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OAK RIDGE NATIONAL L&BORATORY 

STATUS AND PROGRESS REPORT 

Hovember 1960 

c 

This S ta tus  and Progress Report summarizes t h a t  por t ion  
of t h e  Laboratory's work which i s  unc lass i f ied .  
t he  top ics  a re  included every month, but  t he  majority a re  
reported on a bimonthly schedule. 

Some of 

SPECIAZ NUCIJ3AB MATERIALS PROGRAM 

Radiochemical Processing P i l o t  P lan t .  - Cleanup of contamination re- 
s u l t i n g  from the  November 1959 evaporator explosion was continued. The 
remaining unpainted surfaces  i n  the  penthouse were cleaned t o  pa in t ing  
spec i f ica t ions .  Cleaning w a s  a l so  completed i n  c e l l  3, and pa in t ing  of 
t he  c e l l  w a l l s  was s t a r t e d  on Hovember 18. In t e rna l  decontamination of 
a l l  process equipment i n  c e l l s  4 through 7 was completed, and t he  pene- 
t r a t i n g  r ad ia t ion  background w a s  reduced t o  allow ent ry  t o  c e l l  6 f o r  
ex terna l  decontamination. 

plosionwere removed without incident  from c e l l s  6 and ?., 
so lu t ion  spray w a s  used t o  remove loose surface contamination i n  the  
c e l l s .  More than 100 g of plutonium w a s  removed by t h e  spray, and sur- 
face smears showed reductions by severa l  orders of magnitude compared 
with measurements made i n  t h e  spr ing.  

anion exchange approximately 1 kg o f  plutonium f lushed from the  equip- 
ment i n  Building 3019. 

Approximately 3 tons of block and miscellaneous debris  from t h e  ex- 
A high-pressure 

Equipment w a s  i n s t a l l e d  i n  c e l l  A, Building 3505, t o  recover by 

REACTOR DEVELOPMENT PROGRAM 

THERMAL-BmEDER REACTOR PROGRAM 

Homogeneous Reactor Program 

Homogeneous Reactor Test .  - The HRT has resumed nuclear operat ion 

The p r inc ipa l  goal of run 
(run 22) with the  flow modffied so  t h a t  t he  f u e l  so lu t ion  i s  now pumped 
through the  core ves se l  from top  t o  bottom. 
22 i s  t o  measure the  e f f e c t  of t he  core modifications on reac tor  behav- 
i o r .  The i n i t i a l  approach t o  full power, now i n  progress,  w i l l  require  
severa l  weeks because da ta  must be co l lec ted  a t  a number of intermediate 
power s t eps ,  
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. 

Pr io r  t o  br inging the  reac tor  t o  c r i t i c a l i t y  on November 7, t h e  re- 
ac to r  components and piping were drained and r insed  of l ight  water and 
the  reac tor  w a s  operated a t  280°C and 1400 ps ig  t o  p r e t r e a t  t h e  high- 
pressure system. The pretreatment consis ted i n  operat ian with oxygenated 
D2O f o r  50 h r  and then with d i l u t e  f u e l  f o r  50 h r .  

t he  ac id- to-su l fa te  r a t i o  t o  0.35. A t  t h i s  r a t i o  t h e  f u e l  so lu t ion  
should be chemically s t a b l e  under a l l  t h e  operat ing conditions proposed 
f o r  t he  present  run. 

t he  cur ren t  power l e v e l  of  1 Mw. I n  t h e  coming month t h e  power w i l l  be 
r a i sed  i n  approximately 500-kw s teps  a f t e r  a sa$ is fac tory  ana lys i s  of 
information i s  made a t  each operating l e v e l .  

Nearly 12 moles of H2S04 w a s  added t o  the  f u e l  so lu t ion  t o  ad jus t  

Studies  of chemical da ta  and power f luc tua t ions  are being made a t  

HRT Chemical P i l o t  P lan t ,  - The hydroclone so l id s -co l l ec t ion  system 
of t h e  HRT has operated continuously s ince  t h e  beginning of run 22. Only 
100 g of corrosion products w a s  removed i n  the  50-hr per iod of operat ion 
with D 2 0 ,  which preceded pump-up of t he  f u e l  so lu t ion ,  The s o l i d s  com- 
pos i t i on  w a s  similar t o  t h a t  from run 21, analyzing 53% Zr, 10% Fe, 7% 
C r ,  and 3.3% U. 
and d i s so lu t ion  of t h e  second batch of so l id s .  

The system w i l l  be operated f o r  500 h r  before i s o l a t i o n  

Thorium Blanket Studies .  - The f e a s i b i l i t y  of coat ing Tho2 p e l l e t s  
with n icke l ,  chromium, A1203, Ta205, Z r 0 2 ,  or Ti02 by use of t h e  plasma 
j e t  apparatus w a s  studied. 
id ized  by argon or argon and hydrogen mixtures and passed through t h e  
a rc  and deposited on the  p e l l e t s  he ld  i n  t h e  j e t  stream 3 t o  5 in .  f r o m  
the  hot  e x i t .  The a rc  w a s  s t ruck  i n  argon or argon-hydrogen a t  25 v and 
a t  325 or 700 amp, A t  t h e  higher  power s e t t i n g s ,  p e l l e t s  were S U C Q ~ S S -  
f u l l y  coated with the  above metals and oxides,  

1200°C i n  hydrogen, showed g rea t e r  r e s i s t ance  t o  a t t r i t i o n  i n  t h e  spout- 
ing-bed tes t  than did the  o r i g i n a l  t h o r i a  p e l l e t s .  For t h e  f i rs t  two of 
s i x  successive 1-hr  t e s t s  t he  nickel-coated p e l l e t s  showed weight l o s ses  
of 0.07 and O.O4%/hr. 
p e l l e t s ,  evident ly  as a r e s u l t  of shearing a t  sharp edges i n  t h e  t h o r i a  
p e l l e t .  

Powders, with p a r t i c l e s  -325 mesh, w e r e  f l u -  

Only the  nickel-coated p e l l e t s ,  which had been postannealed a t  

Af te r  t h e  t h i r d  hour the  coat  s t r ipped  from t h e  

Reactor Analysis. - Calculations were made of t h e  pressure rise i n  
the  HRT following various ramp r e a c t i v i t y  addi t ions,  assuming t h a t  t h e  
blanket  p re s su r i ze r  w a s  blanked o f f .  
were considered as wel l  as blanket-to-core f u e l  r a t i o s  between 0 and 1. 
With a 0.1-in.2 hole ,  a blanket-to-core f u e l  r a t i o  of 0.3, and a ramp 
r a t e  of 2% ak,/sec,  t he  core pressure rose about 2200 p s i  and the  blanket  
pressure rose about 1200 ps i .  

tended by using multigroup ca lcu la t ions  t o  give c r i t i c a l  concentrations 
f o r  core temperatures between 240 and 280"C, blanket  temperatures be- 
tween 150 and 2$OoC, and blanket-to-core f u e l  concentration r a t i o s  from 
0 t o  0.3. 
i n  t h e  parameter ranges considered. 

r y l l i u m  or beryll ium oxide r e f l e c t o r  permits power dens i t i e s  of t h e  order  
of 7 kw/liter per  megawatt of r eac to r  power a t  a core f u e l  concentration 

Core-tank hole  areas up t o  0,5  in .2  

C r i t i c a l i t y  s tud ie s  f o r  t he  HRT under operating conditions were ex- 

The concentrations ranged from 4 t o  7.3 g of U235 per  l i t e r  

Calculations f o r  t he  HRT replacement ves se l  show t h a t  use of a be- 
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of 9 g of U235 per  l i t e r .  
6 g / l i t e r  . Calculations on spher ica l  reac tors  with thorium-blanket re-  
gions containing 5000 g of Th per  l i t e r  ind ica te  breeding r a t i o s  l a r g e r  
than uni ty  i n  pressure vesse ls  having an ins ide  diameter of about 5 f t ,  
with the  use of beryll ium, 

Metallurgy and Ceramics. - Thickness measurements were made i n  t h e  
conical  sect ions of t he  KliT core vesse l  during the  shutdown following 
run 21. A new manipulator provided f o r  t h i s  purpose allowed measurements 
t o  be made a t  any point  i n  e i t h e r  cone. 
t he  surfaces  and the  presence of t he  remains of  t he  d i f fuse r  screen l i m i -  
t e d ' t h e  a rea  of measurement t o  a few spec i f i c  l a t i t u d e s  above t h e  s i x t h  
screen, which had not been removed, Ultrasonic techniques were used, and 
the  e r r o r  i s  bel ieved t o  have been l e s s  than 4%. These measurements were 
an extension of ,  and cons is ten t  with, those made e a r l i e r  i n  the  spher ica l  
por t ion  of t he  vesse l .  

The most s ign i f i can t  r e s u l t  noted w a s  t h a t  t he  g rea t e s t  corrosion 
l o s s  (0.030 i n . )  occurred i n  t h e  upper regions of t he  90" cone and t h a t  
t he  corrosion l o s s  decreased a t  the  lower e leva t ion  where the  so lu t ion  
ve loc i ty  w a s  higher (e .g . ,  t h e  l o s s  w a s  0.020 in .  i n  t he  top  of t h e  30' 
cone). This was cons is ten t  with t h e  r e s u l t s  of t h e  hydrodynamic s tudies .  

It should be noted t h a t  only the  l o s s  due t o  generalized corrosion 
was measured; measurements could not be made where the re  was much p i t t i n g  
o r  o ther  roughness. 

The corresponding U233 concentration w a s  about 

Unfortunately, t he  roughness of 

In-Pi le  Solut ion Corrosion Tests .  - The r e s u l t s  of a review and cor- 
r e l a t i o n  of many of t he  pas t  data f o r  Zircaloy-2 r ad ia t ion  corrosion i n  
uranyl s u l f a t e  so lu t ions  ind ica te  t h a t  t he  following r e l a t ionsh ip  pre- 
v a i l s  between corrosion r a t e ,  R (mi ls /yr ) ,  f i s s i o n  power dens i ty  i n  so- 
l u t ion ,  P ( w / m l ) ,  and temperature, T (OK), f o r  t h e  conditions t e s t e d  
(values of P up t o  110 w/ml, temperatures i n  t h e  range 225 t o  33OoC,  and 
a va r i e ty  of so lu t ion  compositions and v e l o c i t i e s )  : 

where a i s  t h e  f a c t o r  by which the  e f f e c t i v e  power densi ty  a t  the  cor- 
roding surface i s  g rea t e r  than t h a t  i n  so lu t ion  because of uranium sorp- 
t i o n  on the  surface,  and a280 is  t h e  a value determined a t  280°C i n  a 
given so lu t ion ,  The value of a and thus the  e f f e c t  of sorbed uranium 
changes with so lu t ion  composition and ve loc i ty ,  bu t  t h i s  i s  the  only way 
i n  which these var iab les  a f f e c t  t h e  corrosion. 

Using these  concepts and the  equation i n  a fu r the r  review of t h e  in-  
p i l e  autoclave r e s u l t s  obtained a t  28OoC, it w a s  found t h a t  a co r re l a t ion  
exis ts  between t h e  i n i t i a l  copper concentration i n  so lu t ion  and the  amounts 
of sorbed uranium. The e f f e c t s  of sorbed uranium i n  systems containing 
i n i t i a l  copper concentrations of l e s s  than 0.01 m were general ly  g rea t e r  
than those i n  otherwise s i m i l a r  so lu t ions  containing more than 0.01 m Cu. 
Changes i n  the  e f f e c t s  of  sorbed uranium ranging up t o  a maximum of about 
3,5-fold were cor re la ted  with copper concentration changes i n  four  d i f -  
f e r en t  s e t s  of experiments. 

sures  (which a re  a f fec ted  by copper Concentration) i n  the  range 0 t o  650 
ps i ,  a t  l e a s t ,  probably do not a f f e c t  t he  urariium sorpt ion.  

The review of t h e  autoclave data indicated t h a t  radiolyt ic-gas  pres- 
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It i s  suggested t h a t  these  e f f e c t s  may be r e l a t e d  t o  f u e l  i n s t a b i l i t y  
i n  t h e  HRT s ince  reported observations f o r  run 13 ind ica t e  a poss ib le  re -  
l a t ionsh ip  between low copper concentration and f u e l  i n s t a b i l i t y  i n  t h a t  
run. 

i s  exposed t o  d i l u t e  s u l f u r i c  ac id  so lu t ion  a t  e levated temperatures f o r  
severa l  days, t h e  corrosion r a t e  becomes qui te  low and consequently t h e  
r a t e  of f i lm  growth a l s o  becomes low,  Since t h e  rate of film growth i s  
low, measurements concerning t h e  e f f e c t  of temperature on t h e  corrosion 
r a t e  a re  performed a t  e s s e n t i a l l y  constant f i l m  thickness ,  From t h e  re- 
sults of these  measurements, t h e  ac t iva t ion  energy f o r  t h e  corrosion re- 
ac t ion  may be calculated.  Using the  electrochemical po la r i za t ion  tech- 
nique, such measurements were made f o r  specimens of Zircaloy-2 exposed a t  
208, 258, and 277"C, during the  f i lm  growth per iods.  
gave a value of 15.5 kcal/mole f o r  t h e  ac t iva t ion  energy. The r e s u l t s  a t  
258 and 2'77°C implied an increase i n  ac t iva t ion  energy with exposure a t  
higher temperatures. A t  258'C t h e  ac t iva t ion  energy was 25 kcal/mole, 
and a t  277"C, 46 kcal/mole. These two l a t t e r  measurements, however, can 
be questioned. Each specimen exposed a t  these  higher  temperatures de- 
veloped (nonprotect ive)  white oxide over a s m a l l  por t ion  of t h e  surface.  
Consequently, u n t i l  measurements a re  made on a sample which does not de- 
velop white oxide, t he  results cannot be unambiguously evaluated. 

t i o n  aimed a t  studying var iab les  which a f f e c t  t he  a t t r i t i o n  of 0.2-in.- 
diam t h o r i a  p e l l e t s ,  a s e r i e s  of labora tory  t e s t s  was c a r r i e d  out, using 
3.75-in.-ID rubber-l ined ba l l  m i l l s  of 8OO-mL capacity,  i n  which the  ef- 
f e c t  of m i l l  charge ( p e l l e t s  and water), m i l l  length,  and r o t a t i o n a l  speed 
on wear r a t e  of p e l l e t s  w a s  s tudied.  Wear r a t e s  were proport ional  t o  both 
increased r o t a t i o n a l  speeds from 100 t o  200 rpm and t o  increased p e l l e t  
charge over t h e  range 10 t o  100 p e l l e t s .  The amount of w a t e r ,  50 t o  800 
ml ( f i l l e d ) ,  charged t o  the  mill o r  changing t h e  length  of t h e  m i l l  from 
4-1/2 i n ,  (800-ml capac i ty)  t o  2-1/4 in .  (400-ml capac i ty)  had no de tec t -  
able  e f f e c t  on t h e  wear r a t e  of t h e  p e l l e t s ,  

The f i n e s  which r e su l t ed  from repeated mi l l i ng  of t h e  p e l l e t s  had 
an average p a r t i c l e  s i z e  of 2 p. 

Thin (-0.3-mil) coatings of zirconium which were appl ied t o  Thoz 
p e l l e t s  by an experimental e l ec t ron  vaporizat ion technique were penet ra ted  
a f t e r  1 hr exposure i n  a spouted-bed t e s t ,  and s p a l l i n g  of t h e  coat ing w a s  
noted a f t e r  autoclaving t h e  p e l l e t s  i n  water a t  260'C. 

t e r i a l s  and Equipment Corporation displayed high weight l o s s  r a t e s  (1.1 x 
lO+%/hr) i n  s t a t i c  autoclave t e s t s  a t  260°C and i n  b a l l - m i l l  t e s t s  
(1.5%/hr) with 100 p e l l e t s  a t  150 rpm and spouted-bed tes ts  (1.3 t o  
1.5%/hr) with 10 p e l l e t s  a t  0.2-fps s u p e r f i c i a l  ve loc i ty .  
r a t e s  were a t t r i b u t e d  t o  numerous cracks and pores i n  t h e  p e l l e t s .  

experiment L-2-27SY i n s t a l l e d  i n  LITR beam hole HB-2, w a s  terminated after 
3115 h r  of s l u r r y  c i r cu la t ion ,  of which 2220 h r  ( Ju ly  19 t o  October 19, 
1960) w a s  with continuous operation in -p i l e ,  and 1839 h r  w a s  under ir- 
rad ia t ion  a t  3-Mw LITR power. 

Supporting Radiation Corrosion Studies .  - When a Zircaloy-2 specimen 

The results a t  208'C 

Out-of-Pile Blanket Materials Tests .  - I n  one phase of an inves t iga-  

Experimental 0.16-in.-diam Tho2 p e l l e t s  obtained from Nuclear Ma-  

High a t t r i t i o n  

In-Pi le  Blanket Materials Tests .  - The 5-gpm i n - p i l e  s l u r r y  loop 

A t  t he  time of i n se r t ion ,  t he  c i r c u l a t i n g  

4 
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s l u r r y  inventory was 1350 g of Th per  kg of D2Q (980 g of Th per  l i t e r  
a t  280°C). 
rium and 0.019 m Pd as a recombination c a t a l y s t .  The loop w a s  operated 
a t  280°C under a n  oxygen atmosphere. 
of s i x  samples reduced t h e  c i r c u l a t i n g  inventory concentration t o  960 g 
of Th per  kg of D2O (735 g of Th per  l i t e r  a t  280'C). 
samples were a l so  withdrawn. 
sampling system was indicated,  sampling procedures operated e n t i r e l y  
without d i f f i c u l t y .  

and associated r ad ioac t iv i ty  were r ead i ly  drained and f lushed from the  

The s l u r r y  contained 0.5 w t  % enriched uranium based on tho- 

During the  i r r a d i a t i o n ,  withdrawal 

S i x  terminal  
Although some holdup of s o l i d s  i n  t h e  

Before removal of t h e  loop from the  reac tor ,  e s s e n t i a l l y  a l l  s l u r r y  

loop 0 

Radiolytic-gas Levels during in -p i l e  operation remained below 10 
p s i .  
d i a t i o n  w a s  estimated t o  be s u f f i c i e n t  t o  account f o r  t h i s .  A s  a r e s u l t ,  
t he  e f f i c i ency  of' t he  palladium recomblnation c a t a l y s t  w a s  indeterminate.  

cc/sec, decl ining t o  such values from a l e v e l  of 3 t o  4 cc/sec sho r t ly  
a f t e r  t h e  beginning of i r r a d i a t i o n .  

