wW' ‘

Fig. 9.

tan am
C a a t i le v e r  Creep Toata e l  la e o a e l a t  1M0"P.

*
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C t i p n y  s u g g e s t e d  t h a t  aa a r d o r *  speciaea d a r i a g  t h e  t a a t .  A m i  a f
d i s o r d e r  r a a c t i a a  t a k e s  p l a c f  i a  
l a c a a a l .  T h e re  i a  aaaa i s d i c a t i o a  
t k a t  t h i s  i a  i r u a  i a  I N  a i c k e l - 2 0 *  
ckraaiaa a l le y s ,  * ' • *  altkoagb aa a*ray  
evideace o f  a a a p e r l a t t i e e  kaa kaaa  

The a c a t i a i i * * *  « io m  acc uses  
a f  a ic k a l  aad c k r a a i a a  for  see t r e e  a 
ara s e f f i c i e a t l y  d i f  forest for aeatrea  
d i f f r a c t i o n  ta  ka ak la  to o f f e r  coe-  
f i  m a t e r  y ovidaaco a f  a s a p o r la t t i c e ,  
aad aack aa esp e r ia e a t  ia plaaaed.

F igaro  S a l o e  g iv e s  ik a  r o a a l t o  
(carve C) a f  a t a a t  i a  tko reactor  a t  
a atraaa a f  2000 p a i .  Tko a a a a a l ia g  
t e a p e r a ta r e  < 1 7 0 0 * F )  aaa d i f f a r a a t  
f r a a  tk a  f o r a g a i a g  t a a t a  ( 1 6 S 0 * F )  
kocaaae a cka aga  i a  tko p r o je c t e d  
aaaaaliag toaporatara  far M a te r ia ls  
aaa aada d a r ia g  t k a  i a t e r v a l  kataaaa  
tka  a a p o r ia o a ta .  V i t k i a  tko p e r io d  
koteoea 90 aad ISO kr  a f  i r r a d i a t i a a .  
tk ia  toat  e s h ih i t e d  akaoraal behavior  
i a  r a g i a t a r i a g  " n e g a t i v e  creep";  i f  
these  dote  a r e  a a t  v a l i d ,  aack aa  
a f f e c t  caa bo accaaatod fa r  ky pas ta *  
l a t i a g  t k a t  t k a  a i g a  a f  tka  a t r a a a  
a f f o c t a  tko  a v e r * a l I  k i a a t i a a  a f  
•k a ta v o r  a a t a l l a r g i c a l  ckaaga ta k e a  
place. Aa actaal  koaegeaoaai iso t ro p ic  
iaoroaao ta tko d e n s i ty  a f  tko speciaea 
• a o l d  g ive  a c s r t i  aack as C f a r  a 
toasi lo  creep t e a t ,  kat sock a daaa i ty  
ckaaga ia  tko c a a t i l e v e r  to a t  o e a ld  
aot bo detected kecaaee a f  tko goaaatry  
of  tko ap p ara ta o .  No koark da ta  a t  
2000 psi are y a t  a v a i l a b l e ,  aad d a ta  
at 1S00 psi for t i a a s  laager tkaa those 
skooa i a  F i g .  3 a r e  a a t  r e l i a b l e  
kocaasa o f  a p a a a r  aa taga  aad t k a  
f a i l a r o  o f  t e a  a i c r a f a r a o r a .  T o s t  
C is  s t i l l  i a  t k o  r e a c t o r  aad i a  
eperatieg at 1*00*F .

A 1000-psi speciaea ia to ka charged 
i a t a  tko OPNL g r a p k i t o  re a c to r ,  aad 
■ • m i  o i  I I  be p rov ided  fa r  SMaoariag
tko  e l e c t r i c a l  r e s i s t a a c a  o f  t k a

****** Th «, i « m  lirti I I , , ,  f ,  |T (ioo.

fear  laceaal creep apociaaoa is  ke iag  
* aged a t  1S00*F  f a r  1000 k r  i a  t k a  

e a s t r e s a e d  c a a d i t i a a ,  a f t e r  e k i c k  
t k o y  a i l l  ka t a a t a d  t a  d e t e r a i a e  
•bother  tko aa ossa loan  i s - p i l e  behavior  
to caa sad by aaaa a a t a l  l a r g ic a l  ckaaga 
t h a t  caa ka ia d a a a d  t a  occar be f e r e  
tko  s t a r t  a f  tka  a c t a a l  creep t a a t a .  
Aaotkcr apparataa o p e ra t ia g  a t  1$90*F  
aad 1S00 psi kaa baa a k a i l t  aad w i l l  
ka charged ia to  tka  1119 t a  d e te rs ia e  
tko e f fe c t  of a h ig h er  f l a a .

Tka f i r s t  s o d e l  a f  a h e l l o e s *  
loaded t a a a i l o  c re e p  r i g  f a r  tka VTR 
kaa kaaa doaigaad, aad shop cees troc t iee  
kaa kagaa. Tko speciaea is  l /2 « » s . *0 D  
( 0 . 0 3 S * i a .  o a l 1 ) l a c a a a l  t a k i a g  f r a a  
t k a  asao l e t  aa i s  k a i a g  aaed f a r  
o e r r e s ie a  t a a t i a g  i a  tko M e t a l l a r g y  
D i v i a i a a .  S e v e r a l  a a d a l a  a f  t k a  
fo resee ,  s t i c k  i a  p laced  ia s id a  t k a  
spec iaea ,  kavo kaaa kaack ta a ta d  i a  
aa a t t e a p t  t a  a i a i a i s a  l e a p e r e t e r e  
gradiaata.

t i T n a m m i

J. C. « i l s e a  R. A. leeka

I t  is  bel ieved t k a t  aa astaaaaaetar  
• t i l i s i a g  a B a a r d a a  t a k e  aad aa  
e l e c t r i c a l  c a a t a c t  a i l l  ke a p a ra k lo  
i a  tko MTR k a c a a a a  a f  i t s  l a s  aaaa  
( 0 .2  g ) ,  aad tk a t  i t a  s tap le  goaaatry  
e k o a l d  s i a p l i f y  t h e  p r a k l a a a  a f  
ab s t ra c t ia g  tko b e a t  geaeratad i a  i t  
ky gaaaa*ray k e a t i a g .  Beach t a a t i a g  
a f  t h i s  t y p e  a f  e s t e a s e a e t e r  kaa  
kagaa, aad F i g .  4 sheas the beach*  
tost  setap. Tka ta k a  css f a b r ic a te d  
ky f i l l i a g  a 0 . 0 6 0 - » a.-OO ( 0 . 0 0 S * i a .  
• a l l )  s t a i a l a a a  s t e a l  t a k e  « i t k  
p o l v e r i a e J  a e d i a a  c h l o r i d e ,  r a i l  
f l a t t e a i a g ,  b e e d i s g ,  aad tk a a  d i e *  
aa lv iag  tko s a l t  i a  w a te r .  The taka  
* •  c la a o t  s reap 1 a ta  c i r c l e ,  aa i t a  
a f f e c t i v e  l e a g t k  w i t h  r e s p e c t  t a  
t k e r a a l  e a p a a a i a a  i a  a o l y  o k a a t  
1 /0  la c k .  Sect  t e a s  a f  ra c e r  b lades

l i f0 a a i  a a a 
ce *oe a o c a  •

:
a aa: :::
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f i g .  4. l N r 4 M > f i k «  t i t u i

M N  «m 4 • •  c M t i c t i .  The d is te n t io n  
• M  oeaaered a t  t a r i o a s  s i r  p ressures  
• i t k  an i i a i p t M i t a  0 *  t o  1 0 0 -p s i  
gage . Tlia p r e s a a r a - d i s t e n t i o n  cares 
H i  l i n e a r  to  w i t h in  t o . 0001 i n .  osar 
9 M  o f  the  oan iaaw t r a v e l  (0 .007  ia .  
a t  l t i  p a i g ) .  Soho  h y s t e r e s i s  waa 
n o te d ,  h o t  t h i s  waa a t t r i b w t e d  to  the  
p r e o o o t e  gaga, a ia c o  th e  d a ta  warn  
re p ro d u c ib le  o t  the h i f h o a t  and lawaat 
p r e s s u r e  p e in t a .  F im tw ra a  hare baaa 
h o i  i t  t o  o t ta o h  the  o a i t  to  a re c e n t ly  
r e c e iv e d  T e a p lta  c a l i b r a t o r  th a t  w i l l  
p e v a i t  aoaaoroaoa t o f  d i s t e n t i o n s  to  
a p p ro a ia a to ly  4.00001 in c h .  A Baldwin 
p r o a a a r o  c a l l  w i l l  p a r a i t  p ra a a a ra  
a e o o e ro a e a ta  t o  b e t t o r  th a n  1 /4 * ,  o r  
0 .0 0 0 0 3  i o .  i a  t o r a a  o f  aevaeaa t o f  
t h e  te b e .  I t  i a  a a p a c ta d  t h a t  wore 
v e r b  o i l l  b o r o  t o  bo doaa  oa t h e  
c b o i c o  o f  a o o t a c t  e l c a c a t a ;  t b a  
t e a p e r e t o r e  c o e f f i c i e n t  o f  tba  whole 
a o i t  o i l l  a l t o  bo d o t o r r i a a d  by 
o p o r o t i o o  io  oa evea a t  te a p w ra ta re a  
ap t o  io o * r .

A a tady o i l l  bo node o f  tba a f fa c ta  
o f  a a a tro a  r a d ia t i o n  on the  s t a t i c  and. 
o a i a a i o a  c h a r a c t e r i s t i c s  o f  an RCA 
ty p o  ST34 t ran sdoce r ta b s ,  which ia  ia  
th e  can w i th  tba c a n t i l o v e r  creep r i g  
a c b o d a l c d  f o r  c h a r g e  i n  th e  L IT R . 
A p p r o a ia a t o l y  0 . 0 0 ) « i a .  a o va a a a t a f

FOB PERIOD ENDING MAY 10, 1433

t h e  s e n s i t i v e  a l a o e n t  a f  th e  ta b s  
g i v e s  a change i a  o a t p a t  v o l ta g e  o f  
a b o u t  40, sad i t s  l o o  a a s s  ( 1 .7  g )  
s b o a ld  p a r o i t  i t  t a  ba asad ia  h ig h ,  
f l u  re a c to rs  e t th o a t  exce ss ive  gaaaa• 
ra y  b a s t in g .

A piece a f  ao<ara l q u a r ts  0.11 in .  
square and 1.3 ia .  long  was i r r a d ia te d  
i a  t h e  L ITR f a r  a o n e -w e e k  p e r io d  
(7  * 10s* a v t )  t a  d e t a r a i a a  whether 
i r i n d i a t i a a  p r o d a c a d  d i a e a s i e a a l  
chan ges ,  s in c e  the t h e r a a l  espeasioa 
a f  q a a r t s  (a lo n g  the  I  a x i s )  appears 
e n a b le  f a r  c a l i b r a t i n g  e x te h s e a e te rs  
i a  a r e a c to r .  A s l i g h t  d i s c o le r a t ie a  
a f  tba  c r y s ta l  was no ted  a f t e r  i r r a d i ­
a t i o n ,  b a t ,  w i t h in  t b a  p r e c i s i o n  a f  
a a a ia r c a a a ;  ( 0 . 0 5 * ) ,  ao d ia a a s ia a a l  
ebaagaa oara found. The apaciaaa w i l l  
ba i r r a d ia t e d  aga in.

J .  C. t i l a a a J .  C. Zukaa

C h ro a e l - a la n e 1 th e ro e c e w p le s  (30- 
gag e ) have baaa cbeched f o r  s t a b i l i t y  
i o  a i r  a t  1400 and 1500°F  a f t e r  two 
w aaha and a g a in  a f t e r  f o a r  woehs. 
Tba c a l i b r a t i a a  s h i f t  was shout 3 dag 
a t  th e  and a f  two waaha sad S deg a t  
t h e  aad o f  f e a r  w aaha . Tba o a tp a t  
v o l t a g e  a t  c o n s t a n t  t o a p a r a t o r a ,  
r e fe r r e d  ta  a p la t ia e a t -p ie t ia u a - rh e d ia a  
tb a raacaa p la  c a l ib r a te d  a t  tba N a tiona l 
B o ra a a  o f  S ta n d a rd s ,  d o c ra a a a d  w i th  
t i a a ;  t h i s  i s  c o n t ra ry  ta  a re p o r t  by 
D o h l < t l >  t h a t  th a  v o l t a g e  s h o u ld  
ia e r o a a a  w i t h  t i a e .  Tba d i s p a r i t y  
was a t t r i b u t e d  ta  tb a  d i f f a r a a c a  ia  
tb a  dep th  a f  i a a e r t i o a  o f  tba  coup les 
i a  tb a  aging aad c s l i b r o t i a g  furnaces, 
aad a now t o s t  baa baaa  s t a r t e d  ia  
w h ich  tba  the ra e ce n p le a  wore aged and 
c a l i b r a t e d  ia  tha  wane fu rn a c e .  At 
t h e  o ad  a f  300 h r  a f  a p r o j e c t e d

< * * ’ * .  I .  P u tt, -T ts  S s s h llis v  s f  • •e a -s e t» l  
The resets* Is ,  ia  M r  free  M S ts  I I M V . "  f ,*p « r .  
s ta re . I t s  Osssertesst sad C e n tra l is  l i f t s , ,  sad 
faces r e t ,  aasrisse la s t ite ts  e f  Whysiss. p. t t t e .  
Ssiah#id . ass le s t . I N I .

' a  t  M i  . «*!-r cur nr r» i«7 rf !
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2 0 0 0 - k r  t o t ,  i l l*  t f c r a a  e i s a a  * f  
tk a ra o c o o p lo a  (20** 24- ,  aad I O * | « | « )  
• r *  * k * * & * (  i i c r t i i t i  I *  o o t p u t  
vo l tag e  p r e p o r t  io ns  1 t o  t i * e  mmI w i r e  
gaga ,  i *  g o a l i t a t i v a  a g r a a a c a t  e i t k  
Dekl .  A* a p p a r a t a a  t a  p a r f o r a  i k *  
aaaa t a a t  i a  k e l i a a  aad i a  v a ra * *  kaa 
keaa d a a ig e a d .

l a - p i l e  t k e r a e c e a p l *  c a l i k r a t i a a a  
a t i l i a i a g  i k e  e a l t i a g  p a i a t  o f  aodiwa 
c k la r id *  kad keaa  p laaaad ,  e i t k  f a t e d  
q a a r t t  a t  i k *  c a a t a i a e r  a a i * r i * l .  
Hoeavar, ik*  d a r a t i a a  of ik* * p * r a i i a g  
l i f t  a l  a a c k  c o a i a i a a r a  k a a  k * a *  
e r r a t i c , aad a** c o a i a i a a r a  a f  1 / S - i a .  
p l a t i a u a  t a k i a f  kaa* kaa* f a k r i c a t a d  
by tk*  f t e a a a r c k  Shop*. T a a t i a g  a f  
t k a a a  a a i i a  k a a  a i a r i a d ,  Aa a a  
a l t a r a a t *  f o r  aadiaa  c k l a r id * ,  c a p p e r -  
t i l i c o R  a l l o y a  k aaa  kaaa  t a a t a d  i a  
farad q a a r t t ,  bat  aaaplaa a a i g k i a g  2 g 
war* r a q a i r a d  f a r  goad a r r a a i a  i a  ik*  
coa l iag  c a r v e .  Cappar-ai  l i c a a  a a t a c i i c a  
aad ik*  a i a i a e a - a o l t i a g - p o i a t  a l l a y  
a f  cappar aad aaagaaaaa ar* k a i a g  aad* 
i a  ike  M a ta l lo r g y  D iv ia iaa  fa r  f a r i k a r  
a a l i i a g - p a i a i  a t a d i a a .  Ia  d a v a l a p i a g  
tk* a p p a r a i a a ,  oa ig k ta  aad k a a i  l a a a a a  
ar* ke laocad  aa i k a i  tk* gaaaa k o a i i a g  
ia  ik* VI'S w i l l  ao t  a f f e c t  ik *  a p a r -  
a i i a a .

i m i T I M  •MAM I t  KLtCTWMMC 
tfVlfMMT

l a  a r d a r  i *  a p aa d  ap t a e t i a g  a f  
a t k a r  c a a p a a a a i a  aad i *  t a a t  f a r i k a r  
ik*  p r a v i a a a l y  i r r a d i a t e d  c a a p a a a a i a  
e e d e r  a g r e a t e r  v a r i e t y  e f  c e a d i t i a a e ,  
i r v a d i a t i a a  a f  c a a p la i*  a a t a  a f  t f i i f  
• a a t  i a  t k a a g k t  i *  a f f a r  a a a y  a d -  
v a a t a g a e .  T a a t i a g  a f  i k t  ape  r a t i n g  
a a i i  e a k j o c t a  a i l  c a a p a a a a i a  i a  
a id a ly  v a ry  i a g  c a a d t i a a e o f  f r a q a a a c y .  
v a l i a g a ,  c a r r a a i ,  aad  i a a p a r a i a r a ,  
Tk* t a a t i a g  a f  t k a  i a d i v i d a a l  a a a -  
p e a a a t a  a a d e r  a a c k  a a i d *  r a a g a  a f  
c a a d i i i a a a  v a a l d  k* d i f f i e a l i  a a d  

t i c a l .

i >

i

N. A. t o a k a

Aa i a v a a t i g a i i a a  a f  tka a f  f a c i a  a f  
r a d i a i i a a  ea coapla ia  a a i i a  a f  a l e c *  
traatc  a g a ip a a a t  kaa kaaa i a i t i a t a d .  
E a r l i e r  e a r k < , , )  kaa akevn c k a i  tk*  
d-c aad laa-fraq aaacy  c k a r a c i o r i a i i c a  
of  a a a j a r i t y  o f  caavaatiaaal a l a c t r e a i c  
caapaaaaia ar* a f fec ted  ealy  a l i g k t l y ,  
i f  at  a l l ,  ky aa aapoaar* a f  10*• (ar  
greater) a v t .

a. ChiM 1*4 a. 4. la real*, «//••(* */ 
Cl,,laa Pr#4a«,4 Ca4««(4*a aa V lc t ra a i ,  ff«ai*> 
•••*« •*§*aa*»ta*.rtrat#» Vlvlalaa. f r i t a M i l  fladar, tea.. a«r* . <’.• »|, l,«t).
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J L  m l  g r  if  R BI . I . .   

Tkaaa i a a i a  o i l l  ka aada a a d o r  i k *  
a a g i a  o f  i k *  S o l i d  S t a t e  D i v i a i a a ,  
a k i c k  i a  i a i a r a a t o d  i a  a k i a i a i a g  
i a f a r a a t i a a  a*  ik*  k a k a v i o r  a f  k i g k -  
f raqaaacy  c a a p a a a a i a  k a iag  c a a a i d a r o d  
f a r  aa* i a  t r a a a d a c o r  c i r c a i i a  f a r  
i a - p i l e  i a a i a .

Tk* Balk S k i a l d i a g  F a c i l i t y  i a  k a i a g  
*a*d f a r  t k a a a  i a a i a .  Ia  a r d o r  i a  aaa  
t k i a  r e a c t o r ,  a t a a k  aa* k a i l t  l a r g o  
•aoMfk i a  a c c a a a a d a i a  t k a  l a r g a a t  
a a i i  t *  k* t a a t a d .  Tk* t a a k  a a y  ka 
d a p r a a a o r i i a d  t o  a i n a l a t *  k ig k  a l i i *  
tad* ,  aad 100 t a a t  or  pooar lo a d *  aad  
to* c o a c i a l  l e a d *  kava kaaa  p r o v i d e d  
to  f a r a i a k  p o o a r  t a  i k *  a a i i  a a d o r  
t a a t  aad t a  p r o v i d e  t e a t  p e i a t a  f a r  
d y a a a i c  e l e c t r i c a l  t a a t i a g  * f  c e a -  
p o a a a t a  o f  t k *  a a i i .  Tka t a a k  k a a  
to* P l e a i g l a a  e ia d e e a  ia  tk* to p .

I a a a r a i o a  t a a t i a g  a f  ik*  t a a k  kaa  
kaaa c a o p l a i o d ,  aad ik*  i r r a d i a i i o a  
a f  tka f i r a i  * a i t v  a Too- aad a a d i a a -  
f r a g a a a c f  r a d i o  c o a p a a a  kcak ag aa .  Tk* 
r a d i o  coaipaaa  r e c e i v e r  aad i t *  l o o p  
a a t a r a a  a r c  k a i a g  i r r a d i a t e d .  Tk* 
loop a a t e a a a  i a  p l a c e d  ia  a a k i a l d a d  
kaa i k a i  c a a i a i a a  * e i g a a l  a a t e a a a  
a i c i i a d  ky a a  a a i a r a a l  a ig o a l  g a a e r a t e r .

r* .* : 
t.•:..

a *

• • • •

• a i  »

•> i i :*
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FOR PER 100 ENDING MAT I t ,  ItS 2

The t a c k  ha* beaa p l a c a d  i a  t k a  Balk 
S h i e l d i n g  F a c i l i t y  t o  t k a t  tka t k a r a a l  
f l a *  a t  tka  p o i a t  i a  t k a  t a ak  a a a r a s t  
t k a  k e a c t o r  i a  a p p r o x i a a t e l y  8 * 10s 
a a a t r e a s / c a *  • a a c ,  t k a  l a a t  f l a x  i a  
a p p r e x i a a t a l y  10* n c u t r o n s / c a ’ * sac ,  
• a d  t k a  g a aa a  f l a x  i a  a p p r o x i a a t e l y  
10 11 1-Mev gaaaa p k o to a a / e a * *  s e c .  < ** '  
O p a r a t i a a a  a i l l  be f a r  a a i a i a a a  o f

E. h a t r U r l ,  S a l t  M l i U t u  f a * t i t t y  
f e t e r  P e te  f a r*  S b t t t ,  (NSIL C f - I I - t - l ?  ( fa b .  1. 
1**1).

ENGINEERING

MNL 8 8 APIITK ICACTM  
L I H I I - I I T A U  LOtP

C. D. Baaaann D. T. Jaaaa
II. M. C a r r a l l  M. T. Morgan
C. E l l i a  O. Siaaaa

V. V. P a r k i a a o n

Tka i a - p i l a  p o r t i o a  o f  tka  l a c o a a l  
l o o p  c o n t a i a i a g  a o d i a a ,  a k i c k  kad 
o p a r a t a d  f o r  two a a a k a  i a  t k a  ORNL 
g r a p b i t a  r a a c t o r , ( ( )  was rsaoved f ro a  
t k a  r a a c t o r  a k i a l d  a a d  t a k a a  to  t k a  
k a r i a l  gronad. A f t a r  t k a  a c t i v i t y  a f  
t k a  loop kad dropped o a f f i c i o a t l y  fo r  
a a f a  k a ad l i ag ,  e p e c i a a a a  were c a t  f ro a  
b o t k  t k a  i a - p i l e  a a d  t k a  a a t a r a a l  
p e r t i o a a  f o r  a a t a l  l o g r a p k i c  o x a a i -  
a a t i o a .  I a  aa i n v e s t i g a t i o n  o f  tk a  
c a u s e  o f  tko  f l e a  s t o p p a g e  t k a t  kad 
k a l t a d  o p o r a t i o a ,  c o b s  t r i e t i o n a  t k a t  
r a s a l t e d  f roa  p o a o t r a t i o a  a t  tka  aolda 
v a r a  foaad ia  tka  t a k a a .  Oae o f  tkaao 
c o n s t r i c t i o n s ,  i a  t k o  c o l d a r  p a r t  o f  
t k a  lo o p  ( t k o  j a a c t i a a  o f  o aa  ta b o  
o i t k  t k a  a a r g a  t a a k ) ,  a a a  a l a o a t  
c o a p l a t a l y  c l o a a d  by g r a y ,  powdery 
a a t a r i a l .  X-ray e x e a i a a t i o n  in d i c a t e d  
t k a t  t k a  powder o aa  l a r g e l y  n i c k e l .  
T k a  p o e d e r  i a  a a a  k a i a g  a n a l y s e d  
s p e c t r o g r a p k i c e l  ly .

