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INTRODUCTION AND SUMMARY 

P r e s e n t e d  he rewi th  i s  t h e  c l a s s i f i e d  s e c t i o n  of  t h e  ORNL P h y s i c s  D i v i s i o n  
p r o g r e s s  r e p o r t  c o v e r i n g  t h e  p e r i o d  J u n e  25-September 2 5 ,  1949.  The u n c l a s -  
s i f i e d  work f o r  t h e  same p e r i o d i s  r e p o r t e d  i n  ORNL 481, A summary o f  t h e  pro-  
g r e s s  r e p o r t e d  i s  a s  f o l l o w s :  

Neutron Absorption in Fission Product Samarium. The s low n e u t r o n  t r a n s -  
m i s s i o n  spectrum of f i s s i o n  p roduc t  samarium h a s  been examined t o  see i f  t h e r e  
cou ld  be some form of  Sml*@ which does n o t  s t r o n g l y  abso rb  n e u t r o n s .  The e x p e r i -  
ment depends upon t h e  measurement of  t h e  s t r e n g t h  o f  t h e  0.096 e v  r e s o n a n c e ,  
and t h e  d e r i v a t i o n  t h e r e f r o m  o f  t h e  number o f  S m u g  atoms p r e s e n t .  Comparison 
w i l l  be made w i t h  t h e  number o f  Sm"'atoms e x p e c t e d  t o  be made a c c o r d i n g  t o  
f i s s i o n  y i e l d  d a t a ;  t h i s  l a s t  i n f o r m a t i o n  i s  n o t  a t  hand a s  y e t .  

Resonance Escape Probability in Z F - H , O  Systems. The a p p a r a t u s  i s  r e a d y ,  
and t h e  a r r i v a l  o f  t h e  z i r c o n i u m  is a w a i t e d .  

Shielding. A number o f  c o n s u l t a n t s  s p e n t  t h e  summer a t  ORNL t o  a i d  i n  an 
e v a l u a t i o n  o f  t h e  p r e s e n t  s t a t u s  o f  t h e  whole s h i e l d i n g  program. T w e n t y - s i x  
r e p o r t s  c o n t a i n  t h e  r e s u l t s  of  t h e i r  s t u d y $  

The a t t e n u a t i o n  o f  n e u t r o n s  i n  w a t e r  h a s  been measured i n  t h e  " l i d  tank";  
t h e  r e s u l t s  cove r  an i n t e n s i t y  range of  ove r  10'. 

A n a l y t i c a l  work on s h i e l d i n g  c o n t i n u e s  a l o n g  t h e  d i r e c t i o n  o f  s t u d y i n g  
t h e  s o l u t i o n  o f  t h e  Boltzmann e q u a t i o n  f o r  non-hydrogenous m a t e r i a l s .  

ORNL Pile Study. A s t u d y h a s  shown t h a t  t h e  s low n e u t r o n  f l u x  i n  t h e  ORNL 
g r a p h i t e  r e a c t o r  can p r o b a b l y  be i n c r e a s e d  by a f a c t o r  o f  a b o u t  7 by r e p l a c -  
i n g  t h e  p r e s e n t  l o a d i n g  o f  normal  uranium s l u g s  w i t h  e n r i c h e d  uranium a l l o y  
s l u g s ,  w h i l e  t h e  o p e r a t i n g  power r ema ins  unchanged. I f  a t  t h e  same t i m e  t h e  
l a t t e r  c a n  be i n c r e a s e d  s l i g h t l y  a s  a r e s u l t  o f  t h e  e l i m i n a t i o n  of  t h e  p r e s e n t  
s l u g  c o a t i n g  f a i l u r e  problem, a f a c t o r  o f  10 i n  f l u x  d o e s  n o t  seem o u t  of t h e  
q u e s t i o n .  The p r o p o s a l  i s  h i g h l y  a t t r a c t i v e  from t h e  p o i n t s  of  view o f  i s o t o p e  
p r o d u c t i o n ,  chemica l  s e p a r a t i o n  o f  f i s s i o n  p r o d u c t s ,  and e x p e r i m e n t a l  u s e  of  
t h e  p i l e .  

Physics of the Solid State. Measurements of t h e  e f f e c t s  o f  p i l e  i r r a d i -  
a t i o n  upon copper  b a s e  a l l o y s  have been c o n t i n u e d ,  One s u r p r i s i n g  o b s e r v a t i o n  
i s  a d e c r e a s e  i n  r e s i s t a n c e  i n  Cu-Zn and Cu-A1 accompanying an i n c r e a s e  i n  
h a r d n e s s .  
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The P a t e s t  s e t  o f  U-AP a l l o y  samples  have been r e t u r n e d  a f t e r  a month’s  
i r r a d i a t i o n  a t  Hanfo rd .  Measurements a r e  i n  p r o g r e s s .  

I r r a d i a t i o n  o f  b e r y l l i u m  150 days a t  Hanford has  been found t o  produce no 
c h a n g e  i n  e l e c t r i c a l  r e s i s t i v i t y .  Z i r c o n i u m  s a m p l e s ,  on t h e  o t h e r  h a n d ,  
showed a n  i n c r e a s e  i n  res i s t i v i t y  a 

A new a p p a r a t u s  f o r  f a s t  n e u t r o n  i r r a d i a t i o n s  h a s  been i n s t a l l e d  i n  t h e  
I t  c o n s i s t s  o f  a c a v i t y  s u r r o u n d e d  by w a t e r - c o o l e d  UB6 a l l o y .  

C o n s i d e r a b l e  e f f o r t  h a s  been devo ted  t o  t h e  d e s i g n  and t h e  f u r n i s h i n g  of  
ORNL r e a c t o r .  

t h e  new P h y s i c s  o f  S o l i d s  h o t  l a b o r a t o r y .  
A s h a r p  d e c r e a s e  i n  the rma l  c o n d u c t i v i t y  o f  u ran ium-bea r ing  g r a p h i t e  was 

obse rved  a f t e r  t h r e e  weeks’ i r r a d i a t i o n  i n  t h e  ORNI, r e a c t o r .  
The s p e c i f i c  h e a t  o f  u ran ium h y d r a t e  m e l t s  h a s  been found t o  be  0 .33 

c a l o r i e s  p e r  gram i n  t h e  t e m p e r a t u r e  r a n g e  6 5 ”  t o  l o o 6  C .  
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NUCLEAR PHYS I CS 

Fission Product Samarium (L. W. Cochran). L . - R .  B o r s t a n d t h e  Chalk R i v e r  
group have sugges t ed  t h a t  e i t h e r  t h e  Smi4@ f i s s i o n  y i e l d  is  lower than  supposed 
or e l s e  a l o n g  l i v e d  i s o m e r i c  s t a t e  o f  Smf4* e x i s t s  wh ich  d o e s  n o t  a b s o r b  
n e u t r o n s .  We have been c o o p e r a t i n g  w i t h  B o r s t  and h i s  a s s o c i a t e s a t  Brookhaven 

N a t i o n a l  L a b o r a t o r y i n  an a t t e m p t  t o  i n v e s t i g a t e  t h e  v a l i d i t y o f  t h i s  s u g g e s t i o n .  
The gross 

r a r e  e a r t h  f r a c t i o n  was p u r i f i e d  by normal chemica l  p r o c e d u r e s  and t h e n  g i v e n  
a f i n a l  p u r i f i c a t i o n  by an i o n  exchange column e x t r a c t i o n  a t  MIT. The c e n t e r  
c u t  from t h e  Samar ium f r a c t i o n  was s h i p p e d  t o  ORNL. G. W. P a r k e r  of  t h e  
Chemistry D i v i s i o n  d e p o s i t e d  t h e  s e v e r a l  microgram s a m p l e s  i n t o  one o f  t h e  
s p e c t r o m e t e r  c a p i l l a r y  t u b e s i n  t h e  form of  o x a l a t e  u s i n g  lanthanum a s  c a r r i e r .  

