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II INDEXED ABSTRACTS OF SELECTED REFERENCES 
ON MOLTEN-SALT REACTOR TECHNOLOGY 

I). W. Cardwell and P.  N. Haubenreich 

ABSTRACT 

Abstracts are given for 321 reports and art ic les  which 
provide an introduction to MSR technology and describe major 
developments since 1960. Three indexes are provided: by key- 
word, by author, and by subject category. - 
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INTRODUCTION 

x 

This document contains abstracts of 321 selected reports and papers 
which collectively provide a good, basic introduction to molten-salt re- 
actor technology and describe major developments in the field since the 
initiation of the MSRE in 1960. 
three indexes are provided: 

As an aid in locating specific information, 
by keyword, by author, and by subject category. 

The abstracts and indexes, prepared and printed by a computer, were 
taken from the file of the Molten-Salt Reactor Information System (MSRIS). 
This is a growing file in the IBM-360 computer at ORNL, which can be 
searched in various ways from remote terminals. 
pared to describe MSRIS and how to use it. 

A report is now being pre- 

LIST OF ABSTRACTS 

In the pages which follow, abstracts are listed in the alphabetical 
Each appears only once, even order of their primary subject categories. 

though its subject may extend into several other categories. 
find all abstracts having information on a particular subject, it is neces- 
sary to use the category index. 

Therefore to 

Each entry in this list consists of the abstract itself plus certain 
other information about the reference. The first line is an identification 
number, assigned when the reference was added to the MSRIS file. The three 
letters in this number identify the primary subject category. 
terial in the document extends significantly into another category, this is 
shown in the last line of the entry. Authors, title, and originating or- 
ganization are listed on separate lines, then the document identification, 
date of publication and numbers of pages, figures, and references are given. 
Following the abstract is a list of keywords, with the most significant 
marked by asterisks. 

If the ma- 
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C a t e g o r y  R 
Molt e n  - S a l t  R e a c t  cr  P r o g r a  BS 

AAX67C003 
1 B r i g g s  BB 

SURIIJARY OF THE OBJECTIVES, THE DESIGN, BWD R E R O G f i A F  CF DEVELOPMENT 
OF LOITER-SALT E R E E C E R  BEAC'IOBS I 

1 O a k  R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn .  
ORNL-TH-1851 ( J u n e  1 9 6 7 ) ,  84 F ,  2 0  f i g ,  13 ref, 

H o l t e n - s a l t  t h e r m a l  b r e e d e r  r e a c t o r s  a r c  c h a r a c t e r i z e d  b y  
low s F e c i f i c  i n v a n t c r y ,  m o d e r a t e  b r e e d i n g  q a i n  with low f u e l  
c y c l e  cost., a n d  h i q h  e i f i c i e n c y  f c r  c c n v e r t i n g  h e a t  iEto  
e l e c t r i c i t y ,  S t u d i e s  i n d i c a t e  t h e y  s h o u l d  De a t l e  to 
p r o d u c e  e l e c t r i c i t y  i n  1000-Mw{e) s t a t i c n s  a t  a c c s t  t h a t  i s  
as Icw 01: lower t h a n  p r o j e c t e d  for a d v a n c e d  c o n v e r t e r  
reactors  oc f a s t  b r e e d e r  power  s t a t i o n s .  T h c  fuel 
u t i l i z a t i o n  c h a r a c t e r i s t i c s  c o m p a r e  f a v o r a b l y  w i t h  thcse of 
f a s t  b r e e d e r s .  T h e  p r e s e n t  s t a t u s  of t t e  b r e E d e r  t e c h n c l c q y  
i s  b e i n g  deacnstrated i n  s u c c e s s f u l  o p e r a t i o n  of the f4SfiE. 
A t w o - r e g i o n  M o l t e n - S a l t  Ereeder E x p f r i a e n t  t c  d e B o n s t r a t e  
a l l  t h e  bas ic  t e c h n c l o g y  f o r  ful l -scale  breeders is proposed 
a s  t h e  next s t e p  i n  t h e  d e v e l o F m e n t ,  D e s i g n  a n d  
c c n s t r u c t i o n  of the ISBE would be a c c o m p a n i e d  b y  a p r o g r a m  
of f u e l s ,  mater ia l s ,  f u e l  r e p r o c e s s i n g ,  a n d  e r . g i n e e r i r q  
d e v e l o p m e n t ,  D e v e l c g m e n t ,  c o n s t r u c t i o n ,  a n d  s t a r t u p  or t h e  
b r e e d e r  reactor is e s t i m a t e d  t o  take a b c u t  e i g h t  y e a r E  a n d  
t o  c c s t  a b o u t  1125 E i l l i o n .  ._ 

---% - - -  * d e v e l o p m e n t  t *MSRP + * p l a n s  t *reviews + f u c l  cycle c c s t s  + MSBE t 
MSBR + natural r e s o u r c e s  + F e r f o r m a n c e  * power c o s t s  + t e c h n o l o q y  

A A X f j 7  00 0 4 
C a r t e r  RL + B h a t l e y  HE 
F U E L  A N D  E L A N K E T  E R O C E S S  I N G  L E V  ELOPMENT FOH t lOLTEti E A L I  