“ >C. I .  B*• * • • • ,  B. I .  C a r r a l l ,  C. E l l i a .  B.
T. J a a a a ,  I .  T. B argaa ,  0 .  S i a a a a ,  as*  V. f .  
Parb iaaaa , Sal id S ta r t  B ia ia i^ a  Q ee r te r i f  P ra jra ta  
• a a a r t  / a r  P a r  ta d  l a d i a g  J a a a a r y  J | ,  I l l f ,  
O W L-11*1. p . >1.
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ICO k r  a t  t k a a a  l o v a l a .  At a o a a  
f a t a r a  d a t a  a e a s u r e a e a t s  w i l l  ke node 
oa t k a  f l a x  d i a t r i b a t i o a  i a  tka  t a ak .

No p r o g r e s a  baa k o a a  aad a  oa t k a  
a e a a u r e a e a t  o f  r a d i a t i o n  e f f e c t s  os 
c a k i a s  and d i e l e c t r i c s ,  < 14 ’ b a c a a sa  
t k a  d i a l a c t r o a a t a r  k a a  a o t  y e t  baaa  
r e c e i v e d  f r o a  t k a  B a r o a a  o f  S k i p s .  
D e l i v e r y  o f  t k i s  s q u i p a o a t  i s  expec ted  
i a  J a n a ._________

(> 4 Hu A. Saaka. ep .  a l t . .  0M H .-IM I.  p. 1*.

PROPERTIES

A a e t k a r  s o d i a a - l o o p  s y a t a a  a a a  
c o a a t r a c t a d  t k a t  aaad  1 9 - f t  one -p iece  
t a b u l a r  k a a t a r s  t k a t  v a r a  a a d a  t o  
o r d e r  aad a a o d i f i a d  a a r g a  t a a k  da-  
a i g a a d  t c  avoid p l a g g i a g .  Tka a r range-  
s e a t  o f  t a k i n g ,  a a r g a  t a n k ,  e l e c t r o -  
a a g a a t i c  f l o w a e te r ,  a a d  paap  i a  akovn 
i a  F i g .  S. At tka  c e a e l a a i o a  o f  t k a  
b o ack  t e a t  oa tko  l o o p ,  a va ry  a a a l l  
l e a k  a a a  f o a a d  i a  t k a  p a a p  c a l l ;  
k o v a v a r ,  t k a  l e a k  o a a  s a c c e e a f a l l y  
c l o n e d  by v o i d i n g ,  aad  a f t e r  f a r t k a r  
knack  t a a t i a g ,  tka  l o o p  o aa  i n a t a l l e d  
i a  t k a  r e a c t o r .  F i g a r o  6 shove t k a  
loop  aad a a s o c ia t a d  a q u i p a s n t  i a  p lace  
i a  t k a  r e a c t o r .  Tka a p p a r a t a a  aa 
s k o v a  i s  t y p i c a l  a f  a l l  l i q u i d - a o t a l  
lo o p s  b o i l t  t o  d a t a .  Tka loop opara tad  
f o r  6 k r  a t  1000*F aad 9S k r  a t  1S00*F. 
a f t a r  o h ic k  tk a  o p e r a t i o n  oaa  k a l t a d  
k e c a a a e  a f a  a a a l l  l e a k ,  ok ick  occurred 
a g a i n  i a  tka  paap c a l l .  Tka p resence  
o f  t k a  a o d i a a  l e a k  o a a  i n d i c a t e d  by 
aa  a c t i v i t y  a a a i t a r  l o c a t e d  oa tka  a i r  
s u c t i o n  l i a *  f r o a  th e  a k i o l d  c o a p a r t • 
a a a t  a round  t k a  a x t a r a a l  p o r t i o a  of 
t k o  l o o p .  A f t a r  t o e  v a e k a  o f  decay 
o f  t k a  a o d ia a  a c t i v i t y ,  t k a  e x t e r n a l  
p o r t i o a  o f  t k a  l e a p  o a a  c a t  o f f  aad 
t k o  r e a a i a d e r  o f  t k a  l o o p  o aa  p a l l e d  
i n t o  tka s k i a l d i a g .  Spec in a n e  kava bean 
c a t  f r o a  tko a x t a r a a l  p o r t i o a  aad w i l l  
be  t a k a a  f r o a  t k a  p a r t  o f  t k a  loop  
t k a t  van i a  tka  r a a c t o r  a s  soon as  i t  
d e c a y s  t o  a aafa  l e v e l .

015
u







:SS REPORTSOLID STATE D IV IS IO N  QUARTERLY PI 1:1

To i l b i u t *  t b a  c o n s t r i c t i o n s  a t  
j o i s t s ,  a aa t l iod  a f  b a t t  v o id in g  

t b a  t a b o o  by a a a a a  a f  f s r r a l s  c o n -  
a o e t i o a a  baa b a aa  davolopad .  A aa tb a r  
loop u t i l i s i n g  t b i a  ao tbod  a f  f n b r i -  
e o t i a a  aad  i a c a r p o r a t  l a g  a a i c r a -  
a a t a l l i c  f i l t a r  bypusa  ia  boiag baa I t .  
Tba f i l t a r  a a d  a c a a l i a g  t a a b  ->ra 
b o i a g  addad  i a  a p a r t i a l  by p aaa  a f  
tba  i n - p i l a  p a r t  a f  tba  leap t a  r a a aa a  
a a d i a a  a i i d a  a a d  i a a a l a b l a  a a t a r i a l  
i a  tba  c i r c a l a t i a g  aod iaa .

Ta av o id  t b a  r a c a r r a a c a  a f  l o o k s ,  
aa o a t s a a i v s  t a a t i a g  p r a g m a  a a  
■ a t a r i a l a  aad  f a b r i c a t a d  p a r t a  b a a  
b a a a  i a i t i a t a d .  T a b i a g  i a  b a i a g  
s s a a i a s d  by a a a a a  a f  a r a y a  a a d  
f l a a r a a c a a t  p a a a t r a a t  a i l ,  aad a a -  
a a a b l a d  p a r t a  a r a  b o i a g  a a a a i a a d  by 
tboao a a tb a d a  vbaa  a p p l i c a b lo ,  aa v a i l  
aa b a i a g  l a a b - t a a t a d  a a d a r  b o t h  
p raaaara  aad v a c a a a .

S ia c a  aaygaa  e a a t a a i a a t i a a  a f  t b a  
aad iaa  aay ba r a a p a a a i b l a  f a r  c a r r a a i o a ,  
aaaa  t r a a a f a r ,  a ad  o b a t r a e t i a a  o f  t b a  
t a b i a g ,  c b a a g a a  b a a a  b a a a  a a d a  i a  
a a a i l i a r y  a q a i p a a a t  t a  a l i a i a a t a  a l l  
t r a c a a  o f  a a y g a a  f r a a  tba  a a d i a a  i a  
tb a  l a a p a .  A now f i l l i a g  a y a t a a  b a a  
baaa aasaab lad  w i th  a d d i t i o n a l  f i l t a r a  
i a  tba  l i a o a .  A a a tb a r  a a a f a l  f o a t a r a  
a f  t b i a  a y a t a a  i a  a a a t a r i a g  t a a b  
b a a i a g  a s c r s o - d r i v a a  a l a c t r i c  p ro b a  
a p a r a t i a g  t b r a a g b  a r ab b a r  a t a p p a r  t a  
i a d i c a t a  a a d i a a  l a v a l .  Tba f i l l i a g  
apparatao  ia  abaaa  i a  Pig .  7.  A aa tba r  
r a a a d i a l  a a a a a r a  *aa tba  i a a t a l l a t i a a  
a f  a p a r i f i a r  i a  t b a  b a l i a a  a p p a r a t a a  
t h a t  a a p p l i a a  t b a  o ta a a p b a ra  o*ar  t b a  
la ap  a a r g a  t a a b .  T b ia  p a r i f i a r  i a  a 
a a d i a a - p a t a a a i a a  b a b b l a r  ( c f .  **LITTk 
S a d i a a  S t  r a s a - C o r  r o t  io n  L a a p "  a a d  
Pig .  9, t b i a  r a p a r t ) .

Tba a l a e t r a a M g a a t i c  f l a o a a t a r  c a l  l a  
aa p r a a i a a a  l i q n i d - a a t a l  l a a p a  b a a a  
g i a a a  a a r i a a a  d i f f i c a l t i n s ,  a a a t  a f  
abicb va ra  t r a c a a b l a  t a  tba  a t t a c b a a a t  
a f  tba  load a i r a a .  Tbaaa d i f f i c a l t i a a  
baaa baaa  a l i a i a a t a d  i a  t b a  d o a a l a p -  
a a a t  a f  a a t a a d a r d  typo  a f  f l a a a a t a r

I >

IHtMi

MELT TANK MCTCNMQ TANK

Pig.  7. g a l t a a - A a d i a a  a a t a r i a g  Taab.

c a l l ,  aad to o  a i a a a  a f  t b i a  ty p o  i a  
b a tb  l a c a a a l  a ad  t y p a  916 a t a i a l o a a  
s t a a l  a r a  b a i a g  c a l i b r a t a d .  T b a a a  
c a l l s  c o a s i s t  a f  a  l - i a .  l a a g t b  o f  
t a b i a g  t b r a a g b  a b i c b  a b a l a  baa baaa  
p r a c i a i a a - d r i l l a d  a lo n g  tba  d i a a a t a r  
a t  r i g h t  a a g l a a  t a  t b a  a l i a  a f  t b a  
t a b a .  A a i r a  a f  t b a  a a a a  a a t a r i a l  
aa t b a  t a b a  i a  i a a a r t a d  t b r a a g b  t b a  
b a l a  a a d  b r a a a d  i a  a i t b  a i c k a l -  
p a l l a d i a a  f i l l o r .  Tba p o r t i o n  a f  tb a  
a i r a  t b r a a g b  t b a  L a ra  a f  tb a  t a b a  i a  
tbaa  d r i l l a d  o a t  f l a s h  a i t b  tba  i a n a r  
a a l l  a f  tba  t a b a .

Tba f l a a a a t a r  c a l l s  in  tb a  c a l l -  
b r a t i a a  a p p a r a t a a  a a r a  c o a a a c t s d  aad  
t a  a a d ,  a i t b  t b a  l a n d  a i r a a  i a  t b a  
a a a a  p l a n a ,  b a t a a s n  t a a  t a n k a  o f  
bnaan  v o l n a a  a i t b  l a a a 1 - i a d i c a t i a g  
a l a c t r i c a l  p r o b a s .  S o d in a  co u ld  ba

an ooa •  a a a  •  a a  a sp a  i n  a a a
a P aa a a a  •  •  aa a  a a  a a #  aa a  a t  a a a  a• a  a aa  a a a a a  a

• • 
s o #

a a a aa  aa 
a a a  a a a  s a aa a a 
a a a a a  a a a  a a a  
• a aaa  aa
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FOR PERIOD ENDING MAY 10, 1952

f o r c e d  t h r o u g h  t h e  f l o w m e t e r  c u l l s  
• t  a c o n t r o l l e d  r a t e  by p r e s s u r i s i n g  
o r  e v a c u a t i n g  t h e s e  t a n k s .  A h i g h *  
f l u x  Magnet o f  Measured f i e l d  s t r e n g t h  
o n e  f i x e d  a r o u n d  e a c h  c e l l  i n  t u r n  
a n d  t h e  o u t p u t  v o l t a g e  * a a  r e c o r d e d  
on a Brown r e c o r d e r .  T h e s e  i n p r o v e d  
c a l i b r a t e d  c e l l s  s h o u l d  r e n o v e  t h e  
u n c e r t a i n t i e s  I r o n  f l owmet e r  o p e r a t i o n .

L i n  I M I V I  STRESS-CORROSION LOOP

« .  E. Brundage C. E l l i s
R. M. C a r r o l l  A. S. Olson

«.  « .  P a r k i n s o n

The d e s i g n ,  f a b r i c a t i o n  o f  p a r t a ,  
a n d  o p e r a t i n g  t e s t a  o f  an a p p a r a t u s  
f o r  c i r c u l a t i n g  n o l t e n  s o d i u a  t h rough  
a s t r e s s - c o r r o s i o n  s p e c i a e n  in t he  L1TB 
h a v e  been d e s c r i b e d  i n  t h e  two p r e v i o u s  
q u a r t e r l y  r e p o r  t s .  * * • * * To s i n p l i f y  
t h e  p r ob l e n  of  s h i e l d i n g ,  t he  a p p a r a t u s  
w a s  d e s i g n e d  s o  t h a t a l l  p a r t a  c o n ­
t a i n i n g  a o d i u n  c o u l d  be p l a c e d  i n  a 
b e a n  h o l e  o f  t h e  r e a c t o r  to u t i l i s e  
t h e  r e a c t o r  s h i e l d .  Spa c e  l i n i t a t i o n s  
r e q u i r e d  t he  d e v e l o p o e n t  o f  a s p e c i a l  
p u a p ,  and a bench erodel  o f  a g a s e o u s -  
d i s p l a c e n e n t  puap  d e s i g n e d  f o r  t h i s  
p u r p o s e  has  keen u n d e r  t e a t  f o r  sone 
t i n e . < * >

The o p e r a t i n g  t e n p e r a t u r e  o f  t h e  
g a s e o u s - d i s p l a c e n e n t  p u a p  was i n ­
c r e a s e d  f r o a  1000 t o  1500°F t o  check  
i t s  o p e r a t i o n  w i t h  a o d i u n  a t  h i g h  
t e a q > e r a t u r e a .  I t  was  i n p o s s i b l e  t o  
o p e r a t e  l o n g e r  t ha n  4 t o  6 hr  a t  t h i s  
t e n p e r a t u r e  b e c a u s e  o f  c o n d e n s a t i o n  
a n d  f r e e s i a g  o f  a o d i u n  i n  t h e  g a s  
l i n e s  c o n n e c t i n g  t h e  d i a p h r a g a  chanbera  
a n d  the  aod i ua - puap  t a n k a .  The aodiun 
v a p o r  was c a r r i e d  t h r o u g h  t h e  v a p o r  
t r a p a  and i n t o  t he  l i n e s  by the punping

>. Olsas,  V. I .  Br«aS«t«,  t .  I .  Psrfclssoa,  
• s S  0 .  S l a n t s ,  M | r i , i  a /  J i l l i i  f a i t l t s l v  
Q m m r l t r l f  P r * g r « « «  J U p a r l  / a r  h r t » 4  f a S t S f  
®«»a*.r | | ,  | t | | ,  O W t - l t l S .  p .  IS.

{ , > t .  I .  RrssSae*.  R. I .  C i r t a l l ,  C. B i l l s ,  
A. t .  P i t a s ,  0.  S l t a t s , t s S  I .  t ,  f t r k l s t a s ,  
op.  t i t . ,  OKNt-llSI, p. SI .

•  o a n a  •  •  •
e a a a s *  • •
o a a n  •  a a n
n n a a a a a a
o a a  a a a  a a
a n  a n a  a a a a  a  a

g a s  a a  i t  was b e i n g  d i s p l a c e d  i n t o  a 
d i a p h r a g n  c h a n b e r .  The u s e  of  l a r g e r  
c o n n e c t i n g  t ube s  e x t e n d e d  t h e  o p e r a t m g  
t i n e ,  but  e v e n t u a l l y  t h e s e ,  t oo ,  were 
b l o c k e d  t o  t h e  p o i n t  o f  u s c l e a s n e a a .  
A f t e r  t h e s e  p e r i o d s  o f  i n t e r n i t t e n t  
o p e r a t i o n  i t  becane  a p p a r e n t  t h a t  one 
o f  t h e  check v a l v e s  was n o t  o p e r a t i n g  
s a t i s f a c t o r i l y .  T h i s  a l l o w e d  a l l  
t h e  aod i un  t o  be f o r c e d  i n t o  one t a n k ,  
and t h e  aurge  o f  d i s p l a c i n g  gas  blew 
l i q u i d  a o d i u n  i n t o  o n e  o f  t h e  c o n ­
n e c t i n g  l i n e s ,  where  i t  was  q u i c k l y  
f r o t e n .  To f i n d  t he  c a u s e  of c h e c k -  
v a l v e  f a i l u r e  t h e  p u n p  was  d i a a a -  
s e n b l e d ,  and t h e  c h e c k  v a l v e s  were  
c u t  o p e n .  One o f  t h e  v a l v e  s e a t s  
p r o v e d  t o  be b a d l y  s c o r e d ,  S i n c e  
a l l  t h e  v e l v e s  had o p e r a t e d  s a t i s ­
f a c t o r i l y  e a r l i e r ,  t h e  s c o r i n g  was 
p r o b a b l y  n o t  an e f f e c t  o f  o p e r a t i o n ,  
bu t  r a t h e r  due t o  f a u l t y  c o n s t r u c t i o n .

A new p u n p - a n d - l o o p  s y s t e n  was 
c o n s t r u c t e d  o f  I nc o n e l  w i t h  two check 
v a l v e a  in s e r i e s  s u b s t i t u t e d  for  each  
o f  t h e  s i n g l e  v a l v e a  o f  t h e  e a r l i e r  
a r r a n g e s w n t .  An a d d i t i o n a l  change in 
t h e  s y a t e n  was t o  a l t e r  t h e  d i a p h r a g n  
c h a n b e r a  t o  g i v e  t h e  d i e p h r a g n s  a 
s t r o k e  d i s p l a c i n g  a f i x e d  volume o f  
g a s .  T h i s  f ixed-voluaM> d i s p l a c e n e n t  
f o r  each  h a l f  o f  a pumping c y c l e  would 
a l l o w  t h e  a o d i u n  l e v e l  i n  t he  punp 
t a n k s  t o  r e - c h  an e q u i l i b r i u m  p o s i t i o n  
i n  c a s e  o f  u n e q u a l  f l o w  r e s i s t a n c e a  
on t h e  two h a l v e s  o f  a c y c l e .  T h i s  
a t t a i n s w n t  o f  an e q u i l i b r i u m  c o n d i t i o n  
s h o u l d  p r e v e n t  c o l l e c t i o n  of  a l l  t h e  
a o d i u n  i n  one t a n k  w i t h  s u b s e q u e n t  

" b l o w i n g  o v e r ” o f  the  d i s p l a c i n g  g as .  
The  p u n p i n g  c y c l e  w e s  a l s o  c h a n g e d  
f r o n  30 t o  10 s e c  t o  t r a n s f e r  l e s s  
a o d i u n  f r o n  one  t a n k  t o  t h e  o t h e r  
d u r i n g  a c y c l e ,  t h e r e b y  r e d u c i n g  the  
p r o b a b i l i t y  t h a t  a t a n k  w o u l d  be 
coaq» l e t e l y  empt i ed  i n  one c y c l e .  The 
s y s t e n  o p e r a t e d  s a t i s f a c t o r i l y  wi*.h 
a l c o h o l  f o r  a 3 - h r  p e r i o d  and  was 
t h e n  f i l l e d  w i t h  a m e a s u r e d  q u a n t i t y  
o f  f i l t e r e d  aod i un .  Vapor  c o n d e n s a t i o n  
c o n t i n u e d  t o  o b s t r u c t  t h e  c o n n e c t i n g

/ « i » ;  f
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t u b e s  i s  t | » i t «  o f  t b s  s s s  s f  s n  
i s p r o v s d  vapor  t r a p .  T b s  e s p e r i a w n t  
u s e  t s r s i n s t s d  when s  s p l i t  deve l oped  
i n  t h e  I n c o n e l  t u b i n g  ( s e e  F i g .  8)  
e n d  c e n s e d  s s e e l  1 s o d i u a  l e e h  end 
f i r e .

F i g .  8.  Ruptured l a c a a e *  Tubing In 
Hod Iua- l . eop Rys tes .

The  d i f f i c u l t i e s  a r i s i n c  f r o a  vapor  
c o n d e n s a t i o n  in  t he  g e s  1 i s s  o f  t h e  
g e s e o u a - d i s p l a c s a e n t  p u a p  a s k s  i t  
a d v i s a b l e  to  r e p l a c e  t h i s  t y p o  o f  puap 
w i t h  t h e  a o r e  c o n v e n t i o n a l  a - c  e l e c t r o *  
a a g n e t i c  t ype .  The s i t e  o f  an e l e c t r o *  
a a g n e t i c  puap p r ev en t s  i t s  b e i n g  pl aced  
i n s i d e  t he  b a s a  h o l e  i n  t h e  r e a c t o r  
s h i e l d  a s  h a d  b e e n  p l a n n e d  f o r  t b s  
s y s t e a  u s i n g  the  g a s e o u s * d i s p l a c e a s n t  
p u a p .  A l t e r a t i e n s  o f  t h e  d e s i g n  o f  
t h e  e q u i p a e n t ,  which were  r e q u i r e d  by 
t h i s  c h a n g e  i n  l o c a t i o n  o f  t h e  puap,  
have bean a a d s .  The s o d i u a  t a n k s  o f  t he  
d i s p l e c e a e n t  puap can be  u t i l i s e d  as  
s u r g e  t a n k s  f o r  t h e  e l e c t r o a a g n e t i c  
p u a p ,  t h e  a a j o r  c h a r g e  r e q u i r e d  be i ng  
t h e  a d d i t i o n  o f  c o n n e c t i n g  t u b i n g  
t h r o u g h  t h e  s h i e l d  p l u g  t o  c i r c u l a t e  
s o d i u a  f r o a  t h e  p u a p  t h r o u g h  t h e  
apec i sMn s e c t i o n  of  t h e  s y s t e a .  These 
c o n n e c t i n g  t u b e s  a u a t  be  t r a c e d  by 
e l e c t r i c  h e a t e r s  f o r  a e l t i n g  t h e  
s o d i u a  p r i o r  t o  s t a r t u p ,  nad aea su r e*  
awnt  o f  t s a p s r a t u r e a  by u s e  o f  the reo*  
c o u p l e s  a t  v a r i o u s  p o i n t s  a l o n g  t h a aa  
t u b e s  i s  d e s i r a b l e .  The c o n t r o l s  f o r  
t h e  h e a t e r s  and a t e a p e r a t u r e  r e c o r d e r

•  e  •  •  a se e  s e e  e s s  a
•  •  a  e e a •
•  « •  e a • •

c a n  b e  a dded  t o  t h e  p r e s e n t  c o n t r o l  
p a n e l ,  s i n c e  t h e  r e p l a c e a e n t  e f  t h e  
g a s e o u s - d i s p l a c e a e n t  p u a p  p e r a i t s  
o a i a s i e a  o f  i t s  p r e s s u r i s i n g  c o n t r o l s .  
Minor  changes  a u s t  a l s o  be a s d e  in the  
a l a r a  a n d  s a f e t y  c i r c u i t s  o f  t b s  
r e a c t o r  i a a t r v a e n t a t i o a .

P o r t i o a s  o f  t h e  s y s t e a  t h a t  w i l l  
c o n t a i n  r a d i e a c t i v e  s o d i u a  o u t s i d e  the 
r e a c t o r  s h i e l d  w i l l  r e q u i r e  t h e  con* 
s t r u c t i o a  o f  a s u i t a b l e  s h i e l d  and 
s u p p o r t .  C a l c u l a t i o n s  i n d i c a t e  t h a t  
a l e a d  s h i e l d  a p p r o * i a e t e  l y  8 i n .  
t h i c k  w i l l  ba n e e d e d ,  a n d  i f  t h e  
d i m e n s i o n s  o f  the  e u t e r i e r  s y s t e a  a r e  
k e p t  t o  a a i a i a u a ,  t h i s  w i l l  amount to  
a b o u t  9000 pounds.  The a s t e r n a l  p a r t s  
o f  t h e  a o d i u a  s y s t e a ,  i n c l u d i n g  t h e  
e l e c t r o a a g n e t i c  puap  s a d  f l o w a e t e r ,  
w i l l  b e  e n c l o s e d  f a r  r e a s o n s  o f  
s a f e t y  i n  a n a t a l  b o s  f i l l e d  w i t h  
h a l i u a .  T h e s e  a o d i f i c a t i o n s  and 
a d d i t i o n s  t o  t he  a p p a r a t u s  have bees  
a p p r o v e d  by t h e  R e a c t o r  E s p e r i a e n t  
Review C o a a i t t e e .