Generalized corrosion during the  i r r a d i a t i o n  period, based on cor- 
rosion-product ana lys i s  and on oxygen pa r t i a l -p re s su re  measurement, ap- 
peared t o  be l e s s  than 1 mil/yr,  comparable with r a t e s  observed during 
the  out -of -p i le  p re i r r ad ia t ion  period. 

as i r r a d i a t i o n  proceeded, with the  average diameter decreasing from a 
value of 1.7 p before i r r a d i a t i o n  t o  a value of 0.3 p a f t e r  1460 h r  of 
i r r a d i a t i o n .  
No subs t an t i a l  e f f e c t s  on c i r c u l a t i n g  c h a r a c t e r i s t i c s  were associated 
with the  degradation. In -p i l e  s l u r r y  autoclave experiments at  comparable 
doses have not shown similar degradation; consequently the  e f f e c t  i s  
a t t r i b u t e d  t o  t h e  combination of pumping and i r r a d i a t i o n .  
loop run a l s o  subjected the  s l u r r y  t o  more passes through t h e  pump ( a  
major degradation cause) than has any o ther  ORNL s l u r r y  run. 

Recombination as a r e s u l t  of t h e  absorption of  r eac to r  gamma ra- 

The flow rate through t h e  f i l t e r  remained a t  a l e v e l  of 0.3 t o  0.4 

There appeared t o  be subs t an t i a l  degradation of s l u r r y  p a r t i c l e  s i z e  

Concurrently the  surface a rea  changed from 1.5 t o  25 m2/g. 

The present  

Evaluation Studies  

Thorium-Breeder-Reactor Evaluation Studies .  - Further  ca lcu la t ions  
on aqueous homogeneous reac tors  showed t h a t  a va r i a t ion  of 10% i n  t h e  
epithermal value of q23 r e su l t ed  i n  an uncertainty of about l%/year i n  
the  f u e l  y i e l d  and about 0.04 mill/kwhr i n  t h e  f u e l  cos t .  Decreasing 
the  absorption resonance i n t e g r a l  of  Pa233 f rom 1200 t o  900 barns in-  
creased the  f u e l  y i e l d  about O.S$/year and caused a negl ig ib le  decrease 
i n  f u e l  cost .  

t h e  molten-salt  breeder r eac to r  was performed, tak ing  i n t o  considerat ion 
resonance absorption by t h e  f i s s i o n  products. The new results a re  ap- 
preciably d i f f e r e n t  from those obtained without considerat ion of reso- 
nance absorptions.  It i s  now estimated t h a t  the  maximum f u e l  y i e l d  i s  
about ?$/year a t  a f u e l  cos t  of 1 . 5  miilslkwhr; under operating condi- 
t i ons  associated with minimum f u e l  cos t  (about 0 ,6  mill/kwhr) t h e  r eac to r  
has e s s e n t i a l l y  a zero f u e l  y i e ld .  

Optimization of t he  fue l -  and f e r t i l e - s t r eam processing r a t e s  i n  
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MOLTEN-SALT liEACTOR PROcECT 

MSRE Design. - About '72% of the  main-component design drawings are 
complete and are  ready f o r  comment. 
selected,  and the  reac tor -vesse l  drawings a re  being modified t o  include 
the  poison thimble. 
i n se r t ed  i n t o  a hole i n  the  center  piece of graphi te .  This thimble is  
connected through a 3/4-in. pipe t o  a s m a l l  s torage tank outs ide and 
above the  reac tor  thermal sh ie ld .  snorkel" tube i s  in -  
s e r t ed  through the  tank and i n t o  the  poison thimble. 
l i n e  i s  brought t o  t he  top  of t h e  s torage tank. A mixture of Li6F and 
BeFz i s  placed i n  the  storage tank and, by means of gas con t ro l  i n  t h e  
two gas supply l i n e s ,  can be t r ans fe r r ed  from tank t o  poison thimble as 
des i r e d .  

The revised primary-system layout  reported l as t  month w a s  completed, 
and a s t r e s s  ana lys i s  ind ica tes  t h a t  s t r e s s e s  w i l l  be s u b s t a n t i a l l y  below 
allowable values both a t  zero power and a t  design power. 
neutron s h i e l d  t o  surround the  reac tor  w a s  s t a r t e d .  Design of t he  r e -  
ac to r  hea te rs  and thermal in su la t ion  was a l s o  begun. 

The drain- tank arrangement was revised t o  f a c i l i t a t e  replacement of 
t h e  l i n e  t o  the  reac tor  c e l l .  A scheme w a s  developed f o r  removing spent 
f u e l  from the  system f o r  chemical processing. 

Drawings f o r  bu i ld ing  sh ie ld ing  and s t r u c t u r a l  concrete were issued 
f o r  comment. F ina l  conceptual design o f  primary and secondary containment 
areas  w a s  accepted. Air-handling c r i t e r i a  were f ina l i zed ,  and design i s  
proceeding. Waste pond, holdup tank, and bas ic  water requirements a r e  
es tab l i shed .  Items (cranes and manipulators) f o r  remote handling have 
been es tab l i shed  as  t o  kind, number, and s i z e .  

operated with various f luo r ide  salts  a t  1300 or  1500'F at  200" AT f o r  
periods of from 5700 t o  19,800 hr. 

Two I N O R - 8  thermal-convection t e s t s  a r e  being made f o r  i nves t iga t ing  
the  behavior of graphi te  and molybdenum i n  molten-sal t  environment. 

A frozen-lead sha f t  s e a l  of a s m a l l  c en t r i fuga l  pump c i r c u l a t i n g  
molten sa l t  a t  1200°F has now accumulated 21,600 h r .  
loop t o  be used f o r  MSRE component development i s  being designed, and 
f ab r i ca t ion  has begun. 

richer-sampler, t o  determine i t s  leak- t igh tness  and probable length  of 
useful  service,  i s  continuing. 
h r ,  and 30 cycles have been completed. No change i n  t h e  melting poin t  
o r  wet t ing c h a r a c t e r i s t i c s  has been detected.  

were s t a r t e d .  
sca le  hydraulic model of  t he  core.  The most s a t i s f a c t o r y  hydraulic and 
mechanical arrangement incorporates a constant-flow-area r ing  i n t o  which 
t h i s  f l u i d  en te r s  and an o r i f i c e  p l a t e  between the  i n l e t  r i n g  and the  
core-vessel  cooling annulus, An uneven spacing of holes  around t h e  o r i -  
f i c e  provides a uniform flow d i s t r i b u t i o n  t o  the  cooling annulus. 

the  t%erlilal-cy-cie f a c i l i t y .  

A favored po5son scheme has been 

A n  I N O R - 8  thimble (1/16-in. w a l l  and 1.3- in .  OD) i s  

I t  A 1/4- in .  gas 
An add i t iona l  gas 

Design of a 

Component Development. - Seven corrosion pump loops of INOR-8 have 

An engineering t e s t  

Test ing of  a 72% Ag-28% Cu a l l o y  freeze valve f o r  use with t h e  en- 

The t o t a l  time a t  1500'F t o  date  i s  42.7 

Design and construct ion o f  p a r t s  f o r  t e s t i n g  an enricher-sampler 
Tests  were made on d i f f e r e n t  volute  designs i n  t h e  1/5- 

Thermal cycl ing of a 3-1/2- and a 4- in .  f reeze  flange continued i n  
A t o t a l  of 57 cycles has beell completed with 

. 
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no detectable  cracking due t o  thermal stresses. The r e s i l i e n t  clamp 
r ing  w a s  i n s t a l l e d  on the  3-1/2-in. f lange and has e s s e n t i a l l y  eliminated 
t h e  increased leakage t h a t  formerly r e su l t ed  during each cool-down. 

Cycling of both the  resis tance-heated and t h e  induction-heated 
freeze valves continued. 
with an average melt-out time of 3.5 min a t  an average power input  of 
1.8 kw. The induction valve has been cycled 52 times with an average 
melt-out time of 0.5 min a t  an average power input of 12 kw. 

w a s  operated successful ly  with sal t  at 1200'F a f t e r  being disassembled 
and reassembled remotely. This completes the  remote-maintenance demon- 
s t r a t i o n  phase f o r  t he  f a c i l i t y .  

a id .  
freeze flanges.  Alignment during t h e  f i n a l  f lange closure i s  considered 
t o  be a problem. 
f a c i l i t y  which w i l l  serve 4- by 8-1/2-ft  openings i n  t h e  primary r eac to r  
shield.  
blocks t o  permit t he  use of t h i s  f a c i l i t y .  

auxiliary reac tor  piping and off-gas l i n e s  continued. 

cated journal  bear ing has operated f o r  5268 h r  with LiF-BeF2-UF4 (62- 
37-1 mole 5 )  a t  1225'F, with 71 s t a r t - s tops  and with no o i l  leakage from 
the  s h a f t  s ea l .  

The Inconel cen t r i fuga l  pump (PKP type)  has operated f o r  1538 h r  at 
1225'F, c i r cu la t ing  LiF-BeFz-ThF4-UF4 (65-30-4-1 mole $1 at  1950 r p m  and 
510 gpm, with upper and lower s e a l  o i l  leakage r a t e s  of 11 and 16  cc/day. 

The MSFU3 primary pump and water t e s t  loop were assembled, and t e s t -  
ing w a s  s t a r t e d .  Preliminary t e s t s  were performed t o  evaluate  t h e  ef- 
fect iveness  of t he  pump i n  s t r ipp ing  gas from the  l i qu id .  Head, flow, 
speed, and power da ta  a re  being obtained. 

fabr ica t ion .  The tes t - loop  design drawings are being checked p r i o r  t o  
re lease  f o r  fabr ica t ion .  

The r ad ia t ion  hazards i n  the  event of sudden re lease  of Kr85 t o  t h e  
t es t  a rea  during t h e  MSRE back-diffusion experiment have been evaluated. 
Ey properly pro tec t ing  the  storage cyl inder  against  impact blows, by 
providing addi t iona l  ven t i l a t ion  i n  the  immediate area,  and by providing 
a l i n e  r e s t r i c t o r  t o  l i m i t  t h e  rate of discharge i n  the  event of a l i n e  
rupture,  t he  experiment can be run with safe ty .  A radiation-gas monitor 
i s  being i n s t a l l e d  i n  t h e  area.  

Chemistry. - Quenched samples from the  LiF-BeF2-ZrF4 te rnary  system 
were s tudied i n  an e f f o r t  t o  f u r t h e r  character ize  the  f irst  phase which 
p r e c i p i t a t e s  on cooling the  MSRE f u e l  (LiF-BeFz-ZrF4-ThF4-UFq; 70-23-5-1-1 
mole $). The phase contains equal p a r t s  (mole basis) of BeF2 and ZrF4 
m d  melts semi-incongruently i n  the  te rnary  system TO LiF and a l i q u i d  a t  
475OC; the  formula i s  probably - nLiF.BeF2-ZrF,+, where - n i s  a t  l e a s t  6 and 
less than 8e 

The res i s tance  valve has been cycled 55 times, 

Remote Maintenance. - The remote-maintenance demonstration f a c i l i t y  

Work w a s  begun on a 1/12-scale MSRE model t o  be used as a design 
A f a c i l i t y  i s  being constructed f o r  t e s t i n g  methods of assembling 

The design w a s  started f o r  a s l id ing-sh ie ld  maintenance 

A p roposd  w a s  made f o r  t he  arrangement of t h e  primary sh ie ld  

The tes t  program f o r  s m a l l  manipulator-operable disconnects f o r  

Pump Development. - The molten-salt  pump containing a s a l t - l u b r i -  

Drawings f o r  t h e  prototype h o t - t e s t  primary pump were released f o r  
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The densi ty  of t he  MSRE f u e l  over t h e  temperature range 450 t o  700°C 
as determined from buoyancy with a platinum bob i s  

p (g/ml) = 2,84 - 0,00056t"C t- 0.01 , 
and the  temperature coe f f i c i en t  i s  known t o  *5$. 

Two 100-kg batches of f u e l  f o r  engineering experiments were proc- 
essed t h i s  month; 600 kg has been manufactured t o  da te .  

Metallurgy. - Undesirable oxygen contamination was removed from 
graphi te  i n  capsule t e s t s  by purging with molten sal ts ,  Di f fe ren t  speci-  
mens of AGOT graphi te  were exposed t o  LiF-BeF2-UF4 salts  and t o  NaF-ZrFA- 
UF4 salts a t  1300°F, and subsequently these  purge salts  were replaced 
with LiF-BeF2-UF4, which by p rec ip i t a t ing  U02 a c t s  as a s e n s i t i v e  ind i -  
ca to r  f o r  oxygen. No p r e c i p i t a t e  was observed a f t e r  t he  l a t t e r  operation, 
ind ica t ing  t h a t  a l l  t he  undesirable oxygen contamination w a s  removed from 
t h e  graphi te .  Since a p r i o r  f lu sh  with a molten sa l t  i s  an t i c ipa t ed  on 
the  MSFE t o  remove oxygen from the  metal system, the  use of one of t h e  
afore-mentioned sal ts  would serve a dual  purpose: t o  c lean the  metal  
components and t o  remove oxygen from graphi te .  

A standard graphi te  compat ibi l i ty  t e s t  w a s  completed with t h e  LiF- 
BeF2-ZrF4-ThF4-UF4 sal t  proposed f o r  t h e  MSRE. Radiographic examination 
of t he  system revealed a p rec ip i t a t ion  reac t ion  which went t o  completion 
within the  f i rs t  100 h r  of exposure, This p r e c i p i t a t e  w a s  found t o  be 
predominantly monoclinic ZrO2 .  

Corrosion Tests .  - INOR-8 forced-convection loop 9354-3 w a s  termi- 
nated f o r  examination on October 10 a f t e r  20,000 h r  of operation. Re- 
s u l t s  of p o s t t e s t  metallographic and chemical examinations are being re -  
viewed i n  connection with I N O R - 8  forced-convection loop MSRP-12, which 
operated f o r  14,500 h r .  
follows : 