T ransmiss ion  measurements of  t h e  sample were t a k e n  w i t h  t h e  s p e c t r o m e t e r  
a s  a f u n c t i o n  of  e n e r g y  from 0.02 t o  0.20 e v .  These  measurements needed l o n g  
c o u n t i n g  times s i n c e a l l  t h e  t r a n s m i s s i o n s  were g r e a t e r  t han  90%. The samarium 
r e s o n a n c e  a t  0.096 e v  a p p e a r e d  i n  t h e  d a t a  w i t h  a s t r e n g t h  c o r r e s p o n d i n g  t o  
t h e  p r e s e n c e  o f  a b o u t  2 x 10'' atoms o f  Sm14@. The d e c i s i o n  a s  t o  whe the r  or 
n o t  t h i s  number o f  atoms c o r r e s p o n d s  t o  t h e  a c c e p t e d  f i s s i o n  y i e l d  s h a l l  have 
t o  a w a i t  our  r e c e i v i n g  more e x a c t  i n f o r m a t i o n  abou t  t h e  h i s t o r y  of  t h e  sample.  

A s l u g  i r r a d i a t e d  a t  Oak Ridge was p a r t i a l l y  d i s s o l v e d  a t  BNL. 

Resonance Escape Probability for Zirconium-Water System (J. I. Hoover). 
The equipment f o r  t h i s  expe r imen t  h a s  been c o n s t r u c t e d  a n d a n u m b e r  o f  measure- 
ments made i n  w a t e r  t o  d e t e r m i n e  i t s  r e p r o d u c i b i l i t y .  C u r r e n t l y  t h e  e x p e r i -  
ment is  b e i n g  h e l d  u p  p e n d i n g  t h e  d e l i v e r y  of  t h e  z i r c o n i u m  from t h e  Bureau  
o f  Mines,  The p r e s e n t  s c h e d u l e  c a l l s  for c o m p l e t i o n  o f  t h e  m e t a l  d e l i v e r i e s  
by November 15 ,  a t  which t i m e  t h e  work w i l l  be resumed.  

8 



'SHIELDING' 

Summer Session on Shielding. A summer work s e s s i o n  on s h i e l d i n g  w a s  h e l d  
between June  1 5 a n d S e p t e m b e r  1 5  under  t h e  l e a d e r s h i p  o f  Ga le  Young. The t o p i c s  
c o v e r e d  c a n  b e  s e e n  from t h e  f o l l o w i n g  l i s t  o f  r e p o r t s  i s s u e d  by t h e  work 
s e s s i o n :  ( T i t l e s  a r e  t e n t a t i v e  i n  some c a s e s ,  and may be c h a n g e d . )  

E .  Friedman and H .  Feshbach, Collection of Data for Shielding, ORNL 418 
fl. Feshbach, Neutron Data for Water Shielding, ORNL 417 
H. Feshbach, Fast Neutron Data, ORNL 433 
W. K. Ergen,  Total Cross Section of Light Elements as Obtained from the 

University of Minnesota, ORNL 426 
E. E .  B l i z a r d ,  Capture G a m a  Rays, ORNL 419 
6 .  Young and E. P. B l i z a r d ,  Summary of Gamma Rays from Fission and Fission 

Products, ORNL 420 
J .  L. Powell  and W. S.  Snyder ,  Absorption of Gamma Rays, ORNL 421 
T. A. Welton,* ( r e v i e w  of  a n a l y t i c a l  methods f o r  s h i e l d i n g  c a l c u l a t i o n s )  
J.. W. B u t l e r ,  Asymptotic Neutron Distribution in a 3 Component Mixture with 

Forward Hydrogen Scattering, ORNL 431 
F.  H. Murray, Approximate Analysis of the Penetration of Neutrons through a 

Thick Shield Composed of Non-Hydrogenous Materials, ORNL 424 
T.  A .  Welton and G. G o e r t z e l ,  Asymptotic Distribution of Neutrons from a 

Point Source in a Medium Containing Hygrogen 

and an Isotropic Scatterer, ORNL 425 
G .  Young, Piece-Rise Greuling Solutions for Hydrogen, ORNL 415 
G ,  Young, On Straight-Ahead Gamma Transmission with a Minimum in the 

Cross-Section, ORNL 416 
G .  G o e r t z e l  and H .  Kahn, Monte Car20 Methods for Shield Computations, ORNL 429 

G, G o e r t z e l ,  Quota Sampling and Importance Functions in Stochastic Solution 
of Particle Problems, ORNL 434 

G. G o e r t z e l ,  A Proposed Particle Attenuation Problem, ORNL 423 
M. L. Nelson,  A Monte Carlo Computation Being Made for Neutron Attenuation in 

later, ORNL 439 
H. P. S l e e p e r ,  A Critical Review of ORNL Shield Measurements: Neutron 

Attenuation, ORNL 436 
E .  P. B l i z a r d ,  Measurements on Hanford Type Shields, ORNL 430 

* On s p e c i a l  c o n t r a c t  v i t h  AEC ( D t .  George Weil). 
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E .  P, B l i z a r d ,  Canadian Measurements of an Iron-later Shield, ORNL-428 
H .  I?. S l e e p e r ,  and C. E. C l i f f o r d ,  Attenuation Measurements in Heavy 

Aggregate MI Concrete, ORNL 438 
W.. K. Ergen and C. E. C l i f f o r d ,  Neutron and Gamma Attenuation through 

Tungsten Carbide and Boron Carbide, ORNL 435 

W. K. Ergen,  E .  P. B l i z a r d ,  C. E. C l i f f o r d  and G. Young, Program for the ORNL 
Bulk Shield Testing Facility, ORNL 427 

J ,  L .  Powell ,  Gamma-ray Attenuation Experiment References, ORNL 422 
E. P. B l i z a r d ,  Notes on the Cost of Enriched Boron in Ton Lots, ORNL 432 
J. R .  D i e t r i c h ,  Preliminary Estimate of an Iron-Water Shield f o r  the Naval 

Reactor, ORNL 440 

These r e p o r t s  cove r  ORNL 415 t o  440 i n c l u s i v e ,  p l u s  t h e  r e p o r t  by Welton i s s u e d  
th rough  t h e  AEC, by ORNL. 