N i c h e  1 -pa  I l a d i u a  b r a s i n g  ha s  been 
u s e d  t o  es sead i l e  p a r t s  o f  t h e  s e d i u a  
s y s t e a  a t t a c h e d  t e  t h e  s t r e s s e d  
a p e c i a e u ,  a n d  f a b r i e n t i o n  e f  t h e  
u n a l t e r e d  p a r t s  o f  t h e  a p p a r a t u s  i s  
a b o u t  9 0 1  c o a p l s t e .  A l t e r a t i o n s  and 
f a b r i c a t i o n  o f  a q s i p a e n t  i n v o l v e d  i s  
t h e  c h a n g e s  i n c i d e n t  t e  t h e  use  o f  an 
•  s t e r n a l  puap are  about  2SX c o a p l s t e .

T h e  l a t s a t  a o de l  o f  t h e  p n e s a a t i c  
a s t e n e e a e t e r , < 1 > w h i c h  i s  t e  be 
a t t a c h e d  t o  t h e  s t r e s s e d  a p e c i a e n  t e  
p r o v i d e  c r e e p  d a t a ,  f a i l e d  d u r i n g  
t e s t i n g  a t  1500*F owing  t o  g a l l i n g .  
A s l i g h t l y  a o d i f i e d  v e r s i o n  t h a t  was 
h e l d  t o  ouch c l o s e r  a a c h i n i n g  t o l e r ­
a n c e s  h a s  been r ec e i v e d  f r o a  t he  shops 
and i s  b e i ng  s e t  up for  t e s t i n g  a t  the 
o p e r a t i n g  t e a p s r a t u r e .  I f  g a l l i n g  e r  
s e i s i n g  o f  t h e  e s t e n a o a e t e r  we r e  t o  
o c c u r  d u r i n g  a s t r e s s - c o r r o s i o n  e s p e r i -  
s e n t ,  t h e  e s t e n a o a e t e r  w o u l d  a b s o r b  
a o a e  o f  t h e  l o a d  f r o a  t h e  a p e c i a e n  
and i n v a l i d a t e  t h e  ( t r e e s - c o r r o s i o n
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aa ( t i r t a t R t • .  To e l i a i a a t a  t b i a  
p o s s i b i l i t y ,  a R o « r d e a * ta b e  s i l a a *  
a s a s t s r ,  d e s c r i b e d  by V i l s a a  s a d  
V aaks  ( c l .  "  F a t a a s e a s t a r s , ”  i b i s  
r e p o r t ) ,  i s  b a i a g  c s s s t r s c t a d  a f  
l a r a aa l  t a  e i t b a t a e d  high t a a p a r s t a r a a  
sad t a  s l i a i a a t a  t h a r a a t  s s p a a a i a a  
c o r r e c t i a a a  a b a a  a s a d  a i t b  l a c a a a l  
spac iaaaa .

Tbs  b a i l e e  p a c i f i e r s * * *  t h a t  
p rov ide  aa i a o r t  a t a a s p k a r a  fo r  t b a  
spsca a ra aa d  t b a  l a c a a a l  s p e e s M a  aad 

> t a b s a g  b a v a  b a a a  c a a p l a t a d .  T b a  
1 acrabbar t a a a r s  baaa  baaa f i l l e d  a i i b  

p y r a s  b a l i c a l  c a l s a s  p a c k s a g  a a d  
s s d i a a - p a t a s a i a a  a a t a c t i c ,  aad  a a a  
a a i t  baa  b aaa  p l a c a d  i a  o p e r a t i o n  aa  
tba ( M L  g r s p b i t a  r e a c t o r  a ed iue  l a a p  
(F ig .  9 ) .

tvI P - 1 * I h

m M i n t  T f m u m - » « *******

******** "VOW

FUR PERIOD FADING RAY I t .  I f f l

■ M m n n T  m  m iit m i  twin artevi«
J .  B. T r i c a  D. T. Jeaea

A s a r i a a  a f  aMiaaaraaaata  ta  d e t e r *  
a i a a  tba  a a a t r a a  e a e r g y  a p a c t r a a  aa a 
faac t ia a  a f  p a a i t i a a  i a  tba  LITE, b a l e  
HBJ, i s  a Is m s  t c a a p l a t a d .  Tba r a t a l  t a  
o f  tbaaa e a e a a r a a a a t i  w i l l  ba asad f a r  
f a ta ra  c a r r e l  a t t a a  a i t b  tba r a a a l t a  a f  
r a d i a t i a a * d a a a g a  t a a t a  t a  ba aad a  i a  
t b i a  b a l e  aad w i l l  a l s o  ba a a l a a b l a  . 
i a  d a t a r a i a i a g  t b a  f l e a  aad  f l a a  
a p a c t r a a  a s  a f a a c t i a a  a f  d i a t a a c a  
froe tba s e t i s a  l a t t i c e .

Tba a a t b o d  f a r  d a t a r a i a i a g  t b a  
• e a t r s a  a a a r g y  a p a c t r a a  i a  t h a t  
r a p a r t a d  i a  t b a  l a s t  q u a r t e r l y  r e *  
p e r t . * f * F a r  t b a  p r a s s a t  t a a t a ,  
b eeev a r ,  e a r  a a a a a s r a a a s t s  a r c  b a i a g  
a a d a  i a  a r d a r  t a  a a p  t b s  a a a t r a a  
a a a r g y  s p e c t r a  a a  a  f a a c t i a a  a f  
p a a i t i a a  a l a a g  t b a  l a a g i t a d i a a l  a a i a  
of tba Ml} b a l e .  A d i a t a a c a  a f  a b a a t  
a a a  l i a a a r  f e a t  a l a a g  tb a  a a i a  a a d  
a d j a c a a t  t a  t b a  r e a c t o r  p l a t s  i a  
ba iag  aappad. l a  a d d i t i a a  l a  tba  t a a  
aac laa r  r a a c t i a a a  aaad ia tba p r a v i a a a  
t a c t ,  a t  l a a a t  t b r a a  a d d i t i a a a l  o aea  
ara  baiag  t a v e a t i g a t e d .  Tbaaa i a c l a d e  
NM ( a . p ) C M , C l **( a , a  )F* *, sad U*** 
f i a a i a a .

Tba croaa  a o c t i a a  fa r  tba  r a a c t i a n  
RM ( a , r ) C “  baa a t r a a g  r a s a a a a a a a  a t  
0 . IS  a a d  1 . 4 2  i s * ,  a b i c b  i a  t b a  
aaargy rag iaa  abo ra  p ra v ia aa  r a a c t i a a a  
have y ie lded  l i t t l e  i a f a r a a t i a a .  T b ia ,  
t a g a t b a r  a i t b  t b a  l a a g  l i f e  a f  C M , 
aay p a r a i t  t b a  r a a c t i a a  t a  ba v a r y  
a a a f a l  f a r  a a a a a r i a g  tba  t a t a l  i a t a *  
g ra ted  faa t  f l e a  i a  a c r i t i c a l  a aa rgy  
rag iaa .

< • )
rig. i. gal l a a  r a r i M r a t l e e  b y e taa .

J. 1. liiM, »p etc** -»»«i. ». is.
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The U444 f i s s i o n  r e a c t i o n ,  s i t l i  s a  
e f f e c t i v e  t h r e s h o l d  o f  a i m  |  Ms » ,  
• i l l  ka u s e d  o s  •  c h e e k  s a  s p e c t r a  
d a t a  a l r e a d y  t i i s t i a f .  T h i s  • i l l  b t
4ana by f i r s t  e s l c s l t t i i i  the q u a n t i t y

/: t i n  ° f i t )  M

ky using t k*  M a n u red  asatrsa  s p m r s s  
♦ ( f )  i n t e g r a t e d  a t a r  t k a  f i s s i o n  
c r a s s  a a c t i o a ,  s a d  t k s a  ky a a a a u r i a f  
t k  i a i n t e g r a t e d  q u a n t i t y  k y  a k a  
f i a a i a a  a f  Ul , # .  AgreeMnt a f  tkaaa  
t a a  q u a n t i t i e s  s c a l d  i n d i c a t e  t k a t  
t k a  spectre*  a a  a a a s a r a d  a a a  prakskly  
a s r r a c t  a i t k t a  t k a  H a l t s  a f  k a a v a  
•  apsriaaatal a r r o r a .  Tks Un i  f i a a i a a  
r a a c t i a a  a i l !  k a  a s s d  i n  a  s i a i l s r  a a y  
t a  t k a  I , , ( a , p ) C M r a a c t i a a  t a  a a r v a  
a a  a  a k a c k  a a  mm a l r e a d y  a a a s a r a d  
• p a a t r e a ,  s i a a a  tk a  f i a a i a a  c r a a a  , 
a a c t i a a  i s  k a a v a  a c c u r a t e l y .

Tka r a a a t i a a  C l t f ( a , a ) P * '  i s  p o s s i b l e  
f r s a  t k a  a t a a d p e i a t  a f  a a a r f y  f a r  
a a a t r a a s  h a v i n g  a  a i a i a a a  a a a r f y  a f  
C .H  Mss.  Tka a f f a c t i s a  c r a a s  a a c t i a a  
( a r  t k i a  r a a a t i a a  f a r  k i g k « a a a r g y  
r a a c t a r  a a a t r a a s  i s  k a i a g  d a t a r a i a a d  
f r s a  i r r a d i a t i a a  a f  f t aCl  d a r i n g  t k a  
p r a a a a t  t e a t s .  Aa  c a r #  i n f a r a a t i a a  
i s  a k t a i a s d  a k a a t  t k i a  r a a c t i a a ,  i t  
a a a  p r s k a k l y  k a  i a c l a d a d  a i t k  t k a  
a t k a r a  t k a t  k a v a  a l r e a d y  k a a a  p r a t e d  
r e l i a b l e  f a r  a a n a u r t a g  a s s t r o a  s p a c t r a .

M a s t  a f  t k a  r a a c t i a a s  a s a d  f o r  
t k a a a  a a a s a r a v a a t a  y i e l d  r a d i o a c t i v e  
•  s t a n d s  t k a t  a r e  e a s i l y  a a a s a r a d  
ky o i t k s r  a k i g f c - p r a a a u r e  i a a i s a t i a a  
c k a a k s r  t k a t  i a  a a a s i t i v a  t a  g a a a i s s  
• a l y  a r  ky a a t a a d a r d  k a t a  c a a a t e r .  
T k s  « , 4 ( n , p ) C ' 4 s a d  U 4 4 4 ( n , / ) F I *  
r s s e t i a a s ,  k a o a v a r ,  r s q a i r a  s p e c i a l  
t a c k n i q a a a .  f a r  t k a  N l 4 ( a , p ) C 14

■ i< i
k a t a  c a a a t e r  t a  » k i c k  0 0 ,  g a s  c a n >  
t a i a i a g  t k a  C 44  i s  a d a i t t a d .  T k a

k a t a s ,  u k i c k  e r a  v a r y  s o f t ,  i a a i s a  
t k a  CO,  g a s  s a d  a r e  t k a a  e a s i l y  
a a a s a r s d .  S a c k  a c o u n t e r  i s  c a l i *  
k r a t e d  d t h  a a t a a d a r d  s e a a l e  a f  CO,  
1 eke l ad  a i t k  C 14 . F a r  t k e  (l*44 f i a a i a a  
r a a c t i a a ,  s p e c i a l  c a r s  d l l  k a v a  t a
ka a a a r e t a s d  i a  f i a i a g  t k a  i r r a d i a t i o n  
l i s t  b e c a u s e  o f  t k a  p r e s e n c e  a f  f i s s i o n  
p r o d u c t s  e i t k  d i f f e r e n t  a c t i v i t i e s  
• a d  k a l f  l i v a a .  T k e  e s a  o f  a s t a p l e  
• x p a n a a t i a l  r a l a t i a a a k i p  f a r  d e c a y  
r a t a a  i s  t h e r e f o r e  i a p a s s i k l a ,  and i t  
• i l l  k a  a c c e s s a r y  t o  c e a p a r s  t k a  
a c t i v i t y  f r o *  t k e  t e a t  s a a p l e  o f  I ' **4 
e i t k  t k a  f i a a i a a  a c t i v i t y  f r s a  a 
• a a p l a  a f  U444 i r r a d i a t e d  i n  a knoe n  
f l e a  a f  t k a r a n l  n e u t r o n s .  B e t h  
• • • p l e a  e i l l  b e  i r r a d i a t e d  f a r  t h e  
• • a s  p e r i o d  o f  t i n *  a nd  e i l l  a l s o  ke  
c o u n t e d  a t  t k a  sosm t i a r a .

Dur i ng  t k a  p e r i o d  ml c o l l e c t i n g  t k e  
d a t a  f r e e  f a s t - n e u t r o r  r a a c t i a a s ,  i t  
e a a  n e c e s s a r y  t a  « o a i t o r  t k a  t k a r a a l -  
n e u t r o n  f l e a  c a a s t a n t l y .  T a k l s  1 
s h o e s  a c o s p i 1 a t i o n  o f  a l l  t h e r a a l *  
• • • t r e e  f i n s  s a a a u r a s a n t s  t a k e n  i a  
k o l a  HB2 o f  t k a  L I T R .  Tka d a t a  s a d  
r e a c t o r  p a e a r  a r e  i n c l u d e d  as  r e p o r t e d  
ky t k e  R a a c t a r  O p e r a t i o n s  D a p a r t a w a t .  
F i g a r o  10 a k a e a  t e a  c u r v e s  g i v i n g

• a  a f u n c t i o n  a f  p a s i t i a a
•  l o a f  t k a  l o n g i t u d i n a l  a v i s  o f  t k a  
k o l a  f a r  t e a  d i f f a r n n t  r e a c t o r  p o e e r  
l e v e l s ,  ISO a n d  1 0 i d  k e .  Tke  s e r a  
p a a i t i a n  a l o n g  t k a  h a r i s o n t a l  a d s  
c o i n c i d e s  e i t k  t k a  a n d  o f  k o l a  HB2 
a d j a c e n t  t a  t k a  a c t i v e  l a t t i c e  a n d  
s e p a r a t e d  f r a n  i t  by a  l / 4 * i n . - t h i c k  
a l e n t  nun p l a t s .

MICUM RKATINC if  lATKtlALi

J .  B. T r i c e  D. T.  J e a n s

A c s l o r i n e t e r  f o r  • • • • • r i n g  t k a  
n u c l e a r  k a a t i n g  p r o d u c e d  i a  v a r i o u s

** i

407 022
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■ FOR PERIOD ENDING NAY I t ,  I f  S I

'•  a *  iH

a e t a r i a l s  eaa designed and e o n i i r i c t t d .  
I t  i t  t a t l l t r  t han  t k o t a  p r t v i t t i l y  
n t d  m 4 i t  t hus  adap ted  f a r  aaaaara*

. » < l <

I

ac c t a a i k l t  • F o r  t i a a p l t ,  i t  i a  
p l e a s e d  to aaaaara  the a a c l a a r  heat  i n f  
p r o d u c e d  i a  v a r i o u s  a a t a r i a l a  p l aced  
i a  k o l a  HB2 a f  the  I.ITR by i a a a r t t a f
t h e  c a i a r i a a t a r  i a t e  a 7 / 8 * i n . * I D
s p i r a l  t a b a  t h a t  a a t a a d a  t b r a a f b  a 
a a r i a a  a f  t h r e e  s h i e l d  p l a f s  t a  the  
a l a a i a a a  p l a t e  a d j a c a a t  t a  t b a  a c t i v e  
l a t t i c e *  The h e a t i a f  r a t a  a s  a 
f a a c t i a a  a f  p a s i t i a a  a l e a f  t ba  a s i a  a f  
HB2 a i l I  be d a t a r a i a a d  f r a a  t h e  o a f ' s  
of t e e  ceppe r»coaa t aa t aa  t b e r ee c o a p l e a  
f a a t a a a d  i a a i d a  t b a  c a i a r i a a t a r .  
C a l i b r a t i a a  o f  t b a  c a i a r i a a t a r  i a  
a c c a a p l i a b a d  by a a b a t i t a t i a f  a s  
e l e c t r i c  h e a t e r  f a r  t b a  a p a c i a a a  to 
be i r r a d i a t e d .  T h o r a e c e e p i e  raapaaaa  
aa a  f a a c t i a a  a f  h a a t a r  p a a a r  i s  tbea 
r a c a r d a d  aad e a p r e a a e d  g r a p h i c a l l y  
far  use  i a  a c t u a l  a a a a u r a a a a t a  dur t ag  
r a a c t a r  i r r a d i a t i o n  of  s p a c i a a a a .

« a t  «  a  m «  «  
onTMtf raoam e9  e t u i

P i f .  IP.  T l t r a a l - M t a l r a a  F l e a  
Traoaraa  l a  LITt,

«r>7 (•2.1

#•  a a a  a •  a• a a a a • •f  a • •: : :•  a  a a a

• a  a a  a a a a  a a a a  aa* . , 1 ' ,  . l i .  i ja a a aa  a a a a  a a  a a• a a  a a  a a a a  a a  a aa aaa  a a aa aa a a a a a a  • •
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m u  1

i m m a l - h w i m r  ru n  At a p v r c t i m  o p  i i i t w c i  p i n  i
4

IKACTM E M  O f M C E  M l

DISTANCE PROS 1MRRAL P L I f l , | e e | ( ,  a I 0 " , a

M  ACTOR END O f R tft 1 . f O . a a f a a a t t 4 . 0 f * a e g a e e t a
( i n . ) R a s s t a t  P e e v e * •

f . 2 1 1 .1 0 3 0.900
1 .0 0 1 .1 0 3 0 .9 0 4

s.oo 1 .1 0 0 0 .9 2 6

o .o t 0 .9 7 3 0 .7 9 4

0 .0 0 0 .1 7 9 0 .7 0 0

0 .0 0 0 .7 4 0 0 .6 0 5

1 0 .0 0 0 .0 2 0

1 2 .0 0 0 .4 5 0

1 0 .0 0 0 .1 7 5 7

2 0 .0 0 0 .0 0 0

•A*»t I. )*»». 
••%»»» U. III*.

SPECIAL PROJECTS
VBITB Oft IHPaiTK-UUNIIII B U M  MSB

R. N. I f f M l x *

P e s t  i r r a d i a t i o n  a t a a i r t M R l a  h a l t  
i t n  a a d *  m i  the | r a p M t f > « r a a i « *  os i de  
U f a  d i a t a a r t d  in tka p r e v i o a s  q o a r t e r l y  
report . ( 1 >

A l t  t a a t  apac ia iaaa  t a r *  ae ld«<l  
r a a i n • h e a d e d  bodiaa  nadt  w i t h  a S t  
• r t a i a a  a ia ta l  c o n p o s i t i o a  I addad aa 
110,) by e e i g k t ;  t h e  110, p a r t i c l e s  
o c c u p ie d  a boat IS  a f  tka  v a la a ia .  In 
p r e p a r a t i o n  tka s p c c in e a s  a a r a  bakad 
at  2 S 0 0 " f  ( 13 7 0 * 0  and a a r a  n a t  
fr  a p k i t i a a d .

F o u r  b a t t k t a  a f  k a r a ,  a a c k  a i t k  
d i f f a r a n t  Iff), p a r t i c l e  a i a a a ,  aa ra

* * • .  I .  K a r a a b a a ,  l * l i i  f r a t a  I t m i M  
n a a M a r l r  P r i i ' i n  I i m M  f a r  P a r l a t f  
Vaaa«> f  VI. I I M ,  o a t - I M I ,  ( .  41.

■ada t k a t  c a n ta in a d  HO, a i t k  92% Uaaa 
e a r i c k n e a t .  Anatkar faar katckaa  aara  
aiada t k a t  c a n t a i n a d  UO, a i t k  a a r e a l  
u r a a i a a  (0 ,7 %  a n r i c h a a n t ) .  S e v e r a l  
cen tra l  t a a t  kara c e a t e i n i a g  na a r a n ia a  
aara a t a a  f a b r i c a t e d .  S a t c k  d e a i g -  
natiena and daacr ip t iona  are e a p l a i a e d  
in Table 7.

Each a p a n  nan, ap p raa iaata ly  0 .  230 by 
0,290 by 2.  SO in .  in a iaa  and e e i g k i a g  
abant 5 . 5  f ,  aaa n e ig h e d  a c c a r a t a l y  
k a fa r a  and a f t e r  i r r a d i a t i a n .  Tka 
aarirkad IK), kara (S. T, U, V) averaged  
1 . 7 5  i n  a p a c i f i r  g r a v i t y ,  a n d  tk a  
n a r a a l  0 0 ,  b a r .  (X ,  2X. 3 X . 4 X ) 
averaged  1 . 7 1 .  Tka c e n t r a l  b a re  (R) 
averaged 1 . 00 in s p e c i f i c  g r a v i t y .  In 
a d d i t i o n  t a  t k a  d a t a r a i n a t i a n  o f  
s l i g h t ,  t e s t a  aara aada an tka d yn ea ic  
a o d n l n a  o f  e l a s t i c i t y ,  e l e c t r i c a l  
r e s i s t i v i t y ,  and r e l n t i v e  t k a r a n l

/
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FOR PERIOD ENOINC MAY It, 1*52

T a b le  1

o m c b ip t io k  or (uninmuNiiii min m m

BATCH
l m t e h description or uranium addition

No a ra a ia a

8

T

U

V

X

IX

IX

U r i e M  a ra a ia a  aadalaa, -35  ♦ 48 each U .8 . e tenda rd ; average p a r t ia l#  
a ia a , 584 *  18 M (e te ro e c o p ie a lIp  d a ta ra ia a d )

K a rte ll ad a ra a ia a  aadalaa, -10 ♦ T8 aaaki average p a r t i c le  a ia a , » 4  » 7 M 
(a ic ra e c o p ic a )  ly  d a ta ra ia a d )

K a r ic lie d  a ra a ia a  aadalaa, -1 40 a 335 aaak; average p a r t i c le  a i ia ,
H  i  0 .1  m  (a ic ra a c a p ic a lIp  d a ta ra ia a d )

E a rie k e d  a ra a ia a  aadalaa, -315  aae lt; p a r t ic le  a iaa  < 44 p  (a a t ia a ta d )

Korea I a ra a ia a  aadalaa, -35 ♦ 40 aaak (aaaa aa ka tek 8 )

Korea I a ra a ia a  aadalaa, -10 ♦ TO aaak (aaaa aa ka tak T )

Kara a I a ra a ia a  aadalaa, -140 a 315 aaak (aaaa aa ka tek  U)

4X Korea) a ra a ia a  aadalaa, -335 aaak (aaaa aa k a trk  V)

3 AQfTT g ra p h ite  r a t  p a r a l le l  t a  a a tra a ia a  d ira c t ia a

32 AGOT g ra p h ite  ca t p a rp a a d ic a la r ta  a a tra a ia a  d ir a c t ia e

Table •

M 8 I8 T IM  8I8T0BT 8T MAM1TCHJBAKIII8 0XIBK M M

OWTAINER dates or noun ati on FLUX (av) HEATTUR-0N 
TINE (hr)

INTE0RAWI)
FLUX (art)

INCREMENT OF 
WAT TON ra n i 

(kekr)

H1CJCST 
TTNPERATM* 

ATTAINED < 0 O

A 13/13/51 ta 1/T/S3 8.3 « 10“ SAT.8 1.80 ■ I0,# 3, ItA, 534 14
8 1/T/S3 ta 3/4/33 8.5 « 10u 583.A 1.80 i 1©,# 3.188. SAT 88
C I/VS2 ta 3/3/31 8.1 * I©1' A13.8 1.13 • I0,# 3,348.331 •0

c o n d e c t i v i t y . A l l  t a a t e  a a r e  eade n« 

r c a o t e l y  c o n t r o l l e d  e p p a r e t u a  i n  t h e  
S o l i d  S t a t e  D i v i a i o n  hot  ca l  l a .