Operating conditions f o r  both loops were as 

Loop Loop 
9354-3 MSRP-12 

S a l t  mixture 84* 134* 

Maximum sa l t -meta l  i n t e r f ace  
temp, OF 1200 1300 

Bulk sa l t  temp, "F 115 0 1250 

LV, "F 150 200 

Flow r a t e ,  g p m  2 1.8 

Reynolds number 3000 2300 
~~~ 

*Sal t  compositions : 84 - NaF-LiF-BeF2 (27-35-38 mole $) 
134 - LiF-BeFz-ThF4-UFq (62-36.5-1-0.5 mole $) 

Metallographic examination of hot- leg specimens removed from loop 
However, the  presence of a l i g h t  MSRP-12 revealed no apparent a t tack.  

surface f i lm  1/3 m i l  t h i ck  w a s  noted. 

& 
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Loop MSRP-12 w a s  equipped with a salt-sampling device, i n  order t o  
monitor t h e  buildup of chromium i n  the  s a l t  during loop operation. Chemi- 
c a l  analyses of t he  sal t  c i r cu la t ed  showed an increase i n  chromium con- 
cent ra t ion  from an i n i t i a l  value of 450 ppm t o  a l e v e l  of 500 ppm a f t e r  
1200 hr .  
out t he  t e s t .  
and 200 + 50 ppm, respect ively,  during the  t e s t .  

Reactor Analysis. - Preliminary ca lcu la t ions  were made i n  order  t o  
obtain an estimate of t he  worth of a proposed cont ro l  rod f o r  t h e  MSIIE. 
The r e s u l t s  ind ica te  t h a t  a l- in.-diam rod would have a worth of about 
4% 6k/k when f u l l y  inser ted .  

The MSFB shielding-thickness requirements were estimated t o  be 3.6 
f t  of barytes  concrete f o r  t he  f u e l  dra in  tanks,  3.4 f t  of barytes  con- 
c r e t e  f o r  t he  f u e l  storage tanks,  and 10 i n .  of l ead  f o r  t h e  spent-fuel  
t r a n s f e r  casks. Multigroup ca lcu la t ions  f o r  t he  hea t  exchanger gave an 
e f f ec t ive  mul t ip l ica t ion  constant of 0.03. 

Multigroup one-dimensional ca lcu la t ions  were performed t o  obtain 
estimates of c r i t i c a l  masses, power-density d i s t r ibu t ions ,  and f i s s ion ing  
spec t ra  f o r  some homogeneous molten-salt  reac tors  having outer  r e f l e c t o r s  
and cen t r a l  8tislands.flP 
th i ck  f u e l  annulus, and a 10-in.- thick b e r y l l i a  ou ter  r e f l e c t o r ,  the  com- 
puted core c r i t i c a l  mass was 40 kg of U235; about 62% of t he  f i s s i o n s  
occurred a t  thermal energies;  t he  computed power densi ty  a t  t h e  is land-  
f u e l  i n t e r f ace  w a s  about twice t h e  average power densi ty  i n  the  f u e l  
annulus e 

Within a spread of +60 ppm, t h i s  l e v e l  remained constant through- 
The concentrations of i ron  and n icke l  remained a t  75 C 25 

For a 6- in0- rad ius  b e r y l l i a  i s land ,  an 18-in.-  

Fuel Processing. - Recent work w a s  concerned mainly with invest iga-  
t i o n  of t he  LiF-SbF5 compound. 
c i p i t a t i o n  i n  anhydrous HF solut ion.  
w a s  obtained with t h i s  product. 
SbF5 vapor with LiF i s  being t e s t e d  t o  see i f  it i s  the  same as the  com- 
pound mentioned above. 
of t he  LiF-SbFS compound indicated t h a t  it w i l l  not decompose under 1 a t m  
of SbF5 u n t i l  t h e  temperature i s  over 600°C. 
ca tes  t h a t  LiF might be a usefu l  reagent f o r  removal of SbF5 (and perhaps 
NbF5) from gas streams i n  t h e  f luor ide  v o l a t i l i t y  process or from l i q u i d  
HF. 

Experiments with the  laboratory-model s teady-s ta te  f luo r ina to r  were 
completed. 
could be recovered from a sa l t  continuously. 
indicated t o  be corrosion. 
but  no fu r the r  work i s  planned a t  t h i s  time, 

Several  preparat ions were made by pre- 
A good x-ray d i f f r a c t i o n  p a t t e r n  

Material  r e s u l t i n g  from reac t ion  of 

Q u a l i t a t i v e  inves t iga t ion  of t he  thermal s t a b i l i t y  

This high s t a b i l i t y  ind i -  

Four experiments were made which demonstrated t h a t  uranium 

A design f o r  a second model has been made, 
The primary problem w a s  

HIGH FLUX ISOTOPE REACTOR 

Physics. - For the  f i n a l  s e t  of HFIR c r i t i c a l  experiments a revised 
s e t  of ca lcu la t ions  w a s  made f o r  determining the  proper i n i t i a l  r a d i a l  
f u e l  and burnable poison d i s t r ibu t ion ,  t he  core l i f e t ime ,  and the  var ia -  
t i o n  of cont ro l  p l a t e  pos i t ion ,  maximum power densi ty ,  and neutron f luxes 
with time. A s  a r e s u l t  of these s tud ies  t h e  design of t h e  f u e l  region 
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w a s  changed t o  the ex ten t  of adding a 1-cm-wide water annulus between 
the  two equal-thickness annuli ,  increasing the  metal-to-water r a € i o  i n  
t h e  f u e l  annul i  from 0.8 t o  1.0 (50-mil p l a t e s  and channels ins tead  of 
4O-mil p l a t e s  and 50-mil channels),  and increas ing  t h e  ac t ive  length  of 
t h e  core from 18 t o  20 i n .  
r a t i o  and the  narrow water annulus i s  t o  decrease the  maximum power den- 
s i t y  without jeopardizing r e a c t i v i t y  and thus decrease the  i n i t i a l  r a d i a l  
f u e l  gradients  and the  weight per  cent of uranium i n  t h e  uranium-aluminum 
fue l -p la te  core.  The length  of t he  core w a s  increased t o  make up t h e  
difference i n  hea t  t r a n s f e r  surface area.  

U235 loading of  8.1 kg would provide a f u e l  cycle of approximately 1 4  
days, during which time the  maximum power dens i ty  d id  not exceed t h e  
permissible value, t he  peak thermal f l u x  i n  t h e  i s l and  var ied  by +3%, and 
the peak thermal f l u x  i n  t h e  r e f l e c t o r  increased by a f a c t o r  of 2.2. A t  
t he  beginning of t h e  cycle the  r e a c t i v i t y  ( k  - l), w i t h  t h e  con t ro l  

p l a t e s  withdrawn, w a s  0.13, which included r e a c t i v i t i e s  of -0.04 f o r  
burnable poison ( loca ted  i n  t h e  f u e l  p l a t e s  of t h e  inner  f u e l  annulus) 
and an estimated -0.02 f o r  experimental f a c i l i t i e s ,  including beam holes .  
By t h e  end of t h e  second day a t  100 Mw t h e  p o t e n t i a l  r e a c t i v i t y  w a s  re -  
duced by 0.05, and a t  the  t e n t h  day t h e  r e a c t i v i t y  associated with xenon- 
samarium and f i s s i o n  products (r = 11.2 barns)  was a 

ca lcu la ted  t o  be -0.051 and -0,026 respec t ive ly .  Calculat ions have a l s o  
been made i n  connection with xenon and samarium poisoning during s t e p  
power cutbacks and f o r  t he  p a r t i c u l a r  case of complete shutdown. I n  t h e  
former case,  s t e p  power reductions of 50, 80, and 90% were consiaered 
f o r  a core t h a t  had been operated a t  100 Mw f o r  a per iod of one day. A t  
the  end of t h i s  period, bu t  p r i o r  t o  power reduction, t he  p o t e n t i a l  re- 
a c t i v i t y  was 0.085; i n  60 min a t  10% f u l l  power and 130 min a t  20$ f u l l  
power the  p o t e n t i a l  r e a c t i v i t y  w a s  reduced t o  zero. The maximum decrease 
i n  k 

Three t o  f i v e  days a f t e r  a complete shutdown, both xenon (decaying) 
and samarium (bui ld ing  up) a re  s i g n i f i c a n t  i n  determining t h e  p o t e n t i a l  
r e a c t i v i t y ,  and a f t e r  about f i v e  days the  poisoning i s  a t t r i b u t e d  almost 
e n t i r e l y  t o  the  samarium. Thus a minimum poisoning e f f e c t  occurs a t  about 
four  days, t he  d i f fe rence  i n  r e a c t i v i t y  between four  days and t e n  days 
( e s s e n t i a l l y  i n f i n i t e  t ime) a f t e r  shutdown being, respect ively,  0.002, 
0.005, 0.007, and 0.010 f o r  I, 3, 6, and 10 days of operat ion a t  100 Mw. 
I n  comparison with the  values of k t h a t  e x i s t  during normal operat ion 

a t  the  times spec i f i ed  above, keff f o r  a core t h a t  has been shut down 
f o r  a t  l e a s t  t e n  days i s  d i f f e r e n t  by +0.02, +0.007, -0.013,and -0,024 
respect ively;  and an ext rapola t ion  of these  r e s u l t s  ind ica tes  t h a t  t h e  
above core,  shut  down as l a t e  as 11 t o  12 days a f t e r  t he  o r i g i n a l  com- 
mencement of f u l l  power operation, could be r e s t a r t e d  and operated a t  
f u l l  power f o r  t he  r e s t  of the  14-day cycle.  

a source of samarium from t h e  d i r e c t  f i s s i o n  product Pm’47 w a s  considered. 
I n  t h i s  case, Sm14’ w a s  i n d i r e c t l y  produced by t h e  absorption of neutrons 

The purpose of t h e  g rea t e r  metal-to-water 

Results of ca lcu la t ions  made f o r  the modified core indi’cated t h a t  a 

e f f  

= 52 barns,  c a t h  fast  

f o r  a core reduced t o  50% power w a s  0.028. eff 

e f f  t 

When studying the  xenon and samarium poisoning e f f e c t s  i n  t h e  HFIR, 
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W 

i n  F'mlCt7 and Fm148, with the  eventual decay of Pm14'. Results of calcu- 
l a t i o n s  f o r  t he  HFIR show t h a t  i n  comparison with the  concentrations re -  
s u l t i n g  from the  decay of t he  d i r e c t  f i s s i o n  product Nd14', t h e  PmL4' 
concentration associated with i s  respect ively 0.02, 0.1, 0.2, and 
2 times as much f o r  2, 5, 10, and m days of operation a t  100 Mw. 
r e s u l t s  a re  based on the  recent ly  measured cross  sec t ions  (J. Halperin 
ORNL, October 1960) f o r  PmlCt7 and PmlCt8 of 
2500 barns, $;:8 = 2 x lo4  barns.  3 

Heat Transfer ,  - Tests with a heated, v e r t i c a l l y  or iented HFIR alu- 
minum t e s t  s ec t ion  i n  an e s s e n t i a l l y  i n f i n i t e  environment of atmospheric 
a i r  have shown t h a t  t he  maximum metal temperature reaches 1020'F (200° 
below the  melting po in t )  a t  a heat  f l u x  of  5150 Btu hrcL fte2. 
t e rhea t  f l u x  should decrease t o  t h i s  value approximately 1 h r  and 35 min 
a f t e r  reac tor  shutdown, 

Recent na tu ra l - c i r cu la t ion  hea t - t ransfer  work, including s tud ie s  of 
t he  HFIR geometry, a re  described i n  ORNL-3026 ( t o  be i ssued) ,  

Corrosion. - Two hea t - f lux  corrosion t e s t s  with specimens measured 
before and a f t e r  t e s t  have been completed. I n  both t e s t s  t he  specimens 
were made from 6061 aluminum, t h e  hea t  f l u x  w a s  1.5 x l o 6  Btu hr" ft"2, 
t h e  i n l e t  and o u t l e t  water temperatures were 186 and 218'F respect ively,  
t he  flow r a t e  of t he  water w a s  40 fps ,  and t h e  pH of the  water w a s  5 
(HN03). 
system was 900 p s i .  
r i s e  of t he  aluminum due t o  t he  formation of a f i lm of aluminum oxide 
on the  surface w a s  about 6'F/day. Af te r  descal ing the  specimen a t  the  
conclusion of t h e  t e s t ,  t he  maximum penetrat ion of the  aluminum, 1,3 m i l s ,  
occurred near t he  e x i t  end of t he  specimen. The second t e s t  l a s t e d  20 
days and t h e  pressure w a s  150 p s i .  
aluminum was approximately the  same as i n  the  f i rs t  t e s t ,  but  t h e  extent  
of corrosion was considerably l e s s  The maximum penet ra t ion  of t h e  alu-  
minum occurred near t he  i n l e t  end of the  specimen and w a s  0.8 m i l ,  
b o i l i n g  could not have occurred i n  t h e  f i r s t  t e s t  and s ince  bo i l ing  w a s  
only possible  a t  t h e  aluminum-aluminum oxide in t e r f ace  during t h e  las t  
few days of t he  20-day t e s t ,  it w a s  not responsible f o r  t h e  apparent d i f -  
ference i n  corrosion damage between the  t w o  t e s t s .  

Regardless OS t he  lack  of agreement between the  two t e s t s ,  both show 
t h a t  under conditions expected t o  e x i s t  i n  t he  HFIR, corrosion of t h e  
aluminum fuel-element cladding should not be ser ious during the  r e l a t i v e l y  
shor t  l i f e  of t he  reac tor  core. 

[These 

= 250 barns,  I 00 (Pm1471 = 

The af- 

I n  t h e  f irst  t e s t ,  which l a s t e d  t e n  days, t he  pressure on t h e  
During t h i s  period the  maximum r a t e  of temperature 

The r a t e  of temperature r i s e  of t he  

Since 

Metallurgy: Fuel-Element Core Preparation. - The use of c a s t  a l loys  
t o  make boron-containing f u e l  cores w a s  discontinued because of t h e  l ack  
of cont ro l  on boron content i n  mater ia ls  made with t h i s  method. Attempts 
t o  co r re l a t e  boron l o s s  with uranium content,  temperature, and holding 
t i m e  were unsuccessful. 

powder compacts composed of Al and U3O8 i n t o  f u e l  cores. ,  
s t a r t i n g  compacts were found t o  give r e s u l t s  equivalent t o  tapered-shaped 
s t a r t i n g  cores.  
o r  cold pressed) w a s  not found t o  a f f e c t  t he  f i n a l  product. 

Preliminary s tudies  have es tab l i shed  the  s u i t a b i l i t y  of hot forging 
Flat-shaped 

The condition of t he  s t a r t i n g  compacts ( i . e . ,  annealed 
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Metallurgy: Fuel-Plate Fabrication. - A series of 0,050-in. plates 
containing contoured U-A1 alloy fuel sections was manufactured. Ten 
inner annulus plates were assembled by using forged fuel cores and ma- 
chined inserts. Core components for the seven outer annulus plates were 
machined to size, Dimensional analysis of the plate has shown that: 
(1) it is possible to produce U-A1 alloy-base fuel plates with acceptable 
transverse fuel profiles; (2) the active core length tolerance should be 
relaxed from t0.25 to 0.50 in. to avoid excessive rejections 

after the 500°C blister test. 

shown that it is possible to identify the orientation of fuel within the 
fabricated plate, It is recommended that this method, or possibly gamma 
scanning, be used to augment identification of fuel orientation. 

Of the 17 plates fabricated, 60% were found to contain blisters 

Experiments with audioradiography of fabricated fuel plates have 

Metallurgy: Fuel-Element Assembly. - Only minor variations in the 
channel spacing occurred during the welding of reinforcement bands of 
secondary welds on the mark IIA-1 element. The longitudinal weldment 
fabrication procedure was demonstrated by utilizing one of the early mark 
IIA display elements which had previously been reinforced by nine circum- 
ferential bands welded at 2-in. intervals. A band of weld approximately 
2 in. wide was made completely around the outer circumference of the 
element between two adjacent circumferential bands. Interplate measure- 
ments at positions immediately adjacent to the welds indicated the chan- 
nel spacings to be consistently 0.005 in. less than the original channel 
dimension, They were essentially unchanged at radial locations farther 
than 3/4 in. away from the weldments, 

Both Linde “short-arc“ and Air Reduction “dip transfer” MIG welding 
methods are currently being investigated to establish the feasibility of 
automatic procedures for making the longitudinal weldments. 

Reactor Design. - Title I concept drawings of the reactor core and 
pressure vessel were completed. Detail design of the fuel element, the 
control plates , the control-plate drives, and the beryllium reflector 
will follow. Specifications and drawings, giving the design criteria of 
the reactor pressure vessel, are being submitted to prospective vendors 
for detail design and fabrication proposals. 

for transplutonium production is one in which the target array is com- 
posed of 31 rods. 
about 10 g of PuZ4’ as the oxide. The Pu02 is mixed with aluminum powder 
and compacted into pellet form before insertion in the tube, Calcula- 
tions indicate that a metallurgical bond between the pellets and the alu- 
minum tube wall is not necessary (G. Samuels to C 
Target Elements,“ Nov. 21, 1960). 

Target Design. - The present concept of the irradiation facility 

Each rod is a 3/8-in,-OD aluminum tube containing 

E. Winters, “‘HFIR 

MARITIME REACTORS PROGRAM 

Irradiation of experiment assembly No. 1 was completed in the ORR 
pressurized-water loop. The experimental specimens, which consisted of 

. 
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s i x  18-in.  -long, l / 2 - i n I  -di.a,m, swaged U02 f u e l  rods, received i r r a d i a t i o n  
during one 16-, one 20-, and one 30-Mw ORR cycle. The estimated peak 
burnup w a s  1700 Mwd per  metric t on  of U02,  and the  estimated max5mu.m hea t  
f l u x  was 190,000 Btu hr" f7;'2. 

ARMY PACKAGE POWER EiEACTORS 

Pos t i r r ad ia t ion  examination of a s t a t iona ry  f u e l  element and a con- 
t r o l - r o d  f u e l  element a f t e r  exposure f o r  10,6 M w y r  i n  t he  S M - 1  reac tor  
has been e s s e n t i a l l y  completed. A peak f i s s i o n  burnup of 32% of the  U235 
atoms was measured i n  an outer  p l a t e  of t h e  control-rod f u e l  element. 
Metal lurgical  examination of sectioned p l a t e s  revealed no f u e l  matrix 
damage a t t r i b u t a b l e  t o  t h e  f i s s i o n  process ,  However, i n  approximately 
5% of the  specimens examined, cracks were evident i n  the  fue l -p l a t e  clad- 
ding outer  surface,  
ding in t e r f ace .  
f r ac tu re  along gra in  boundaries containing carbide and boride prec ip i -  
tates. 
between t h e  s ide  plat jes  and the  f u e l  p l a t e s  was a l s o  observed. Approxi- 
mately two-thirds of the contact a r ea  of each j o i n t  h a d  been destroyed; 
however, i n  no case w a s  a j o i n t  completely removed. 

I n  one case the  cracks penetrated t o  t h e  core-clad- 
It i s  suspected t h a t  t he  cracks a re  associated with 

Rather extensive corrosion of brazed j o i n t s  (Coast Metals NP) 

ANP PROGRAM 

Shielding Research. - The modifications of t h e  Tower Shielding Re- 
ac to r  I1 (TSR-11) were near ly  completed. 
f u e l  elements demonstrated t h a t  5-Mw operation of t he  TSR-I1 can be 
achieved with a flow r a t e  of 700 gpm a t  a pressure i n  t h e  core of 300 
psig.  The f u e l  element assemblies were placed i n  the  r eac to r  with the r -  