P a r t i c i p a t i n g  p e r s o n n e l  and t h e i r  s p o n s o r s  are  l i s t e d  below: 

AEC 
ANL 

ORGANIZATION I NDI V I DUALS 

B u r e a u  o f  A e r o n a u t i c s  
Bureau of S h i p s  
KAPL 
NEPA 

M I A  

ORNE 

RAND 

.T, A .  Welton 
J .  W. B u t l e r  
J .  R .  D i e t r i c h  
R .  Z i r k i n d  
E, P. B l i z a r d  
H. P. S l e e p e r  
W. K. Ergen 
J .  L .  Powell  

F .  L. Friedman 
G. G o e r t z e l  
H .  Feshbach 
G. Young 

C ,  E. C l i f f o r d  
F .  H.  Murray 
M. L. Nelson 
W. S. Snyder  

H .  Kahn 

SPONSOR 

AEC 
AEC 

Navy 
Navy 
AEC 
A i r  Fo rce  

Navy 

AEC 

A i r  Fo rce  
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Neutron Attenuation in Water; Lid Tank Measurements (C. E. Clifford). 
Dur ing  t h e  l a s t  q u a r t e r  t h e  d i s t r i b u t i o n  of  t he rma l  n e u t r o n s  a l o n g  t h e  a x i s  o f  
t h e  l i d  t a n k  w i t h  n o  s o u r c e  i n  p l a c e  and w i t h  t h e  bo ron  s h u t t e r s  c l o s e d  h a s  
been measured. T h i s  was done p r i m a r i l y  t o  o b t a i n  t h e  magnitude o f  t h e  back- 
g r o u n d  p r e s e n t  i n  t h e  t a n k  due  t o  p i l e  n e u t r o n s .  The t h e r m a l  n e u t r o n f l u x  
a d j a c e n t  t o  t h e  s o u r c e  c o n t a i n e r  was a l s o  measured t o  a l l o w  a n  e s t i m a t i o n  o f  
t h e  s o u r c e  i n t e n s i t y  t o  be e x p e c t e d  i n  t h e  f a c i l i t y .  

These measurements were t a k e n  w i t h  t h e  f o l l o w i n g  i n s t r u m e n t s :  

(1) A n a t u r a l  u ran ium f i s s i o n  chamber w i t h  a p p r o x i m a t e l y  a 
K i n .  e f f e c t i v e  a r e a .  

( 2 )  A U'"" f i s s i o n  chamber w i t h  a 3 i n .  e f f e c t i v e  a r e a .  

( 3 )  S t a n d a r d i z e d  indium f o i l s .  

( 4 )  BF, c o u n t e r  ( 1 i n .  d i a m e t e r ,  8 i n .  l e n g t h ) .  

( 5 )  BF, c o u n t e r  ( 2  i n ,  d i a m e t e r ,  25 i n .  l e n g t h ) . .  

These  d a t a  a r e  r e p o r t e d  i n  F i g .  1 i n  which a l l  t h e  d a t a  o f  t h e  v a r i o u s  
c o u n t e r s  have been n o r m a l i z e d  t o  t h e  nv measurements o f  t h e  f o i l s .  A s i g n i -  
f i c a n t  b a c k g r o u n d  ( w h i c h  i s  i n d i c a t e d  i n  t h e  f i g u r e )  was d e t e c t e d  a t  t h e  
b o u n d a r i e s  o f  t h e  t a n k ,  a l t h o u g h  t h e  t a n k  which p l u g s  t h e  h o l e  t h r o u g h  t h e  
s h i e l d  was f i l l e d  w i t h  w a t e r .  

Solution of t h e  Boltzmann Equation for Non-Hydrogenous Materials (F. H. 
Murray). In t h e  a n a l y t i c a l  s t u d i e s  o f  t h e  s h i e l d i n g  problem i t  i s  shown t h a t  
t h e  s o l u t i o n  o f  t h e  Boltzmann e q u a t i o n  f o r  non-hydrogeneous m a t e r i a l s  can be 
r educed  t o  a system o f  e q u a t i o n s  of  t h e  t y p e  s t u d i e d  by R i r k o f f ,  f o r  a f i n i t e  
d i s t a n c e  f r o m t h e  s o u r c e  which i s  assumed t o  have a con t inuous  ene rgy  d i s t r i b u -  
t i o n ,  The B i r k h o f f  s o l u t i o n s  a r e  a s y m p t o t i c  i n  t h e  s e n s e  t h a t  t h e  s o l u t i o n  
can  be r e p r e s e n t e d  a s  a power s e r i e s  i n s  v a r i a b l e e w h i c h  i s  t h e  ave rage  Log 
e n e r g y  l o s s  p e r  c o l l i s i o n .  The method i s  l i m i t e d  t o  t h e  c a s e  i n  which o n l y  a 
d e f i n i t e  f i n i t e  n u m b e r o f s p h e r i c a l  harmonics can be assumed s u f f i c i e n t  f o r  t h e  
so  l u  ti on. 

Fo r  m a t e r i a l s  and e n e r g i e s  such  t h a t  t h e  B e t h e - P l a z a k  shadow s c a t t e r i n g  
i s  i m p o r t a n t ,  such  a s  a m i x t u r e  of  l e a d  and w a t e r  a t  h i g h  e n e r g i e s ,  t h e  c a l c u -  
l a t i o n  o f  t h e  f l u x  a t  l a r g e  d i s t a n c e s  from a p l a n e  s o u r c e  i s  shown t o  depend 
on t h e  d e t e r m i n a t i o n  o f  t h e  c h a r a c t e r i s t i c  v a l u e s  and f u n c t i o n s  of  a d i f f e r e n -  
t i a l  e q u a t i o n  o f  S c h r o e d i n g e r  t y p e  s i m i l a r  t o  t h a t  of W i c k ,  Here t h e  problem 
can  be c o n s i d e r e d  a s  one  c o n t a i n i n g  a p e r t u r b e d  p o t e n t i a l  f u n c t i o n ,  w i t h  t h e  

u n p e r t u r b e d  p o t e n t i a l  depend ing  o n l y  on a " d i f f r a c t i o n  s c a t t e r i n g "  p o t e n t i a l  
Cexp [ -x2 / (  kR)*] ; e x p l i c i t  methods o f  s o l u t i o n  a r e  unde r  s t u d y .  
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I NCREAS ING FLUX OF THE CLINTON REACTOR 

M. F. Lansing, A n .  M. W e i n b e r g  

Any m o d i f i c a t i o n  o f  t h e  C l i n t o n  r e a c t o r  i n c r e a s i n g  t h e  c e n t r a l  f l u x  and 

t h e  n e u & r o n  c u r r e n t  from t h e  beam h o l e s  would b e  d e s i r a b l e .  Not o n l y  would 
many expe r imen t s  c u r r e n t l y i n p r o g r e s s  be improved, but  a l a r g e  number of  add i -  
t i o n a l  expe r imen t s  would become f e a s i b l e .  

R e c e n t l y  a s t u d y  h a s  been u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  
making a s u b s t a n t i a l  i n c r e a s e  i n  t h e  c e n t r a l  f l u x  by r e p l a c i n g  t h e  p r e s e n t  
l o a d i n g  w i t h  f u e l  e l e m e n t s  c o n t a i n i n g  uranium h i g h l y  e n r i c h e d  i n  UZ3'. While 
t h e  s t u d i e s  were i n i t i a l l y  p r e d i c a t e d  on o p e r a t i o n  a t  4000 k w - - e s s e n t i a l l y  
t h e  p r e s e n t  o p e r a t i n g  l e v e l - i t  now a p p e a r s  t h a t  some i n c r e a s e  i n  power may 
a l s o b e  ach ieved  a t  moderate  c o s t ,  I n  g e n e r a l ,  t h e  r e s u l t  of r e p l a c i n g  n a t u r a l  
uranium w i t h  e n r i c h e d  f u e l  e l emen t s  i s t o  d e c r e a s e  t h e  t o t a l  amount o f  U256 re- 

q u i r e d  i f  o p e r a t i o n  a t  t h e  same power l e v e l  is  f e a s i b l e  f o r  c r i t i c a l i t y ,  t h i s  

r e s u l t s  i n  an i n c r e a s e  i n  t h e  r a t i o  o f  kw pen: kg  o f  U'36 and a c o n c o m i t a n t  
i n c r e a s e  i n  the rma l  f l u x .  