Three a t a a l  c o n t a i n e r s ,  e a c h e a p a b ' c  
o f  h o l d i n g  e i g h t  a p e e i a e n  bare  i n  a 
hel ium a t a o a p h e r e ,  ware f a b r i c a t e d  f o r  
i r r a d i a t i o n a  i n  t h e  ORNI g r a p h i t e

r e a c t o r .  The c o n t a i a e r a  a c r e  d a a i g -  
a a t ad  aa A, R, and C and ae r e  i r r a d i a t e d
f o r  a u c c e a a i r e  a n a t h a .  The n a a t r o n  
f l u *  aas  e o n i t o r e d  bp a a i n g  a a a l l

c c b a l t  f o i l a , and t e w p e r a t u r e a  a t t a i n e d  
i n a i d e  the c o n t a i n e r s  a a r e  recorded bp 
■ ease o f  t h c r a o r o u p 1 a s . Da t a  on t he  
i r r a d i a t i o n  o f  e a c h  c o n t a i n e r  a r e  
g i v e n  in Tab l e  8 .

L 08 8 8 
8 8 8 8 8 88 8 88  8 8 • •8 8 8 8 8 *88

8  8 : : r *  ^ 78 8a 8 8a 88 
a a a a a a

r  o r  
dC t l
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A n n a r y  o f  t h e  r e s u l t s  of  M a s u r e -  
a o a t s  on i s l s e t t d  s p e c i a e n s  i s  f i f t s  
i a  T a b l e  9.  P e r c e n t a g e  c h s a g e e  s a d  
ave ra ges  f o r  e ac h  t y p e  of  e p e c i a e a  a r e  
g i v e n  i n  T a b l e  1 0 .  C o n s i d e r a b l e  
v a r i a t i o n  w i l l  be  n o t e d ,  b u t  t h i s  
s eeas  t o  be r b a r a c t e r i a t i e  o f  g r a p h i t e  
a a t e r i a l a .  E v i d e n c e  i s  s u f f i c i e n t  t o  
i n d i c a t e  t h a t  a u c h  g r e a t e r  d a a a g e  i s  
t o  be e a p e e t e d  f rom  f i s s i o n  f r a g a e a t s  
i f  t h e  p a r t i c l e  a i s e  o f  a r a a i u a  i n  
l e s s  t h a n  40 fi .  T h i s  r e e a l t  i s  n e t  
unexpec t ed ,  s i n c e  t h e  average  f i a a i o a -  
f r a g a e n t  r a n g e  i n  g r a p h i t e  i s  a b o u t  
IS  m* L a r g e r  UOa p a r t i c l e s  a o u l d ,  
t h e r e f o r e ,  t r a p  a l a r g e r  s ha r e  o f  t h e  
e a i t t e d  f i a e i o a  f r a g a e a t s .

The a c c u r a c y  o f  a e a s u r e a e a t  i s  
p r o b a b l y  a s  f e l l o e s :  ± 0 . 0 5 *  f o r  
e e i g h t ,  ± 0 . 3 *  f o r  e l e c t r i c a l  r e *  
s i s t i v i t y ,  ±1* f o r  a o d u l u s  o f  e l a s t i c s *  
t y ,  s ad  i S *  f o r  t h e r a a l  c o n d u c t i v i t y  
( ave rage  d e v i a t i o n s ) .

Other  p e r t i n e n t  d a t a  c a l c u l a t e d  fo r  
t h e s e  e x p e r i a e a t a  a r e  t h e  b u r n u p  o f  
a r a a i u a  ia t he  e n r i c h e d  UO, ba r s ,  v h i c h  
a a o u n t e d  t o  0 . 1 *  ( 0 . 2 6  a g ) ,  s a d  t h e  
f i s s i o n  h e a t  d e v e l o p e d  per  e p e c i a e a ,  
e h i c h  e a s  c a l c u l a t e d  t o  be a bou t  10 a  
p e r  s p e c i a e n  ( 3 . 1  e / c c ) .  The a o s t  
unusual  r e s u l t  o b t a i n e d  see  the l a r g e  
l o s e  o f  e e i g h t  i a  t h e  e n r i c h e d  UOa 
s p e c i a e n s .  T h i s  l o s s  h a s  n o t  b e e n  
s a t i s f a c t o r i l y  e x p l a i n e d .

Ir. o r d e r  t o  a e a s u r e  t h e r a a l *  
c o n d u c t i v i t y  c h a n g e s ,  i t  e s s  n e c e s s a r y  
t o  heap one end o f  e a c h  s p e c i a e n  i a  a 
a o l t e n  a e t a l  b a t h  a t  a b o u t  160*C end 
a e a s u r e  t h e  t e a p e r a t u r e  d r op  a t  t h e  
o t h e r  end.  T h e r e  h a s  been soae  i a d i *  
c a t i o n  o f  an a n n e a l i n g  e f f e c t  a s  
i n d i c a t e d  by e l e c t r i c a l  r e s i s t a n c e  
change s  on t h e  c o n t r o l  s p e c i a e n s  but  
n o t  on t he  u r a n i u e * b e a r i n g  s p e c i a e n s

a f t e r  t h e s e  t h e r a a l  t r e e t a e a t i ,  
F u r t h e r  a n n e a l i n g  e x p e r i a e n t s  on a l l  
s p e c i a e a s  a r e  n o t  b e i n g  p l a n n e d ,  a t
t h e  c o a c l a s i o n  o f  e h i c h  a t o p i c a l  
r e p o r t  w i l l  be p u b l i s h e d .

■ABIATION BAMAflE TO T0M IIV  
ANB BEBTLLIUB

R. H. Kernohen

D i a e n s i o a a l  a n d  h a r d n e s s  M e s s r s *  
a e n t s  v e r s  node oa  s i x  t h o r i u a  s l u g s  
t h a t  had been i r r a d i a t e d  s i x  aon t hs  a t  
Han f o r d .  No s i g n i f i c a n t  changes  e a r s  
n o t e d  i a  p h y s i c a l  d i a e a s i o a e ,  s a d  
t h e r e  e a s  o n l y  a s l i g h t  i n c r e a s e  i a  
h a r d n e s s .  T h i s  e o r h  e s s  done in  c o ­
o p e r a t i o n  e i t h  R .  E .  A d a a s  o f  t h e  
M e t a l l u r g y  D i v i s i o n .  A M r s  c o a p l e t e  
p r o g r e a  o f  r s d i a t i o a - d a a e g e  t e s t s  on 
t h o r i u a  i s  be ing  p l a n n e d .

D i M n s i o n s l  s s a a u r e a e n t s  e a r s  aade  
on  14 b a r e  o f  b e r y l l i u a  a e a s s r i n g  
o p p r o x i a s t e l y  0 . 1 8 7  by 0 . 7S0  by 2 . 5 00  
i n c h e s .  These ba r e  had  been i r r a d i a t e d  
a t  H a n f o r d  f o r  t e a  a o n t h s .  I t  e a s  
d i f f i c u l t  t o  c o n e  t o  a s i g n i f i c a n t  
c o n c l u s i o n  b e c e u s o  p r e i r r a d  i s t i o n  
a e a s u r e a e n t s  had n o t  been p e r f e r a e d  as  
a c c u r a t e l y  as  poe t  i r r a d i a t i o n  aea su r e*  
a e n t s .  However,  i t  e o a l d  appea r  t h a t  
t h e r e  e a r s  a e  l a r g e  c h a n g e s  i n  t h e  
b a r s  c a u s e d  by i r r a d i a t i o n s .  T h i s  
e o r h  e a s  d one  i n  c o o p e r a t i o n  e i t h  
J .  L.  Gregg o f  t he  M e t a l l u r g y  D i v i s i o n .

R e p e a t e d  t e s t e  e a r s  a a d e  on t h e  
r e a o t e l y  c o n t r o l l e d  d i a e n s i o n a l *  
a e s s u r i n g  a p p a r a t u s  i n  o r d e r  t o  
e s t i a a t e  r e l i a b i l i t y  o f  r e s u l t s .  The 
a v e r a g e  d e v i a t i o n  a p p e a r s  t o  be 
± 0 . 0 0 0 2  i n .  f o r  t h e  l e n g t h  a p p a r a t u s  
and  ±0.0005 i n .  f o r  t h e  t h i c k n e s s  end 
w i d t h  a p p a r a t u s .



.

•  •

Tibia 0

I I M I U T I M  N A K J U H b n  00 00AP0ITC-OM NIU0 0 I I M  B U I

4KICMT ■ n j u a  or c u w n c m  
(■ 14* r a i l

p. M c i r r m r r  * r A f  l*C)1 s a 3 a * T 4 , «

ii-
i

: A lta r
If 1. <0— Bafara

tr ra * .

a

W M |r r a 4
<#)

‘W f a j r ’
■afar*
I r ra * .

§ r .a s r t t s r .

*9-1 4 4 1447 4.4444 - 1 .4 4 .4 * l .M i m 1M4 44.1 44.1

Na M a t M
•>1 4 1.4441 4.4444 » * .* 1 .44 4.44 1444 IT** 41.1 44.*

§ •§ ■ 1.444$ 1.444* 4 . 1 ( .4 4 4.44 1*94 1*4* *4 .1 T I.4

M C I.T441 4. TUT - * .4 * 4 4 4.44 1444 MT4 44.T T l. 1

b r i i k i H  H l i i w ,  1*4 a
*4.1 T4.1| . | 4 i . $ m 4.4144 4 f . T I . *4 I.TT 1441 1M4

ft. M • 4.4111 4.41TT -* * .* I.4T 9.44 I49T 1441 T I.4 T4.4

4-9 C 4.4444 1. *41* -1 4 .4 l . * l 4.4* 14*1 IT** 44.* T I.4

h r l i M  M a t a ,  M i  a
IT UM 4 4.444T 4. IT44 -M .T * • * 1.4* 1*44 M . l Tf .4

T- IT • 4.4441 1.411* -9 4 .4 *.*T 9.44 141* ITIT *4.1 Tl.T

t - t C 4.4444 1.4*14 - 1 4 * * IT 1.44 1494 14TI *4.1 T4.4

Car |< M  h h I m ,  M  a
1414 T l . l0-T 4 4.1444 1 .I t l* -T * .4 t .  41 4.4* 1444 *4.4

U-4 • 4*444 4.441* - 4 * 4 S.44 l.T * 14*4 1**4 T4.4 4 4 .4

• • i t C 1.4141 I.ST44 -M .T 4 .4* 1.41 1444 ITT* 4T.4 T4.4

b r i r W i  H a i M i  <44 a
AT. 4 144.9*•1 4 4.4444 1.1*44 -1 4 4 .4 *.4* l .M 1*41 *44*

f . r » 4.4444 ***** -1 1 4 .4 *.T» l .M 1*44 *TTI T I.4 1*4.4

M C 4.4444 1. 414* -1 4 .1 t .4 4 4 .M 1*14 1*4* 44.4 M l.T

Naraal i r u l H ,  M4 a 44.4 T*.»1-14 4 4.4444 » .IT1* *4 .4 4 . ** 1.44 141* 1444

1-4 ■ 4.4T44 4 .ATT* < 4 .4 4.T* I T * IM I l*T4 T 4.I • l . l

Rt t m I a ra a la a . M i a
T9.4 f* . 1**•* • t  1444 » m i <4 .4 4.4* 4.44 1*4* >4*4

**-* C 4.4441 ». 4*44 -T .T > .M 4.44 IM 4 1444 T*.4 T4.T

Naraal a ra a la a , 44 a
T1.4 99. t11-1 • 4 4444 *4144 - 4 .* a .* * •  4* 141* t i l l

M -4 C 1.4441 4. 4444 -4 .T 4.41 4 4* IIT I 1449 *4 4 TT.4

Naraal a ra a ia a , <44 a
I IM T*.T T 4.I4 U I 4 4 4444 * *4*4 ♦ * .4 4.4* 1. *1 1444

« - 4 C 4 4*14 I . 411* - 4 .1 4 .44 4. »T 149? **44 T l * *1.4

i

l
3ms
3
0

1
l

<•vtM



m u  I I
FtBCCNTAft # r  C U H N  IN F M P tB T I U  W  IM A IIA TEf 4MPNITC-4MANIUN IX I SC M BS

BIST
CHANGE

(SI

s 1 9 1

INCREASE
(*)

N r s i c n v m

INCREASE
<*>

o o n u c n v m

DECREASE
(X)

teat
IM -4.11 M 14.f 11

Ne irwiw
R-l ♦0.4* 11 II. 1 1*
B-l 0.44 14 I*. 1 11
B»> -4.44 IT If.4 1
Average -4.41 IT IT.I 11

Earivhel iruiM, M4 m
4-1 -4.14 IT 11.1 IS
A-lt -4.44 If < II.1 T
B*f -4.14 If n . i 4
Attnp -4.44 If n . i f

hriiM  irtiiia, 114 m
T-4 -4. IT •4 11.4 IS
T-17 -4.14 IS 11.1 s
T-t -4.14 19 IT. 1 14
Amift -4.44 II 11.1 11

hrUM u m Im , 14 a •
0-T -1.14 IS If. S 14
N*4 -1.11 tf 10.4 14
U-ll -4.44 IS 14.4 14
Average -1.44 14 11.1 11

Bridet uraaiea, < 44 e
V-l 4.M 14 ff.S 41
V-7 -1.14 tf 41.4 M
M -4.T1 SS 4S.T 41
Average -1.14 IS 19.1 s o

Nereal araaiae, IM g
X* 10 ♦4.41 If IT.4 11
I»4 -4.41 94 If .T T
Average ♦4.41 14 11.4 f

Nereal araaiae, 914 m
n - i •4.41 44 11.f T
tX-4 -4.14 M 14.1 f
Average -4.4T II 14.0 1

Nereal eraaiee, 14 m
SX-I -4.fi 41 11.4 IS
IX-4 -4.11 n 10.4 11
Average -4.44 41 11.1 14

Nereal araeiee, <44 a
a - s ♦4.44 40 If. S f
4X-4 -4.14 44 11.1 14
Average -0.44 41 11. f 10

14 n »i * ••  i  •
•  •  *

:  ito
j



PART II

CONTENTS
PAGE

S U M M A R Y ...............................................................................................................................................................................  17  /

SOLID STATE R E A C T IO N S ................................................................................................................... 29 1
P o s i t i o n  o f  BonbardaM Ut-produced Energy L e v e ls  in  Germanium
G erasn iua  Bombardment a t -196*C ..............................................................
R a d ia t io n  Damage i a  I o n i c  C r y s ta ls  ..........................................................
R s d ia t io n  E f f e c t s  on Theraocoup les  . . .  ...........................................
D e te r a in e t io n  o f  th e  H a l f  L i f e  o f  G eraan tu rn -71 by E l e c t r i c a l

Meaaureaenta ....................................................................................................
M agne t ic  S u s c e p t i b i l i t y  o f  G erasn iua  Seat c o n d u c to rs  . . . .
C ry o s ta t  f o r  R e a c to r  I r r a d i a t i o n s  .........................................................

RADIATION METALLURGY........................................................................................................................  40

R e s o lu t io n  o f  P r e c i p i t a t e  N u c le i  S i te a  by R a tro g re s a io n
P h e n o m e n a ............................................................................    40

D e n s i ty  Chsnges i n  I r r a d i a t e d  C o p p e r -B e ry l  1 iurn A l l o y ............................. ....  . 41
R a d ia t io n - in d u c e d  R e s i s t i v i t y  Changes i n  Copper -B e ry l  1iu a  A l l o y  . . .  42

ENGINEERING PROPERTIES................................................................................................................... 42

P h y s ic a l  P r o p e r t ie s  o f  I r r a d ia t e d  E la s to m e rs  ......................................................... 43
R s d is t io n - in d u c e d  A c t i v i t y  i n  M a t e r ia l s  o f  C o n s t r u c t io n  .............................. 47

CRYSTAL P H Y S IC S .................................................................................................................................. 49

X-Ray f o r k ...........................................................................................................................................  49

SPECIAL PROJECTS.................................................................................................................................  49

R a d ia t io n  Damage to  M is c e l la n e o u s  M a t e r i a l s ........................................................  49

eo »oo  o
•  •  4 o •
• •  • •  e
•  •  e o
•  e g  •  e
eo Ooo o

0 M  • •  •  
t o o  e e 
e e e e e 
eee e e e 
a s  e e e

•  ee 
e e

ee  e e ee
•  o

eee

8
8

3
 

3
8

8
8



SUMMARY

• • L i t  I f  ATI  REACT I M S

M i I I I m  e f ReabarA ■ t • p r  educ ed 
E n e rg y  L e v e ls  i s  • • r a n l u .  Tha  
J a a e i ' L e h i t n  phenomenological  nodal of  
defect -produced  energy l e v e l s  vaa vied  
t o  o b ta in  values of  i n i t i a l  alopas o f  
c o n d u c t i v i t y  vs. bombardment curves as 
a fu n c t io n  o f  i n i t i a l  b o le  concentra t ion  
a t  -7 8 * C .  Energy va lues  wars salactad  
t o  produce a curve g i v i n g  the bast f i t  
* i t b  a a p a r i u a n t a l  p o i n t s .  Tba saaia 
e n erg y  values ears  used t o  c a l c u l a t e  
p o in t s  for a c o n d u c t i v i t y  va.  bombard­
ment curve and a la rg e  d iscrepancy aas 
found to  e x i s t .  I t  vaa  concluded that  
tha  s a t u r a t io n  hole c o n c e n t r a t io n  nast  
in c re a se  e i t h  bombardment and tha t  the 
eiag>le nodal ia in cap ab le  o f  e xp la in in g  
e x p e r i m e n t a l  o b s e r v a t i o n s  q u a n t i ­
t a t i v e l y .

A n o t h e r  nodal  t h a t  ap p ea rs  to  be 
more n e ar ly  ia  agreeaMSt e i t h  present  
e x p e r i m e n t a l  da ta  i a  p roposed.  This  
model req u i res  va lues  o f  a '  ( r a t i o  o f  
number o f  a ta tea  to  number o f  holea ia  
i m p u r i t y  band) g r e a t e r  th a n  2 f o r  
p r o p e r  agreement on p o s i t i v e  s lo p es .  
A v a l u e  o f  a* g r e a t e r  th a n  2 i s  not  
u n r e a s o n a b l e  in  t h e  l i g h t  o f  th e  
J a a w s -L a rk -H o ro v i ts  n u l t i l e v s l  nodal .  
On the  basis o f  i n i t i a l  s lope measure­
ments .  i t  ia  i s ^ o s s ib le  to  te a t  e i t h e r  
model s u f f i c i e n t l y  t o  d e t e r m in e  i t a  
v a l i d i t y .  Equipment i a  aov a v a i l a b l e  
f o r  c e r e f u l  H a l l  c o e f f i c i e n t  measure­
ments  on bombarded germanium a t  loe  
tem peratu res ,  and i t  i a  hoped th a t  the  
necessery data m i l l  be for thcoming.

R om anian Rembardmemt a t  - l l l ' C .  
C o n d u c t iv i t y  neasureamats on bombarded 
germanium have been e x t e n d e d  to  th e  
t e m p e r a t u r e  o f  l i q u i d  n i t r o g e n  i a  a 
v e r t i c a l  e a t e r - c o o l e d  h o l e  in  th e  
ORNl. g r a p h i t e  r e a c t o r .  Germanium'  
samples  e i t h  a e id e  ra n g e  o f  i n i t i a l  
c a r r i e r  concentra t ions  w i l l  be s tudied  
a t  t h i s  and i n t e r m e d i a t e  temperatures

ae an a i d  i a  l o c a t i n g  t h e  d e f e c t -  
p r o d u c e d  e nergy  l e v e l s  i n  th e  bead 
scheme o f  germanium and as  a h e lp  i a  
d e c i d i n g  on a model.

R a d ia tlea  Renege la  lam ia  Crysta ls .  
P otass ium  c h lo r id e  c r y s t a l s  nave been 
chosen  f a r  u s -  ia  i n v e s t i g a t i n g  the  
changes produced in  i o n i c  c r y s t a l s  by 
n e u t r o n s  and i a  e v a l u a t i n g  the  use ­
fu ln e s s  o f  i e a i c - c o n d u c t ! v i t y  measure­
ments in  so l id s  as a means e f  s tudy ing  
r a d i a t i o n  d am ag e .  An ' i e n i c • c o n ­
d u c t i v i t y  a p p a r a tu s  and a p a r a l l e l -  
b a la n c e  e l a c t r o n e t e r  t u b e ,  e c u r r e n t -  
m e a s u r in g  d e v ic e ,  have been designed  
and const ructed .

S e v e r a l  potassium c h l o r i d e  c r y s t a ls  
have been i r r a d i a t e d  i a  ho le  SI o f  the  
OftNI. g r a p h i t e  r e a c t o r .  Soav t r o u b l e  
has been e x p e r ie n c e d  because  e f  the  
1 7 0 -k v  betas from the S * a produced by 
a t h e r m a l  ( a , p )  r e a c t i o n .  The be tas  
produce  i o n i s a t i o n  i a  t h e  a i r  e f  the  
i o n i c - c o n d u c t i v i t y  a p p a r a t u s ;  t h i s  
i a t e r f e r e a  e i t h  m easurem ents  a t  the  
l o w e s t  t e m p e r a t u r e s *  A s i g a i f i c a a t  
e m h a n c e m e n t  of c o n d u c t i v i t y  haa been 
n o te d  in  the l e w - t e m p e r a t u r e  r e g i e s .

R a d ia t le a  I f f e c t a  en Tber*occupies.
Therm ocouples  o f  c o p p e r - c o a a t a a t a a ,  
i r o n -c o n a ta n ta n ,  and c o p p e r - i r o n  were 
espoaed i a  the OfttL g r a p h i t e  r e a c t o r ; 
h o le  D, a t  r e a c to r  ambient  temperature  
f o r  a per io d  o f  one mouth.  D ev ia t ions  
from aorawl under these  c o n d i t io n s  were 
n e g l i g i b l e .  I n s u l a t i o n  r e s i s t a n c e  e f  
open thermocouple dup lea  w i r e s  i r r a d i ­
a te d  i a  the same hole  a t  the  same t ime  
wee o f  the  order o f  10* ohms.

R e te r a ia a t le a  a f  tb a  R a i l  L i f e  a f  
Rer> by E l e c t r i c a l  R e a a a re n e a ta .  A
h i g h - r e s i s t i v i t y , P - t y p e ,  germanium  
p l a t e  was exp o sed  f a r  2 h r  i a  t h e  
p n e u m a t i c  t u b e .  I m m e d i a t e l y  a f t e r  
e x p o s u re  the  sample was h e a t  t r e a t e d  
f a r  40  h r  a t  4 S 0 * C  t o  re m o ve  t h e

467 030
am an a  a a e ea a a  a a e a  a aee ae IT
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•  f f i c i a  o f  f M t * R t i t r « f i i i f a c a d  
d t a i f t .  Tli* c o n d u c t i v i t y  v a n  thon 
ro c o rd a d  aa  o f u n c t io n  o f  t i n t ,  w i th  
tko  t o v p o r o t u r o  b e in g  a a i n t a i a e d  a t  
-T8*C. Tko curve obta ined  co r raaponda  
to  o c a l c u l o t o d  h a l f  U f a  o f  7 .SS  days 
fo r  Gov l . Boesuao of  tko d i s c r e p a n c y  
b e t w e e n  t k i o  u o ! u o  nod t k o  1 1 - d a y  
b a l f  l i f o  r e p o r t e d  in tko l i t e r e t e r s ,  
an i a r o a t i f o t i o n  ooa  n o d e  o f  t k o  
n o b i l i t y ,  o k i c k ,  fo r  tko c o l c n l a t i o n s ,  
bad boon oaaunod c o n s ta n t  d u r i n g  decay.  
I t  oao  f o n n d  t h a t  tk o  n o b i l i t y  i n ­
c r e a s e d  ky 43% d u r i n g  a p e r i o d  o f  
ISO b o a r s .  Tko n o t o r i a l  v a e  a l o e  
found t o  bo q u i t e  inkonogoneono snd to  
c o n ta in  m u l t i p l e  P-N j u n c t i o n a .