mocouples a t tached t o  some elements t o  provide f o r  determinations of t h e  
temperature p r o f i l e  during high-power operation. Revisions t o  the  con- 
trol-mechanism housing were almost f inished.  Upon completion of  t he  
TSR-I1 assembly, low-power operation a t  100 kw w i l l  be i n i t i a t e d ,  and a 
s e r i e s  of  sh ie ld ing  experiments w i l l  be conducted a t  t h a t  power l e v e l .  

Experiments were conducted a t  the  L i d  Tank F a c i l i t y  t o  obtain da t a  
on the  penetrat ion of r ad ia t ion  through various arrangements of lead, 
s t e e l ,  l i th ium hydride, and bora l .  These data w i l l  be used by NDA f o r  
comparisons with r e s u l t s  obtained from moments-method ca lcu la t ions .  Ex- 
periments were begun which w i l l  provide da ta  f o r  ca l cu la t ing  the  optimum 
arrangement of t he  above-mentioned sh ie ld ing  mater ia l s .  

Water flow tes ts  on the  annular 

Columbium Alloy Research. - The following a l loys  were evaluated f o r  
oxidation res i s tance  i n  a i r  a t  a pressure of 5 x lo4  mm Hg and a tem- 
perature  of 1200'C: 
Al-3% V-87% cb; 5% W-2% Ce-93% Cb; and 5% S ~ 9 5 $  C b J  
provement over unalloyed columbium was observed. 

Four heats  of high-purity Cb-Zr a l loy  (0.7% Zr with 20, 110, 180, 
and 370 ppm C, respect ively,  and l e s s  than 50 ppm t o t a l  02 and M2) were 
solution-annealed a t  2912'F, aged 0, 50, 100, or 200 h r  a t  170O0F, and 

7% Me93% Cb; 1% Mc-99$ Cb; 5% W-95% Cb; 7% Ti-3$ 
No s ign i f i can t  i m -  
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tensile-tested at 1700°F. 
The alloy containing 370 ppm C was the strongest (22,000 psi ultimate 
tensile strength at 1700°F) in the as-annealed condition, The strength 
changed only 2000 psi during the 200-hr aging period. 
alloy containing 20 ppm C was the weakest. Its tensile strength in the 
as-annealed condition was 16,000 psi at 1700°F. 
variation in strength with aging time, The tensile strengths of the 
other two heats fell between the values given above. 

of C+1$ Zr alloy. 
48 hr indicated that they remained ductile. 
1500°F caused embrittlemento 
to indications of embrittlement in the bend test, It is evident that 
the aging tendency is not eliminated by this low-contamination welding 
technique. The chemical acalysis of the base metal was 120 ppm 02, 170 
ppm N2, 2 ppm H2, 190 ppm C, and 1.25% Zr, and t,he analysis of the weld 
metal was 140 ppm 02 ,  110 ppm N 2 ,  4 ppm H2, 120 ppm C, and 1.04% Zr. 

and type 304 stainless steel-copper-columbium were received from Superior 
Tube Company. 
steel-columbium composite by cold drawing and annealing at 1650°F was 
unsuccessful. Somewhat favorable results were obtained with the type 304 
stainless steel-copper-columbium samples. Bonding improved by increasing 
the annealing temperature from 1650 to 1800°F. 
the melting point of copper showed evidence of grain-boundary penetration 
of copper into the stainless steel. Bonding temperatures between 1800°F 
and the melting point of copper will be investigated. 

An in-pile experiment was designed f o r  determining the rupture 
strength of Cbl$ Zr alloy in the presence of neutron bombardment, and 
the equipment was assembled and inserted in the poolside facility of the 
ORR. 
of a Ck-l$ Zr a l l o y  and three zirconium gettering trains. The specimens 
will be tested at temperatures of 1800 to 2OOO'F in a helium atmosphere, 
Internal helium pressures of up to 2000 psi will be used to stress the 
tubular specimens . 
1-in.-long Be0 specimens in the ETR (test 5) was completed. 
which had been inserted on July 8, 1960, was removed from the reactor on 
November 1, 1960, after an exposure of 10,032 Nwd. This exposure was 
estimated to correspond to integrated neutron fluxes of 1.5 x lo2& ther- 
mal and 1 x lo2' fast (above 1 MeV). 
that the center temperatures of the specimens were as high as 950°C and 
that the radial temperature differences were as large as L3OoC, 
assembly No. 5 was replaced with the water-cooled Low-temperature test 
assembly No. 4 for further irradiation; test assembly No. 4 had previously 
received an exposure of 6257 Mwd. 

stainless steel capsule was completed after 1000 hr of operation at a 
boiler temperature of 1600'F. 
the test capsule. In general, weight-change measurements on the inserts 
indicated the smie gerzeral pattern as that observed in previous tests 

No evidences of aging reactions were found. 

The high-purity 

Again, there was little 

A study was made of the aging of electron-beam welds in heat XM-339 

A LOO-hr aging treatment at 
Aging at 1600°F for as little as 24 hr led 

Bend tests made on welds aged at 1500°F for up to 

Samples of composit,e tubes of type 446 stainless steel-columbium 

An at5empt to metallurgicably bond the type 446 stainless 

A sample annealed above 

This experimental assembly contains seven tube-burst-type specimens 

Beryllium Oxide Research. - The irradiation of the O,€Lin.-diam, 
The assembly 

The thermocouple readings indicated 

Test 

Liquid-Metal Technology. - A potasslum refluxing test in a type 310 

Sleeve-type inserts lined the inside of 
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with other  metals, t h a t  i s ,  a weight l o s s  on specimens loca ted  i n  the  
vapor zone and a weight gain on the  i n s e r t  specimens from the  l i q u i d  
( b o i l e r )  region. 
i n  the  type 310 s t a i n l e s s  s t e e l  inser?s located i n  t h e  vapor zone than 
i n  an Inconel system operated under s imi l a r  conditions.  

Two hundred pounds of pctassium w a s  pu r i f i ed  by hot  t rapping and 
subsequently cold trapping. 
a t  650°C, using t i tanium sponge as  the  oxygen-gettering agent. During 
the  hot  pu r i f i ca t ion  treatment t h e  oxygen content was reduced from 269 
ppm t o  20 ppm, Samples taken a t  various t h e  i n t e r v a l s  indicated t h a t  
almost a l l  oxygen removal occurred during the  f i rs t  50 h r  of t h e  hot- 
t rapping operation, Oxygen determfnations made on samples taken a t  100- 
h r  in t e rva l s  during the  500-hr cold-trapping treatment indicated t h a t  no 
s i @ i f i c a n t  pu r i f i ca t ion  of the  potassium occurred during t h a t  treatment.  

A g rea te r  t o t a l  weight l o s s  w a s  found t o  have occurred 

The hot  t rapping was ca r r i ed  out f o r  250 h r  

GAS-C0OL;ED IiEACTOR PROJECT 

a 

I r r a d i a t i o n  Experiment Evaluation, - Examinations were made of t he  
UOz p e l l e t s  from four  LITR-irradiated miniature EGCR-type f u e l  capsules.  
Immersion-density measurements gave values for t he  UQ2 p e l l e t s  t h a t  were 
s l i g h t l y  lower than the  p re i r r ad ia t ion  values, f o r  example, 10.3 vs 10.51 
g/cm3. 
capsule were dissolved and analyzed f o r  burnup. 
L-7xa w a s  found t o  be -15,000 Nwd/ton, f o r  capsule %-7xb it was -14,000, 
and f o r  capsule L - l l b  it was -22,000. 
vealed severa l  l a rge  voids i n  the  f u e l  of  capsules L-7xa and L-7xb. 
Small voids were a l s o  present ,  bu t  they were concentrated i n  d i f f e r e n t  
loca t ions  i n  the  two specimens, Both specimens were found upon etching 
t o  have uniform, small, equiaxed gra in  s t ruc tu res  ., 

f u e l  capsules.  Immersion-density measurements showed l i t t l e  e f f e c t  of 
i r r a d i a t i o n ,  
plug. 
p e l l e t s  of t h i s  capsule w a s  formed by the water vapor within the  capsule 
causing the  Be8 t o  hydrclyze a t  the  high c e n t r a l  temperatures experienced 
during i r r a d i a t i o n ,  
it d issoc ia ted  i n t o  Be0 and H20,  The Be0 remained as  a deposi t  on the  
cool surface and the  water returned t o  the  Be0 center  plug t o  continue 
t h e  reaction-migration-deposit ion cycle.  The deposit  w a s  too  t h i n  f o r  
sampling, and an attempt t o  iden t i fy  t h e  f i h  by x-ray ana lys i s  proved 
unsuccessful. It w a s  i n t e r e s t i n g  t o  note t h a t  t he  f u e l - p e l l e t  a x i a l  ex- 
pansion space remained between the top  f u e l  p e l l e t  and the  MgQ spacer 
but  not between the  MgO and the  Be0 plug. 
expanded i n  length and pushed the  t c p  Mg0 spacer against  t he  top  end 
plug. I n  f a c t ,  a small n ib  of BeO extended i n t o  t h e  MgO weep hole.  Cal- 
culat ions indicace t h a t  t he  a x i a l  thermal expansion of: t he  Be0 exceeded 
t h a t  of t he  fuel. by some 25 m i l s ,  

The nondestructive port ions of t he  pos t i r r ad ia t ion  examinations of 
e ight  group I1 capsules have been completed, The maximum change of d i -  
ameter found f o r  this group of capsules was ? mils, Some ridges i n  

Representative f u e l  fragments from the  c e n t r a l  sec t ion  of each 
The burnup f o r  capsule 

Metallographic examination re- 

Examinations were a l so  made of f i v e  group I Om-i r rad ia ted  EGCR-type 

One of these  capsules (capsule 06-1) contained a Be0 c e n t r a l  
It has been postulated t h a t  a gray-white f i lm  found on the  UO, 

The Be(OHI2 migrated t o  the  cooler surfaces ,  where 

It appears t h a t  t he  Be0 plug 
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capsule 02-2 were r a i sed  about S m i l s  above the  normal por t ion  of t h e  
cladding. P r o f i l e  measurements showed maximum bowing of 24 m i l s .  Gamma 
scans ind ica ted  gaps between indiv idua l  p e l l e t s  and t h e  p o s s i b i l i t y  of 
broken pieces  i n  some areas  between p e l l e t s .  

taneous-f iss ion-gas-release measurements w a s  examined. The U02 had been 
oxidized and then reduced during i r r a d i a t i o n ,  and temperature measure- 
ments had indicated t h a t  t he  sample had crumbled during t h e  reduction 
process. The UOz w a s  found t o  be i n  powder form when t h e  capsule w a s  
opened. The p a r t i c l e  s i z e  of t h e  powder ranged downward from 0,050 in .  

Density measurements were made on i r r a d i a t e d  specimens from a sec- 
ond high-temperature beryll ium metal  swelling experiment. The resu l t s  
ind ica te  t h a t ,  f o r  an exposure equivalent t o  a 2000-Mwd/ton f u e l  expo- 
sure  i n  the  EGCR, densifJy decreases of 0,2 t o  0,5% (?0.2%) occurred i n  
specimens i r r a d i a t e d  a t  S O 0  t o  700"C0 
held  a t  700°C i n  t he  absence of i r r a d i a t i o n  f o r  an equal time ind ica t e  
swel l ing values of  0.2 t o  0.3% (50.2%). 
it i s  concluded t h a t  t he  swelling of beryll ium under these  condi t ions i s  
smaller than the  experimental e r r o r  i n  the  densi ty  measurements. Bend 
t e s t s  of these  specimens ind ica t e  no de le te r ious  e f f e c t s  on t h e  s t r eng th  
and d u c t i l i t y  of t he  beryll ium as a r e s u l t  of i r r a d i a t i o n  a t  500, 600, 
and 700°C. Preliminary r e s u l t s  of bend t e s t s  of specimens from t h e  cold 
beryll ium experiment ind ica te  t h a t  t h e  specimens were embr i t t l ed  by t h e  
low-temperature i r r a d i a t i o n .  These specimens were i r r a d i a t e d  t o  -8 x 
lo2' nvt (>1 MeV). 

loop is i n  progress.  The barytes  concrete w a l l s  and roof have been 
poured, and 85 tons of l e a d  sh ie ld ing  has been i n s t a l l e d  under t h e  floor 
of t h e  c ryos ta t  room. Preparations a re  being made f o r  i n s t a l l a t i o n  of 
t he  s t a i n l e s s  s t e e l  c e l l  l i n e r .  Drawings were completed and procurement 
was i n i t i a t e d  f o r  t h e  sh i e lds  f o r  t h e  regenerator,  t h e  sidestream carbon 
t r ap ,  t he  copper oxide bed, and the  evaporator.  A t e s t  s ec t ion  f o r  
handling hor izonta l  f u e l  elements w a s  designed, I n  t h i s  design an e f f o r t  
w a s  made t o  prevent neutron ac t iva t ion  of t h e  s t a i n l e s s  s t e e l  components 
outs ide the  s h i e l d  plug. 

ORR Capsule I r r a d i a t i o n  Tests .  - I r r a d i a t i o n  of t he  e igh t  group 111 
capsules continues. Temperature f luc tua t ions  have been noted, and an 
e f f o r t  i s  being made t o  reduce t h e i r  magnitudes. Small flow c i r c u l a t o r s  
a re  being prepared f o r  i n s t a l l a t i o n  i n  the  con t ro l  gas c i r c u i t  t o  e l imi-  
nate  the  He-N2 composition gradient  r e s u l t i n g  from thermal-diffusion 
separat ion.  An unusually high f a i l u r e  r a t e  of t h e  s t a i n l e s s - s t e e l -  
sheathed, grounded, Chromel-Almel thermocouples has been experienced. 
The beryll ium-clad capsules 03-3 and 07-3 each have one operat ing ther -  
mocouple and capsule 05-3 has two s a t i s f a c t o r y  thermocouples remaining 
out of  six. Thermocouples have a l s o  f a i l e d  i n  t h e  o ther  t h ree  beryll iwn- 
c lad  capsules, bu t  none have f a i l e d  i n  s t a in l e s s - s t ee l - c l ad  capsules 01-3 
and 08-3. The tungsten-rhenium thermocouple f o r  measurement of t he  cen- 
t ra l  temperature i n  capsule OM-3 i s  operat ing s a t i s f a c t o r i l y  and i s  in-  
d i ca t ing  a temperature of approximately 1850"F, 

The f i r s t  th in -p la t e  7J02 sample i r r a d i a t e d  i n  t h e  LITR f o r  ins tan-  

Density measurements on specimens 

On t h e  b a s i s  of t h i s  evidence, 

GCR-ORR Loop No. 2. - Construction of t h e  containment c e l l  f o r  t he  
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Transport Studies  i n  Low-Permeability Materials.  - Permeabili ty data 
were obtained f o r  t h ree  d i f f e r e n t  gases passing through the  same piece of 
graphi te .  
1-1/4 i n .  OD by ?/8 in .  I D .  The gases employed were helium, argon, and 
carbon dioxide,  The permeabili ty values obtained as a funct ion of mean 
pressure and corrected t o  2 5 ° C  var ied  from 6.46 x lo" t o  7.78 x 
cm2/sec fc r  helium at  mean pressures  of 0 t o  1.5 a t m ,  
values ranged from B,32 x low5 t o  2,85 X cm2/sec. For C02 t h e  val-  
ues ranged from 1.32 x BO-5 t o  3.37 x 1O-j cm2/sec. 
values were extrapolated t o  i n f i n i t e  pressure,  t h a t  i s ,  l/Pmean = 0, the  
permeabili ty constant; was e s s e n t i a l l y  the  same f o r  a l l  t h ree  gases. This 
indica tes  that, the permeabili ty constant i s  almost exclusively a charac- 
t e r i s t i c  of t he  graphi te .  The d e f i n i t e  slope of t he  da ta  p l o t s  i n  a l l  
cases ind ica tes  t h a t  both ~ i s c o u s -  and s l ip- f low components a re  present  
under t h e  t e s t  conditions,  with s l i p  flow predominating, p a r t i c u l a r l y  i n  
the  case of helium. 

Removal of Radioactive Impuri t ies  from Cooling Gases. - Studies  are 

The graphi te  specimen w a s  a 5 - ine  length of  type CEY pipe,  

For argon the  

When t h e  permeabili ty 

being made of methods f o r  t he  removal of radioact ive iodine vapor from 
high-temperature helium streams. 
made with s i l ve r -p l a t ed  copper ribbon (10 w t  % Ag) as the  iodine-removal 
mater ia l ,  The bed w a s  6 in .  deep and w a s  operated f o r  166.5 h r  a t  helium 
sweep v e l o c i t i e s  ranging from 2.7 t o  42-6 fpm t o  t e s t  i t s  iodine-removal 
e f f ic iency  and t o  measure any ve loc i ty  e f f e c t s ,  It w a s  determined t h a t  
99.3% of  t he  in j ec t ed  iodine vapor w a s  re ta ined  by the  bed. 
bed, 0.33 i n .  deep, w a s  s tud ied  t o  obtain da ta  on the  c h a r a c t e r i s t i c s  of 
iodine re lease  from s i l v e r  sur faces ,  
and 94.7% of t h e  in j ec t ed  iodine w a s  found i n  t h e  bed a t  the  terminat ion 
of t h e  run. A BPL charcoal bed of similar construct ion t e s t e d  previously 
re ta ined  16% of t h e  in j ec t ed  iodine a f t e r  144 hlo of operat ion,  It i s  not 
possible  a t  t h i s  time t o  def ine quan t i t a t ive ly  the  c h a r a c t e r i s t i c s  of re -  
l ea se  of iodine from charcoal o r  s i l v e r ,  bu t  it appears t h a t  s i l v e r  i s  a 
promising iodine adsorbent f o r  appl ica t ion  a t  high temperatures under 
EGCR conditions.  

convection loop t e s t  assembly No. 14 containing type AGOT graphi te  and 
various metal t e s t  specimens a t  1100°F and a type 304 s t a i n l e s s  s t e e l  
heated element a t  1500°F has completed 975 h r  of operation with a system 
pressure of 30 psig.  The impuri t ies  i n  t h e  helium being c i r cu la t ed  i n  
t h i s  loop have been mafntained during the  pas t  600 h r  a t  approximately 
100 ppm of both CO and C 0 2  and 20 ppm of H2. 

Three addi t iona l  water- inject ion t e s t s  conducted f o r  periods ranging 
from 1 t o  7 days have been completed i n  conjunction with t h e  t e s t s  of a 
prototype EGCR helium p u r i f i c a t i o n  system i n s t a l l e d  on a forced-circula-  
t i o n  tes t  loop. The t e s t s  consist,ed i n  i n j e c t i n g  water vapor i n t o  t h e  
loop and operating t h e  COz- and water-adsorber port ions of the  pu r i f i ca -  
t i o n  system. Results of these  tes.ts indicated t h a t ,  although the re  w a s  
a s l i g h t  increase i n  the  B2 l e v e l  i n  the  loop, t he  addi t ion of water va- 
por t o  the  gas i n  t'ne loop presented no sel-ious problem i n  the  operation 
of t he  pu r i f i ca t ion  system. 

Two experimental runs at  320°C were 

A second 

This bed was operated for 193 hr ,  

Out-of-Pile Materials Compatibility Tests.  - Low-pressure thermal- 
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Compatibility of Beryllium with Water Vapor. - Tests  a re  being run 
t o  determine the  e f f e c t s  on beryll ium metal of exposure t o  flowing helium 
containing 25 t o  30 mm of H20 vapor a t  6OOoC. The t e s t  mater ia l  i s  -200 
+230 mesh beryll ium powder, and the  t e s t  durat ion i s  approximately 200 
h r .  Log-log p l o t s  of t he  weight change da ta  vs time from two t e s t s  show 