The c a l c u l a t i o n s  have p o s t u l a t e d  t u b u l a r  f u e l  e l emen t s  2 mmofwal l  t h i c k -  
n e s s  c o n t a i n i n g  Ua3'  i n  a s andwich  be tween  A l  c l a d d i n g  s u r f a c e s .  I n i t i a l  
e s t i m a t e s  o f  t h e  c r i t i c a l  masses  r e q n i r e d  were made an t h e  b a s i s  o f  a home- 
geneous  m i x t u r e  o f  U2369 A1 and C atoms.  T h e s e  i n d i c a t e d  t h a t  o p e r a t i o n  a t  
4000 k w  w i t h  e n r i c h e d  f u e l  might  y i e l d  a 1 0  f o l d  i n c r e a s e  i n  f l u x .  However, 
c a l c u l a t i o n  o f  t h e  n e u t r o n  d i s t r i b u t i o n  w i t h i n  t h e  i n d i v i d u a l  l a t t i c e  c e l l s  
( a f t e r  t h e  method d e s c r i b e d  by Weinberg") r e v e a l e d  t h a t  t h e  r a t i o  of  maximum 
f l u x  i n  t h e  g r a p h i t e  t o  f l u x  a t  t h e  rnecal was on t h e  o r d e r  of lOO1 as  compared 
w i t h  a v a l u e  o f  1 , 7  which o b t a i n s  i n  t h e  p r e s e n t  sys t em,  The i n c r e a s e  t o  be 
a c h i e v e d  i s  t h e r e f o r e  a p p r o x i m a t e l y  s i x  f o l d  u n l e s s  t h e  power i s  i n c r e a s e d .  
The a n a l y s i s  o f  t h e  u n i t  c e l l  c h a r a c t e r i s t i c s  w a s  employed t o  e v a l u a t e  t h e  
L a p l a c i a n  f o r  c o n c e n t r a t i o n s o f  10  to50 m i l l i g r a m s  of ~ * ~ ' / c m ' - ,  i n  f u e l  e l emen t s  
of 1.400 cm r a d i u s .  

" S c i e n c e  and E n g i n e e r i n g  of N u c l e a r  P O v e r n O  VOP.  11, Chap. 6 .  
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The v a l u e s  f o r  t h e  L a p l a c i a n  e s t a b l i s h e d b y t h e  l a t t i c e  a n a l y s i s  were used 
t o  e v a l u a t e  t h e  c r i t i c a l  masses f o r  c y l i n d r i c a l  l o a d i n g  u t i l i z i n g  600 and 800 
c h a n n e l s ,  r e s p e c t i v e l y ,  of t h e  1260 a v a i l a b l e  c h a n n e l s i n  t h e  g r a p h i t e .  Choos- 

i n g  a c o n c e n t r a t i o n  of 20 mg/cm" a s  d e s i g n  p o i n t ,  t h e  o v e r a l l  t he rma l  n e u t r o n  
d i s t r i b u t i o n  i n  t h e  r e a c t o r  was c a l c u l a t e d  on t h e  b a s i s  of  s i m p l e  d i f f u s i o n  
t h e o r y  f o r  b o t h  600 and 800 c h a n n e l  c a s e s .  The a n a l y s i s  o f  t h e  r e a c t o r  a s  a 
h e a t  exchanger r e a d i l y  fo l lowedf rom a knowledge of t h e  the rma l  f l u x d i s t r i b u t i o n ,  
F i n a l l y ,  t h e  n e u t r o n  c u r r e n t s  to be expec ted  a t  t h e  cenke r  o f  r a d i a l  and a x i a l  
beam h o l e s ,  r e s p e c t i v e l y ,  were computedo As a check on t h i s  l a s t  s t e p ,  a ca l -  
c u l a t i o n  of t h e  c u r r e n t  i n  a beam h o l e  w i t h  t h e  p r e s e n t  l o a d i n g  was computed 
and was found t o  a g r e e  w i t h  t h e  observed value  w i t h i n  IS%, 

The f e a s i b i l i t y  s t u d y  i s n o w  b e i n g  ex tended  t o  problems b e a r i n g  on r e a c t o r  
c o n t r o l ,  I n  a d d i t i o n ,  t h e  p r o s p e c t s  o f  a c h i e v i n g  a s u b s t a n t i a l  i n c r e a s e  i n  
power a t  modest a d d i t i o n a l  cos t  is be ing  e x p l o r e d ,  Such a power i n c r e a s e  might 
r e s u l t  from c o n t r i b u t i o n s  due  to: 

1, Reducing t h e  p r e s s u r e  d r o p  i n  t h e  system a s  a consequence o f  i m -  
p r o v i n g  f low i n  t h e  main d u c t s  and d e c r e a s e d  Posses  i n  t h e  chan- 
n e l s  t h r o u g h  t h e  g r a p h i t e ,  T h i s  w i l l  y i e l d  an i n c r e a s e d  a i r f l o w  
f o r  a g iven  p r e s s u r e  developed by t h e  f a n s o  
Employing f u e l  e l e m e n t s  w i t h  ex tended  s u r f a c e s  r a t h e r  t han  t h e  
c u r r e n t  Py contemplated p l a i n  t u b u l a r  ones.  

2, 

3 ,  I n c r e a s i n g  t h e  o p e r a t i n g  t empera tu re  of t h e  f u e l  e l emen t s  above 
t h e  245" C which is  t h e  maxnmum p e r m i t t e d  t h e  n a t u r a l  uranium 
s l u g s  compr i s ing  t h e  p r e s e n t  l o a d i n g ,  

Some of  t h e  c h a r a c t e r i s t i c s  of khe r e a c t o r  wikh t h e  l o a d i n g s  s t u d i e d  a r e  
compared w i t h  t h e  p r e s e n t  s y s t e m  in t h e  following t a b l e .  The c a l c u l a t i o n s  are 
f o k  o p e r a t i o n a t 4 0 0 4 )  kdr. Temperature shown a re  f o r  p i l e  c o o l i n g  system i n  i t s  
cuerenk c o n d i t i o n  and f o r  p l a i n  tubular f u e l  e l e m e n t s  w i thou t  ex tended  s u r f a c e s  

PRESENT ( 8 3 0  c h a n n e l s )  8 0 0  CHANNEL 600 CHANNEL 
L e n g t h  of loading i n  2.1 f e e t  8 . 6  7 . 8  
g r a p h i t e  c h a n n e l s  y " f e e 6 )  

13 to 1 8 . 5  

t1235 in r e a c t o r - k g  2 7 . 4  3 4 . 0  35 0 

Ccntr a 1 theumal  f lux  
in g r a p h i t e  (neuPsJem .set) 

N e u t r o n  e u n n e n t  o u t s i d e  s h i e l d  
a t  center o f  4 i n o  s q u a r e  h o l e  
t h r o u g h  c e n t e r  of reactor ( n e u t s b o m ' - s e e )  

7 . 4  x I O X 2  6.11 x 1 - 2 5  x 1OI2 2 

Axial h o l e  1 . 2  x I O 8  

R a d i a l  h o l e  2 " i l  x IO8 

7 . 0  10' 

7 4 . 3  x 10 2 . 6  x 10 8 

2 1 5  2 4 5  Maximum m e t a l  t e m p e x a t a r e  
( I S O  c i n l e t  a i r )  (OC) 

2 5 5  
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PHYS ICs OF SOL ID STATE 