E q u i p o e a t  i a  non a v a i l a b l e  v i t k  
o k i c k  i t  a k o u l d  be p o o a i b l o  t o  do-  
to m i  no t k o  Gof t  k o l f  l i f o  v i t k  a kigk 
d e g r e e  o f  a c c u r a c y  okon hom ogeneous  
sanp leo  o r e  a v a i l a b l e .

■a goo t i e  S u s c e p t i b i l i t y  o f  Berman lea  
•on  lo end no t o r n .  Tko bolanco t h a t  v i l l  
bo uoed  i a  n a g n o t i c  a u a c s p t i b i l i t y  
t a s t e  b a n  u n d e r g o n e  c o n o i d o r a b l o  
d e v e l o p m e n t .  E f f o r t  i s  n n v  b e i n g  
c e a c a a t r o t o d  on v i b r a t i o n - f r e e  bolanco  
n o n n t s  e n d  v o c u u n  an d  c r y o o t a t i c  
equipment i n  tko  no gnat.

C r p n a t n t  f o r  Booste r  I r r a d i a t i o n s .  
The c r y o o t a t  boo boon o p o r a t o d  c o n ­
t i n u o u s l y  i n  tko GRRL g r a p h i t e  reac to r ;  
h a lo  S3, a t  t o n p o r a t u r o s  o f  - 1 0 0  t o  
140*C ond koa  boon r o l o o s o d  f o r  o s -  
p e r i n e a t a l  v e r b .  I t  i a  b e l i e v e d  t k a t  
i n p r o v o m o a t s  i n  e f f i c i e n c y  c a n  bo 
accom plished  t o  reduce l i q u i d  n i t r o g e n  
c o n a u n p t i o n  an d  t h a t  n e s t  o f  t k o  
a l t e r a t i o n s  can he ockodu lod  v i t k o u t  
d i s t u r b i n g  o s p o r i n e n t s  w i t h i n  t k o  
aanplo chamber.

U I U T I M  B TA LU IIT

B e a e l u t i e a  o f  P r o o i p i t n t o  N u c l e i  
B i s o n  bp  B o t r o g r o o a l o a  P h e n o m e n a .
C o p p e r -b e ry l l iu m  oqnplooqofo  n u c l e a t e d

i l 0  a t

by i r r a d i o t i o o  and by aging a t  100 and 
12S*C. R e t r o g r e s s i o n  was n o t e d  i a  
kardnoaa and  r o a i s t a a c a  neaau ro m o b ta ,  
and a d e f i n i t e  r o a o lu t io a  was o p p o ro a t  
botwooa th e m .  I t  i s  c o n c l u d e d  t h a t  
p a r t i c l o n  r o s p o a s i b l o  f o r  r o o i s t o n c o  
in c r e a s e  a r e  ana l  l o r  then thooo  which 
occeuat  f o r  bordaoaa iacroaoo and t h o t  
r o s i a t o a c o  inc ro aao  cauaod by a o c l e a t i o a  
i a  a o t  r e l a t e d  t o  l a t t i c e  s t r a i n .

R o t r o g r o o o i o a  s t a d i a s  a p p l i e d  t o  
s - r a y  l i n o  s h i f t  and b r o a d e n i n g  r e ­
s u l t i n g  from i r r a d i a t i o n  i n d i c a t e  t k a t  
t k o  l i n o  s h i f t  and  b r o a d e n i n g  o r e  
o o a o c i s t o d  w i t h  n u c l e i  a i s e e  t h a t  
e f f e c t  on i n c r e a s e  i a  kardnoaa ond ore 
t b o r o f o r e  p ro b a b ly  caused by c o b o r e n t  
l a t t i c e  a t r a i a s .

C o p p e r - B n r p 11 i n n  A l l e y .  A d e n s i t y  
i acreooo  o f  0.18% has boon n o t e d  in  a 
c o p p e r - b e r y l  1 i u n  r o d  o s p o o o d  t o  
3 . b X 1 0 1 * a v t  ( f a s t ) .  T k i o  i s  i a  
a g r o o n o n t  v i t k  tko  v a lu e  c a l c u l a t e d  
from s - r o y  l i n o - s k i  f t  noaeuremonto for 
a a p ec iaea  o f  s i n i l a r  osposuro .

I r r a d i a t i o n - I n d u c e d  B e s i a t t v l t y  
Changes In  C n p p o r -B o ry l l ln n  A l lo y .  A 
a u n b o r  o f  i a - p i l o  n o a a u r o n o a t o  o f  
r o o i o t i v i t y  v a r a  node t o  v e r i f y  tk o  
o a i a t o n c o  o f  a d e l a y  t i n e  i a  t k o  
r e s i s t i v i t y  i n c r e a s e .  I n c o n o i a t o a c y  
o f  r e s u l t s  i o  b e l i e v e d  t o  h o v e  boon 
caused by v a r i a t i o n s  in h o o t in g  d u r i n g  
a t t a c h m e n t  o f  l o a d s .  I t  i a  o s t i m o t o d  
t h a t  a d e l a y  t i n e  o f  about 4 k r  o o u ld  
occur  i n  oamploo u n o f f o c to d  by p r i o r  
hoo t ing .

BR8INRBB1NB PB O K I  TIBS

P h y s i c a l  P r o p o r t i o n  o f  I r r a d i a t e d  
B l s o t o n o r o .  C o a n e s a d s  c o n t a i n i n g  
l a r g o  a m o u n t s  o f  a a t i o s i d o n t a  and 
a i o e r a l  f i l l e r  v e r s  t e s t e d  t o  d e t e r m in e  
t k o  o f f o c t o  o f  t h o s e  a d d i t i v e s  on 
r a d i a t i o n  s t a b i l i t y .  In a s  c o s e  van 
t h e  c h a n g e  i a  r a J i a t i o a  s t a b i l i t y

: .•?
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poa m m  i w i i w  mat m . m i

a id  i a  «»*ry  c a t *  i a  ak ick  ika 
p a r c a a l a f t  a f  c l i a a f t  n a  I t a a  f*r  tke  
ca^awMl e i t k  tke  e d d i t i v e ,  t k e e r i g i a a l  
r t r e a g t k  a a a  i a a a  t k a a  t k a t  e i  t k a  
a a r a a l  c a a f a w i .

f i a c a  i f r a d i a l a a a  appaara  t a  kardaa 
aad  t a  in c re a se  tka s p e c i f  ic  g r a v i t y  a f  
a  a ay e l a a t e a e r e  a i t k a a t  a v a l v t i a a  a f  
gas ,  i t  i a  r e a p e r t a d  t k a t  tka  a a t a r i a l a  
kacaae  a a r a  c r y a t a i l i a a .  X-ray d i f -  
f r a c t i a a  p a t t a r a  a t a d i a a  a i l l  ka aada 
t a  a k t a i a  a d d i t i a a a l  d a t a  a a  t k i a  
a a k j a c t .

• a d l a t l a a - l a d a a a d  A c t i v i t y  i a  
■ a t a r l a l a  a f  C e a a t r a e t  l e e .  Meaaare- 
■eata  kava kaaa c a a p l a t a d  aa tka gaaaa 
decay a f  a a a a r a l  a t a i a l a a a  a t a a l a  aad 
a t k a r  a l l a y a  a a d  a i a t a l a  t k a t  a a r a  
i r r a d i a t a d  i a  t k a  OMVL g r a p k i t a  
r a a c t a r .  A r e p a r t  c a a t a i a i a g  t k a  
d a c a y  e a r v a a  a i l i  ka  i a a a a d  i a  t k a  
aaa r  f a t a r a .

Ike  a a a i a a a c a r r a a t  a a t p a t  a v a i i a k l a  
f r a a  t k a  C-C t a k a  a a i a g  tk a  P k i l i p a  
p a a a r  aaa rca  i a  T a a ,  a k i r k  i a  a a t  aa 
g r a a t  aa d a a i r a d  k a t  a k i c k ,  a rv e r tk e *  
l a a a ,  p a r a i t a  t k a  a p a e t r a a a t a r  t a  ka 
a t i l i a a d  f a r  aaaa t y p a a  a f  e a p e r i a a a t a .  
T k a  a p a e t r a a a t a r  i a  a t i l l  i a  i t a  
k a a c k - t a a t  p a s i t i a a  a a t a i d a  tk a  k a t  
e a l l a  a a d  i a  k a i a g  a a a d  t a  a k t a i a  
r e c k i e g - c o r e c  d a t a  f r a a  capper  a i a g l a  
c r y a t a l a .

A a t a d y  k a a  k a a a  i a i t i a t a d  t a  
d a t a r a i a e  c k e t k e r  r a d i a t i o n  p rad acaa  
ckaag aa  i a  t k a  c r y a t a l  a t r a c t a r a a  a f  
p l a a t i c a  aad a l a s t e a e r s .

anciu raalters

CSTSTAL P M 1 1 N

1 - t a p  d a r k .  A N a r t k  A a a r i c a a  
P k i l i p a  a - ray  a a i t  a a a  i a a t a l l a d .  Tka 
paaa r  aapply  a f  t k i a  a a i t  aay ka aaad 
t a  aapply  tka  a t a a d a r d  P k i l i p a  t a k a  a r  
aay ka s a i t e k a d  t a  t k a  P k i l i p a  k i g k -  
a a g l a  a p a e t r a a a t a r  a r  t k a  G a a a r a l  
E l e c t r i c  k a t - c e l l  a p a e t r a a a t a r .

■ a d l a t l a a  k e e a g e  t a  l l e c e l l a a a a a a  
■ a t a r l a l a .  I l a a i a t i a i t y  a a a a a r a a a a t a  
v a r a  aada  aa  c e p p e r - g e l d  a a a p l a a  a f  
k a t k  a r d e r a d  aad  d i e e r d e r e d  l a t t i c e  
a t r a c t a r a .  I r r a d i a t i a a  p red a ted  l i t t l e  
c k a a g a  i a  t k a  d i a a r d a r a d  apac iaaa  
k a t  c a v v e d  t k a  r e s i s t i v i t y  a f  t k a  
a r d a r a d  a p a c i a a a  t a  i a c r a a a a  ky a 
f a s t e r  a f  a p p r a a i a a t a l y  S.

SOLID STATE REACTIONS

J .  I .  C ra a f a rd .  J r .  J .  t .  C la laad

T k a  a k a a r a a d  k e k a v i a r  a f  t k a  
e l e c t r i c a l  c a a d a c t i r i t y  a f  P - t y p a  
g a r a a a i a a  a a d a r  f a a t - a a a t r a a  keak a rd-.  
a a a t  caa  ka g a a l i t a t i v a l y  c i p l a i s e d  ky 
tka  p k a a a a a a a l a g i c a l  aoda l  a f  d e f e c t *  
p r a d a c a d  a a a r g y  l e v e l s  p r e p e a e d  ky

%

J a a a a  aad L e k a a a . (>> Tka r a a a l t s  a f  
t k i a  aede l  a a ra  a a p r a a a a d  i a a p r a v i a a a  
r e p e a t * 1 * i a  a c a a a a a i a a t  f a r a  f a r  
g e a a t i t a t i v e  e a a p a r i a a a  v i t k  e a p e r i -  
a a a t . Uader  t k a  a a a a a p t i a a a  t k a t

, n i .  «. C lv taad ,  i .  I .  C arafe»d . ! > . ,  t .
L**k-aw**tM. I. t  rice. •• k .,
ra#«. a... H  ttt «**•**•

• H j ,  g. Ctevfevd aad « .  I .  C la laad , g e l id  
g r a t e  g i a l a i e e  g e a r r a r l y  g e e g r r r r  d ry e r r  / a r  
geried ftdM| / aeaery I f .  IS**, p. 1.
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StLIB STATE BIVISION QUAS1EBLT

( I )  f r e a k c l  d a f a c t e  a ra  i a -  
lr*4«««4, (S) a l l  c k n i c i l  accap tara  
• r a  t M p l t u l y  i a a i s a d ,  aad ( I )  both 
d a f s e t -p ra d a c a d  a c c e p te r s  aad h a la  
t r a p s  a r t  c e a p l e t e l y  i a a i s a d ,  tho  
• •d a l  p red ic ts  th a t  tha i a i t i a l  a lapa 
a l  tha hala  c a a c a a t r a t i a a  va. d o fac t  
aaacaatra tiaa  sa raa  fa r  f*typa paraaaiaa 
eheya tha t a l a t i a a

A, •  <*£>%,

a I ,  sad f , a ra  tha  a p a i l i h r i a a
COM*tant .  f a r  a c c e p t o r  i m i t a t i o n  and
hala trappiap, r e a p e c t i t e ly , ,  sad a{ la

I a i t i a l  ha la  a a a a a a t ra t ia a  dec t a  
chaaical a acap ta ra .  la  a d d it ie a .  tha 
a a t a r a t i a a  a r  l i a i t i a p  ha la  a aacaa ­
t r a t i a a  a t  ahich tha  alapa ia aara ia  
«i«aa hy

■a* * (r:) •
Tha sp a i l ih r ia a  c aa a taa ta  ara

k $ A«#/* r

ahara At, ia the i a a ia a t i a a  aaarpy a '  
tha  defect a cc ap ta r ,  Ac, ia tha depth 
•*  * » t p ,  aad  a 4 ia  th a
• f f e e t i r o  aaaa a f  a h a la  (presaead t a  
ha a a a a 1 t a  t h a  r a a t  a aa a  a f  aa

a la c t r a a ia  a l l  c a l c a l a t i o a a ) . Thaa

- '  It ^ j
•(Ar.tAr.y/aar 

a 1

(4 .IS a l l , # r*/# ) a -1 *'**

ahara C* ia  tha l i a i t i a p  valaa a f  tha 
Feral local.

At -7§#C tha l i a i t i a p  hc*r caacea- 
t r a t i a a  aa data r a t  aad f ra a  tha i a i t i a l  
alapaa a f  e e a d e c t i r i ty  r a .  haahardaaat 
a a r r a a  i s  ( l . S  t  i . S )  * I I 1*. ah ich  
eerrespeeds t a a ( *  a f  1 . 114 ft I .M S  ar., 
Tha r a l a a  a f  <daft/ d S ) .  ia  a h ta ia a d  
f r a a  th a  i a i t i a l  a l a p a  a f  tha  caa -  
d a c t i r i t y  ra . haahar daaat carta  hy tha 
r e l a t i s e

:  ̂ ,>

II

_ 1 _  r  d r  1VWf - C.m4 •

a ia tha a la c t r a a ic  aharpa, p .  ia  > 
tha hala a a h i l i ty .  aad C ia tha aaaber 
a f  accap tara  a r  t r a p s  ia tradaaad  par 
i a c id e a t  a a a tra a .  Tha r a la a  a f  C i s  
a a h a a a a  aad  c a a a a t  ha d a t a r a i a a d  
d i r e c t ly .  Haaarar. i t  i s  assaeed that 
i t  ia  id e a t i c a l  w ith  tha  r a ta  a f  re- 
• a r a l  a f  a lac traaa  f r a a  l a a - r a a i s t i r i t y  
W-type paraaaiaa a t  raaa  taap a ra ta ra .  
A c c a r d ia p  t a  a a a d a l  p rep o sed  hy 
J a a a s  aad L e r k - H e r e r i t s , < ’ ’ a h ic h  
a s a i p a s  a a l t i p l s  a a a r p y  l e r a l s  t a  
i a t a r a t i t i a l a  aad  r a a a a c i a a .  t h i s  
a a s a a p t ia a  ia  s a a a a h a t  i a  p a e s t i e a ,  
aad tha  r a la a  a f  C aa chasaa any ha 
hiph  hy a fa c ta r  a f  S. Harcvor. tha 

a f  t h i s  a a a l y s i s  a ra  a a t  
i a r a l i d a t c d  hy t h a  c h a ic a  a f  th a  
r a l a a  o f C, a ia ca  a aaaber a f  ta la a s  
a a r a  aaad ia  tha  a a a ly a i a  wi th a a t  
each ha tte r  apraaaaat.
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P i g o r e  14 akooa •  p l o t  o f  tk a  
i a i t i a l  s lo p *  a t .  i t i i i a l  k o l a  c o b -  
c a a t r a t i o a  a t  - T l * C .  The p o ia t a  were 
d a t e r a i a e d  f r a a  a x p a r i a a a t a  1 d a t a .  
Tha c a r a t  th a t  f i t a  tha d a ta  boat oaa 
d e t e r a ia o d  f roa  I f .  1 by a a i a g  A l , •  
0 .2 1 S  oa aad Ac,  •  0 . 0 9 3  a a .  Thaaa 
eaergy aa laaa  aara aaad i a  aa a t ta ap t  
to  f i t  a auobar o f  boobardamat carves 
f a r  a a a p lo a  aboaa i a i t i a l  b o la  coa*

aaraod a a t a r a t i o a  a a la o .  P ig o r e  IS 
aboaa tko  ra a a l ta  o f  t k i a  a t t a a p t  for  
a t y p i c a l  ca re t .  The c a lc a la t a d  poiata  
arc  aboaa ky data ,  aad i t  i a  eheiooa 
t k a t  a l a r g e  d ia c r a p a a c y  a a i a t a  i f  
tkoao  e a a r g y  aa laaa  a rc  a a a d .  The 
aacoad a c t  o f  p o i a t a ,  i a d i c a t e d  aa 
c i r c l o a .  a c r e  c a l c a l a t a d  ky a a i a g

100 ENDING MAY It, 1952

Ac, •  0 . 1 0 0  aa ,  Ac ,  ■ 0 . 0 0 3  oa ,  aad 
C ■ 0 . 5 9 .  Aa a s c a l l e a t  f i t  i a  oh-
t a i a o d ,  k a t  t k a a a  e a e r g y  a a l a a a
c o r r a a p o a d  t o  a. 1 » 10' ca •a
• k i c k  i a  h i g h e r  t h a t  t k o  o kaoraod  
aalaa ky a f a c to r  o f  7,  aad tk o  aalao  
o f  C i a  o a ly  o a e - fo a r th  tk o  oapoctad  
a a la o .

Tko Modal aa aaad kora aaaaooi that  
tka c o a c a a t ra t io a  of  accaptora i a  egaal  
t o  tk o  c o a c a a t r a t i o a  o f  k o l a  t r a p a .  
Aa a t t r a c t  oaa aada to iapraoa tka f i t  
ky a a ia g  a r a t i o  o f  k o l a - t r a p  coacaa­
t r a t i o a  t o  acceptor c o a c a a t r a t io a ,  a ,  
c r e a t o r  tk a a  o a i t y .  Kacopt  f a r  aa-  
r a a a o a a k l y  l a r g o  e a l a o e  o f  a ,  tka  
a a a r g y  a a l a a a  r e p a i r e d  t a  f i t  tka  
ko a k a rd a o a t  c a r e t  ac re  i a c a a p e t i k l a

ana. holc ooncofraaraw,

P ig . 14. I a i t i a l  g a la  Caocaaftratlaa ta .  I a i t i a l  Sleaa fa r  P-Typa daraaa laa
a t  -T t*C .

.. v - ' . . ■
a t  aaa  a a «  a a  aa a aaa  a ao a  aa

: : :  : . : : : :  : :
•  a aoa a a a a  a a aa aa  a a a aa a  a a
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FOR PERIOD ENDING MAY 19, 1911

•  i l k  tii« s a t u r a t i o n  k o l a  c o n c e n t r a t io n  
v a l u e s  o b t a i n e d  f r o a  i n i t i n l  s l o p *  
d a t a .  Tk* r a a n l t a  a f  t h e s e  a n a l y s e s  
a e a a  t a  i n d i c a t e  t h a t  t k *  a a t n r a t i n a  
k o l a  c a n c a n t r a t t a n  i n c r e a s e s  a i t h  
b o a b a r d a a u t .  In  t k i a  c o n n a c t i a a  
F o r a t * r (<) kaa o bse rved  a c o n d u c t i v i t y  
a in t s .u a  in dan taran  koabardaan t  carves  
an a a t a r i n l  o i t k  10ia  « • • « ! ■  I 0 IV 
a t  -72*C. Miniaaaa o c c u r  a t  i n t o f r a t a d  
f l a a a s  of  tk* a rd o r  o f  19l , /en*» okick  
a r c  v a lae s  g r e a t e r  t h a n  ksva keen ob- 
t a i n a b l a  o i t k  tk* p r e s e n t  aqa ipaan t  in 
t k a  OWL g ra p h i t e  r e a c t o r .  In a d d i t i o n ,  
F o r s t e r  f i n d s  t h a t  s . *  a t  -72*C i s  
I .  5 a 10*• t s * * ,  o k i c k  i s  a v a i n *  
h i g h e r  than  t h a t  r e p o r t e d  kora  ky a 
f a c t o r  a f  20 and a ack  t a *  l a r g e  t o  k* 
•■ p la in e d  ky tk* d i f f a r a n c *  ia  tsapor* 
a t a r a .

Tk* s i a p l a  a a d a l  i s  i a a d o q a a t*  ia  
t k a  f a l l a o i a g  r a a p a c t s :  U )  tka  lack  
• f  a g r a a a a a t  k a t o a a a  a a a r g y  v s l a a a  
d a t a r a i a o d  f roa  i n i t i a l  s l a p *  d a t a  and 
t k a a *  a k ta i a o d  f r a a  b a a b a r d a a a t  c a rva  
f i t t i n g ,  (21 tka  a p p a r e n t  d i sc rep an cy  
k a t o a a a  d a t a r a i a o d  f r a a  i n i t i a l  
• l a p * *  and ca rva  f i t t i n g ,  sad (S) tka  
• i a i a a a  i a  t k a  c o n d u c t i v i t y  va .  kaa* 
b a r d a a a t  c a r v a  a k a a r v a d  ky F a r a t a r  
a p a a  a a i a g  d a a t a r o a a  a n  F - t y p s  ga r*  
a a a i a a .  Tkaa i t  i a  a v i d o a t  t h a t  tk*  
a i a p l a  aadal aa aaad b a r*  ia  iacapak la  
a f  a a p l a i a i a g  a a p a r i a a a t a l  a k a a r v a t i e a  
q o a a t i t a t i v a l y ,

Thors a r*  t e a  f a c t o r s  t h a t  kav* a a t  
b a a a  c o a s i d a r a d  i a  t k a  a i a p l a  a a d a l :  
a  d i a t r i k a t i o a  i a  a a a r g y  a f  t k a  
da fac t* p ro d u ced  s t a t e s  and tk*  p o s s i ­
b i l i t y  a f  a a a a a l i a g  o a t  t k a  d a f a c t s .  
T k a  l a t t e r  nay  k* a  d i f f e r e n t i a l  
a a a a a l i a g  ia  o k i c k  a n a  ty p e  o f  a t a t a  
( a c c e p t e r  or kola  t r a p )  aay aaaas l  oa t  
a a r a  r a p i d l y  t k a a  t k *  o t h e r *  T k i a  
c a a l d  ka c a u s e d  ky a c l a a t a r i a g  o f  
• i t k a r  v a c a n c i e s  a r  i a t a r a t i t i a l s .  
T k i a  l a t t e r  a f f e c t  o a o l d  a a p l a i a  t k a

apparaat  ckaaga ia  a ft* o i t k  baakard* 
M a t .  On tka ether hand, i f  aa aaargy 
d i s t r i b u t i o n  ia p r e s e n t ,  i t  ia p oss ib le  
t h a t  condu ct ion  c a a l d  taka p la c e  ta  
san* ex ta n t  ia  aack a band a f  l a v a l s  
and t h a t  t h i s  k a c e s a a  a u f f i c i a a t l y  
iap or taa t  far high d e f e c t  caaeaatrat iaa  
t a  p r o d u c e  a a i a i a a a  i a  t k *  c o n ­
d u c t i v i t y  vs .  kaakardMat carva. Suck 
aa a f f e c t  kaa kaaa akaarvad  ky Haag 
a n d  ca-oarkars*  ** i a  t k *  c a s *  a f  
ckaa ica l  iapu r i t iaa  a t  vary loo  taapar* 
a tu raa .