two s t r a i g h t  l i n e s  in t e r sec t ing  a t  Log t M 5 h r .  One l i n e ,  with a s lope 
of -1, indica tes  t h a t  t h e  reac t ion  product does not form a p ro tec t ive  
fi lm. The o ther  l i n e ,  with a slope of -2, i nd ica t e s  t h e  formation of a 
pro tec t ive  f i l m .  

of t he  log-log p l o t  (s lope of -1) i s  not due t o  a reduction i n  surface 
a rea  of t he  sample, t h a t  is ,  t he  complete oxidat ion of t h e  f i n e s  i n  t h e  
-200 mesh powders. Rather, t he  da ta  ind ica t e  t h a t  t h e  poin t  of  i n f l e c -  
t i o n  i s  due t o  a change i n  the  r a t e -con t ro l l i ng  process from t h e  hydroly- 
s i s  of Be2C i n  t h e  f i rs t  p a r t  of t he  t e s t  t o  t he  oxidat ion of beryl l ium 
i n  the  second pa r t .  If t h i s  i s  t r u e ,  t he re  should be a c o r r e l a t i o n  be- 
tween the  carbon content of t he  s t a r t i n g  mater ia l  and the  weight change 
a t  t he  point  where t h e  change i n  slope occurs. 

I d e n t i f i c a t i o n  of Phases i n  U02-ThOz-BeQ. - A p e l l e t  cons is t ing  of 
13 vol  '-$ UOz, 13 vo l  % ThO2, and 74 vol  '$ BeQ s in t e red  a t  l?OO°C w a s  found 
t o  have th ree  phases, A petrographic t h i n  sec t ion  showed a l a r g e  mount  
of t he  highly b i r e f r ingen t  Be0 compound, a t r a c e  of U02 (undetected by 
x ray)  , and an unident i f iab le  phase (not  Tho2) X-ray d i f f r a c t i o n  s tud ie s  
showed s t rong l i n e s  of Be0 and a U02-Th02 s o l i d  so lu t ion  phase. By crush- 
ing  a s m a l l  por t ion  of  t he  sample and using o i l s  matching t h e  index of 
r e f r a c t i o n  of BeO, ThOz, and U02, t he  i d e n t i f i c a t i o n  of Be0 and UO, w a s  
ve r i f i ed .  However, t he  t h i r d  phase could not be matched, and it was  
therefore  assumed t o  be a ThO2-UO2 s o l i d  so lu t ion .  

col lapse t e s t  w a s  conducted using an 8.0-ine-QD, 9-f t - longJ type 304 
s t a i n l e s s  s t e e l  tube,  with a w a l l  th ickness  of 0.25 i n .  Although t h e  
specimen w a s  t o  be held a t  a uniform temperature of 120OoF, t h e  furnace 
design w a s  defect ive and the  temperatures a t  the  time of col lapse were 
-600°F near t h e  upper end, 1200'F a t  t h e  center ,  and -1000'F near  t he  
lower end. The col lapse pressure of 800 p s i g  found i n  t h i s  t e s t  i s  i n  
good agreement with t h a t  predicted from model t e s t s ,  

It can be t e n t a t i v e l y  concluded from these  da ta  that the  f i r s t  p a r t  

S t r e s s  Analysis of Through Tubes f o r  EGCR Experimental Loops. - A 

NUCLEAR TECHNOLOGY AND GEllERAL SUPPORT 

Fuel Element Catastrophe Studies .  - Diffusion as wel l  as melt ing 
experiments were extended i n  recent  f i s s i o n  product r e l ease  s tud ie s  on 
s in t e red  r eac to r  grade PWR-U02 i r r a d i a t e d  t o  t r a c e r  l e v e l  only. Because 
of t he  ac t ive  i n t e r e s t  i n  f i ss ion-gas  re lease  r a t e s  a t  temperatures above 
1 4 O O 0 C ,  where gra in  growth may be expected t o  acce lera te  t h e  d i f fus ion ,  
a s ing le  t r i a l  experiment was  completed at each of t h e  following tempera- 
t u re s :  1500, 1600, and 1700"C, A s  expected, the  f i ss ion-gas  r e l ease  f o r  
5-hr heat ing periods i n  highly pu r i f i ed  flowing helium showed sharply ac- 
ce le ra ted  increases  
f o r  f i s s ion-gas  re lease  rose from Oa8% a t  1400" t o  4*5$ a t  1710'. 

Bulk r a t e s  ( including t h e  i n i t i a l l y  highest  rate) 
All 

, 
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other  f i s s i o n  products diffused a t  r m i f o d y  increased r a t e s .  
values ranged f r o m  T O  13,2$, TeIliiriuni increased most abrupt ly  from 
3.9% at  i400", t o  15% a t  150oQ, t o  35,9$ a t  1'790'. 
0.02 t o  404'$0 
0e4%e 
1'710". 
guish the high i n i t i a l  r a t e s  f m m  t h e  reduced s teady-s ta te  d i f fus ion  
r a t e s  

I n  contfnuing the  melting s tudies  of  UQz (using smaller samples 
contained i n  BeQ, which melted completely i n  the arc-image furnace),  at- 
mosphere e f f e c t s ,  ccmparing helium and air ,  revealed almost no d i f fe rence  
i n  the  percentage of various f i s s i o n  products re leased promptly (1 t o  2 
min of hea t ing ) ,  Fop example, i n  one ru? with helium, 92% of t h e  r a r e  
gases, '70% of the  iodine,  72% of the  te l lu r im,  40% of the cesium, and 
60% of t h e  ruthenium vaporized, I n  air ,  97% of the  r a r e  gases, 93% of 
t h e  iodine,  70% of the te l lur ium, 50% of t he  eesium, and 60% of t h e  
ruthenium vo la t i l i zed .  
atmosphere e 

t i o n  of plutonium value were made i n  Dresden-type reac tors ,  i n  which t h e  
composition and t h e  amount of p i u t c n i m  used i n  a given cycle corresponded 
t o  t he  plutonium produzt f r c m  t he  previous cycle.  With s l i g h t l y  enriched 
uranium as the  i n i t i a l  fue l ,  t he  uranium enrichment associated with mini- 
mum f u e l  cos t  var ied from 3.2% U"' a t  a plutonium value of $25 per  gram 
of f i s s i l e  plutonium t o  3,6% a t  $5/g. The minimum f u e l  cos t  var ied  from 
0.96 t o  1.08 miilslkwhr ( t h e m a l )  over t h i s  range of  plutonium values.  
I n  the  second cycle,  with plutonium from the  f i rs t  cycle blended with 
uranium, the  optimum f u e l  cos t  w a s  1.15 millslkwhr (thermal) a t  $12 per  
gram of f i s s i l e  plutonium. The corresponding f u e l  cos t  f o r  the t h i r d  
cycle w a s  i,18 m i l l s l h h r  (thermal) 

A s  w a s  t he  case f o r  t h e  GCR-2 reported previously,  the  optimum f u e l  
cos t  f o r  Dresden reac tors  with a zero piutoniwn value w a s  lower f o r  t he  
f i r s t  cycle than f o r  recycle cases ,  I n  these ca lcu la t ions  a penal ty  of 
about $60 per  kg of fuel. w a s  associated with recycle-fuel  fabr ica t ion .  

Radiation Detector DeveloFment, - A theo re t f ca l  study of t he  response 
of N a I ( T l )  s e f n t f U a t o r s  to monoenergetic gamma rays, based on a previously 
developed Monte Carlo code, r i vea l s  t h a t  t he  enrperimentally observed non- 
l i n e a r  response results i n  an i n t r i n s i c  l i n e  broadening i n  the  measurement 
of gamma-ray spectra .  The line-broadening e f f e c t  i s  appreciable only f o r  
those g m a  rays which can i n t e r a c t  with e lec t rons  of t he  NaI(T1) c r y s t a l  
i n  e i t h e r  a Compton o r  p a i r  produetion event and i s  thus s ign i f i can t  only 
above about LOO key. The ca l c -da ted  fract ional .  line width (full width at 
ha l f  maximum) reaches a m a x i m u m  value of 5% a t  a gamma-ray energy of 400 
kev i n  a 2-ino-diam by 2-in0-higkb c r y s t a l ,  The l i n e  width has been ca l -  
culated as  a funct ion of gamma-ray eneygy and c r y s t a l  s i z e  and represents  
a minimum w i d t h  which camGt be sharpened by improved op t i ca l  techniques 
o r  by the  use of bette-r. photom-iLtipliers. 

Detailed s tudies  of %he scintillation respmse  of CsI(T1) t o  gamma 
rays i n  the  energy i n t e r v a l  10 kev -to 3 Mev demonstrate a nonlinear re-  
l a t ionsh ip  between light i n t e n s i t y  and gama-ray energy over t h i s  e n t i r e  

Iodine 

Ces ium ranged from 
Ruthenium remained below 0.1% a t  1400" and then rose t o  

Strontiwn rose from 0.02% a t  E400°, t o  0,13% at  1600°, t o  0.7% at  
Further  longer-term d i f fus ion  eqe r imen t s  a re  planned t o  d i s t i n -  

Up to Oo3% of the strontium w a s  re leased i n  each 

Reactor Evaluation Studies .  - Calculations of f u e l  cos t  as a func- 
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i n t e rva l .  This behavior i s  qui te  s imi l a r  t o  t h a t  observed a t  o ther  
labora tor ies  i n  N a I ( T 1 ) .  
proposed model of the  s c i n t i l l a t i o n  process i n  ac t iva t ed  a l k a l i  ha l ides .  

These e f f e c t s  a r e  i n  accord with a recent ly  

Chemical Behavior of Thermoelectric Materials.  - Design of a l l - g l a s s  
apparatus f o r  handling U02 samples i n  cont ro l led  atmospheres and vacuum 
has been completed. 
permits, without breaking the  vacuum o r  i n  any other  Way exposing the  
samples t o  air, (1) movement of t he  sample from t h e  furnace zone t o  any 
other  locat ion,  ( 2 )  removal of the  specimen from the  sample boat,  (3) 
crushing and grinding the  specimen, ( 4 )  f i l l i n g  of X-ray c a p i l l a r i e s ,  
( 5 )  storage of t he  specimen i n  a s ide  arm, and ( 6 )  r e t r a n s f e r  of t h e  
specimen t o  t he  boat and furnace a rea ,  

Zirconium M e t a l l u r a .  - A study of t h e  e f f e c t s  of f ab r i ca t ion  v a r i -  
ables on the  prefer red  or ien ta t ion ,  anisotropy of mechanical proper t ies ,  
and anisotropy of s t r a i n  behavior i n  Zircaloy-2 p l a t e  and sheet  has been 
completed. The prefer red  o r i en ta t ion  and anisotropy da ta  indicated t h a t  
t he  theory of  anisotropy of mechanical proper t ies  developed by R. H i l l  
could not be used t o  explain the  behavior observed. Recent x-ray d i f -  
f r a c t i o n  da ta  have shown t h a t  p r inc ipa l  axes of anisotropy i n  f ab r i ca t ed  
Zircaloy-2 do not necessar i ly  coincide with p r inc ipa l  f ab r i ca t ion  d i rec-  
t i ons ,  t h a t  they can l i e  i n  d i r ec t ions  not contained i n  the  r o l l i n g  
plane, and t h a t  they may not be def inable  i n  a p r a c t i c a l  sense f o r  t es t  
purposes,, Each of  these  f indings v i o l a t e s  one o r  more of t h e  bas ic  re- 
quirements of H i l l ' s  theory.  

Fuel Element Development. - I n  preliminary examinations of a number 
of uranium in t e rme ta l l i c s  as  binder  phases f o r  l iquid-phase s i n t e r i n g  of 
uranium monocarbide , U3Si2 -bonded uranium carbide emerged as an i n t e r -  
e s t i n g  system. By f ab r i ca t ing  with 20 vol  % U3Si2 as t h e  binder  and by 
cold pressing and vacuum s i n t e r i n g  a t  1600"C, su rp r i s ing ly  good-quality 
bodies have been achieved. Metallography shows equiaxed uranium carbide 
i n  a continuous matrix with an apparent bulk dens i ty  higher than 95% of 
theo re t i ca l .  X-ray d i f f r a c t i o n  of f i r e d  compacts revealed a l a rge  amount 
of uranium carbide with l a t t i c e  parameters c lose ly  corresponding t o  pub- 
l i s h e d  values.  Remaining l i n e s  d id  not correspond t o  known uraniwn-si l i -  
con compounds and probably represent  a uranium-silicon-carbon complex o r  
complexes. 

Nondestructive Test Development. - The c r i t i c a l  coolant-channel 
spacing between f u e l  p l a t e s  i n  f u e l  assemblies has r a i sed  a need f o r  
accurate-measurement techniques, both during f ab r i ca t ion  development 
s tud ies  and a l s o  during ac tua l  f u e l  element assembly. An eddy-current 
technique has been developed which w i l l  allow these  measurements t o  be 
made accurately a t  any point  throughout t h e  coolant channel, The spe- 
c i a l l y  designed t e s t  probe cons is t s  of a long, t h i n  s t r i p  of f l e x i b l e  
s t e e l  tape on which i s  mounted a small f l a t  c o i l  of copper wire and a 
s m a l l  s t e e l  l e a f  spr ing  which i s  a t tached t o  one end of t he  tape and 
overhangs the  c o i l .  The ac t ion  of t he  l e a f  spr ing causes it and t h e  
s t e e l  tape t o  press  aga ins t  opposite w a l l s  of t he  space t o  be measured, 
with the  copper c o i l  between them. A high-frequency e l e c t r i c a l  s igna l  
w i l l  produce a c h a r a c t e r i s t i c  impedance i n  t h e  c o i l .  Movements of t h e  

The spec ia l  fea tures  of t h i s  design a re  t h a t  it 
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ferromagnetic l e a f  spr ing r e l a t i v e  t;(~ the c o i l  w i l l  produce changes i n  
t h i s  impedance which can be measured and ca l ib ra t ed  i n  terms of channel 
spacing 

An e a r l y  vers ion of such a probe i s  being used t o  measure p l a t e  
spacing f o r  t he  HFIR core covering a range of measurements from 0.030 t o  
0.070 i n .  with an accuracy of +0,001 i n .  A model with improved sens i -  
t i v i t y  has been devised which can gage with an accuracy of C0.0005 in .  
A probe of t h i s  type w i l l  be used f o r  t he  Fermi f u e l  elements. 

Mechanical Propert ies  Research. - Reactor se rv ice  conditions general ly  
impose s teady-state  and cyc l i c  s t r e s s e s  on s t r u c t u r a l  mater ia l s  such as  the  
f u e l  elements and the  core s t r u c t w e .  A program of research i s  i n  progress 
t o  study the  e f f e c t s  of complex s t r e s s  cycling on mater ia ls  a t  e levated 
temperatures. S t ress -cyc l ing  t e s t s  of Inconel tubes a t  1500'F under t o r -  
s iona l  loading have been completed. The r e s u l t s  ind ica te  t h a t  t he  be- 
havior  of Inconel under these conditions may be cor re la ted  on t h e  bas i s  
of the  p r inc ipa l  s t r e s s  c r i t e r i o n  f o r  fraetu-re, 
note t h a t  s imi l a r  expressions adequately co r re l a t e  t he  f r ac tu re  of Inconel 
under s t a t i c  complex s t r e s s  conditions a t  e levated temperatures. 

The re la t ionships  between f r ac tu re  of metals under monotonic and 
cyc l ic  creep s t r e s s e s  a t  high temperatures are being invest igated.  Analy- 
s i s  of t he  da ta  f o r  Inconel ind ica tes  t h a t  a Goodman-type diagram may be 
constructed t o  r e l a t e  the  cyc l i c  and mean s t r e s s e s  t o  produce f a i l u r e  i n  
1000 h r  a 

It i s  i n t e r e s t i n g  t o  

Fuel Cycle Technology. - Steam den i t r a t ion  of thoriwa n i t r a t e  t o  
prepare a water-dispers ible  thorium oxide w a s  scaled up from 20- t o  500-g 
batches.  A t o t a l  of -10 kg of oxide was prepared i n  an ex terna l ly  heated 
laboratory ro t a ry  ca l c ine r  by passing steam a t  375°C over thorium n i t r a t e  
c r y s t a l s  a t  a r a t e  of 40 g/min f o r  -2 h r ,  
3.0 t o  5,576 v o l a t i l e  matter,  and a11 of t h e  off-gases w e r e  condensable. 
Af te r  addi t ion  of 5 wt  % uranium as ammonium diuranate,  t he  so l id s  were 
dispersed i n  water t o  so ls ,  d r ied  a t  < 100°C t o  gels ,  precalcined slowly 
t o  5OO0C, a i r -ca lc ined  rap id ly  t o  12OO0C, and then hydrogen-fired a t  
1200'C t o  reduce the  uranium t o  U Q ~ o O ~ .  The dens i t i e s  of fragments var ied  
from 99.6 t o  100% of theo re t i ca l ,  w i t h  less  than 1/3 of the products being 
below 100%. 
for vibra tory  compaction, arid 2.4 kg i s  i n  process.  P a r t i c l e  s i z e s  var ied 
from -200 mesh t o  + L O  mesh, with 85% > 16 mesh. 
residues of oxides r e su l t ed  (8%) when res idua l  vo la . t i l e  matter w a s  de- 
creased t o  3%, but  these  could be recovered and recycled t o  t h e  dispers ion 
s t e p  by d iges t ion  i n  d i l u t e  n i t r i c  acid.  

The product oxide contained 

1 

A t  present ,  4.4 kg of the  5% uranium-thorium oxide i s  ready 

Excessive undispers ible  

Reactor Controls Development, - A new transI .s tor  switching c i r c u i t  
has been developed for con t ro l l i ng  magnet cur ren ts  i n  safety-rod re lease  
mechanisms. I n  cont ras t  t o  previously ava i lab le  s o l i d - s t a t e  instruments 
f o r  t h i s  service,  t he  new c i r c u i t  permits r e a l i z a t i o n  of t he  fast-release 
c a p a b i l i t i e s  of t h e  magnetic c i r c u i t  i n  the cont ro l led  device. This i s  
achieved by permit t ing the  inductive voltage surge which appears upon 
turn ing  off  t he  current  t o  r i s e  t o  a cont ro l led  maximum which may be as 
high as 200 v. Limiting t h i s  surge with a nonlinear device pro tec ts  t h e  
instrument and the  magnet c ~ i l  i n su la t ion  while allowing the  magnetic 
f i e l d  t o  decay very rapidly.  The i n s t r m e n t  cont ro ls  currents  up t o  
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1.5 amp and i s  therefore  appl icable  t o  low-impedance magnet windings f o r  
which the  voltage surges a re  compatible with the  200-v l i m i t e r ,  Experi- 
ments with present ly  used magnet configurations,  f i t t e d  with new low- 
impedance c o i l s ,  have shown t h a t  holding force and re lease  time are com- 
parable with those obtained with the  vacuum-tube equipment now i n  use. 
Two d i f f e r e n t  t r a n s i s t o r i z e d  scram amplif iers  have been developed t o  
adapt t h e  switching c i r c u i t  e i t h e r  t o  t h e  present  37-v sigma-bus system 
or t o  a 12-v scram bus, which i s  more appropriate  f o r  an e n t i r e l y  so l id -  
s t a t e  system. The new instrument i s  an e s s e n t i a l  p a r t  of a second gen- 
e ra t ion"  sa fe ty  system now under development, i n  which t h e  techniques of 
redundancy, coincidence, and in-process t e s t i n g  w i l l  be applied.  

prototype Consolidated Edison f u e l  p in  i r r a d i a t e d  t o  about 20,000 Mwd/ton 
r e su l t ed  i n  a uranium l o s s  higher than t h a t  normally found with uni r rad i -  
a ted  fue l .  The uranium l o s s  a f t e r  a 3-hr decladding i n  b o i l i n g  5 - M HNQ3- 
2 - M H C 1  w a s  2.2%; t he  thorium loss was < 0.07%. 

uranium had been dissolved, t h e  time required t o  decrease t h e  chlor ide 
concentration from 0.87 M t o  350 ppm w a s  inversely proport ional  t o  t h e  
NO2 sparging ra te ;  t he  sparging r a t e  i n  one case was f i v e  times t h a t  i n  
the  other .  About 1000% of t h e  s toichiometr ic  amount of NO2 required t o  
form N O C l  w a s  introduced. An improved method of contact ing may g rea t ly  