Effects of Irradiatdsn on M e t a l s  ( R .  H, Kernohan,  A ,  B .  L e w i s ,  D . . S .  
The s t u d y  of  t h e  r a t e  of ha rden ing  o f  i r r a d i a t e d ,  alpha-quenched Billingtan). 

c o p p e r - b e r y l l i u m  a l l o y s  w a s  con t inued .  
Measnrements  were made a f t e r  h e a t  t r e a t m e n t ,  a t  250" C and 350" C ,  o f  

s a m p l e s  exposed f o r  3 weeks i n  t h e  X-10 p i l e .  The new d a t a  t e n d  t o  c o n f i r m  

t h e  o b s e r v a t i o n s  r e p o r t e d  in t h e  l a s t  q u a r t e r l y  r e p o r t ,  namely, t h a t  t h e  major 
p o r t i o n  o f  t h e  i n c r e a s e  i n  h a r d n e s s  and r e s i s t a n c e  d u e  t o  i r r a d i a t i o n  i s  
a n n e a l e d  o u t  d u r i n g  t h e  f i r s t  few s e c o n d s  of  h e a t  t r e a t m e n t ,  However, d a t a  
o b t a i n e d  a s  a r e s u l t  of  l o n g  c o n t i n u e d  h e a t  t r e a t m e n t  i n d i c a t e  t h a t  t h e r e  may 
b e  a s l i g h t  i n c r e a s e  i n  t h e  r a t e  o f  h a r d e n i n g  d u e  t o  p r i o r  i r r a d i a t i o n .  
C e r t a i n  p o r t i o n s  o f  t h i s  e x p e r i m e n t  w i l l  be r e p e a t e d  w i t h  t h e  o b j e c t  i n  mind 
o f  h a v i n g  more p r e c i s e  c o n t r o l  o f  t h e  h e a t  t r e a t i n g  b a t h  t e m p e r a t u r e  i n  
a d d i t i o n  t o  o b s e r v i n g  t h e  e f f e c t  of i n i t i a l  g r a i n  s i z e .  

An OPin-pilePVt measurement  o f  t h e  r e s i s t a n c e  o f  a c o p p e r - b e r y l l i u m  a l l o y  
was c a r r i e d  o u t ,  The r e s i s t a n c e  i n c r e a s e d  l i n e a r l y  a t  a r a t e  of 1 ,5% p e r  day 
f o r  a p p r o x i m a t e l y  o n e  week, U n f o r t u n a t e l y  a t  t h i s  t i m e  t h e  r e a d i n g s  became 
e r r a t i c  and e v e n t u a l l y  t h e  c i r c u i t s  f a i l e d .  

Hardness  and e l e c t r i c  r e s i s t i v i t y  specimens o f  coppe r -  aluminum, coppe r -  
s i l i c o n ,  coppe r -z inc  and OFHC copperwere  f a b r i c a t e d ,  h e a t  t r e a t e d a n d i r r a d i a t -  
ed f o r  t h r e e  weeks i n  t h e  X-POxpi l e .  

Measurements b e f o r e  and a f t e r  i r r a d i a t i o n  a r e  r e c o r d e d  i n  t h e  accompany- 
i n g  t a b l e "  

The d e e r e a s e  i n  r e s i s t a n c e  of t h e  coppe r  z i n c  and coppe r  aluminum a l l o y s  
i s  ve ry  s u r p r i s i n g  i n  i t s e l f  b u t  when c o u p l e d  w i t h  t h e  i n c r e a s e  i n  h a r d n e s s  
a p p e a r s  e x t r e m e l y  u n u s u a l ,  The o r i g i n a l  o b s e r v a t i o n  of  d e c r e a s e  i n  r e s i s t a n c e  
o f  t h e  Cu-Zn a l l o y  a f t e r  i r r a d i a t i o n  was made s e v e r a l  months ago b u t  was n o t  
r e p o r t e d  u n t i l  r e c e n t l y  confirmed.  

Numerous c o n t r o l  e x p e r i m e n t s  have been made i n  o r d e r  t o  e l i m i n a t e  t h e  
p o s s i b i l i t y  of  some o t h e r  v a r i a b l e  than  i r r a d i a t i o n  c a u s i n g t h e  e f f e c t .  B r i e f l y  
t h e  s i t u a t i o n  i s  t h i s :  The Cu-Zn and Cu-A1 - a l l o y s  a r e  normal s o l i d  s o l u t i o n s  
n o t  s u s c e p t i b l e  t o  change by h e a t  t r e a t m e n t  a s  i n  t h e  c a s e  o f  p r e c i p i t a t i o n  
ha rden ing  Cu-beor order-disorder Cu,Au, p rov ided  t h e  a l l o y s  a r e  i n  t h e  annea l -  
ed c o n d i t i o n ,  However, t h e  e f f e c t  o f  i r r a d i a t i o n  is t o  make t h e  a l l o y s  a c t  a s  
though a phase  w e r e  p r e c i p i t a t i n g  from s o l i d  s o l u t i o n .  A s a t i s f a c t o r y  exp lana -  

t i o n  is n o t  r e a d i l y  a p p a r e n t .  However, i t  seems n o t  i m p o s s i b l e  t o  r e l a t e  t h e  
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TABLE 1 

ALLOY 

Cu-Zn 

Cu- A 1  

Cu- S i  

ATOMIC 
p e r c e n t  

1 , 3 5  

6.. 3 

1 2 , 6  

6 1  

6 . 1 8  

9 . 5  

3 , s  

5 . 6  

Copper Base  A l l o y s  

( I r r a d i a t e d  t h r e e  w e e k s  i n  X - 1 0  p i l e )  

R E  
B e f o r e  

I e r a d .  

Microhm 

9 8 . 7  

1 5 4 . 5  

2 0 8 . 2  

1 4 8 . 7  

3 5 3 . 8  

4 3 6 . 7  

6'65. 2 

9 3 9 . 8  

I S T A N C  B 
A f t e r  
I r r a d .  

Microhm 

9 9 . 0  

1 5 3 . 5  

2 0 4 . 5  

1 4 8 . 6  

3 5 0 . 3  

4 2 7 . 0  

6 6 5 . 6  

9 3 9 . 4  

C h a n g e  
( p e r c e n t  

+ O .  3 

- 0 . 6 5  

- 1 , 8  

- 0 . 1  

- 1 . 0  

- 2 . 2  

t o .  1 

0 . 0  

E A R D N E  s 
B e f o r e  
I r r a d .  

2 5 , 6  

4 0 . 4  

5 3 , l  

27 .3  

5 8 , 6  

6 5 . 3  

6 0 . 4  

7 7 . 0  

- R O C ~ W ~  
A f t e r  
I r r a d .  

5 9 . 8  

6 4 . 0  

6 6 *  9 

6 1 . 9  

7 2 . 7  

7 5 . 3  

7 2 . 0  

8 3 . 6  

1 F  
C h a n g e  

( p e r c e n  

+ 3 4 . 2  

t 2 3 . 6 ,  

t 1 3 . 8  

t 3 4 . 6  

+ 1 4 , 1  

+ l o ,  0 

t 1 1 . 6  

t 6 . 6  

Each r e s i s t a n c e  v a l u e  is  t h e  ave rage  €or f i v e  specimens and i s  c o r r e c t e d  t o  20° C, 
It is accura t e  t o  5 .15%. 
Each h a r d n e s s  v a l u e  is t h e  ave rage  f o r  f i v e  specimens w i t h  t h r e e  r e a d i n g s  t aken  on 
each.  
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t h e r m a l  p r o p e r t i e s  o f  t h e  s o l u t e  a toms and t h e i r  b e h a v i o r  i n  t h e s e  a l l o y s  

unde r  n e u t r o n  i r r a d i a t i o n  t o  t h e  concep t  of l o c a l i z e d  h i g h  t e m p e r a t u r e  s p i k e s  
or zones. 