Tka o f f s e t  a f  a d i a t r i k a t i o a  a f  
a aa rg y  l a v a l a  nay ka a s a a i a a d  ky aa iag  
t k a  f a l l a o i a g  a a d a l .  l a a t a a d  a f  
d i s r r a t a  l a v a l s  o f  a c c a p t a r s  sad  ko la  
t r a p s ,  a a a i f a r a  d i a t r i k a t i o a  o f  
l ava  1 a My k* c o n s id e re d  t h a t  c o a ta i a a  
• ' H i  s t a t e s  sad adds o n l y  k o la s  t a  
t k a  t o t a l  t a  ka c a a a i d a r a d  ( a k a r a  a '  
i a  g r e a t e r  tkaa I ) .  Tkaa ,

d* • a*  ♦ JV| . U )

Tka p a a i t i a a  and d a a a i t y  a f  tka  lavo l  
d i a t r i k a t i o a  i s

g(c) • A, far i ( i  « 5
s a d  (7)

«<«) •  i ,  fa r  s < « t# •  > « ,  ,

o k a r a  g<«) i s  tka  d a a a i t y  a f  tka  s t a t e s  
p a r  a a i t  a a a r g y  i n t e r v a l ,  « ,  and c ,  
a r a  t k a  l a o a r  sad upper  l i a i t s  a f  tk a  
d i a t r i k a t i a a ,  r a a p a c t i v a l y , and  a r a  
■ a a a a r a d  f r a a  t k a  t a p  a f  t k a  f i l l e d  
band ,  sad  A ia  a c a a a t a a t  f a r  a g iven  
p a r i a d  * f  i r r a d i a t i o n .  f f  a a a a a l i a g  
i a  a p p r e c i a b l e ,  A o i l l  ka ha th  taapar*  
•  t a r a  aad t i n s  d a p a a d a a t .  Tkaa,

h i i i t r ,  p r i v a t e m
,#,c. s. ». a. aitsssoM
T ts  M VtS): C. S. gas*. «p . •  » # ..

If*.

M  • • a  •  •  •  pa aa  a • • •  •  a a o  aa
a * a a  a i  i f #  a a i t  a # •  •  #I  * f  i  f  t a #  f  c a p  * a a #
•  • •  •  a •  f a  a ♦ * •  • #  • •• a  s e a  •  a a*  a a aa • •  a a a a a #  *•
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Tk* l i U g r i l  a f  Eg. I  M y  be i t p i n t t d  
* » * •  te e  p a r t i :  oae trmm 0 to  • ,  and 
tk a  e t k e r  trmm 0 tm t k a a  F a r s i '  
W ra e  s t a t is t i c s  arc saod,

C/»r (9 )

Tka l i a i t i a g  k a la  c o a c a a t r a t io n  aad 
tka i a i t i a )  v a r ie t ie s  a f  a .  and Mk ara 
re a d i ly  obtaiaad fraa  Eg. 13.

cm (,•*■'* ■*r .
a. •

* < • * - ! / • *  H i . /a r t  u #- i / a # M t . / i n
•  * - a  1

(14)

* .  r
X x #u - i » / » f t  J

L  * r  ,<«••»> /•»♦  i j
•  4k r ( 10)

C asfc la is f  Eqa. # aad 10 aad as i n f  tka 
ra la a  a f  4 fra a  Eg. 0. f i t s ,  f a r  Eg. 0,

__ .••v * . |̂ **—»*/*»'̂ J] .....* 4 J • ,,n
E g a a t ia a  IS  nay aav ka expressed  ia  
te rn s  a f  ka la  c a a c a a t r a t ia a  by aaaaa 
• f  tk a  r e l a t i e a .

•4  • .-1

• a n  . us)
Tkaa,

a. •  a *  - KkW  -  1)

6).
•  1 . a'fcT- a' ♦ ----  i«

€* ’ «i

C(T) a 1 4 a*

*1  *  * i

. . . .C(F) t  1 ♦ * ,

cm  4
(13)

C(T) ♦ . *

( IS )

I f  tk a  d a f a c t  kaad is  k a l f  f i l l e d .  
• *  *  3 , Eg. IS redaces ta

. . . .  - i * . .  i .v te r
V  •  C ( r )  t  * * , ( I d )

aad ( •  l i a s  ia  tka a idd la  a f  tk a  dafact  
bead.

C a l c a l a t i o a a  a f  {dmk / d H k ) .  aa 
a f a a c t i a a  a f  a *  f a r  t k r a a  d i f -  
f a r a a t  bead o id tk s  (Ac •  § . 0 7  a r t  
Aa •  0 . 1 0  ev; Ac •  0 .1S  a a )  aad f a r  
* '  •  S a r a  akewa ia  F i * .  1 6 .  The 
• * F « r i a a a t a l  p a in ts ,  c a lc a la t a d  akaa 
C •  l . S ,  a r a  a k a a a  as X * e .  F a r  
n e g a t i v e  s l o pe s ,  a i p s r i a a a t a l  aad 
c a l c a l a t a d  a a l a a a  saea t a  eo ap are  
ra tk a r  fa v e ra k ly .  Far p o a it iv e  a lopes, 
however, observed aalaaa appear ta  be 
aboat a f a c t a r  a f  2 lo a e r  t k a a  tk a  
c a lc a la ta d  aalaaa. Tkis e e a ld  aaaa ta  
in d ic a te  tk a t  a la rger  valaa a f  a* ia  
a a c a a a o ry  ta  f i v e  a f i t  t a  t k a  e x -  
p a r ia a a ta l  data . Ia  tka  l i g h t  a f  tka  
Jaa«s-l.ark-Norevits  a a l t i l e v e l  noda l,(*> 
a v a l a a  o f  a *  g r e a t e r  t k a a  2 ( t k a  
d a fa c t  bead lass tkaa k a l f  f i l l e d )  ia  
not aaraaaoaabla.



rot PERIOD ENDING MAY It, ItSt

mtml hole coNCfwnuTo*, *;

f i g .  I«. l a l t t a l  N i l  C M c M t r a l iM  v s .  I s l t l s l  l l « H  f s r  Taras «aad l l i t h a  
s f  Mm NismIn.

Os t l i s  b a s i s  s f  i a i t i a l  s l a p s  
a s s s s r a a a a t a  i t  i s  i a p u s s i b l s  i s  t s a t  
a i t b a r  a sd a l  s s f f i c i s n t l y  t s  d a t a r a i a a  
i t s  v a l i d i t y .  Na t  a a ly  a s s t  t b s  no d a l  
f i t  a s t a a s i v a  b o a b a rd aa n t  c a r v s s ,  b a t  
i s  a d d i t io n  i t  a a s t  bs c sp sb la  a f  p r a - 
d i c t i s g  tb s  t a a p a r a t s r s > d a p s s d s B c a  a f

b s l s  c o a c a n t r a t i o n . Eqa ipaan t  i s  asar 
a v a i l a b l a  f s r  c a r s f a l  Hall c a s f f i c i a a t  
a s s s a r s a s a t s  aa  baabsrdad g s r a a a i a a  a t  
l a v  t s a p s r s t a r a a  sad  f a r  l a a g a r  l a s *  
t a a p s r a t a r a  baa  b a r d a a s t  p s r i o d s .  I t  
i s  bapsd t h a t  t b s  a s c s s s a r y  d a ta  w i l l  
bs a v a i l a b l a  i a  t b s  a s a r  f a t a r a .

aa as a a a •  aa a s s  f  a a a a a^I • r I I Iaaa a • •a a a a a

• a  a aaa a aaa aa a a s  • a a a•  a aa a aa a ^
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SO LID STATE D I V I S I O N  QUARTERLY PROGRESS REPORT

•M BANiva M M I N I N f  AT - I H * *C
J .  V. C le laad  J .  H. Crawford,  J r .

J .  C. T i f f

C o n d u c t i v i t y  ■ a a s w r a a e a t a  aa  
g a r a a a i a a  Nava b a o a  a m e n d e d  i a  tha  
te epe ra tw re  o f  l i q u i d  a i t r o g e a  ( -190*0  
by tba  aaa  a f  q u a r t s  Dawar v e s s e l s .  
•  i t h  tbaaa  i t  i a  p a s s i b l e  to  a a i a t a i a  
l i q u i d  a i t ro g e n  fo r  p a r i a d a  op to  S br 
i a  a v o r t i c a l  a a t o r - c o a l a d  b a la  i a  tha 
GRNL g r a p h i t e  r a a c t a r  ( b a l a  IS ) .

Twa P - ty p e  g e r a e a i u a  a aa p lo a  wara 
aap aaad  a t  tb a  t a a i p a r a t o r a  a f  l i q u i d  
a i t r a p a a ,  aad  t b a i r  c e a d w c t i v i t i e s  
• a r a  f o l l o w e d  d u r i n g  t b a  e a p e s a r e .  
Tba i a i t i a l  r a t a a  a f  b a l a  r e o e v a l  a t  
t b i a  toapara to ro  a a r a  0 .57  par i a c i d a a t  
a a o t r a a  f a r  tba  a a a p l a  wbaaa i a i t i a l  
b a l a  c o a c a a t r a t i a a  a a a  1.2 ■ 10** e t * 1 
aad  0 .79  par i a c i d a a t  a a o t r a a  f a r  t b a  
a a a p l a  wbaaa i a i t i a l  b a l a  c a a c a a t r a t i a a  
a a a  1.9 * 10*'  a a ' 4 .

I t  i a  p l a a a a d  t a  a t o d y  g e r a a a i u a  
a a a p l a a  w i th  a a i d a  r a a g a  a f  i a i t i a l  
c a r r i a r  c a a c a a t r o t i a a a  a t  t b i a  aad  
i a t a r a a d i a t a  t e o p e r a t u r n s .  Socb aa* 
p a r i a a a t a l  d a t a  a i l  I a i d  g r e a t l y  ia  
l o c a t i e a  a f  d e f e c t - p r e d u c e d  e n e r g y  
l e v e l s  i a  tha  baad s cbane  a f  ge roaa iua  
a a d  a i l l  b a lp  i a  d e c i d i n g  aa  a a a d a l  
f a r  tbaaa  l e v e l s .

BAOIATION IABAM IN IONIC CBTBTALB
R. L. S p r a a l l

A atody a f  r a a c t a r  i r r a d i a t i a a  a f  
p a t a a a i o a  c b l a r i d a  c r y a t a l a  baa baaa 
o a d a r t a h a a .  Tba twa aa  i a  porpaaaa  a f  
t b i a  atody a ra  t a a a p l a r o  tba  pbaaaaaaa 
a f  ckaagea i a  i a a i c  c r y a t a l a  prodocad 
by a a o t r a a a  aad t a  a v a l o a t a  tba  uae- 
fo la a aa  a f  i e a i c - c o a d u c t i v i t y  aea su re -  
a a a t a  aa a t a a l  t a  a to d y  d i a p l a c a a a a t a  
prodocad by a a o t r a a a  i a  a a l i d a .  S iaea  
i a a i c  c e n d u c t i v i t y  a t  t c a p a r a t o r a a  
l a a a  tbaa  S00*C i a  p a t a a a i o a  c b l a r i d a  
i a  p r a p a r t i a a a 1 t a  t b a  a o a b a r  a f

i a  a ip ac ta d  about t b a  c r a a t i o a  o f  aach 
vacanc ies  by fa c t  a a u t r o o a .

P o t a s a i e o  c h l o r i d e  was ebasaa  fo r  
t b i a  s tudy pr ia a r  i l y  b acaasa  a y a t a o a t i c  
a t o d i a a  a f  i o n i c  c o a d a c t i v i t y  a s  a 
f o a c t i a o  a f  addad  d i v a l e n t  c a t i a a a  
bava  been wade on t h i s  a a l t .  Aaatbar  
f a a t o r e  o f  p a t a a a i o a  c b l a r i d a  t h a t  
a a y  ba aa a d v an ta g e  i a  th e  i a t e r p r e *  
t a t i a a  o f  o i p e r i a a a t a  i s  t h e  n e a r *  
e q u a l i t y  o f  a n a s  a f  t b a  a a i a a  a a d  
c a t i e a .  The n o c l a a r  p r o p e r t i e s  a f  
p a t a a a i o a  c h lo r id e  a r a  n o t  o a a o i t a b l a  
f a r  tba  a a p e r i a o a t a  p l a a a a d .  a l though  
s a a a  o t h e r  a l k a l i  b a l i d a s  would ba 
p r a f a r a b l e  ( e . g . ,  p a t a a a i o a  f l o a r i d a ,  
b a t  few s a l i d - a t a t e  a a p a r i a a o t s  bava 
baaa  aade on t b i a  coapooad) .

An i a a i c * c o n d u c t i v i t y  appara tus  aad 
a c o r  r a n t * a e a a o r i a g  d a v i c e  w i t h  a 
p a r a l l e i - b a l a a c e  e l a c t r o n e t c r  t u b a  
b a v a  baaa d a a ig a a d  an d  c o a a t r o c t a d .  
T b a  i a a i c  c o a d a c t i v i t y  o f  Harabaw 
p a t a a a i o a  c b l a r i d a  c r y a t a l a  baa baaa 
s t u d i e d  before  i r r a d i a t i a a .  Tba d a t a  
o b t a i n e d  agree with  what appaara t a  ba 
t b a  boat p o b l i a b a d  • O t a r i s ! , * * *  aad 
a p p r e c i a b l y  e a t a a d  t b a  t e a p o r a t u r e  
r a a g a  a f  i e a i c * c o a d « c t i v i t y  i n f e r *  
a a t i a a .  Tbaaa e a p e r i a e a t a  show t h a t  
t b a  Harabaw c r y s t a l s  a r a  a d e q u a t e l y  
p a r a  f a r  t b a  a a o t r a a  i r r a d i a t i a a  
a t o d i a a  c e a t e o p l a t e d .  The s u i t a b i l i t y  
a f  ba th  s p o t t a r a d * p l a t i a o a a a d  pain ted* 
g r a p h i t e  e l e c t r o d e s  b a a  a l s o  b aaa  
e s t a b l i s h e d .

Seve ra l  c r y a t a l a  bava been i r r a d i a t e d  
in  b a l e  51 a f  tba  GRNL g r a p h i t e  r e a c t o r  
f a r  aa a s t i a a t a d  1 .2  n 101* a v t  ( f a s t ) .  
Tba on ly  t r o v b l e s o a e  a c t i v i t y  coaaa  
f r a a  a t k a r a a l  ( n . p )  r e a c t i o n  t h a t  
p radocaa  87-day S**. Tba 170-kv be tas  
f r a a  tbaaa  a o c l a i  p r o d u c e  i o n i s a t i o n  
i a  t b a  a i r  a f  th e  i o n i c - c o a d a c t i v i t y  
a p p a r a t u s ;  so cb  i o a i a a t i a a  g i v e s  a 
background t h a t  i n t e r f e r e  w i th  i o n i c -  
con d e c l i v i t y  a o a s u r e a e a t a  a t  the  lowest

p o t a a a i o a * i o n  v a c n a c i a o , i n f a r a a t i o n
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FOR P E R IO D  ENDING NAY ! • ,  1 * 5 2

t e m p e n t u r e • .  A he l i um a t m o s p h e r e  i s  
b e i n g  u s e d  t o  a i a i m i s e  t h i s  e f f e c t ,  
but  r e d e s i g n  t o  p e r m i t  e v a c u a t i o n  o f  
the  a p p a r a t u s  eou l d  be d e s i r a b l e .

As mas  e s p e c t e d ,  i r r a d i a t i o n  o f  
t h i a  o r d e r  o f  m a g n i t u d e  p r o d u c e d  no 
c h a n g e  i a  i o n i c  c o n d u c t i v i t y  in t h e  
i n t r i n s i c  ( h i g h - t e m p e r a t u r e ) r e g i o n .  
A s i g n i f i c a n t  e a h a a c e n e a t  o f  c o n ­
d u c t i v i t y  seems  t o  have o c c u r r e d  i a  
t h e  s t r u c t u r e - s e n s i t i v e  ( 1 o « - t e m p e r a ­
t u r e )  r e g i o n .  E s p e r i n e n t s  a r e  i n  
p r o g r e s s  t o  s t u d y  tha  k i n e t i c s  .of  the  
a n n e a 1 i a g - o u t  o f  t h i a  e n h a n c e a w n t ,  t o  
f i n d  t he  dependence on nvt  ( f a s t ) ,  and 
t o  make a u r a  t h a t  t h i s  i a  a n e u t r o n  
e f f e c t  ( r a t h e r  t han  an e f f e c t  produced  
by l a r g e  gnaws e s p o s u r e ) .

RAP I AT I  M l EFFECTS ON T M I N C N P U S

J .  C.  P i gg

T e s t s  have  been made t o  d e t e c t  and 
s t u d y  c h a n g e s  in  t h e r m o c o u p l e  o u t p u t  
en f  oming t o  r e a c t o r  i r r a d i a t i o n .  The 
t h e r m o c o u p l e s  v e r e  made f rom c o p p e r -  
c o n s t a a t a n  and i r o n - c o n s t a n t s ! )  dup l ex  
t h e r m o c o u p l e  w i r e s  w i t h  t h e  t w o  
j u n c t i o n s  s o l d e r e d  t o g e t h e r .  The 
c o p p e r - c o n s  t a n  t a n ,  i r o n - c o n s t a n t a n ,  
and c o p p e r - i r o n  p o t e n t i a l s  m o r e  r e ­
co rded .  TYtese v o l t a g e s  war s  c o n v e r t e d  
t o  t e m p e r a t u r e ,  and t h a  t e m p e r a t u r e s  
m e s s u r e d  by t h e  t h r e e  t h e r m o c o u p l e s  
w e r e  c o m p a r e d .  F o r  a n  e x p o s u r e  
p e r i o d  o f  31 d a y s  i a  h o l e  D i n  t h e  
ORNL g r a p h i t e  r e a c t o r  no d e v i a t i o n  was 
o b s e r ve d  i n  the  r e l a t i v e  o u t p u t  of  the 
v a r i o u s  c o u p l e s  g r e a t e r  t h a n  0 . 1*C 
( a p p r o x i m a t e l y  t ka  l i m i t  o f  a c c u r a c y  
o f  t h e  m e a s u r e m e n t ) .  Thus  i t  can  be 
c o n c l u d e d  t h a t ,  a t  r e a c t o r  o m b i e n t  
t e m p e r a t u r e ,  e f f e c t s  o f  f a s t - n e u t r o n -  
i n d u c e d  r a d i a t i o n  damage i n  t h e r m o ­
c o u p l e s  composed  o f  t h e s e  m a t e r i a l s  
a r e  n e g l i g i b l e  f o r  g e n e r a l  mas  f o r  
a p e r i o d  o f  one month.

The i n s u l a t i o n  r a s i s t a n c e  o f  open 
t h e r m o c o u p l e  d u p l e x  w i r e s  i r r a d i a t e d

a t  the  same t i me  in t he  same h o l e  was
of  t he  o r d e r  o f  10* ohms.

OETFMM(NATION H  T IE  BALE L I F E  Of  
GERMANIUM 7 1  IT  ELECTRICAL MEASUREMENTS

J .  W. Cl e 1 and J .  H. C r a w f o r d ,  J r .  
J .  C. P igg

The e f f e c t  o f  n u c l e a r  t r a n s f o r ­
ma t ions  r e s u l t i n g  from therms  1 - n e u t r o n  
a c t i v a t i o n  o f  t h e  v a r i o u s  g e r m a n i u m  
i s o t o p e s  on t h e  e l e c t r i c a l  p r o p e r t i e s  
of  hulk germanium has been e x t e n s i v e l y  
s t u d i e d . ( ? )  The  v a r i o u s  n u c l e a r  
r e a c t i o n s  i n v o l v e d  a r e  l i s t e d  i n  
Tab l e  11,  t o g e t h e r  wi t h  t h e i r  t h e r m a l -  
a c t i v a t i o n  c r o s s  s e c t i o n s .  S i n c e  
g a l l i u m  i s  an a c c e p t o r  i m p u r i t y  and  
a r s e n i c  i s  a donor  i m p u r i t y ,  t h e  n e t  
r e s u l t  a f t e r  decay  i s  an i n c r e a s e  in  
the  P - t y p e  c h a r a c t e r  of  bulk germanium.  
However,  b e c a u se  o f  t he  l a r g e d i  f f e r e n c e  
between t h e  h a l f  l i v e s  o f  t h e  g a l l i u m -  
p r o d u c i n g  a c t i v i t y  and t h e  a r s e n i c -  
p r o d u c i n g  a c t i v i t i e s ,  t h e  m a t e r i a l  
s h o u l d  become more N - t y p e  i n i t i a l l y .  
Except  f o r  t h e  e f f e c t  o f  t he  d e c a y i n g  
As’ *,  w h i c h  i a  r e l a t i v e l y  s m a l l  ( 1 W  
of  t h e  t o t a l  i n t r o d u c e d  a r s e n i c  c o n ­
c e n t r a t i o n ) ,  t h e  n e u t r o n • p r o d u c e d

I. Cliliil, g. l i r l ' l t r . t i l i ,  aaS J. C. 
E lse .  P*f». S ee.  7«. 114 <!**•».
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a r s e n i c  c o n c e n t r a t i o n  i s  e s s e n t i a l l y  
c o n s t a n t  a f t e r  t h e  f i r s t  f e e  h o a r s .  
I f  t h e  c o n d u c t i v i t y  as  a f a n c t i o n  o f  
t i n e  a f t e r  i r r a d i a t i o n  i s  f o l l o w e d ,  
t he  r a t e  o f  p r o d u c t i o n  o f  Go71 can  be 
observed  d i r e c t l y .

in conductance  f o r a  g iven t i n e  i n t e r v a l  
i s  p r o p o r t i o n a l  t o  t h e  change  i n  t h e  
Ga7 1 c o n c e n t r a t i o n .  The l a t t e r  i n  
given by

&  A* , ,  <1 -  #**'•)  , (1)Ge 1 Ge1 1
A h i g h - r e a i s t i v i t y  P- type  g e r n a n i u n  

p l a t e  was e x p o s e d  f o r  2 h r  i n  t h e  
p a e u a a t i c  t u b e .  I n n e d i a t e l y  a f t e r  
e x p os u r e ,  t h e  s a n p l e  vas  h e a t  t r e a t e d  
f o r  40 h r  n t  4 5 0 * C  t o  r e n e v e  t h e  
e f f e c t s  o f  f a s t - n e u t r o n  • induced dnnage .  
The c o n d u c t i v i t y  o f  the p l a t e  van t h e n  
r e c o r d e d  an a  f u n c t i o n  o f  t i n e ,  t h e  
t e n p e r a t n r e  b e i n g  n a i n t a i n e d  c o n s t a n t  
a t  - 7 t * C .  A p l o t  o f  t h e  c o n d u c t a n c e  
v s .  t i n e  a t  t h i s  t e n p e r a t n r e  i s  shown 
in P i g .  17.