decrease t h e  excess NO2 required,  

Addition of Cr6 '  t o  dissolvents  containing f luo r ide  ion  decreased 
the  corrosion r a t e  of t i tanium i n  f luor ide  enough t o  permit t he  use of 
t h i s  metal f o r  both Darex and Z i r f l e x  processing equipment. I n  t e s t s  
with a modified Thorex dissolvent  containing 15 M KNQ3-0.1 M F--0.2 M 
C r 6 + ,  t he  d isso lu t ion  r a t e  of Th02-2.6% U02  p e l l e t s  of 92% Theore t ica l  
densi ty  was the  same as i n  normal Thorex dissolvent .  

I n  other  corrosion t e s t s ,  t i tanium was corroded a t  a m a x i m u m  r a t e  
of 0.06 mil/month during 89 Thorex feed adjustment boildowns 
F and C were corroded a t  maximum rates of 0.09 and 0.43 mil/month, re- 
spect ively,  i n  Darex decladding so lu t ion  a t  35°C.  

Power Reactor Fuel Processing: Mechanical Processing. - Cold op- 
e r a b i l i t y  t e s t s  of the  SRE core 1 dejacket ing equipment i n  Building 3026 
continued t o  be s a t i s f a c t o r y  except i n  the  case of t he  NaK co l l ec t ion  
system, which i s  being revised,  I n  general ,  t he  schedule f o r  a t t a i n i n g  
hot operation ea r ly  i n  1961 continues t o  appear e n t i r e l y  f eas ib l e .  

from t h e  o i l - f i l l e d  decladder trough indicated t h a t  some dispers ion of 
N a K  globules i n  o i l  occurred. Two o i l s  of lower v i scos i ty  and dens i ty  
were procured which allowed much f a s t e r  separat ion of N a K  p a r t i c l e s  i n  
laboratory t e s t s .  
on c l a r i t y ,  unreac t iv i ty ,  and high f l a s h  point .  Modifications a r e  now 
being made t o  t h e  SRE processing equipment t o  reduce the  d ispers ive  e f -  
f e c t s  t o  a minimum and t o  ensure more complete co l l ec t ion  of NaK. 

of washing down t h e  i n t e r i o r  of a shear t o  assure good decontamination of 
t he  equipment, recovery of f i s s i l e  and f e r t i l e  mater ia l ,  cont ro l  of par- 
t i cu lake  mater ia l ,  and lub r i ca t ion  of  moving pa r t s .  Preliminary t e s t s  

I f  

Power Reactor Fuel Processing: Darex Process. - Decladding of a 

I n  two t e s t s  made with Darex d isso lver  so lu t ion  i n  which uni r rad ia ted  

Hastelloys 

I n i t i a l  t e s t s  on the  outflow of NaK (22% s o d i m 7 8 %  potassium a l l o y )  

These new o i l s  a l s o  conform t o  e x i s t i n g  spec i f i ca t ions  

An evaluat ion program i s  being conducted t o  determine the  f e a s i b i l i t y  

. 
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with t a l c  ind ica te  t h a t  dust  can be removed from t h e  i n t e r i o r  surfaces of 
t h e  shear by properly s ized  and located spray nozzles. 

I n i t i a l  t e s t s  t o  determine t h e  mechanical operabi l i ty  of an inc l ined  
ro ta ry  drum leacher  showed excessive f r i c t i o n  i n  t h e  bearings.  

ence of 0.002 M ruthenium i n  Purex waste solut ions increased t h e  maximum 
corrosion of Hastelloy F from 1.9 t o  2.8 mils/month i n  500-hr exposures. 
I n  Purex waste condensate t e s t s ,  t i tanium 45A w a s  corroded a t  a maximum 
r a t e  of 2.1 mils/month, as compared with 7.2 mils/month f o r  Ni-o-nel-0.2% 
p l a t  inum . 

Graphite-Uranium Fuel Processing. - 
Studies of t h e  90% HNO3 disintegrat ion-leach process were made on an un- 
i r r a d i a t e d  General Atomic prototype f u e l  specimen 2-1/4 i n ,  i n  diameter 
and 1/4 i n .  th ick .  
surrounded by a 3/8-in. a c t i v e  annulus containing a g r a p h i t m e t a l  d i -  
carbide mixture. The f u e l  p a r t i c l e s  were 150 p i n  diameter, and t h e  m i x -  
t u r e  contained 1.1% uranium and 14c3$ thorium. 
and of thorium a f t e r  two room-temperature leaches with 90% HNO3 were both 
gogo 
off-gas w a s  a mixture of ni t rogen oxides and carbon oxides. 
solut ions were dark red and contained carbon. 
t h e  hot  leach so lu t ion  lowered t h e  carbon concentration from 0.86 t o  0.34 
mg/ml. 
t e n t  than e i t h e r  70% H C l O A  o r  2 > 5  N KMn04. 

been exposed t o  boi l ing  90% HNO3 f o r  8 t o  48 hr ,  t h e  average p a r t i c l e  
s i z e  w a s  found t o  be 75 t o  150 p. The graphi te  s e t t l e d  rapidly and could 
be f i l t e r e d  a t  r a t e s  of 3000 t o  6000 l i t e r s  m-"2 hr-l  on a 20-p-porosity 
s t a i n l e s s  s t e e l  f i l t e r  a t  3 i n .  Hg vacuum, 

Reaction of 1 g of uranium monocarbide containing 2 t o  5% CY-uranium 
metal with water i n  a helium atmosphere a t  e i t h e r  80 o r  90°C produced 
92.7 m l  of gas consis t ing of 85% methane, 12% hydrogen, 2.5% ethane, and 
0.7% propane. 
ac t ion  r a t e  w a s  about t h e  same at  t h e  two temperatures, 

Power Reactor Fuel Processing: Purex Corrosion Tests .  - The pres- 

Power Reactor Fuel Processing: 

The sample had a lO5-in.-diam i n e r t  graphi te  core 

The recoveries of uranium 

The graphi te  w a s  washed with water a f t e r  each leach ,  The reac t ion  
The leach 

Addition of 3% H202 t o  

Hydrogen peroxide w a s  more e f f e c t i v e  i n  decreasing t h e  carbon con- 

I n  preliminary engineering t e s t s  on d is in tegra ted  graphi te  t h a t  had 

A t  80°C, about 0.2% ethylene w a s  a l s o  detected.  The re-  

Power Reactor Fuel Processing: Uranium-Molybdenum Fuel Processing. - 
The s o l u b i l i t y  of sodium molybdate i n  sodium hydroxide solut ions a t  26°C 
w a s  found t o  decrease from about 2.8 t o  1.3 - M as t h e  hydroxide concentra- 
t i o n  w a s  increased from 0 t o  about 4.4 - M. 

Power Reactor Fuel Processing: Zircex Process. - Processing of TRIGA 
f u e l  (8% U-ZrH) by t h e  Zircex (hydrochlorination) process appears f e a s i b l e .  
The f u e l  behaved s i m i l a r l y  t o  uranium-zirconium a l l o y  during hydrochlorina- 
t i o n  and no new problems developed. 

I n  p r i o r  work it w a s  found t h a t  uranium-molybdenum f u e l  can be hy- 
drochlorinated with H C 1 - a i r  mixtures, Corrosion t e s t s  indicated t h a t  
Haynes 25, INOR-8 ,  Nichrome V, and Pyroceram were a l l  corroded a t  r a t e s  
< 0.1  mil/month during 48 h r  exposure i n  15% HCl-85$ a i r  a t  400°C. 

Zi r f lex  Process. - Zir f lex  decladding 
of zirconium-clad uranium-molybdenum f u e l s  w a s  found t o  be impractical  be- 
cause of high uranium l o s s e s .  

Power Reactor Fuel Processing: 



. 
I n  corrosjon test-s,  Hastell.oys F and C were corroded at, m a x i m u m  

r a t e s  of 0.05 and 0.03 millmonth, respect ively,  i n  Z i r f l e x  decladding 
solut ions a t  35Oc. 

s u l t s  of performance s tudies  on the intermediate-scale mixer -se t t le rs  
using the  f ive-s tage IMMT mockup and the  standard Purex flowsheet indi-  
ca te  t h a t  s tage e f f i c i e n c i e s  f o r  uranium s t r i p p i n g  can be increased t o  
80% by modified impeller design and impeller speeds up t o  950 rpm. 
volumetric throughput of 338 ml/min or  more should be a t ta ined  with t h e  
a c t u a l  11-stage IMMT s t r i p p i n g  bank. For the  Purex flowsheet, t h i s  i s  
equivalent t o  an aqueous feed flow r a t e  of 92 l i t e r s / d a y ,  o r  a uranium 
mass throughput of 29.5 kg/day. 

Power Reactor Fuel Processing: Solvent Extract ion Studies .  - Re- 

A 

Power Reactor Fuel Processing: Sulfex Process. - I n  one t e s t  i n  
which a prototype s t a i n l e s s - s t e e l - c l a d  Consolidated Edison Th02-U02 f u e l  
p e l l e t ,  i r r a d i a t e d  t o  about 20,000 Mwd/ton, w a s  declad i n  b o i l i n g  6 M 
H 2 S 0 4  f o r  3 hr ,  the  soluble losses  of uranium and thorium t o  the decxad- 
ding so lu t ion  were 0.06 and 0.07% respect ively.  

Power Reactor Fuel Processing: Beryllium-Uranium Fuel Processing. - 
The Hastelloy X cladding from the  GCRE f u e l  (70% U02-30% BeO) dissolves  
at  rates of 6 t o  28 mg min-' ema2 i n  b o i l i n g  l t o  5 - M  HNO, so lu t ions  con- 
t a i n i n g  4 or  5 M HC1.  
- M H 2 S 0 4  appears-suitable as a reagent f o r  leaching the uranium from the  
declad f u e l  p e l l e t s .  

Chemical and Engineering Develop- 
ment. - Various oxides were dissolved i n  fused f luor ides  with gaseous 
€IF. 
a t  650°C: 
a t  a r a t e  of 11.5 mg 
density,  a t  1.1 t o  1 .4  mg emm2 min"'"; and PWR core 2 seed elements (no 
Zircaloy cladding) a t  1 .0  t o  1.2 mg eme2 min-'. 
solved i n  49 NaF-40 LiF-11 BeF2 a t  600°C at  r a t e s  of 0.56 t o  0,60 mg 

min-'. 
point .  

I n  absorption of gaseous MoFh on NaF, NaF/MoF6 mole r a t i o s  of 
15.911, 9.3/1, 5.711, 6.0/1, and 5.0/1 were obtained, respect ively,  a t  
50,  75, 100, 150, and 2OO"C, The absorption of UF6 on NaF usual ly  re-  
sults i n  approximately a 6/1 r a t i o  over a widely varying temperature 
range. The MoF6-NaF complex decomposed at about 245'C a t  atmospheric 
pressure.  

Breakthrough times i n  three  sorpt ion t e s t s  of the  UF6-NaF system 
were 77, 59, and 163 min when the UF, concentrations i n  t h e  feed were 
8.4, 8.4, and 3.8 mole $ and the  t o t a l  gas feed r a t e s  were 0.15, 0.14, 
and 0.14 mole/min respect ively.  The t e s t s  were made i n  a 4-in.-diam bed 
containing 800 g of NaF (-6 i n ,  deep) a t  30°C- 
a f t e r  a run time equal t o  twice the breakthrough time were not dependent 
on feed concentration. 

prototype vesse l  t e s t s  were correlated (+ . IO%)  by the  expression 

E i t h e r  10  M HN03, 5 M HNO3-2 E HC1, o r  3 M HNO3-3 

Fluoride V o l a t i l i t y  Processing: 

Three of the  oxides were dissolved i n  31 LiF-24 NaF-45 ZrF4 (mole 4) 
U 0 2  f i r e d  at 16505C, densi ty  10.4 glee,  w a s  hydrofluorinated 

min'-"; high-f i red ZrOz., 94% of t h e o r e t i c a l  

High-fired Be0 w a s  dis-  

A l l  these r a t e s  appear s a t i s f a c t o r y  from a process view- 

Bed loadings measured 

The averaged d isso lu t ion  r a t e s  of Zircaloy-2 determined i n  the INOR-8 
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where r = pounds of Zircaloy-2 per hour per 
v = sal t  kinematic v i scos i ty ,  f t 2 / h r ;  1.0 = 
feed r a t e ,  lb/hr ;  0.40 = a constant, lb/hr;  
hr-l f t "2  

square foot  of i n i t i a l  area; 
a constant,  f t2 /hr ;  W = HF 
KL = a constant, 0.0435 lb 

Fluoride VDLati1ity:Processihg; P i l o t  P lan t ,  - Modifications t o  
the V o l a t i l i t y  P i l o t  Plant f o r  processing of zirconium-uranium a l l o y  
f u e l  were completed. I n  cold d isso lu t ion  runs with Zircaloy-2 elements, 
dissolut ion r a t e s  were 0.5 t o  1.1 mg emm2 min-' and €E u t i l i z a t i o n s  were 
11 t o  30% w i t h  €IF flow r a t e s  varying between 40 and 150 g/min and molter 
s a l t  temperatures from 490 t o  65OoC.  

The most important problem was carryover of very f i n e  p a r t i c l e s  
(-1 p) i n  the  hydrofluorinator off-gas stream. I n  t e s t s ,  s t e e l  wool and 
copper mesh car t r idges  were very e f f e c t i v e  i n  removing so l ids ,  but these 
a re  not readi ly  disposed o f .  Wire mesh and porous metal. f i l t e r s  showed 
pressure drop increases of about 1 p s i  per  run, which would necess i ta te  
a blowback system. 

showed an e f f ic iency  of' 90% when the  gas flow w a s  200 s t d  f t3/hr ;  t h e  
p a r t i c u l a t e  matter w a s  Arizona road dust which analyzed 40% i n  the  s i z e  
range from 13 t o  5 p. 

A 2-in.-diam cyclone, which w a s  t e s t e d  p r i o r  t o  i n s t a l l a t i o n ,  
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PHYSICAL RESEARCH PROGRAM 

Reactor Operations. - The ORR is operating routinely on an eight- 
week cycle, and the cycle which ended November 20 had the fewest shutdowns 
of any to date. Only three fuel reloadings were required, and one of 
these was made necessary by the failure of an experiment. 

have been effective in determining the source of minor releases of ac- 
tivity. Monitoring instruments in the liquid-waste system are not yet 
complete, and with the monitoring available it is not possible to deter- 
mine the source of some of the strontium which now enters the river. Ad- 
ditional monitoring in the creek is expected to be complete soon, and this 
should give better data as to the source of the strontium. 

can be disposed of in the present seepage trench, making continued use of 
the open pits necessary. 
should permit all of this waste to be handled in covered trenches, 
this is done it will be possible to seal the open pits. 

Hot-Cell Operations. - Operation has begun in cells 4 and 6 of the 
Building 3025 hot cells, and it is hoped that cells 1, 2, and 3 will be 
ready for operation in December. 

Waste Disposal. - Waste-disposal monitoring instruments in the stacks 

The intermediate-level liquid waste has about twice the volume that 

A new seepage trench is being designed which 
Once 

PHYSICS AND MATHEMATICS RFSEARCH 

Neutron Diffraction. - Neutron diffraction measurements were made on 
erbium single crystals in the temperature range from 298 to 4.2"K. The 
material is antiferromagnetic below 80°K and ferromagnetic below 20°K. 
In the antiferromagnetic region the magnetic scattering consists in sat- 
ellite reflections corresponding to a modulation of the magnetic scatter- 
ing amplitude along the c axis. 
of these satellites show two distinct subregions of antiferromagnetism. 
In the upper region, between 80 and 53.5'K, the data suggest a sinusoidal 
modulation of the magnitude of the e-axis component of magnetic moment 
with a period of 3.5~0. Between 53.5 and 20°K the wavelength of the mod- 
ulation varies continuously from 3.5~0 to 4.0~0. 
squaring up of the modulation and a simultaneous ordering of the component 
of the moment normal to the c axis. 
ferromagnetic, with a moment of 7.3 Bohr magnetons directed parallel to 
the c axis. 

The spacing and the intensity distribution 

In addition there is a 

Below 20°K the material is basically 

Theoretical Physics. - The distorted wave Born approximation theory 
of direct reactions has been used to interpret the experimentally observed 
angular correlation of gamma rays following the inelastic scattering of 
protons and alpha particles at medium energies. 
generated from optical potentials which give a good description of the 
elastic scattering at the same energies, and the calculations were per- 
formed on an IBM 704 computer. 
face coupling) transitions were considered. 
with the adiabatic approximation (Q = 0), which predicts symmetry about 

The distorted waves were 

Both single-particle and collective (sur- 
The results were compared 
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an axis bisecting the angle between the incident and scattered directions 
when spin flip can be neglected [Blair and Wilets, Bull. Am. Phys. SOC. 
4, 460 (1959)l. 
xt lower energies the direct interaction gamma-ray distribution was com- 
pared with the predictions of the statistical model of the compound nu- 
cleus. 

Fast-Chopper Time-of-Flight Spectrometer. - Two codes have been writ- 
ten for the IBM '704 computer in order to obtain parameters of Breit-Wigner 
resonances from transmission data. The first code is an area analysis 
code which determines the neutron widths of the resonances for assumed 
total widths. 
and resolution widths are less than or approximately equal to the total 
widths of the resonances) which determines the resonant energies, the 
total widths, and the neutron widths of the resonances. Both codes as- 
sume that the cross section can be represented by the sum of single-level 
Breit-Wigner formulas, with interference between resonance and potential 
scattering but no interference between resonances; that the Doppler broad- 
ening is Gaussian; and that the resolution can be represented by a Gauss- 
ian. For the area analysis code the transmission is analyzed in groups, 
with no more than 12 resonances in any group. 
typical 1024-channel transmission run with 30 resonances is about $100.00. 
The shape analysis code solves for the resonant energies, the total widths, 
and the neutron widths of as many as four resonances at once by the least- 
squares method for about $40 * 00. 

lized in measuring the total cross sections of Np237 (from 10 to 86 ev) 
and Am241 (from 5 * 4  to 25 ev) with approx 0.2% energy resolution. 
data were analyzed with the IBM '704 area analysis code. 

The circular polarization of the gamma rays was predicted. 

The second code is a shape fit code (used when the Doppler 

The cost of analyzing a 

The ORNL fast chopper and the associated 180-m flight path were uti- 

The 

Low-Temperature, Nuclear and Solid State Physics. - A study of the 
hyperfine splitting of Aulg7 alloyed in iron has been made by the M6ssbauer 
method. The nuclide Aulg7 has a 3/2' ground state and a 1/2+ first ex- 
cited state at ?? kev. 
alloyed in iron it partakes of the ferromagnetism of the latter through 
a magnetic polarization process (Proceedings of International Conference 
on Low-Temperature Physics, Toronto, Bug. 29 to Sept. 3, 1960, p 415). 
The resulting hyperfine splitting of the Lbove two gold levels has been 
studied for an alloy of 1 at. 
at helium temperatures by the Massbauer method with Ptlg7 in platinum 
metal as the source and the above gold-iron alloy as the absorber. In a 
preliminary experiment two lines were observed, each being an unresolved 
triplet. The separation of these lines is approx 1.1 cm/sec with a line 
width of about 0.6 cm/sec. 

Although gold is normally nonmagnetic, when it is 

- _  

go1.l in iron. The measurements were made 

A quite large chemical shift of about 0.5 cm/ 
sec was found. For the excited state these measurements give ] P ~ H ~ ~  = 

' 

4.5 x l o 5 .  
High-Voltage Experimental Program: Neutrons from the He3 Bombardment 

of Some Light Nuclei. - The ion source for the ORNL 3-Mv accelerator has 
been modified to provide a peak beam of about 500 Pa of singly charged 