Measurements  o f  t h e  r e s i s t i v i t y  o f  t h e s e  c o p p e r  b a s e  a l l o y s ,  down t o  
l i q u i d  n i t r o g e n  t e m p e r a t u r e s ,  a r e  b e i n g  con t inued .  

Uranium-Aluminum Alloys (S. E. Dismuke). The samples  t h a t  were exposed 
for one month i n  t h e  Hanfo rd  p i l e  (ORNL 365) have been r e t u r n e d ,  t a k e n  o u t  
o f  t h e i r  c o n t a i n e r s ,  and measurements are i n  p r o g r e s s ,  The samples  i n c l u d e :  

3 of approx ima te ly  14 we igh t  % U, 93% e n r i c h e d  i n  U236 
3 o f  approx ima te ly  30 we igh t  % U ,  38% e n r i c h e d  i n  u2"' 
3 o f  approx ima te ly  1 4  we igh t  % U, d e p l e t e d  t o  .001% o f  U236* 
3 o f  approx ima te ly  30 weight % U, d e p l e t e d  t o  .001% o f  U236* 
Internal Friction (S. E..Disat~ke).~ A vacuum s y s t e m  t o  be used  i n  con- 

n e c t i o n  w i t h  t h e  i n t e r n a l  f r i c t i o n  measurements on s i n g l e  me ta l  c r y s t a l s  h a s  
been bu i  1 t 

Thermal .Coefficient of Expansion of Uranium b y  Means of Bonded W i r e  

Resistance Strain Gages (M. R. Goodman). An ORNL r e p o r t  h a s  been p r e p a r e d  
c o v e r i n g  t h e r m a l  e x p a n s i o n  of  v a r i o u s  t y p e s  o f  uranium and t h e  p e c u l i a r i t i e s  
o f  t h e  SR-4 s t r a i n  gages employed i n  t h e i r  measurement. 

Irradiation of 25-28 A i  loy (R. W. C o y t e ) .  P r e - i r r a d i a t i o n  p r o p e r t i e s  
a r e  b e i n g  de te rmined  on 2 , 7 %  and 6,.5% e n r i c h e d  a l l o y s .  

Irradiation of Beryllium Metal (L. C.. Templeton). Spec imens  of f o u r  
t y p e s  o f  b e r y l l i u m  meta l  have been exposed i n  t h e  Hanford P i l e  f o r  p e r i o d s  of  
a p p r o x i m a t e l y  30 d a y s  ( 2 . 1 3  X 10'' n v t )  and 150 days  ( 9 . 7 7  X l ~ ' e  n v t ) .  The 
s p e c i m e n s ,  3 / 1 6  i n ,  d i a m e t e r  by 2 . 5  i n ,  l o n g  r o d s ,  had b e e n  p r e p a r e d  by 
Dr., Kaufman atMIT from t h e  same b a t c h o f  m e t a l ,  which was s u p p l i e d  by t h e  Brush 
Company, The specimens i n c l u d e d  f o r g e d  e x t r u d e d  c o s t  e x t r u d e d  f l a k e  ( t u r n i n g s  
and "QT" m e t a l .  E l e c t r i c a l  r e s i s t i v i t y  measurements  have been made a t  ORNL, 
w h i l e  o t h e r  p r o p e r t i e s  a r e  b e i n g  measu red  a t  o t h e r  l a b o r a t o r i e s .  The re- 
s i s t i v i t y  a f t e r  i r r a d i a t i o n  shows no s i g n i f i c a n t  change from t h e  v a l u e  o b t a i n -  

e d  b e f o r e  i r r a d i a t i o n .  T h i s  i s  t r u e  f o r  e a c h  o f  t h e  f o u r  t y p e s  o f  m e t a l  ex -  
amined and b o t h  exposure  p e r i o d s .  

Irradiation of Zirconium Metal (L. C. Templeton). Three zirconium b a r s ,  
each  approx ima te ly  0,168 i n .  X 0.168 i n .  X 2.50  i n . ,  were given an exposure  o f  
1,41 x l o 2 '  n v t  i n  t h e  H a n f o r d  P i l e .  E l e c t r i c a l  r e s i s t a n c e ,  h a r d n e s s  and 
d imens ions  were measured b e f o r e  and a f t e r  i r r a d i a t i o n .  A f o u r t h  b a r ,  o f  t h e  

* I n  t h e  Past r e p o p t  t h e s e  s a m p l e s  were erroneously d e s c r i b e d  a s  c o n t a i n i n g  n a t u r a l  U 
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same d i m e n s i o n s ,  w a s  used as  a c o n t r o l .  The changes i n  l e n g t h ,  w i d t h ,  t h i c k -  

n e s s ,  d e n s i t y  and h a r d n e s s  ( R o c k w e l l  "B" s c a l e )  were w i t h i n  t h e  l i m i t  o f  
e x p e r i m e n t a l  e r r o r ,  
g r e a t e r  t han  b e f o r e  i r r a d i a t i o n .  

The e l e c t r i c a l  r e s i s t i v i t y  a f t e r  i r r a d i a t i o n  was 6,796 

X-Ray Diffraction (M. A. Bredig, F. A. Sherrill, B..S.. Borie), Problems 
o f  t h e  d e s i g n  of  t h e  X-ray d i f f r a c t i o n  s p e c t r o m e t e r  f o r  h i g h l y  r a d i o a c t i v e  
specimens were d i s c u s s e d w i t h D r s .  B. E. Warren, MIT, and C. Borkowski, Chemical 
D i v i s i o n ,  ORNL. 

Work of t h e  M e t a l l u r g y  D i v i s i o n  on u ran ium metal  and uranium-aluminum 
a l l o y s  was s u p p o r t e d  by a l a r g e  number o f  b a c k - r e f l e c t i o n  p h o t o g r a p h s  and 
G e i g e r - c o u n t e r  s p e c t r o m e t e r  examina t ions .  An a d d i t i o n  t o  t h e  s p e c t r o m e t e r  h a s  
been d e s i g n e d  f o r  t h e  pu rpose  o f o b t a i n i n g  more q u a n t i t a t i v e  d a t a  on t h e  deg ree  
o f  p r e f e r r e d  o r i e n t a t i o n  i n  s t r o n g l y  a b s o r b i n g  metal specimens such  as uranium 
and i t s  a l l o y s .  

Neutron C m v e r t e r  (R. P. Metcalf). The n e u t r o n  c o n v e r t e r  ( c o n v e r t s  
s low n e u t r o n s  i n t o  f a s t  n e u t r o n s )  was i n s t a l l e d  i n  t h e  n o r t h  end o f  Hole 51 o f  
t h e  p i l e  on August 2 2 ,  1949. 