The h a l f  l i f e  c an  be r e a d i l y  c a l c u ­
l a t e d  f r o n  t h e  c o n d u c t a n c e  v e .  t i n e  
c u r v e  i f  t h e  e f f e c t  e f  t h e  d e c o y  o f  
Ce77 i s  n e g l e c t e d .  I f  i t  i s  a s s u n e d  
t h a t  t h e  n o b i l i t y  r o n a i a s  c o n s t a n t  
d u r i n g  r a d i o a c t i v e  d e c a y ,  t h e  c h a n g e

* n

Pig. 17. Conductance vs. Vine fo r  
P-T ypo • o r a o a l u u  a t  >7t*C  A f t o r  
Tbernal -Rentrun Expoonre.

where N • ,  , i s  t h e  c o n c e n t r a t i o n  o f
GeT* a t  t he  b e g i n n i n g  o f  the  a e a s u r e -  
n e a t  a t  which t  i s  a r b i t r a r i l y  t a k e n  
as  s e r o .  sad  k'  i s  t h e  r a t e  c o n s t a n t .  
The h a l f  l i f e  i s  o b t a i n e d  f r o n  t h e  
r e  1 s t  ion

*H * p  1" 2 • <2 >

For  l o c a t i o n  o f  t h e  c a l c u l a t e d  p o i n t s  
o f  F i g .  17.  * '  •  3 . 8 S  n 10**.  w h i c h  
c o r r e s p o n d s  t o  a h a l f  l i f e  o f  7 . S S  
days, vas used .  The va l ue  r e p o r t e d  f o r  
t h e  GeT 1 h a l f  l i f e  i s  11 d a y s . * * *  
Because o f  t h i s  d i s c r e p a n c y ,  the H a l l  
c o e f f i c i e n t  n e a s u r e n e n t a  t h s t  w e r e  
t a k e n  p e r i o d i c a l l y  d u r i n g  t h e  d e c a y  
p e r i o d  were used t o  check  the  a s s u n p t i o n  
o f  c o n s t a n t  n o b i l i t y .  I t  was found  
t h a t  t h e  n o b i l i t y  i n c r e a a e d  c o n ­
s i d e r a b l y  d u r i n g  t h a  p e r i o d  o f  o b ­
s e r v a t i o n  (43% d u r i n g  SSO h r ) .  F u r t h e r  
e s a n i n a t i o n  o f  t h e  s a n p l e  showed t h a t  
t h e  n a t e r i a l  was q u i t e  i nhonoge ne ous  
snd  t h a t  i t  c o n t a i n e d  n u l t i p l e  P-N 
j u n c t i o n s .  The  c o n b i n e d  e f f e c t  o f  
v a r y i ng  n o b i l i t y  and  p o t e n t i a l  b a r r i e r s  
a s s o c i a t e d  w i t h  t h e  P-N j u n c t i o n s  
i n t r o d u c e s  i o n a i d e r a b l e  u n c e r t a i n t y  
i n t o  the h a l f - l i f e  d e t e r n i n a t i o a .

T h i s  s x p e r i n e n t  w i l l  be r e p e a t e d  
when n a t e r i a l  o f  b e t t e r  honegea e i t y  i s  
a v a i l a b l e .  Tbs r e l a t i v e  p r e c i s i o n  o f  
■ e a s u r e n e n t  i s  s u f f i c i e n t l y  g r e a t  
( a p p r o x i n a t e l y  0 . 0 5 %) ,  w i t h  the e q u i p -  
n e n t  s a p l o y e d ,  t h a t  w i t h  honogeneous  
s a n p l e s  i t  s h o u l d  be p o s s i b l e  t o  
d e t e r n i n e  t h e  G o 7 1 h a l f  l i f e  w i t h  a 
high degree  o f  a c c u r a c y .

t a r t  mm • /  Stmrndmrtt MmtItmr g a t e .  
XBS-4M (Sep t.  I .  I S t f ) .
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Tlie b a l a n c e ,  p r e v i o u s l y  d e s c r i b e d , *** 
t h a t  e i l l  be u s e d  i n  a a g a e t i c  s u s ­
c e p t i b i l i t y  t e s t s  h a s  u n d e r d o n e  c o n ­
s i d e r a b l e  d e v e l o p n e n t .  E l g i l o y  ha s  
been s u b s t i t u t e d  for  b e r y l  1i n n - c o p p e r  
a l l o y  a s  t h e  e a i n  s u s p e n s i o n ,  end 
s u p p o r t s  o a t h  a d j u s t a b l e  n e t  c o ­
e f f i c i e n t s  o f  t h e r a a l  e x p a n s i o n  have 
been added  f o r  t he  s p e a k e r  aagrnet  and 
n i c r o f o r n e r .  C o n s i d e r a b l e  e f f o r t  has  
b e e n  e x p e n d e d  in  i n p r o v i n g  t h e  c i r ­
c u i t r y  a s s o c i a t e d  wi t h  t h e  n i c r o f o r n e r  
d e t e c t o r .  At  t b s  p r e s e n t  t i n e ,  e 
c i r c u i t  t h a t  e s s  d e s i g n e d  by R.  L. 
S p r o u l l  and e h i c k  e e p l o y s  a p a r a l l e l -  
b a l a n c e d  a n p l i f i e r  f o l l o w e d  by a 
p h a s e - s e n s i t i v e  d e t e c t o r  a p p e a r s  t e  
ns he f o r c e  n e a s u r e n e n t s  in  t h e  n i c r o g r a n  
r e g i o n  f e a s i b l e .

P r e s e n t  e f f o r t s  a r e  b e i n g  d i r e c t e d  
t o w a r d  t he  d e s i g n  and c o n s t r u c t i o n  o f  
b a l a n c e  n o u n t s  and vacuun and  c r y o s t a t i c  
e q u i p n e n t  i n  t h e  n a g n e t .  A n a j o r  
p r o b l e n  e i l l  be t h e  i s o l a t i o n  o f  t h e  
b a l a n c e  f r o n  s o u r c e s  o f  n e c h a a i c a l  
v i b r a t i o n .

CRVMTAT PS* REACT!! IIIAIIATIRNS

R. P.  M e t c s l f <,#> J .  T.  Hoee

The vacuun d i f f i c u l t i e s  e n c o u n t e r e d  
i n  t h e  c r y o s t a t , e h i c k  i s  l o c a t e d  in

(** l. I .  »«•»•••, as. t i l . ,  O W L -llit, t .
i t  i t  • , • • • • *  t t t k  i k l  I l M t i l l l  

C W a i . t r y  O i m i . i ,  l i t  k i  b a a  e a S a  a i a l l a b l a  
4 a a i a a  a sd  kaaa ladfa  f a l e a d  is ,»•» aarb
e i «b  tb a  c r r . i t i t ,

h o l e  S2 o f  t he  GRNI g r a p h i t e  r e a c t o r ,  
e e r e  c l e a r e d  up d u r i n g  t h i s  q u a r t e r .  
The c r y o s t a t  eaa t e s t - o p e r a t e d  for  one 
eeeh  a t  t e n p e r a t u r e s  o f  - 1 0 0  t o  -160*C 
t h a t  e e r e  c o n t r o l l e d  f r o n  a t h e m e -  
c o u p l e  l o c a t e d  on a  d u n e y  s p e c i n e n  
e i t h i n  t he  aanp l e  c h a n b e r .

I i q u i d  n i t r o g e n  c o n s u n p t i o n  e a a  
c o n s i d e r e d  e x c e s s i v e  i n  c a n p a r i s e n  
e i t h  c o n s u n p t i o n  in p r e i n s t a l l a t i o n  
b e n c h  t e a t s .  R e n c h - t e s t  c o n s u n p t i o n  
e a a  i . t  l i t e r s / h r  a t  - 1 0 0 * C ,  2 . 2  
l i t e r a / h r  a t  -130*C, and 2 . 6  l i t e r s / h r  
a t  - I S 0 * C ;  i n - p i l e  c o n s u n p t i o n  e a a  
S l i t e r s / h r  a t  -100*C and 7 l i t e r s / h r  
a t  -1 5 0 * C . S o s t o f  t h e  h e a t  l oo s  nay 
be  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t e e  
e l b o e a  on t h e  v a c u u n  j a c k e t  o f  t h e  
h e l i u n  l i n e  t o  t h e  c r y o s t a t  b u i l d  up 
c o n s i d e r a b l e  f r o s t  d u r i n g  o p e r a t i o n ,  
e h i c h  i n d i c a t e s  t h a t  t h e  i n s i d e  l i n e s  
a r e  p r o b a b l y  t o u c h i n g  t h e  j a c k e t .  
A n o t h e r  r e a a o n  f o r  h i g h e r  c o n s u n p t i o n  
i a  t h a t  t h e  r e a c t o r  a n b i e n t  t e n p e r a t u r e  
i s  c o n s i d e r a b l y  h i g h e r  t h a n  r o e n  
t e n p e r a t u r e ;  t h e  t e n p e r a t n r e  w i t h i n  
t h e  a a n p l e  c h a n b e r  was n e a a u r e d  a t  
♦ U 5 * C  w i t h  a l l c o e l i n g  f a c i l i t i e s  s h u t  
o f f .  The d e s ig n  p ro v id e s  f a r  a c o o l i n g  
j a c k e t  t o  a u r r o u n d  t he  c r y o a t a t ,  how­
e v e r ,  s o  t h a t  t h e  e f f e c t i v e  r e a c t o r  
t e n p e r a t u r e  nay be r e d u c e d  by s i r  or  
w a t e r  f l o w .  A t e n p e r a t u r e  r i s e  o f  
a b o u t  10*C in  t h e  a i r  f l o e  t h r o u g h  
t h i s  c o o l i n g  j a c k e t  h a s  n e t  b e e n  
s u f f i c i e n t  t o  p r o d u c e  a n e a a u r a b l e  
d e c r e a s e  i n  n i t r o g e n  c o n s u n p t i o n .  
D i t l e t - w a t e r  c o o l i n g  f ro n  h o l e  51 w i l l  
be  s u b s t i t u t e d  f o r  t h e  a i r  i n  an  
e f f o r t  t o  l o w e r  t h e  n i t r o g e n  c o n -  
s u a p t i o n  in  the  f u t u r e .
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G. T. Murray I .  E. T a y l o r

I k  h a * * baaa  shown i a  a p r e v i o u s  
r e p o r t * ' *  t h a t  i f  p r e c i p i t a t e  pa r fc ic laa  
o f  d i f f e r e n t  s i t e s  a ra  r a a p o a a i b l a  for  
o bse rved  changes  i n d i f f e r e n t  p r o p a r t i a a  
( i . a . t r a a i a t a a c a  and h a r d n e s s ) ,  fcbaa 
k b i t  f a c k  eaa  bo d a t a r a i a o d  1 /  weans 
o f  r e t r o g r e s s i o n  a t a d i o a .  A a u a b e r  o f  
b a r d a o a a  aad  r o a i t k a a c o  a a a p l o a  o f  
c o p p e r - b e r y l l i a o  a l l o y  ooro  a o c lo a k a d  
by i r r a d i a t i o n  aad by ag in g  ak 100 aad 
12S*C ko p r o d u c e  a p p r o i i a o k o l y  10% 
i a c r o a a o  i a  r e s i s t i v i t y .  Tbo a a a p lo a  
•o ra  kboa ba ld  ak to a p a r a k o r o a  bokooaa 
12S a a d  375*C f o r  b r i o f  p o r i o d a  o f  
kik»» a*d kbo aaounk o f  r o k r o g r o a a i o a  
oaa  d o k o r a i a o d .  Tbo r o k r o g r o a a i o a ,  
a o a a a r o d  aa  & P '/6P , o b o ro  A/>' i a  kbo 
a a o a a k  o f  r o c o t a r y  a a d  A/* i a  t b o  
o r i g i a o l  c b a a g o  o f  kba p r o p o r k y  P 
n o i a g  ko a a c l o a k i o a ,  i a  a b o o a  i a  
F ig .  18 aa a f a a ck io a  oY t o a p o r a k a r o .  
Tboro i a  c a a a i d o r a b l o  var  «k ioa  o f  kbo 
daka ev en  w i t h i n  eao  not o f  a a a p l o a ,

kba d aka  fo r  a l l  koaka f a l l  wikbia 
w e l l - d e f i n e d  acakkor baada t h a t  c l a a r l y  
abo* a r o a o l a t i o a  bokooaa kbo r e t r o -  
g r o a a i o a  o f  r a a i a k a a c a  aad b a r d a a a a .  
Tbo f a c k  kbak kbo r a a i a t a a c a  r o k r o *  
g roaa ioa  o c c a r a  ak a lower t e o p e r a t u r e  
kbaa kbak f o r  ba rdaaaa  i a d i c a k o a  kbak 
kbo p a r k i c l o a  r a a p o a a i b l a  f o r  ro* 
a i a k a a c e  i a c r o a a o  a r o  a o a l l o r  kbaa  
kboao o b i c b  accoaak f o r  kbo b a r d a o a a  
i a c r o a a o .  Ak 300*C k b oro  i a  a l o o a k  
ao r o k r o g r o a a i o a  o f  b a r d a o o a ,  o b i c b  
i a d i c a k o a  kbak ooak  o f  kbo l a t t i c e  
a k r a i a  i a  a k i i l  p r o a o a k .  S i a c o  ak 
kbia  k o o p o ra k a ra  kba r o k r o g r o a a i o a  o f  
r a a i a k a a c a  i a  a o a r l y  c o o p l o k e ,  i k  
a p p aa ra  kbak kbo r a a i a k a a c a  i a c r o a a o  
cao a e d  by a a c l o a k i o a  i a  aok  r o l a k o d  
ko l a t t i c e  a k r a i a .

•• *• *•?*•» ao4 I .  f .  Barra*. 4*1 IS l « « n  
P M |r t i (  l i f i M  fmr Ptrt itf 

tm4iH Jmm «t,  II. IMI. 000.-1111, p, IS.
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Fig. 18. l o c r o g r a a a i o a  l a  Copper* 
b o r y l l l o a  A l l o y a  aa  a F a a c k i o a  o f  
T o a p o r a k a r o .  Moaaarod by B e a i a k a a c o  
aad  N arO oeaa .

The p o a a i b i l i k y  kbak kbo r e c o v e r y  
i a  r o l a k o d  ko g rookb  o f  kbo a o c l o i  
i a  d i a c o o a t o d  by kba r a p i d i t y  o f  kbo 
r o k r o g r o a a i o a  aa coapared ko p r o p o r k y  
ebaagoa  known ko bo a a a o c i a k o d  w i t h  
p r o c ip ik a k o  growth (F ig .  19).

Tbo a * r a y  l i a o  s h i f t  aad b ro a d o a ia g  
kbak r o a a l k  f roo  i r r a d i a t i o n  have  a lo e  
booa a a b j o c k o d  ko r o k r o g r o a a i o a  i a *  
v o a t i g a t i o a a  . S o l  a t i o n - a a a o a l o d  
f i l i a g a  o o r o  i r r a d i a t e d  aad kboo aged
*ikb aoa i  r r a d i  akod coapari  sea a k a a d a rd a  
ak 300 aad 3S0*C. Ak kbo lower t s o p o r  - 
a t a r e  a o  cb aa g o  i a  kbo l i a o  a b a p o  or  
p o a i k i o a  was o b s e r v e d  i a  e i t h e r  kbo 
i r r a d i a t e d  o r  a taad a rd  s p ec ia ea o  a f t e r  
30 a o c  o f  o a a o a l i a g .  A t  3 S 0 * C  a o  
cbaago woa o b a o rv o d  i a  kbo a t a a d a r d  
s p o c ia o a  a f t e r  30 s ac ,  b e t  a b o a t  75% 
recovery  oaa  observed  fo r  kbo i r r a d i a k o d  
f i l i a f a *  T b o  r e o o l k o  a r o  o h o o a  i a

4 6 1
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Pig . 19. E f f e c t  t f  N t a t m  I r r a l t a M N  m  
l a r y l l l a a  A lle y  a t  SSS*C.

Fig .  20. These d a t e  i n d i c a t e  t h a t  t h e  
« * ra y  i i a e  s h i f t  s a d  h r e a d e a i a g  a r e  
a a a e c i a t e d  w i t h  a a c l e i  s i a e s  t h e t  
e f f e c t  aa i a c r e a e e  i a  h a r d a e s a  a a d  
a r e  t h e r e f o r e  p r o b a b l y  c a a a e d  by 
c eh e re a t  l a t t i c e  a t r a i a a .

KMin C II M tt  IN IBNANIATKN
c«ra>nvuiw uui

G. T. Mar r a y  V. B. Taylor

fj z' r ! i’l • jr • r
467 044

O e a a i t y  a e a a e r e e e a t a  e e r e  eede  by 
t h e  i a e e r s i e a  aae thed  ea  t e e  c o p p e r *  
b e r y l  l i a a  r e d s  e p p r e x i a a  t e l  y 1/4  i a .  
i a  d i a a e t e r  a a d  2 i a .  l e a f .  O a e  
a p e c i a e a  e a s  e a p e a e d  t o  S .8  * 1 0 1* 
a v t  ( f a s t )  aad t h e  e t h e r  a p ec iaea  t e a  
r e t a i a e d  aa  a s t a a d a r d .  Aa i a c r e a e e  
i a  d e a a i t y  e f  O . l t f t  e a s  e b s e r r e d  f o r

P ig . SO. O e tr e g re s a le e  E ffe c t ee  (S S I) 
L lae  la  I r r a d i a te d  C o-he A lley  a t  SM*C.
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Ik *  i r r d i i t d  i p t e i M i .  T k i i  r o i l t  
i s  i a  food q r t M H i t  s i t k  tk e  i a c r a s a a  
i a  d e n s i t y  a f  0 . 1 M  f a r  3 .9  * 1 0 "  a r t  
c a l c u l a t e d  f r a a  tk e  a * r a y  l i a s  sk i  f t .

U S

lilliTIM-II 
IN

V. E. Tsy la r

KESISTIVITY C lA M tl 
’B U Y L L Ilfl I L U f

P. M. Blacksksr

A aaa b a r  a f  c h e r t  i n - p i l e  a e a s n r e -  
• a a t s  a f  r e s i s t i v i t y  h a s  keen  aad a  
t a  v e r i f y  t k a  a a i s t a a e a  a f  a d a i s y  
t i a a  i a  t k a  r e s i s t i v i t y  i a c r a a a s .  
R a s i s t i v i t y  d s t e r a i a a t i o a s  a a r a  aada  
ky  a p p ly in g  ike v a l t a g a  d rop  acraaa  a 
s t a n d a r d  r a a i s t a a c a  a n d  t k a t  a c r a a a  
t k a  s p e c i a e a  t a  a B raw n  a a l t i p a i a t  
r e c o r d i n g  p a t e n t i o a a t s r  k a v i a g  a 
a c a l a  f r a a  30 t a  IS a v .  Tka t e a p e r a -  
t a r a a f  tka  apaciaaa  was s i a a l t s a s a a s l y  
d a t a r a i a a d  ky r e c o r d i n g  t k a  a a t p a t  o f  
a a  i r a n ‘ C o n s ta n t s a  t k a r a a c a a p l a  aa  a 
B ra aa  r a c a rd a r .

Tka r a s a l t s  sksaa i a  F i g .  21 a r a  a a t  
c a a a i s t a n t  v i t k  r a a p a c t  t a  d e l a y  
t i a a  a r  i n i t i a l  a l a p a .  Tka v a r i a t i a a a  
a r a  k a l i a v a d  t a  ka d a a  t a  k a a t i a g  o f  
t k a  e a a p l s  v k i l a  l a a d a  v a r a  k a i a g  
a a l d a r a d .  T a s te  a ra  now k a i a g  aada  t a

Pig .  t l .  S e a l a t i v t t y  Cnaage •arlag  
Early  S ta g es  af  I r r a d l a t l e a - A g t a g  af  
S a l a t l e a - n a e a c n e d  C a p p e r - l e r y I I i a a  
A l l a y .

d a t a r a i a a  t k a  a f f e c t  a f  k e a t i a g  t k a  
e a a ^ l e  f a r  S a i a  a t  7S*C aa tk a  a aa a a t  
o f  r a a i s t a a c a  i a c r a a s a  d a r i n g  a on e -  
o e e k  i r r a d i a t i a a .  A l l  t k a  t a a t a  
s k a t e d  a d e l a y  t i a a  k e t o s e s  t k a  
i n i t i a t i e a  a f  i r r a d i a t i a a  and  t k a  
a a a a t  a f  tk a  r a a i s t a a c a  c k a a g a .  Tka 
d e l a y  t i a a  v a r i a d  between 1 and 3 h r ,  
and i t  i a  a a t i a a t a d  t k a t  a  d e l a y  t i a a  
a f  a k e a t  A k r  weald o c c u r  i a  a a a p l a s  
a a a f f a c t a d  by p r i e r  b o a t .

E '

ENGINEERING PROPERTIES

MVS I CAL M SPU TIB S «V

C. D. Bepf 
O. S iaaaa

R. L. Tawas 
« .  K. K irk land

Ceapeaada  c a a t a i a i a g  l a r g e  a a a a a t s  
a f  a a t i e s i d a a t s  a a d  a i a a r a l  f i l l e r  
ware t e s t e d * ** ta  d a t a r a i a a  tka  a f f e c t  
a f  t k a s a  a d d i t i v e s  a a  r a d i a t i o n  
s t a b i l i t y .  Tka r a a i p a a  n e e d  a r e  
l i s t e d  i a  T a k l a  12 a l o n g  w i t h  t k a

m 0. St tats. c. a. 
• .  L. Tm m , f k f t t t  • /

S. E. IttllM l, n4 
U i  I Q n a r i t r l y

a«ytrt /#r PtMtS farftag ialy >1, IfSt,
y. «l.

a a r a a l  c e a p e s a d .  Tka  r a a a l t a  f a r  
t o o  i r r a d i a t i a a  p e r i o d s  a r a  akowa i a  
T a k l a  13.  Tka a a t i e a i d a a t a  aad tk a  
a i a a r a l  f i l l e r v e r e  added i a  aa a t t a a p t  
t a  i a p r a v a  t k a  s t a b i l i t y  a f  t k a  
a l a a t a a a r a .  I a  both  c a s e s  t k a  ckaaga 
i a  r a d i a t i a a  s t a b i l i t y  was a a t  g r e a t ,  
b a t  t k a  p a r c a a t a g a  a f  c k a a g a  i a  aaaa  
p r o p e r t i e s  i s  l a s s  f a r  t k a  r e c i p a a  
w i tk  t k a  a d d i t i v e s  tkaa  f a r  tk a  a a r a a l  
r e c i p e .  I a  e v e r y  c a s e ,  k o o a v a r ,  
o h a r a  t h e  p a r c a a t a g a  a f  c k a a g a  was 
l a a a  f a r  t k a  caapawad w i t k  t k a  add i*  
t i v a ,  t k a  o r i g i n a l  s t r a a g t k  was a l s o  
a a c k  l a s s  t k a a  f a r  t k a  a a r a a l  c an -  
p a a a d ,  w i t h  t k a  a a t  r a s a i t  t k a t  a a

r ?  :> i  :i |  it i  •:> •'
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t

CMPM IT IM S CP CUSTMBM

—
M M  (p a r ts  bp ■•* fb t»

Ssapraae t
Maapraea 4 

t i l l  ta d a e r l  
fe raap sae

Rm b m I
R ikW r

S a ttra l  SabSar 
• t i i  SaSarfl 

Barraptaa

M ataral Sabbar 
e t tk  M belv t 

T ie S a lte r  at •

S a ta ra l Sabbar 
a t tb  A ebaataa 

f e l lo e

Mssprees 1 100.0 144.4
Meters 1 ra h h sr 144.4 144.4 144.4 144.4
Xiac aside 1.4 4 .4 4.4 4 .4 4.4 4 .4

h i l l  1 ■■ ■ 1.0 S .4 1.4 1.4 1 .4

W T  b lack 44.4 44 .4 70.4 74.4 74.4
S tea ric  a c id 4.1 4 .4 1 .4 1.4 1.4 1 .4
H apw eies a s id e t . 4 t . 4
fe rae  la s 4 .1
A ccelerato r 4 .4
Dadacyl 14.4 14.4

aercaptaa
Capias 4 .4 4 .4 4 .4
Sal far 4 .4 1 .4 4 .4
lead aside 14.4
C k lerea il 4.4

DdiT U »eie*
14.4

Asbeatee f i l l e r S44.43lI
144.4 144.4 144.4 141.4 144.4 144.4

i a p r o v n n t  was a f f e c t e d  f o r  t b a  i r ­
r a d i a t i o n  p e r i o d s  skoea .  A d e f i n i t e  
i a p r e v t a e a t  i n  r e s i s t i v i t y  e a a  foned  
for  a l l  th e  s p e c i a l  r e c i p e s ,  e s p e c i a l l y  
t k a t  with t h e  n i n e r a l  f i l l e r  a d d i t i v e .

h a r d n e s s  i a  l e a s  f o r  b a th  t h e  SO:SO 
and 2 5 : 7S n i n t n r o a  th a n  f a r  n a t n r a l  
r o b b e r ;  h o w e v e r ,  t h e  d a c r a o e a  i a  
t e a a i l a  s t r e n g t h  and o l e a g a t i e e  i a  
n a r a  p r a n a n n e a d  f a r  t h e  a i s t a r e  t h a n  
fa r  n a t n r a l  r o b b e r .