He3 ions. 
repetition rate of 2 Mc to give pulses of about 20 nanoseconds duration. 

This beam has been pulsed in the Van de Graaff terminal at a 
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After acceleration and magnetic analysis, a 2- to 3-nanosecond pulse is 
separated from the 20-nanosecond burst by a newly installed pulser oper- 
ated at 12 Me and synchronized with the terminal pulsing frequency. In 
order to detect the neutrons a large-volume plastic scintillator on a 4- 
in. photomultiplier was used. 
about 4 nanoseconds for neutrons. Other elements of the time-of-flight 
system have been described previously [Phys. Rev. 109, 926 (1958)l. 
reactions Li7 (He3,n)B9 (Q = 9.346), Be9(He3,n)Cl1 w= 7.565), and 
C13(He3,n)015 (Q = 7.126) have been studied, and neutron time-of-flight 

The over-all system resolution has been 

The 

spectra have been obtained. 

High-Voltage Experimental Program: Coulomb Excitation of the Second 
2+ States in Tungsten, Osmium, and Platinum Nuclei. - The location of a 
second 2+ state has been established for six even-even nuclei by means of 
Coulomb excitation produced by 4- to 5-Mev protons. The relatively weak 
excitation of these states was detected by a measurement of the gamma-ray 
yields from singles spectra and from coincident measurements of the cas- 
cade gamma rays. 
ground state by the crossover transition exhibit some uniformity for the 
even-even isotopes of tungsten and osmium, being about six times the sin- 
gle-particle value. The cascade/crossover ratio for the second 2+ state 
is known for these nuclei. 
of 10 to 60 times the single-particle value. The ratios of the B(E2)'s 
for decay of the first and second 2+ states were compared with the pre- 
dictions of several collective models. 
ratio is known for the upper cascade transition. 
tained are exceedingly small compared with the single-particle estimate. 
This result is in qualitative agreement with the collective models which 
predict that M l  radiation is forbidden in the decay of vibrational excita- 
tions. 

The B(E2)'s for decay of the second 2+ state to the 

The upper cascade B(E2)'s exhibit enhancements 

For five of these nuclei the E2/Ml 
The B(Ml) values ob- 

CHEMISTRY FESEARCH 

Spectrophotometric Studies of Solutions at Elevated Temperatures and 
Pressures. - The design of the optics of a high-temperature high-pressure 
spectrophotometer was modified to allow visual observation of the contents 
of a processing cell at temperatures up to 330°C and pressures up to 200 
atm. An adjustable slit system was designed which will make possible in- 
dependent quantitative measurements on both phases of two-phase systems. 

Raw Materials Research and Development. - Preliminary evaluations of 
a solvent extraction procedure for recovering nitric acid from uranium 
refinery waste streams were encouraging. Nitric acid is extracted with 
a secondary amine in kerosene-alcohol diluent and stripped by contacting 
the amine nitrate with a lime slurry. The calcium nitrate thus produced 
is reacted with sulfuric acid to yield 5 to 6 M nitric acid. - 

Solvent Extraction Research. - In the development of flowsheets for 
final-cycle plutonium recovery by extraction with amines, isotherms for 
the extraction of plutonium(1V) from 1.5 M HNO3 by 0.3 M trilaurylamine 
and other similar tertiary amines were fitted over a useful range by the 

E 
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0 empirical expression E M 2500 (M -amine - 4 ~ u ) ~ '  a Phase stability of the 

loaded extracts depended on the amine and the diluent as well as on the 
plutonium concentration. Stable organic phases were obtained at or above 
15 g of plutonium per liter with 0.3 M trilaurylamine in Solvesso 100 and 
with Alanine 336 in 9% Solvesso lOC-i% tridecanol, although only at 
somewhat lower loadings with trilaurylamine in 5% tridecanol-95$ Amsco 
125-82 and with Alanine 336 in Solvesso 100. These results are favorable 
for amine extraction with a high concentration factor from a Purex first- 
cycle plutonium stream without feed adjustment except oxidation to pluto- 
nium ( IV) . 

Americium was separated from europium by a factor of at Least l o 4  in 
a five-stage batch countercurrent extraction by 0.5 M Alamine 3364% tri- 
decanol in Amsco 125-82 from 8 N LiC1-2 N AlC13. Wixh an organic/aqueous 
phase ratio of 2.5, americium recovery was about 90% with 3 99.9% europium 
removal. Addition of two extraction stages increased the americium re- 
covery to 3 99% with europium removal > 99%. In single-stage experiments 
the extraction of curium was similar to that of americium, and cerium ex- 
traction was similar to that of europium. 

13-stage batch countercurrent extraction by 1 M tributyl phosphate from 
8 - N LiC1-2 - N AlC13. 

Ion Exchange Studies. - From data obtained in experiments on rates 
of elution of uranyl sulfate from Dowex 21K resin 
fusion coefficients of 1.67 X low7 and 1.18 X lo-' cm2/sec were calculated 
for 960- and 820-P resin respectively. The corresponding apparent coeffi- 
cients with 1 M sodium chloride were 1.78 X and 1.27 X loe7 cm2/sec. 

Chloride 2nd sulfate self-diffusion coefficients in 1200-11 Dowex 21K 
were measured as 4.2 X and 2.5 X cm2/sec respectively. This 
explains why uranyl sulfate loading rates are greater on chloride-equili- 
brated resin than on sulfate-equilibrated resin. 

A calculational procedure was developed and coded for machine calcu- 
lations which may make possible predictions of uranyl sulfate loading and 
elution rates from self-diffusion coefficients of the ions involved. The 
code was shown to reduce to the known solution when ions of equal valence 
and mobility are involved. 

Chemical Engineering Research. - The height equivalent to a theoret- 
ical stage for extraction of uranium from 3 M nitric acid with 5% tributyl 
phosphate in Amsco decreased from 2.2 to 1.2ft as the pulse frequency 
was increased from 50 to 90 cycles/min in the standard sieve plate (0.125- 
in.-diam holes, 23% free area) pulsed c o l m  operated with the aqueous 
phase continuous. Changing the flow rates from 20 to 5C$ of flooding ca- 
pacity had virtually no effect on the stage height. Stage heights for 
organic-continuous operation of a nozzle plate (0.125-in.-diam holes, 1% 
free area) column were 1.4 to 1.6 ft over a range of pulse frequencies, 
flow rates, and uranium feed concentrations. 

Americium was separated from europium by a factor of about l o 4  in a 
This result confirms single-stage data. 

apparent uranium dif- 

Physical Chemistry of Molten Salts. - The lowering of the freezing 
point of sodim fluoride by tetravalent fluorides has been investigated. 
The objective of this investigation is to relate the structural properties 
of various solute cations to their effect on the freezing point of sodium 
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f luor ide .  This cryoscopic medium w a s  chosen because, a t  high concentra- 
t i on ,  it has very l i t t l e  tendency t o  form s o l i d  so lu t ions  with o ther  f l u -  
or ides .  When t h e  i s o s t r u c t u r a l  t e t r a v a l e n t  f l uo r ides  were dissolved i n  
concentrations up t o  15 mole $, t he  freezing-point lowering showed nega- 
t i v e  deviat ions from i d e a l i t y  and followed t h e  order ThF4 > U F r ,  >HW4 = 
ZrF4. 
t e t r a v a l e n t  i on  i s  coordinated by an average of e ight  f luor ides ,  as it i s  
i n  t h e  pure solid, 
a re  i n  contact with t h e  c e n t r a l  ion, and, i n  f a c t ,  it i s  only i n  t h e  case 
of Th4+ t h a t  a l l  e ight  f luor ides  have poin ts  of contac t .  As t h e  s i z e  of 
t he  t e t r a v a l e n t  i on  increases,  more f luo r ides  w i l l  be ab le  t o  make point  
contact and more work w i l l  be required f o r  t he  sodium ions t o  a t t r a c t  f l u -  
orides;  consequently, t he  f reez ing  poin t  w i l l  be lowered. 

UO2SO4, CuSO4, Li2SO4, and NiS04 have been measured i n  t h e  s u p e r c r i t i c a l  
f l u i d s  H2SO4-HzO and D2S04-D20 containing from 0.02 t o  more than 1 m t o t a l  
s u l f a t e .  Below t h e  c r i t i c a l  temperatures f o r  these  systems the  composi- 
t i ona lboundar i e s  of t h e  region of unsaturated so lu t ion  have been de ter -  
mined. The experimental da ta  a r e  conveniently expressed as p l o t s  of t h e  
meta1:sulfate molar r a t i o  vs temperature, and they revea l  q u a l i t a t i v e l y  
similar behavior f o r  a l l  t h e  salts .  For a given t o t a l  s u l f a t e  content 
t he re  i s  a near ly  l i n e a r  r e l a t ionsh ip  of increasing temperature with de- 
creasing meta1:sulfate r a t i o  which marks t h e  boundary between unsaturated 
so lu t ions  and so lu t ions  which e i t h e r  contain sa tu ra t ing  s o l i d  phases or 
show l iqu id - l iqu id  immiscibi l i ty  A t  s u f f i c i e n t l y  low r a t i o s  and high 
temperatures t h i s  boundary i n t e r s e c t s  a c r i t i c a l  curve which i s  almost 
independent of t h e  r a t i o  of metal t o  s u l f a t e .  This curve gives t h e  tem- 
perature  a t  which a l i q u i d  meniscus appears o r  disappears.  Both t h e  c r i t -  
i c a l  curve and t h e  l i n e a r  boundary a r e  a f f ec t ed  by t h e  t o t a l  s u l f a t e  con- 
t e n t  of t h e  system. The s o l u b i l i t i e s  of t h e  s u l f a t e  salts i n  t h e  acid- 
r i c h  s u p e r c r i t i c a l  f l u i d s  were su rp r i s ing ly  high when compared with t h e  
reported low values f o r  t h e  s o l u b i l i t i e s  of s toichiometr ic  s u l f a t e  salts  
i n  pure s u p e r c r i t i c a l  water.  The m a x i m u m  s o l u b i l i t i e s  i n  D~O-DZSO~ were 
as follows: 

This order i s  explainable if it i s  assumed t h a t  i n  so lu t ion  t h e  

The ca t ion  s i z e  determines whether a l l  e ight  f luor ides  

High-Temperature Aqueous Solution Chemistry. - The s o l u b i l i t i e s  of 

Temperature T o t a l  Sul fa te  Metal Sul fa te  So lub i l i t y  
( "c )  (2 1 System 

Uranium 397 0.8 
Copper 432 

Lithium 490 

Nickel 400 
454 

1 .o 
2.5 

0,5 
2 .o 

0.26 

0028 

1 .l* 

0 085 
0 0 2** 

*Extrapolated. **Single point  - not m a x i m u m .  

An  important consequence of t h e  high s o l u b i l i t y  of these  salts  i n  ac id-  
r i c h  s u p e r c r i t i c a l  f l u i d s  i s  t h a t  systems of these  compositions, when 
under ex te rna l ly  appl ied pressures  i n  excess of t h e i r  c r i t i c a l  pressures ,  
can be heated f rom 25°C t o  temperatures above 400°C without t he  appear- 
ance o r  disappearance of any phases. 
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Nuclear Chemistry: Characterization of Short-Lived Fiss ion  Prod- 

u c t s .  - Both n a t u r a l  rhenium and enriched Re185 were i r r a d i a t e d  i n  a re-  
a c t o r  t o  form Re184 by an (12,213) react ion.  
- 

The Re184 decay, followed with 
an end-window proport ional  counter, w a s  complex, with ha l f - l ives  of 34 
days and 165 I n  the  source prepared from na tura l  rhenium there  
i s  an addi t iona l  weak corn onent with about an 8-yr h a l f - l i f e  which i s  
thought t o  r e s u l t  from Reri89 formed by double neutron capture. Gamma-ray 
spectra  taken with a sodium iodide spectrometer over a period of about 
four  years showed photopeaks a t  0.059, Oolll, 0.162, 0.218, 0.252, 0.320, 
0.385, 0.540, 0.640, 0.791, 0.897, and 1.15 MeV. Each of these peaks had 
a complex decay involving h a l f - l i v e s  of about 30 and 170 days. Gamma-gamma 
coincidence measurements were made f o r  t h e  peaks a t  0.252, 0.320, 0.540, 
0.111, 0.791, and 0.89'7 Mev. The measurements f o r  the  las t  three  peaks 
were taken a t  f irst  on a f r e s h  source and then repeated a f t e r  most of t h e  
30-day component had decayed i n  order t o  determine t h e  change i n  the  pop- 
u l a t i o n  of W184 l e v e l s  by Re'84. 

Electrochemical Kinetics and I t s  Application t o  Corrosion. - I n  con- 
t inu ing  the  inves t iga t ion  of the  ac t ion  of corrosion i n h i b i t o r s  of t h e  type 

X04n-, a study was made of  t h e  a b i l i t y  of the  passive film on i r o n  t o  e n t e r  
i n t o  ion  exchange in te rac t ions  with such i n h i b i t o r s .  
chromate, and molybdate ions were used as i n h i b i t o r s  i n  t h e  concentration 
range from t o  f and a t  pH values between 4 and 8. It w a s  found 
t h a t  any re ten t ion  of t h e  TcO4 
of a monolayer. With C r O 4  and M O O ~  a t  pH values between 4 and 6 there  
i s  d e f i n i t e  in te rac t ion ,  t h e  degree depending upon circumstances. I n  t h e  
l i g h t  of similar spec i f ic  in te rac t ions  of ions with bulk oxides, which a r e  
probably in te rpre ted  b e s t  as acid-base in te rac t ions ,  the  r e s u l t s  strengthen 
the  b e l i e f  t h a t  the  passive f i lm a l s o  i s  ab le  t o  reac t  with protons and 
anions by v i r t u e  of acid-base proper t ies .  The difference between t h e  e f -  
f e c t s  of t h e  pertechnetate ion, on t h e  one hand, and t h e  chromate and mo- 
lybdate ions, on t h e  other, i s  understandable on t h i s  basis, s ince t h e  
pertechnetate ion has no basic  propert ies .  

zoate solut ions are being s tudied for comparison with the  r e s u l t s  obtained 
i n  benzoate and perchlorate-benzoate solut ions.  It w a s  found t h a t  t h e  po- 
l a r i z a t i o n  c h a r a c t e r i s t i c s  of i r o n  a r e  unaffected by the  addi t ion of ben- 
zoate ion  (1 x lom2 f )  t o  a s u l f a t e  so lu t ion  (5 x 10-l f) a t  a PH of 0.3. 
This behavior cont ras t s  with t h a t  found i n  t h e  perchlorate-benzoate system, 
i n  which i n h i b i t i o n  w a s  observed. 

5 
8 days. 

The pertechnetate,  

- 
ion by such a process does not exceed 1% -- -d 

The corrosion c h a r a c t e r i s t i c s  of pure i r o n  i n  deaerated sulfate-ben- 

Chemical Separation of Isotopes.  - The s o l u b i l i t y  of calcium i n  mer- 

Exchange of calcium 
A separa- 

cury w a s  found t o  vary almost l i n e a r l y  with temperature and ranged from 
0.56 t o  0.91 M over t h e  temperature range 0 t o  36°C. 
between aqueous calcium formate and calcium amalgam w a s  rapid.  
t i o n  f a c t o r  of 1.001 per  un i t  mass difference w a s  measured between the  
aqueous and amalgam phases a t  room temperature, with t h e  heavier calcium 
isotopes concentrating i n  t h e  aqueous phase. 

diethylamine-NO addi t ion compound dissolved i n  chloroform and 97% N l 5 O  
gas a t  1 a t m  pressure.  

No nitrogen exchange w a s  observed i n  6-1/2 h r  a t  -60°C between the  
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Chemical Applications of Nuclear Explosions. - I n  s tud ies  on t h e  
chemistry of contained nuclear explosions, tritium exchange from HTO t o  
H2 over Cas04 w a s  inves t iga ted  as a function of temperature, flow r a t e ,  
and mass of Cas04 with an Hz/HTO r a t i o  of 20, With 12.5 g of Cas04 and 
a t o t a l  flow r a t e  of 400 cc/min, tritium exchange a t  380, 600, and 700°C 
was 0.47, 14.4, and 20.5% respect ively.  
g of Cas04 increased from 6.7 t o  24.2% when t h e  flow r a t e  w a s  decreased 
from 400 t o  100 cc/min. The exchange a t  600°C with a constant gas flow 
r a t e  of 400 cc/min increased from 6 - 4  t o  14.4% when t h e  weight of Cas04 
was increased from 1.00 t o  12.5 g.  

The stoichiometry of t h e  reduction of Cas04 by hydrogen i n  t h e  850 
t o  900°C range w a s  determined by d i r e c t  weight l o s s  measurements, ana lys i s  
of t h e  s o l i d  reduction product f o r  su l f ide ,  and measurement of t h e  H2S 
evolved a f t e r  exhaustive reduction of t h e  s u l f a t e ,  The s u l f a t e  i s  not  
reduced a t  temperatures below 75OOC. 
t o  the  react ion 

The exchange a t  600°C with 3.039 

The reduction takes  place according 

CaSO4(s) + 4H2(g) + (1 - x)CaS(s) + xCaO(s) + xHzS(g) + (4 - x)HzO(g) 

The bulk of t h e  s u l f a t e  i s  reduced t o  Cas, with 10 t o  15% being reduced 
t o  C a O .  
water t h a t  i s  formed by t h e  reduction. 

The C a O  i s  undoubtedly formed by hydrolysis of t h e  Cas with t h e  

METALLURGY AND MATERIALS RESEARCH 

Ceramics Research. - Studies of t h e  s i n t e r i n g  behavior of Tho2 were 
continued. Photomicrographs of pol ished surfaces  of Tho2 p e l l e t s  f i r e d  
a t  1800°C showed no evidence of p r e f e r e n t i a l  disappearance of pores a t  o r  
near gra in  boundaries. Pores a c t u a l l y  on gra in  boundaries tended to be 
oblong. 
pared by decomposition of undigested Th(C204)2 than i n  those prepared from 
100-hr digested Th (C204)2. 
i r r e g u l a r l y  shaped, and more porous p a r t i c l e s ,  s i n t e r e d  t o  higher densi ty .  

The s i n t e r a b i l i t y  of Tho2 compacts a t  1800°C w a s  determined as a 
funct ion of t h e  propert ies  of powder used t o  prepare t h e  compacts, It w a s  
found t h a t  t h e  s i n t e r a b i l i t y  decreased with increasing c r y s t a l l i t e  s i z e  
(determined by x-ray l i n e  broadening) and with increasing immersion den- 
s i t y  of t h e  powder ( p a r t i c l e  o r  aggregate d e n s i t y ) .  However, these  t rends 
he ld  only f o r  Tho2 batches which d i f f e r e d  as a r e s u l t  of v a r i a t i o n  i n  pre- 
c i p i t a t i o n  method and which were converted t o  Tho2 a t  t h e  same ca lc ina t ion  
temperature. When c r y s t a l l i t e  s i z e  and immersion densi ty  were increased 
by higher  ca lc ina t ion  temperature, t h e  s i n t e r a b i l i t y  t r e n d  d i d  not apply, 
suggesting t h a t  s t r u c t u r a l  propert ies ,  not necessar i ly  represented o r  par- 
a l l e l e d  by p a r t i c l e  densi ty  o r  c r y s t a l l i t e  s ize ,  g r e a t l y  influenced s i n -  