The c o n v e r t e r  is a c y l i n d e r  o f  e n r i c h e d  uranium a l l o y e d  w i t h  aluminum and 
aluminum c l a d .  The c y l i n d e r  i s  12 i n c h e s  l o n g ,  3-3/8 i n c h e s  i n  d i a m e t e r ,  and 
a b o u t  1/8 i n c h  t h i c k ,  I t  c o n t a i n s  105 .4  grams o f  u ran ium 235,  A d e t a i l e d  
d e s c r i p t i o n  of  t h e  c y l i n d e r  and i t s  f a b r i c a t i o n  i s  g i v e n  i n  a r e p o r t  by C. D. 
Smith,  ORNL 216, 

Both s u r f a c e s  of  t h e  c y l i n d e r  a r e  w a t e r  c o o l e d  by a wa te r  j a c k e t  c o n s i s t -  
i n g  o f  t h r e e  c o a x i a l  aluminum t u b e s  abou t  18 f e e t  long.  Water f lows i n  t h r o u g h  
t h e  i n n e r  annu lus  and o u t  t h r o u g h  t h e  o u t e r  annu lus .  The c o n v e r t e r  forms t h e  
i n n e r  end o f  t h e  i n t e r m e d i a t e  tube .  The s p a c e  i n s i d e  t h e  i n n e r  t u b e  i s  a v a i l -  
a b l e  f o r  e x p e r i m e n t a l  p u r p o s e s .  T h i s  space  i s  abou t  2 , 8 7  i n c h e s  i n  d i a m e t e r .  
A s k e t c h  o f  t h e  c o n v e r t e r  and w a t e r  j a c k e t  is  g i v e n  i n  F i g .  2 ,  

The c o n v e r t e r  is  c o o l e d  w i t h  d e m i n e r a l i z e d  wa te r .  S u i t a b l e  i n s t r u m e n t a t i o n  
is p r o v i d e d  t o  c o n t r o l  and m o n i t o r  t h e  w a t e r  f l o w  and t o  p r o t e c t  t h e  p i l e  i n  
c a s e  of  f a i l u r e .  A t  p r e s e n t ,  no  p r o v i s i o n  i s  made f o r  c o n t r o l l i n g  t h e  water 
t e m p e r a t u r e ,  b u t  i t  h a s  been found t o  remain f a i r l y  c o n s t a n t .  

The c o n v e r t e r  shou ld  be u s e f u l  f o r  r a d i a t i o n  damage e x p e r i m e n t s  r e q u i r i n g  
t h e  2.87 i n c h  d i a m e t e r  and 70° F t e m p e r a t u r e  t o g e t h e r  w i t h  t h e  e n h a n c e d f l u x  
o f  f a s t  n e u t r o n s .  

Cryostat for Pile Irradiations. Design work on t h e  new c r y o s t a t  h a s  been 

c o m p l e t e d  and c o n s t r u c t i o n  i s  u n d e r  way i n  t h e  ORNL s h o p s .  It i s  e x p e c t e d  
t h a t  t h e  c r y o s t a t  w i l l  b e  f i n i s h e d  and ready for t e s t i n g  by October  17. 
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Kincaid, V.. Primak 2 ) The l o w  temperature  thermal c o n d u c t i v i t y  apparatus  des- 

1 S p o n s o r e d  b y  t h e  Atganne N a t i o n a l  L a b o r a t o r y  
2 C o n s u l t a n t ,  Argonne N a t i o n a l  L a b o r a t o r y  
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c r i b e d  p r e v i o u s l y 3  h a s  been a s s e m b l e d 4  and i s  now o p e r a t i n g  w i t h  a u r a n i u m  
b e a r i n g  g r a p h i t e  specimen. T h i s  i s  an 1 8 , 5  g sample of  B1508A g r a p h i t e  which 
a f t e r  UNH i m p r e g n a t i o n  and f i r i n g  c o n t a i n e d  5 .59  g uran ium o x i d e .  B e f o r e  
mounting t h e  specimen i n  t h e  a p p a r a t u s ,  i t s  l o n g i t u d i n a l  t he rma l  c o n d u c t i v i t y  
was * d e t e r m i n e d  by t h e  method p r e v i o u s l y  and was found  t o  be 
.123 c a l / s e c  cm "C b e f o r e  impregna t ion  and .112 a f t e r  impregnat ion.  The f i r s t  
r e a d i n g s  o f  t h e  t e m p e r a t u r e  a t  t h e  c e n t e r  of  t h e  specimen o b t a i n e d  a f t e r  i n -  
s e r t i o n  i n t o  t h e  p i l e  were 168" C, It was e s t i m a t e d  t h a t  i n  t h r e e  weeks 8 KWH 
of f i s s i o n  e n e r g y  had been expended p e r  c m '  o f  t h e  specimen. The t e m p e r a t u r e  
a t  t h e  c e n t e r  had r i s e n  t o  270' C, and t h e  t e m p e r a t u r e  d i f f e r e n c e  between t h e  
c e n t r a l  and o u t e r  c o u p l e  had i n c r e a s e d t o a b o u t  39" C. A 5-10 f o l d  d e c r e a s e  i n  
t h e r m a l  c o n d u c t i v i t y  i n  t h i s  p e r i o d  was i n d i c a t e d .  The i r r a d i a t i o n  i s  b e i n g  
c o n t i n u e d  

I t  h a s  been d e c i d e d  t o  s t u d y  t h e  b e h a v i o r  o f  t h e  the rma l  c o n d u c t i v i t y  o f  
e n r i c h e d  BeU a l l o y '  on i r r a d i a t i o n .  The l o n g i t u d i n a l  t h e r m a l  c o n d u c t i v i t y  
of a sample o f  BeU a l l o y  c o n t a i n i n g  6% by we igh t  of n a t u r a l  uranium, a f a c s i -  
mile  o f  t h e  a l l o y  t o  be used f o r  t h e  i r r a d i a t i o n  s t u d i e s ,  was measured by t h e  
method p r e v i o u s l y  d e s c r i b e d 5 g 6  and r e s u l t  . 2 2 6  c a l / s e c  cm "C o b t a i n e d .  I t  
w a s  c o n s i d e r e d  f e a s i b l e  t o  u s e  t h e  low t e m p e r a t u r e  p i l e  t h e r m a l  c o n d u c t i v i t y  
a p p a r a t u s  f o r  t h e  i r r a d i a t i o n  i f  a method cou ld  be d e v i s e d  f o r  c o n t r o l l i n g  t h e  
specimen t e m p e r a t u r e .  A dummy a p p a r a t u s ,  i n  which a h o l l o w  s t a i n l e s s  s t e e l  
sample c o n t a i n i n g  an e l e c t r i c a l  h e a t e r  o f  t u n g s t e n  w i r e  wound on a l a v i t e  c o r e  
was used  i n  p l a c e  of  t h e  specimen,  was c o n s t r u c t e d  and m o u n t e d i n a  wind t u n n e l  
i n  which p i l e  channe l  a i r  f lows c o u l d  be a t t a i n e d  (100 l i n e a r  f t / s e c ) .  It was 
e x p e c t e d  t h a t  t h e  BeU spec imen  would d e v e l o p  a b o u t  140 w a t t s .  f n t r o d u o i n g  
t h i s  ene rgy  i n t o  t h e  dummy a p p a r a t u s  e l e c t r i c a l l y ,  i t  w a s  found t h a t  t h e  s t a i n -  
less s t e e l  sample r e a c h e d  a t e m p e r a t u r e  of 215" C a t  an a i r f l o w  o f  100 f t / s e c  
and 375' C a t  an a i r f l o w  of  8 , 3  f t / s e c .  I t  was dec ided  t o  c o n t r o l  t h e  tempera- 
t u r e  by r e g u l a t i n g  t h e  c h a n n e l  a i r f l o w .  A p p a r a t u s  f o r  t h i s  p u r p o s e  i s  now 
under c o n s t r u c t i o n  

3 ORNL 171  p . 6 :  ANL 4 2 5 9  p . 8 3 ;  ANL 4 3 0 0  p .  5 7 .  

4 We ape  i n d e b t e d  t o  E. E .  R o b e r t s o n  (on l o a n  from NEPA) f o r  a s s i r t a n c e  i n  a s s e m b l i n g  t h i s  
a p p a r a t u s  

5 ORNL 365 p . 1 6  

6 W e  e r e  i n d e b t e d  t o  J .  ff. Morgan ( o n  l o a n  from NEPA) f o r  making t h e s e  d e t e e m i n a t i o n s .  