N a t n r a l  r o b b e r  i a  h a rd en ed  by i r ­
r a d i a t i o n ,  e h e r a a a  b a t y l  r o b b e r  i a  
a a f tan ad .  I t  v a s  tbowgbt t h a t  p e r h a p s  
by c a a p a n n d i a g  t h e  t a n  i a  t h e  r i g h t  
p r a p a r t i a a s  n n o t a r i a l  o a a l d  r a a a l t  
t h a t  was n a r a  r a d i a t i e a . r e s i s t a n t  than  
e i t h e r  o f  t h e  o r i g i n a l  a a t a r i a l a .  
Poor  s u c h  o i n t o r e a  ( T a b l e  14)  e a r s  
t r i a d .  R e s o l t s  f a r  t o e  i r r a d i a t i o n  
p e r i o d s  a r e  shewn i a  T ab le  I S .  Nana 
o f  t h e  n i s t o r e s  ohawad any r a n i  i n -  
p ro v a n a a t  a v e r  n a t n r a l  r o b b e r ,  a h i c h  
i a  t h e  n a r a  r a d i a t i o n - r e s i s t a n t  o f  
t h e  t o e .  T h e  c h a n g e  i a  d n r a n a t a r

A s a a p lo  o f  V o l c e l l a a  was r e c e n t l y  
o b t a i n e d  f r a n  t h e  B. F .  G o o d r i c h  
Ceopaay .  T h i n  e l a e t e o e r  i a  n e t  y a t  
p r a d o c a d  c o n n s r c i e t l y ,  s i n c e  i t  i s  
a t i l l  in  t h e  d e v o l e p s e a t a l  s t a g e .  I t  
has the  f a l l o w i n g  s t r o c t o r e :
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RAIIATIM'I
vr s f im iL v

■

OLASTOMM

Raapraaa
•

Maafraaa 
•  al«S 
OaAaayl 

Oaraaptaa
flatnralBebbar

Halaral 
Babbar a lt*  

OaOaarf 
Baraaptaa

Rataral 
Babaar aitfc 
Olbatyl Tia 

Bilaarata

MatatalBabbar a itb  
Aabaataa 
P illar

I r rW itii ta  i f i i i f i • 0 0 0 0 t
n o '*  m i ) •.*» 0.8* o.s* O.S* O.S* O.S*

•.•0 0.40 0.40 0.40 O.M O.M

Tm i U i  i l m « t k WO 1*00 SOM SIM SMO U N
(M i) ISM M0 SOM 14M ISM 10M

«M M0 ISM SM 7*0 ISM

llM M « i«  (*) 4*0 440 4M SOO SSO M
M 40 SSO 1M 110 40
to 10 110 10 40 10

•tor* A m n u r T* ro 41 4* M OS
k tr iM ii OS 04 78 7* 74 04

00 OS M 04 OS 97

Mmti t l M i i t i t y •1 TS 1M OS 7* M
4* 40 70 40 40 SS

m ss *0 SO SO -

C nfN M iM  Ml (1)
Strata iaaaOiataly SI so M ss SS IS
a lta r i f f l i t t l i a • 10
a l  u a s s 14 IS 4 4

Piaal 4afaraatiaa • M 1S.0 4 11 10
s 7.S
s S.4 4.S 1.4 S 1.1

Spacific ( r t r i i r 1.410 l.SOO 1.1M l.SS l . l» 1.7S
(tS*/4#C) I.4SS l.SOS 1.107 l.SS 1.10 1.7S

1.444 I.S79 1. its l.SS 1.7*

aaa«a ia a a ifk t  («) . - 00 " m
m m 0» - - •

0.10 o .to •o.os O.OS *0.14 o.os

Valaaa n a i a t i t i l y 10»» 10‘ * 10** 10** 10** 14**
(aka-aa) 10* m 10 *• m -

10* 10** 10** 10** 10** > 10**

Dtalactria a lra a |tk *00 SM SM ISO US > 4M
W a il ) M4 *00 SM ISO 11* 4M

SM SOO 1M - US 4M

t :
•  •  •  •  ••kj : l• t  M  •  •  ••  •  •  f
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Table 14
CM PM ITI4M  m  NATURAL ANN BUTYL BURMA CNBBINATINNS

9

«

BABTOOM ( p a r t s  by u e ig b t)
If Natural h k k a r  te  

Butyl. **:75
Natural h k k a r te  

■Utyl. 14:44
N atural h b k a r te  

Butyl Ikaclain. 
144:99

N a tu ra l  rubber s a . N * 1 .4 14.4 144.9
B uty l rubber s t . t 7 5 .4 99.4
l i n e  a s id e I . C 1 .4 1.4 5.4
M V black 76. • 7 4 .4 79 .4 74.4
S te a r i c  sa id t . t t . 4 S.4 t . 4
fhaoyl beta eapbthylauiae 1 .4 1 .4 1.4 1 .9
C ap tea 4 .71 4 .7 5 9 .75 4 .7 9
D iphenyl gueaid iae 4 .14 4 .5 4 9 .54 4 .1 9
S u lf u r t . S 1 .4 1.14 t .M
■Utyl r a c la ia 94 .9
C a lc ia a  s i l i c a t e 14.4 14 .4 14.4

a

T o ta l p a r ts 141. « f 191.45 194.75 t 4 I . 4 4

V
I r r a d i a t i o n  p r o d u c e s  q u a l i t a t i v e  
c k a i f i i  i a  V a l c o 11 an o f  t k «  s a n e  
a a t n r o  aa  t k o i t  p r o d a e t d  i a  H y c a r  
P A - 2 1 .  The p h y s i c a l  p r o p a r t i a a  o f  
V a l c o l l a a  aro  l i s t e d  i n  T a b le  16 a long 
w i t h  t h e s e  o f . Hycar  P A - 2 1 .  A a e r o  
c o o p l o t e  d e s c r i p t i e a  o f  Hycar  PA-21 
i a  g iv e n  i a a  r e c e n t  q u a r t e r l y  r epo r t .***  
V a l c o l l a a  appears  to  k e a o r e  r a d i a t i o n -  
r e e i a t a a t  thaa Hycar i a  a l l  r e a p e c t e .  
A l t h o a g h  t h e  t e a e i l e  e t r e a g t h  o f  
V a l c o l l a a  d a c r a a s a a  f a a t a r  a t  t h e  
b e g i n n i n g ,  i t  r e t a i n s  s e r a  s t r e n g t h  
t h a a  t h e  Hycar a f t e r  l o a g  p e r i o d s  o f  
i r r a d i a t i o n .  The f a c t  t h a t  t h e  
t e n s i l e  s t r e n g t h  o f  H y c a r  h a a  i a -  
c r a a e a d  n a r h e d ly  f a r  t h e  l o a g e a t  i r ­
r a d i a t i o n  p e r i o d  d o e a  a n t  a e a a  t h a t  
i t  i a  r a c o v a r i a g ,  h a t  t h a t  i t  i a  oa  
t h a  ve rge  of d e t e r i o r a t i n g  c o a p l e t e l y .  
D a r i n g  t h i n  f i n a l  s t a g e  o f  d a a a g a  
n a n y  a a t e r i a l a  hecono v a r y  h a r d  and 
b r i t t l e ,  w i th  a r a s a l t a a t  i a c r e a a o  i a  
t a a a i l a  s t r e n g t h .  Tha h a r d a a s a  and

( , W .  ra> *» »• M.

e l e a g a t i o a  v a l a e s  f a r  V w l c e l l a a  a r e  
c o n s i d e r a b l y  b a t t e r  thaa  t h o s e  f a r  th a  
H y c a r  a f t e r  t h a  l a a g a a t  i r r a d i a t i o n  
p e r i o d ,  and the  e l e c t r i c a l  p r o p a r t i a a  
o f  V a l c o l l a a  have a a d e r g o a e  a l n o a t  ae  
change ,  whereas the r a a i s t i v i t y  o f  the 
Hycar has  decreased b y e  f a c t o r  o f  10*.

T h e r e  a re  s i n i l e r i t i e s  between the  
r a d i a t i a a - i a d a c a d  h a rd e n in g  o f  s l a n t s -  
n a r a  and  t h e  h a r d a a i a g  p r a c a e o  by 
which a a v o l c a a i t e d  raw r n b h e r  c r y s t a l -  
l i a n a  apoa  a g i n g .  I a  n a a y  o f  t h e s e  
a a t o r i a l s  i t  i s  feaad t h a t  i r r a d i a t i o n  
h a r d e n s  tha  n o t a r i a l  and i a c r a a a a a  tha  
s p e c i f i c  g r a v i t y .  S in ce  t h e s e  changes  
a f t a a  occu r  with  aa  gas  e v e l a t i o a , * 1*> 
i t  i s  supposed  t h a t  t h a  h a r d a a i a g  and 
t h e  i a c r a a a a  i a  s p e c i f i c  g r a v i t y  nay 
• a t  ha  c a u s e d  by c b e n i e a l  r e a c t i o n .  
T h i s  n a y  t h a a  ha t a h a a  a s  e v i d e n c e

n -r r  j |4 \  j f ! f  f,
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Table l«
d V M I M M P  BAOIATI#M M U M  T l 

n c a  M - l l  1IT* TUT T# TVICUUN

siASToattia
■year PA-11 V e te e l lm

I r r e d i a t i e a 9 0
exposure 9 . f t o.*s
CIO19 ova) 1.4 1 .0

S .4 S .4

T e e .i le *000 S490
s t r e n g th 1*00 1090
(p a i ) 400 so#

1S09 *40

C le a g s t ie a *30 400
(%) •0 ISO

>0 SO
<* 10

Shore I t 74
d u re o a to r IS 7*
h ard n ess 00 74

99 90

Share 70 10#
e l a s t i c i t y 4* 00

SS *0
• t s

S p e c if ic 1 .*49 1.1*7
g ra v ity 1.S79 I.1 4 S
(85"/«*C ) 1.ST4 1. *43

1.190 1.154

Change i a •

v e ig k t  <«) •0.17 o.os
•1 .7 -# .1 9
•7 .0 -5 .0

Velnoe ID19 t  a 10*
t e a i s - • I  a  10*
t i v i t y • * a  10*
(eho-co ) 10* * x 10*

D ie le c t r i c 111 > n #
s t r e n g th 111 > * 1 0
( v / o i l ) 111 >S 10

111 *00

t h a t  t ke  a i a t a r i a l a  a r e  becoming a o r t  
c r y s t a l l i n e .  A p r o f r a a  h a a  b e e n  
i a i t i a t e l  t o  s t u d y  t h e  x - r a y  d i f ­
f r a c t i o n  p a t t e r n s  ( c f . , "X-Ray Work,"  
t h i a  r e p o r t )  o f  i r r a d i a t e d  a nd  e on -  
i r r a d i a t e d  a l a s t o a e r s  t o  o b t a i a  ad -  
d i t i a a a l  d a t a  aa tka  change in s t r a c t a r a  
o f  t k e s a  M a t e r i a l s .

BADIATIM-INDUCED ACTIVITY IN
■ A m i  als ar cdnstducti dn

C. D. Bopp R. L. Toons 
V. K. Ki rkland

Tke g a a a a  decay o f  s e v e r a l  s t a i n -  
l e a .  a t o  a l a  and  o t k e r  a l l o y a  and 
•  e t a  l a  t h a t  s e r a  a c t i v a t e d  i a  t k e  
i s o t o p e  s t r i n g e r  o f  tke  ORNL g r a p h i t e  
r e a c t o r  ka s  been observed loag enough 
s o  t h a t  t h e  a a j o r  p o r t i o n  o f  t k e  
r e a a i n i a g  a c t i v i t y  i a  aou Co*9 . Tke 
q u a n t i t y  o f  c o b a l t  i s  g r e a t e s t  f o r  
a i c k e l - c o a t a i a i a g  a l l o y s ,  b a t  an 
aaount o f  t h e  o rde r  of  0.01% i a  p r e s e n t  
i a  a l l  t h e  i r o a  a l l o y a .  A r e p o r t  
c o n t a i n i n g  d e ca y  c u r v e s  f o r  a l l  t k e  
• e t e r i a l s  i r r a d i a t e d  i s  near  1 y comple t e  
and w i l l  p r o b a b l y  be i s s u e d  d u r i n g  
tke c e a i a g  q u a r t e r l y  pe r iod .

A c a r v e  p r e a e a t e d  i a  ORNL-1095*4 * 
as  t k e  d e c a y  o f  r e a c t o r - i r r a d i a t e d  
t u a g a t e a  h a s  b e e n  f o u n d  t o  bo i a  
e r r o r .  T h e  a a t e r i a l  was t u a g a t e a  
s t e a l ,  a n a l y s e d  as  SS.27% t o a g s t e n ,  
( 3 . 97% i r o n ,  0 .047% a a a g a a e s e ,  and 
l e s s  t k a a  0 . 0 0 1 %  c o b a l t .  I a  t k e  
f u t u r e ,  s p e c t r o g r a p k i c  e a a l y s e a  o i l l  
be  a a d e  a f  a l l  t k e  M a t e r i a l s  f o r  
vkicb decay cu rves  a re  given.

• /  A . l t d *  f a . M t . t .  9 a . r t . r l r  
P r . g r . . .  S . p . r t  f a r  f a r  t a d  t a d i a |  A p r f l J S ,  
19SI a OWL* p*
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I-BAT MBB

G. I .  X l e i a  r .  A. S h s r r i l l

The N or th  A a c r i c o a  P h i l i p s  x - r a y  
• o i t  woo i a s t a l l s d  aad sqo ippad  w i t h  
o h i g h - v o l t a g e  s w i t c h  t h o t  SBohloo  
t h o  power  f rw w  t h o  P h i l i p s  p o w e r  
supply  to  ho s w i t c h e d  i s s t s s t s a o o o s l y  
t o  t h o  G o w e r s !  E l e c t r i c  h o t - c e l l  
s p e d  r o w s t a r , t o  a  secaad « - r sy  t a h l o  
c o a t o i n i s g  s P h i l i p s  h i g h - a a g l e  
s p o c t r o a s t e r , o r  t o  tho  toho i a  t h o  
P h i l i p s  n i t  i t a o l f .  Tho h ig h - v o l t a g e  
s w i t c h  i s  a q a i p p e d  w i t h  i a t o r l w c h o  
sad  s a f o g a s r d o  s o  t h a t  a s  doasgo t o  
s a y  e q e i p a o a t  w i l l  r a s t ’ t  i f  t h e  
c a o l i s g  w a te r  i a  a c t  to r a o d  aa o r  i f  
a c c i d o a t s l  s w i t c h i a g  t a h o s  p l a c o  wa 
aay of  tho a a i t a .

Bacons* t h e  h i g h  v o l t a g e  a a s t  ha 
t r e a a a i t t e d  t o  t h o  G-E h a t - c e l l  
s p o c t r a a o t o r  t h r o o g h  a p p r o x i a a t e l y  
70 f t  o f  h i g h - t e a a i o a  c a b l s ,  a a d  
a l s o  s i a c o  t h o  G * I  t y p o  CA-7 d i f -  
f r s c t i o a  toho f i l a n o a t  c o a t s i a *  h i g h e r  
r o s i s t a a c o  t h a a  t h a  f i l a a e a t  i a  a 
P h i l i p s  t a h a ,  t h a  a a a i a a a  c a r r a a t  
e a t p a t  a h t a i a a h l a  f r a a  tho G-E x - r a y  
toho i s  a p p r o a i n a t a l y  7 aa ,  as cowparod 
w i th  20 aa f r a a  a P h i l i p s  t ah a .  T h i s  
does  a a t ,  h o w e v e r ,  p ro v o a t  tho  r a d i -  
a t i e a  f r a a  t h a  G-E to h o  f r a a  h a i a g  
aoahlo  fa r  s a v a r a l  typos  o f  a x p e r i a a a t a .

Tho h o t - c a l l  s p o c t r a a o t o r  i s  s t i l l  
l o c a t e d  i a  t h a  h o o c h - t e s t  p a a i t i a a

a a t s i d o  o f  h o t  c a l l  No. I .  I t  i a  
ha iag  oaed t o  d o t a r a i a c  roch iag-cwrva  
d a t a  f r o a  s t o g i e  c r y s t a l s  of c o p p e r .  
I a  t h i s  s a t a p  t h a  a - r a y  heea i a p ia g o a  
a a  a s i a g l o  c r y s t a l  a f  a i c s ,  sad  t h a  
a a a o c h r o a s t i s a d  b o s s  i s  a l l o w e d  t o  
f a l l  so s p a r t i c u l a r  c r y s t a l l o g r a p h i c  
p l a a o  o f  tho  c o p p e r  c r y s t a l  t h a t  i a  
B o a s t e d  oa a g o a i o a e t e r  h e a d .  Tha 
i a t o a s i t y  o f  t h a  d i f f r a c t e d  haoa  i a  
r e c o r d e d  i a  a p r a p a r t i o a a l  c a a a t o r  
c i r c a i t .  Tha p l a a a  o f  t h o  c a p p e r  
c r y s t a l  i s  a o a t  a a v a d  th r a a g h  a c c a -  
r a t o l y  d e t e r a i a s d  a a g l o o ,  aad t h a  
c a r r a o p o a d i a g  i a t a a a i t y  d i s t r i h e t i e a  
i s  recorded fo r  e a c h  p e i a t .

Verb with tho a n a l l - o a g l o  s c a t t o r i a g  
e q u ip a o a t  has  i a v a l v c d  a i a o r  a o d i f i -  
c a t i o a s  i a  t h i s  a p p a r a t a s .  Tho copper 
a - r a y  r a d i a t i o a  i a  a a a o c h r o a a t i s o d  by 
a c a l c i t o  c r y s t a l  t o  g i v e  o s h a r p l y  
d o f i a c d  h c a a  a f  C a f # | i  r a d i a t i o a  
t h a t  a s t e r s  oa e v a c a a t e d  c h sa h e r  aad  
p a sse s  throogh a v e r t i c a l - s l i t  s y s t o a  
dasigaod to  c a t  a a t  t h a  Cmgm coapoaoat.

Pottovas  a f  a l o a t a a o r s  aad p l a s t i c s  
before  aad a f t e r  i r r a d i a t i o a  a rc  h a ia g  
recorded  to  d o t a r a i a a  whether  chaagwe 
a r e  p redeced  i a  t h a  a t r a c t a r a  a f  t h a  
v a r io c s  a a t a r i a l a  by hoahar d a o a t . The 
r a s o l t s  of  tho a - r a y  o a a a i a a t i a o  w i l l  
ho c o r r e l a t e d  w i t h  c h aa g o s  i a  e a g i -  
a o o n a g  p r a p o r t i a a  a f  t h a  a a t a r i a l a  
t h a t  have haoa a h o a r v e d .  A l i b r a r y  
o f  a - r a y  p a t t e r a s  a f  aaay  o l a s t a a o r s  
a ad  p l a s t i c s  i a  h a i a g  h a i l t  ap  f a r  
f a t a r a  ro fo roaco .
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SPECIAL PROJECTS

M I U 1 I W  •ABACI I f  BICCSIXANIMIC 
■A TM  ALB

R. H. Keraobaa

E l e c t r i c a l  r e s i s t i v i t y  B ta i a r n w a t i  
war* a a d t  a i  two i r r a d i a t e d  sp e c ia e a s  
a f  c o p p e r -g o ld  a l l a y ,  a aa  o rd a ra d  aad 
tk a  o t h e r  d ia a r d a r a d .  Tka a p e c ia e a a  
h a d  b e a n  a a b j a c t a d  t o  a a  s e t  a f  
1 .7  * 10**. TVe r e s i s t i v i t y ,  c o rre c te d  
t a  0*C. o f  tka d ia a rd a ra d  a p a c ia a a  bad 
ia c r a a a e d  f r a a  11.21 to  1 1 .7 2  p«ka*«a, 
a k a re a e  tba  r a a i a t i v i t y  o f  tb e  o rd ered  
a p a c i a a a  bad ia c r a a a e d  f r a a  4 .4 4  t a  
1 0 . 7 )  iiak a*  c a .  T b i a  wo r k  a a y  be 
c o r r e l a t e d  a i t b  a a r h  p r e v i s e s l y  
p a b lio b a d  aa e r d e r * d is o r d e r  pheaooeaa 
i a  c a p p e r* fo ld  ■ a a p l o a . <>)

Rovfk a a a a a ra a a a ta  a e ro  Bade o f  tba  
i a d a c e d  a c t i  v i t x - r v i  a  a a a b a r
P l t c r i t l * . . __ K m  a o b a ta a c e u  ao ra
a a i f b a d  aad  p la c e d  i a  t b e  c a a t a r  a f  
k o la  B a f  tb a  OBNL g r a p h i t e  r a a c t a r  
f a r  a p p r e a ia a te ly  aaa a aab . Tba to t a l  
i r r a d i a t i a a  t i a a  aaa 1)3  b a a r a .  Tka 
b e ta  aad  gaaae a c t iv i  t i a a  a o ra  aaaaarad  
by a e a a a  a f  a  c a t i a  p i e  b a l d  i a  
c o a t a c t  a i t b  aacb  a p a c ia a a .  R a a a lta  
a re  ta b a  I a te d  ia  Tabla 17.

t .  •* 11 •••< ••  m 4 I . A tepel t  » //♦«>  # /  
l i i l i e *  A« eater I W it h e ,  ee * • « • ( • .  AKS>MM.

ta b le  I t

ACTIVITT M a i H W  00 M I W I A U  BBPM8B IB 
m  « W l  MAPBITt M A C 1N . M U  •

BCTA AND CAmU ACTIVITY* ( a r /b r /g )

MATCRIAL S br 
A fte r 

Reeeval

1C b r 
A fte r 

Reaevat

t t  br 
A fte r  

Neoeval

1C b r 
Af t e r  

Beoevat

IS* br 
A fte r  

■ aaaval

A la a ia a o , 00.90* U S 100 05 44 23

A la a ia a a , 9 9 .7S* 320 210 OS 22 2
I r o a  (S aad iab) 12S 75 4S 39 24
N ag aesiea

(D a aa a ta l No. Si 135) 170 12S ss 24 7

M o  r 103 OS 45 22 11
B a b e l i te 100 140 OS 27 9

N eopreae S 5500 4200 2100 too 220

N oopraaa 0 2100 132S 77S 500 27S
N eopreae V 2S00 1S00 92S S7S 305

N aopraaa CN 2110 2200 122S 725 44S

N eopreae DN 2250 102S 92S 000 375

N aopraaa GNA 26S0 1775 1200 6S0 400

N aopraaa R+ 2310 2000 1000 COO 270

i MWHeili eeS« till mle ,ie MU ia •••!•«* till tpeeiaee.
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