t e r a b i l i t y .  

Grain s i z e s  were much l a r g e r  i n  specimens composed of Tho2 pre- 

The undigested Tho2, which had smaller, more 

CONTROLUD THERM0NUCLZA.R RESEARCH 

+ Cross-Section Studies.  - During the  l as t  month 100 Pa of 20-kev H2 
w a s  made incident  upon a t a r g e t  of e lectrons of 4 m a  and 13.4 v .  However, 
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120-cycle 50% modulation of t h e  Hz+ beam prevented the  detect ion of t h e  
50-cycle modulation of t h e  e lec t ron  beam so  t h a t  no accurate data could 
be obtained. This 120-cps modulation has now been reduced t o  l e s s  than 
0.1% by reducing t h e  r i p p l e  of the  power supplies of t h e  rf-type source 
producing t h e  H2+.  During t h i s  time a more e f f i c i e n t  e lec t ron  gun has 
been put i n t o  use. 

Calculations ind ica te  t h a t  i f  1% of t h e  deuterium arc  cons is t s  of 
D*+the  observed pressures i n  t h e  DCX could r e s u l t  from dissoc ia t ive  re-  
combination ( i . e e ,  Hz+ + e 4 2H0). Measurements of t h e  ion  cyclotron 
resonances on a deuterium a r c  show t h a t  a t  l e a s t  9% of the  a rc  i s  D+. 

DCX-1 F a c i l i t y .  -An energy balance i n  t h e  DCX-1 has been made by 
use of t h e  neut ra l -par t ic le  energy spectrometer. 
ren ts  of 0.1 ma, t h e  energy l o s s ,  a t t r i b u t e d  t o  cold electrons i n  the  
carbon arc ,  was 20 kev per  mill isecond of containment time. For H2+ cur- 
ren ts  of 2 . 3  ma, an addi t iona l  energy l o s s  of 15 t o  35 kev/msec i s  ind i -  
cated.  With background gas d issoc ia t ion  the  energy lo s s  i s  approximately 
6 kev/msec 

Additional deuterium a r c  experiments have been performed. By en- 
c losing a rotat ing,  water-cooled anode i n  a wel l -baff led chamber, heat 
f luxes of 30 kw/in.2 have been extracted without ser ious damage t o  t h e  
anode surface.  Several b a f f l e  geometries have been t r i e d  with no r e s u l t -  
ing decrease i n  t h e  pressure i n  t h e  region of t h e  trapped plasma. 

crease i n  t h e  cross-sect ional  a rea  of the  carbon a r c ,  Tungsten cathodes 
1/8 and 1/4 i n .  i n  diameter melted due t o  t h e  high current  densi ty  needed 
t o  vaporize s u f f i c i e n t  carbon from t h e  carbon anode. 

t h e  manufacturer. 
tween the  mirror  c o i l s  and t h e  extension c o i l s .  
cause of  insu la t ion  f a i l u r e s  i n  the  pump uni t .  
gen measured t o  date a r e  about 5000 l i t e r s l s e c ,  which a r e  very low compared 
with t h e  design speed of 50,000 l i t e r s / s e c  . 

For H2+ i n j e c t i o n  cur- 

Two cathode geometries have been used i n  attempts t o  secure a de- 

A spec ia l ly  constructed VacIon vacuum pump has been received from 
The pump w a s  designed t o  be placed i n  the  region be- 

Tests a r e  incomplete be- 
Pumping speeds f o r  hydro- 

DCX-EPA. - I n s t a l l a t i o n  and assembly of t h e  f a c i l i t y  i s  complete ex- 
cept f o r  t h e  outboard magnetic f i e l d  c o i l s  and t h e  water and e l e c t r i c a l  
connections. 
pressure of 3 IJ. may be obtained with only the Kinney roughing pumps. 

low currents  have been made on t h e  600-kv test f a c i l i t y  with a scanning 
probe. 
with correspondingly high power densi ty  a t  t h e  t a r g e t .  The f a c i l i t y  i s  
out of operation during t h e  i n s t a l l a t i o n  of the  c o i l s  and t h e  tank beneath 
t h e  manifold. The c o i l s ,  which w i l l  be used l a t e r  on t h e  DCX-2, provide 
a f i e l d  of up t o  1 2  kilogauss on an ax is  which may be t i l t e d  r e l a t i v e  t o  
t h e  tank. I n j e c t o r  shield,  t a rge ts ,  and beam t r a j e c t o r i e s  w i l l  be s tudied 
i n  t h i s  added region. During t h e  shutdown, a change i n  the  high-voltage 
lead  arrangement w i l l  be made t o  reduce t h e  corona. 

a loose source i n s e r t ,  caused t h e  only damage t o  t h e  tube s t r u c t u r e  s ince 
t h e  f i r s t  few days of operation. The electrodes have been repaired.  

Preliminary vacuum t e s t s  on t h e  tank alone ind ica te  t h a t  a 

Ion Source Development. - Preliminary s tudies  of beam t r a j e c t o r y  a t  

They indica te  a considerably smaller beam diameter than expected, 

J u s t  p r i o r  t o  shutdown an arc-over i n  t h e  tube, probably caused by 
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Theory. - Exact r e l a t i v i s t i c  Fokker-Planck coe f f i c i en t s  have been 
obtained f o r  t h e  case of a plasma which, i n  zero order,  i s  s t a t i c ,  spa- 
t i a l l y  uniform, and has no ex terna l  e l e c t r i c  or magnetic f i e l d s .  
sults include an a r b i t r a r y  number of species  of ions,  a r b i t r a r y  ve loc i ty  
d i s t r ibu t ions ,  and an a r b i t r a r y  energy d i s t r i b u t i o n  i n  t h e  r ad ia t ion  f i e l d .  

v e r s i a l  b a l l  l i gh tn ing  - a possibly s t a b l e  plasma configurat ion - have re-  
ceived i n t e r e s t  i n  recent years:  
t e r fe rence  p a t t e r n  (Kapitza, Watson, Tonks) and the  pinched r ing  cur ren t  
(Shafranov) 
Nuclear Company employees i n  Oak Ridge was made f o r  i nves t iga t ing  t h e  
p robab i l i t y  of purported observations and s a l i e n t  p rope r t i e s .  
repor t s  (3.2%) support t he  general ly  reported proper t ies  of b a l l  l i gh tn ing  

The re -  

B a l l  Lightning Survey. - Two physical  models of t h e  r a r e  and contro- 

t h e  standing electromagnetic wave in-  

A survey of a s t a t i s t i c a l  sample of 15,923 Union Carbide 

The 515 

and suggest bu t  do not prove t h a t  a r o t a t i o n a l  property may be assoc ia ted  
with t h e  i n t e r n a l  motion of  t h e  f i r e b a l l .  

BIOLOGY AND MEDICINE PROGRAM 

RADIATION EFFECTS ON BIOLOGICAL SYSTEMS 

Genetic and Cytogenetic Ef fec t  of Radiations.  - I n  order  t o  t e s t  t h e  
hypothesis t h a t  t h e  u l t r a v i o l e t  ac t ion  spec t ra  of one- and two-stranded 
deoxyribonucleic a c i d  a r e  d i f f e ren t ,  b io log ica l ly  ac t ive  DNA has been ir- 
rad ia ted  with monochromatic u l t r a v i o l e t  l i g h t  under two conditions : 
when it i s  double-stranded (at 85°C) and (2 )  when it i s  s ingle-s t randed 
(at 98°C). 
c i p l e  has been obtained a t  85°C. 
98°C suggest t h a t  t h e  ac t ion  spectrum i s  d i f f e ren t  i n  shape from t h e  85°C 
or two-stranded one. The combined e f f e c t  of u l t r a v i o l e t  l i g h t  and hea t  
has been studied; t h e  r e s u l t s  i nd ica t e  that  a dose of u l t r a v i o l e t  l i g h t  
t o  transforming p r inc ip l e  before  heat ing prevents some of t h e  l o s s  of bio-  
l o g i c a l  a c t i v i t y  on subsequent heat ing and cooling. This phenomenon i s  
being f u r t h e r  inves t iga ted  t o  t e s t  t he  hypothesis t h a t  u l t r a v i o l e t  l i g h t  
cements t he  two s t rands so  t h a t  they r econs t i t u t e  more r ead i ly  a f t e r  heat-  
ing.  

synthesis  of deoxyribonucleic a c i d  i s  loca l i zed  i n  two cy to logica l ly  iden- 
t i f i a b l e  bands which move along t h e  rod-shaped nucleus over a per iod of 
severa l  hours. Although t h e  main m a s s  of t h e  nucleus contains l a rge  
amounts of p ro te in  and ribonucleic acid,  t h e  band regions contain l i t t l e  
or none. 
but i s  highly di luted;  possibly it e x i s t s  here  as t h e  s ing le-s t rand  form 
r a the r  than as a double h e l i x .  Isotopic  de tec t ion  of synthesis  shows t h a t  
new p ro te in  i s  synthesized simultaneously with deoxyribonucleic ac id .  
Ribonucleic ac id  synthesis  i s  continuous i n  a l l  p a r t s  of  t h e  nucleus ex- 
cept i n  t h e  bands; here it i s  very low or absent .  These s tud ie s  a r e  di- 
r e c t l y  pe r t inen t  t o  the  problems of gene, chromosome, and nucleus duplica- 
t i o n .  

(1) 

An a c t i o n  spectrum of Hemophilus influenzae transforming pr in-  
Preliminary r e s u l t s  of i r r a d i a t i o n s  a t  

Ce l l  Growth and Reproduction. - I n  t h e  c i l i a t e d  protozoan Euplotes, 

Deoxyribonucleic a c i d  has been shown t o  be present  i n  t h e  bands 
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Pathology and Physiology. - The l i f e  span of blood p l a t e l e t s  i n  t h e  
mouse w a s  estimated by determining t h e  time required t o  l a b e l  the  e n t i r e  
mass of p l a t e l e t s  i n  the  per ipheral  blood with N a ~ S ~ ~ 0 4 ,  
(1 cIc/g) w a s  i n j e c t e d  each day i n t r a p e r i t o n e a l l y  i n t o  BDFl mice, and t h e  
rad ioac t iv i ty  of t h e  p l a t e l e t s  was determined a t  d a i l y  i n t e r v a l s .  P l a t e l e t  
r a d i o a c t i v i t y  increased a t  a constant r a t e  u n t i l  it reached a m a x i m u m  four 
t o  f i v e  days a f t e r  t h e  f i rs t  i n j e c t i o n .  
complete replacement of t h e  per ipheral  p l a t e l e t  m a s s  takes place i n  t h i s  
length of time. 
v i v a l  time of mouse p l a t e l e t s  i n  the  per ipheral  c i r c u l a t i o n  i s  four  t o  
f i v e  days, which i s  consis tent  with t h e  time required f o r  development of 
radiation-induced hemorrhage i n  t h i s  species .  

t h e  number of  e lec t ron  sp in  resonances produced i n  glycine i r r a d i a t e d  with 
300-kvp x rays with doses from 300,000 t o  30,000,000 r show a d e f i n i t e  
nonl inear i ty  o r  sa tura t ion  e f f e c t  which cannot be due t o  thermal e f f e c t s  
o r  decay during i r r a d i a t i o n .  The apparent sa tura t ion  l i m i t  from measure- 
ments four days a f t e r  i r r a d i a t i o n  i s  about 5 X 10l8 resonances per  gram. 
There may a l s o  be changes i n  curve shape and decay r a t e s  f o r  samples given 
d i f f e r e n t  doses. 

t h e  bacterium Escherichia c o l i  B / r  showed a s i g n i f i c a n t  decrease i n  f ree-  
r a d i c a l  s igna l  s t rength  f o r  c e l l s  lyophi l ized i n  the  presence of thiourea.  
Similar r e s u l t s  have been found f o r  sodium iodide.  
give l i t t l e  o r  no diminution of t h e  r a d i c a l  s igna ls .  Extension of these  
s tud ies  t o  i r r a d i a t e d  B / r  c e l l s  i s  i n  progress.  

Labeled s u l f a t e  

This r e s u l t  suggests t h a t  one 

By t h i s  in te rpre ta t ion ,  it follows t h a t  t h e  average sur-  

Biophysics: Magnetic Resonance Studies ,  - Careful measurements of 

Studies of e lec t ron  sp in  resonance s igna ls  i n  unirradiated c e l l s  of 

Cysteine appears t o  

Biophysics: Ul t rav io le t  Studies.  - When thymine, i n  frozen solut ion,  
i s  i r r a d i a t e d  by 2537-A u l t r a v i o l e t  rad ia t ion  t h e  pr inc ipa l  product formed 
i s  a dimer which i s  nonabsorbing a t  wavelengths grea te r  than 2600 A. The 
dimer when i r r a d i a t e d  i n  l i q u i d  so lu t ion  i s  s p l i t  i n t o  two thymine mole- 
cules [Biochim. e t  Biophys. Acta 41, 550 (1960)], which absorb s t rongly 
a t  2600 A,  
t roscopica l ly ,  The ac t ion  spectrum f o r  t h e  s p l i t t i n g  of t h e  dimer has 
been obtained. It corresponds roughly t o  t h e  absorption spectrum of t h e  
dimer (which i s  s i m i l a r  t o  t h e  absorption spectrum of t h e  short-wavelength 
band of thymine). Thus t h i s  phenomenon does not seem t o  be r e l a t e d  t o  t h e  
b io logica l  photoreversal  obtained with wavelengths grea te r  than 3000 A. 
The quantum y i e l d  f o r  s p l i t t i n g  t h e  dimer i s  about 0.5.  

on chromosome breakage i n  Tradescantia pol len were continued, with emphasis 
on t h e  f a c t o r s  governing t h e  s e n s i t i v i t y  or magnitude of the  phenomenon. 
Not only does pretreatment with s o l a r  rad ia t ion  appear necessary f o r  t h e  
synergism t o  take place, but t h e  magnitude of the  e f f e c t  i s  a l s o  dependent 
on the  temperature and the  humidity of t h e  pol len  grains  before treatment 
with x and u l t r a v i o l e t  rad ia t ions .  

The interconversion bxween these  forms may be followed spec- 

Studies of t h e  synerg is t ic  ac t ion  of x rays and u l t r a v i o l e t  r a d i a t i o n  

COMBATING RADIATIOII DETRIMENTAL EFFECTS 

Radiation Protection: Living Cel ls ,  - The increase  i n  resis tance 
t o  ionizing rad ia t ion  produced by growing Escherichia c o l i  i n  glucose- 
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containing media has been further investigated. 
phyrin-requiring Escherichia coli mutant, it has been established that 
the resistance can develop only in a porphyrin-positive cell and that aer- 
obic growth conditions are not necessary. That is, the development of 
resistance by growth in glucose somehow involves a porphyrin-dependent, 
oxygen-independent process. Since porphyrins are usually intimately in- 
volved in oxygen-dependent processes, this must be an unusual mechanism, 
and it will be further investigated. 

By the use of the por- 

Mammalian Radiation Recovery. - Cytotoxic tests of nucleated cells 
have shown that irradiated mice treated with homologous bone marrow and 
homologous blood carry a transplant of donor-type marrow as long as they 
live. 
have a temporary take of donor cells followed by marrow failure and death. 

have shown cellular changes in their lymphatic tissues of the same type 
as those seen in mice given an injection of foreign bone marrow. These 
experiments with sheep red blood cells, unlike the experiments with bone 
marrow, also permit a study of antibodies in the blood serum. The current 
work completes a long series of experiments on the response of lymphatic 
tissues of normal mice to a wide variety of antigenic materials. The con- 
clusion drawn from these experiments is that the tissue transplantation 
antigens cause the same type of cellular change as that caused by other 
more commonly studied antigens. 

Irradiated recipients of homologous marrow and isologous blood 

Histologic studies on normal mice receiving sheep red blood cells 

Radiation Immunology. - In an attempt to determine whether the im- 
munologically competent cells proliferate faster, slower, or at the same 
rate as imunologically incompetent cells after sublethal x irradiation, 
experiments were carried out by the in vivo culture method. Preliminary 
data suggest that the competent cells proliferate at the same rate as the 
incompetent hematopoietic cells. 

mary antigenic sensitization necessary for maximum antibody-forming ac- 
tivity of spleen cells. The data suggest that the activity of spleen 
cells two to three weeks after primary sensitization is almost comparable 
with that six weeks after primary sensitization and that this increased 
activity is 100 to 300 times that of the normal control, 

One of the problems in homologous transplantation antigens is whether 
these antigens of nucleated cells remain immunochemically functional after 
physical treatments which would kill the cells. This problem was investi- 
gated by testing the potency of nucleated cells after treatment with ul- 
trasound and x rays. It was found that after a 10-min ultrasonic treatment 
and exposure to 2000 r a dose of lo7 cells was required to stimulate the 
host to reject 50% of the test cells. 
to determine the distribution of antigens in a given cell. 

Studies were made in order to establish the minimum time after pri- 

This finding will make it possible 
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TRAINING,  EDUCATION, AND INFORMATION PROGRAM 

Interna t iona l  Reactor Program a t  ORNL. - Twenty-eight students rep- 
resent ing nine d i f f e r e n t  countr ies  have enrol led i n  t h e  t h i r d  session of 
foreign programs, which o f f i c i a l l y  began November 14. 
a r e  enrol led i n  Reactor Operations Supervision and e ight  i n  Reactor Haz- 
ards  Evaluation. Both groups w i l l  a t t e n d  c lasses  together  f o r  t h e  f i rs t  
nine months; then 16 of the  operations students w i l l  begin ful l - t ime work 
f o r  t h r e e  months a t  one of the  Laboratory's reactors .  
operations students w i l l  complete t h e i r  t r a i n i n g  a t  t h e  reactors  immedi- 
a t e l y  a f t e r  the  f i r s t  group. The eight  hazards evaluation students w i l l  
be engaged i n  preparing hazards evaluation reports  during t h e  f i n a l  th ree  
months of study 

The countries represented a re :  Philippines,  Puerto Rico, Pakistan, 
Japan, Viet Nam, Indonesia, New Zealand, Finland, and t h e  United S t a t e s .  

I n  addi t ion  t o  t h e  two foreign programs, ORSORT i s  conducting a 12- 
month t r a i n i n g  program f o r  1 5  newly h i r e d  AEC employees from various op- 
e ra t ions  of f ices  throughout the  country. Six Tennessee Valley Authority 
employees a r e  cur ren t ly  enro l led  i n  courses at  ORSORT. 

The t o t a l  enrollment f o r  t h e  1960-61 session i s  as follows: Hazards 
Evaluation, 8; Operations Supervision, 20; AEC t ra inees ,  15; TVA t ra inees ,  
6; Carbide ORSORT ( fu l l  or h a l f  t ime),  5; Carbide ORSORT (par t  t ime),  46; 
t o t a l ,  100. 

The t e n  Hazards Evaluation s tudents  of t h e  195S60 session of ORSORT 
have completed t h e i r  three-month study pro jec t ,  which consis ted i n  t h e  
preparat ion of a report  covering a s p e c i f i c  problem per ta in ing  t o  one of 
t h r e e  d i f f e r e n t  types of reac tor .  This program terminated October 28, 
1960, and t h e  s tudents  have e i t h e r  returned t o  t h e i r  homelands or accepted 
assignments elsewhere, 

Twenty students 

The r e s t  of t h e  

t 
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