7 MonN 4 4 2  ~ ~ 1 6 .  
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Irradiation Creep Experiment8 (J. G. Morgan', 117. Prirnak", C. E-. Stilson')., 
An , e l e c t r i c a l l y  h e a t e d  model o f  t h e  i r r a d i a t i o n  c r e e p  a p p a r a t u s "  was assemb- 
l e d  w i t h  a h o l l o w  aluminum s p e c i m e n ,  and o p e r a t e d  f o r  t h r e e  weeks.  Two se ts  

of e q u i p m e n t  i n c o r p o r a t i n g  t h e  . c i r c u i t s  p r e v i o u s l y  r e p o r t e d "  a r e  b e i n g  
b u i l t  t o  p r o v i d e  2 r e c o r d i n g  c h a n n e l s ;  one s e t  t o  be used  f o r  p i l e  a p p a r a t u s ,  
and t h e  o t h e r  f o r  t h e  e l e c t r i c a l l y  h e a t e d  c o n t r o l s .  One c h a n n e l  was comple t ed  
and was used f o r  t h r e e  weeks  t o  r e c o r d  t h e  d a t a  of  t h e  c r e e p  appa ra tus  mentioned 
above. A p i l e  c r e e p  a p p a r a t u s  and an e l e c t r i c a l  c o n t r o l  a r e  now b e i n g  assemb- 
l e d  for a p i l e  c r e e p  t es t ,  

The s p e c i m e n  h o l d e r  i n  t h e  w i re  mode l  l1?l2 o f  t h e  i r r a d i a t i o n  c r e e p  
a p p a r a t u s  was t e s t e d  and f o u n d  u n s a t i s f a c t o r y .  A n o t h e r  d e s i g n  i s  now b e i n g  
t e s t e d  The a p p a r a t u s  i s  a l s o  b e i n g  m o d i f i e d  t o  e l i m i n a t e  s e v e r a l  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  a s s e m b l y  of  p r e v i o u s  m o d e l s ,  t h e  t w i s t i n g  o f  h e a t e r  
and thermocouple l e a d s ,  and t h e  l e a k i n g  of  some o f  t h e  j o i n t s .  

13 

The Specific Heat of Uranyl Nitrate Hydrate Melts ( J ,  C. Carpenter and 
W. Primak).. Some a d d i t i o n a l  work w a s  done t o  c h e c k  t h e  s p e c i f i c  h e a t s p r e -  
v i o u s l y  r e p o r t e d  (ORNL 365, p. 1 8 ) .  The c a l o r i m e t r i c  p r o c e d u r e  w a s  m o d i f i e d .  
The same c a l o r i m e t e r  w a s  u s e d ,  b u t  l a r g e r  s a m p l e s  were employed. A c o p p e r -  
c o n s t a n t a n  t h e r m o c o u p l e  c a l i b r a t e d  a g a i n s t  a 0 . 1 '  t h e r m o  was p l a c e d  i n  t h e  
u r a n y l  n i t r a t e  m e l t  t o  o b t a i n  t h e  t e m p e r a t u r e  o f  t h e  m e l t  i n  t h e  f l a s k  b e f o r e  
i t  was p lunged  i n t o  t h e  c a l o r i m e t e r .  The r a t i n g  p e r i o d s  were e x t e n d e d  t o  p e r -  
m i t  a b e t t e r  e v a l u a t i o n  o f  t h e  h e a t  l o s s e s -  T h e  w a t e r  e q u i v a l e n t  o f  t h e  
c a l o r i m e t e r  and o f  t h e  f l a s k  c o n t a i n i n g  t h e  melt  was o b t a i n e d  by u s i n g  s e v e r a l  
d i f f e r e n t  q u a n t i t i e s  o f  water i n  p l a c e  of  t h e  u r a n y l  n i t r a t e  m e l t .  The s e v e r a l  
e q u a t i o n s  r e l a t i n g  t h e s e  two water  e q u i v a l e n t s  were p l o t t e d  and a s e t  o f  v a l u e s  
c l o s e  t o  t h e  p o i n t s  o f  i n t e r s e c t i o n  were t a k e n .  The s l o p e s  o f  t h e  two r a t i n g  
p e r i o d s  d i d  n o t  d i f f e r  a p p r e c i a b l y  b e c a u s e  t h e  c a l o r i m e t e r  w a s  b e i n g  u s e d  S O  
f a r  above room t e m p e r a t u r e *  The r a t i n g  c u r v e s  were t h e r e f o r e  e x t r a p o l a t e d  t o  
t h e  mixing t i m e  to o b t a i n  t h e  c a l o r i m e t r i c  r ise .  The q u a n t i t y  o f  w a t e r  i n  t h e  
c a l o r i m e t e r  and a l s o  t h e  q u a n t i t y  o f  m a t e r i a l  i n  t h e  f l a s k  was o b t a i n e d  by 
weighing on a l a r g e  chemica l  b a l a n c e .  The UNH was k e p t  i n  t h e  me l t ed  c o n d i t i o n  
i n  a l a r g e  v e s s e l  k e p t  i n  a t h e r m o s t a t  m a i n t a i n e d  a t  about  65" C, Its composi- 

8 Sponsored by the  Argonne N a t i o n a l  L a b o r a t o r y .  

9 On l oan  from NEPA. 

10 Consu l tant ,  Argonne N a t i o n a l  L a b o r a t o r y .  

11 ORNL 365,  p .  15. 

12 ANL 4259, p . 8 3 .  

13 Thi s  work i s  be ing  per formed  a t  t h e  Argonne  N a t i o n a l  L a b o r a t o r y .  
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t i o n  w a s  checked r e g u l a r l y  by a n a l y s i s .  Samples  o f  about  2 gms were p i p e t t e d  
o u t  and weighed i n  a p l a t i n u m  c r u c i b l e .  They were t h e n  i g n i t e d  t o  700" C and 
weighed a g a i n .  The water o f  h y d r a t i o n  was c a l c u l a t e d  from t h e  we igh t  of  U,O, 
o b t a i n e d .  Ana lyses  were a l s o  madeof samples  from t h e  f l a s k  used i n  t h e  s p e c i -  
f i c  h e a t  d e t e r m i n a t i o n  immediately a f t e r  e a c h  d e t e r m i n a t i o n .  S p e c i f i c  h e a t  de- 
t e r m i n a t i o n s  were o b t a i n e d f o r  t h r e e  samples whose c o m p o s i t i o n s ,  UO,(NO,),*xH,Q 
were found t o  be X = 5 - 8 0 ,  5,74, and 6 .05 ,  r e s p e c t i v e l y .  The v a l u e s  o b t a i n e d  
f o r  t h e  a v e r a g e  s p e c i f i c  h e a t  between 65 and 100' C f o r  t h e s e  s a m p l e s  were 
0 , 3 3 , ,  0 , 3 3 , ,  0.36, c a l o r i e s / g m ,  r e s p e c t i v e l y .  These  v a l u e s  a r e  b e l i e v e d  t o  
be good t o  1%. 
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