Cdk R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  

1 
s 

BREEDER R E A C T O R S  
- 

ORNL-Tfi-lEf2 ( J u n e  1967) 52 p ,  1 0  fig, 13 r e f .  
T h i s  d o c u m e n t  descrites t h e  f u e l  a n d  b l a n k e t  Erccessez f o r  
the NSBi? ,  g i v i n g  the c u r r e n t  % t a t u s  02 t h e  technology a n d  
o u t l i n i n g  the needed d e v e l o p n e n t ,  It is ccncluded that the 
p r i n c i p a l  n e e d s  are t o  d e v e l o p  t h e  vacuum d i s t i l l a t i o n  a n d  
p r o t a c t i n i u m  r e m o v a l  o p e r a t i o n s ,  w h i c h  Lave beer. 
d e m c n s t r a t e d  i c  t h e  l a b c r a t o r y  b u t  n o t  on an e n g i n e e r i n g  
scale,  A p r o q r a m  t o  d e v e l o p  c o n t i n u o u s  f l u o r i d e  v o l a t i l i t y ,  
l i q U i d - F h a s e  r e d u c t i o n -  K e c o n s t i t u t i a n ,  i m p r o v e d  xenon 
c o n t r o l ,  a n d  s p e c i a l  i n s t r u m e n t a t i o n  s h c u l d  a l s c  be  a major 
d e v  EloFmen ta 1 e f f o r t .  An estimate of maripover  a n 3  cos t  f o r  
d e v e l o p i n g  MSBK fuel d fertile ~rocesses i n d i c a t e s  t h a t  
it w i l l  require 288 m a n y e a r s  of e f f o r t  o v e r  a 6-year period 
a t  a t o t a l  cost of a b o u t  $ 1 8 , O O O , C O O .  

\ 

* d e v e l o p m e n t  + *.YISBR + * F r o c e s s i n q  * b l a n k e t  t costs + 
d i s t i l l a t i o n  + f u e l s  + p r o t a c t i n i u w  

A A X 6 7 C O O 5  
G r i m e s  W f c  
CHEMICAL RESEARCH A N D  D E V E L O P P E h T  F C E  CCLTER-SALT E F E E C E H  

Accession Number  ABX670003  t o  A A X 6 7 0 C C S  



P a g e  6 

C a t e g o r y  A 
M o l t e n - S a l t  B e a c t o r  Prograas -. 

A A X  6 7  C O O S  *C c n  t i n u e d *  

Oak R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn. 
CRNL-TU-1853 ( J u n e  1967),  1 4 0  p, 2 6  f i g ,  G9 ref .  

RE: ACT CBS 

R e s u l t s  c t  chemical r e s e a r c h  a n d  d e v e l o p m e n t  for m o l t e n  
s a l t  reactors are s u m m a r i z e d ,  These r e 5 u l t s  i n d i c a t e  t h a t  
LiF-BeF2-UP4 m i x t u r e s  a r e  f e a s i b l e  f u e l s  for thermal  
b r e e d e r  reactors. S u c h  m i x t u r e s  show s a t i s f a c t c r y  p h a s e  
behavior, t h e y  are c o a ~ a t i b l e  w i t h  H a s t e l l o y  B a n d  
Roderator g r a p h i t e ,  a n d  t h e y  a p p e a r  t c  r e s i s t  r a d i a t i c n  a n d  
t o l e x a t e  f i s s i c n  E r c d u c t  a c c u m u l a t i o n .  M i x t u r e s  of 
L i F - E e F 2 - T h F 4  s i m i l a r l y  a p p e a r  s u i t a k l e  as blankets f cr  
s u c h  m a c h i n e s ,  S e v e r a l  F o s a i b l e  s e c o n d a r y  c o o l a n t  i a i x t u r e s  
are available; NaF-NaEF4 s y s t e m s  seem, a t  FreEent, t o  be 
t h e  rrost l i k e l y  possibility. G a p s  i n  the t e c h n o l o g y  a r e  
p r e s e n t e d  a l o n q  v i t h  t h e  a c c o m p l i s h m e n t s ,  d n d  dl; a t t e n p t  
is nade t o  d e t i n e  t h e  i n f o r m a t i o n  ( a n d  the r e s e a r c h  a n d  
d e v e l o p m e n t  proqram) n e e d e d  kEforc a n  MZBd c a c  be o k e r a t e d  
Y i t  t c o n f i d e n c e .  

* c h e m i s t r y  + * d e v e l o p m e n t  + *flSRP + *research + *revieus t 
c o m p a t i b i l i t y  4 € i s s i c n  k r o d u c t s  + f l u o r i d e s  + 
f l u o r o b o r a t e s  + molten s a l t s  t p l a n s  t t w o - f l u i d  r e a c t c r  
OTHER C A T E G O R I E S :  C X X  

AAX670006 
KcCoy  HE + Ueir JR 
Y A T E R I A L S  D E V E L O F H E N T  FOR 3OLTEN-SALT BREEDEH REAC'ICRE 
O a k  H i d g e  Na t i cna l  Labcratory,  Tenn. 
OHNL-TM-1854 ( J u n e  1967) ,  8 8  p, 28 f l y ,  6 3  ref. 

The mater ia l s  d e v e l c p m e n t  F r o g r a m  is d e s c r i b e d  for a 
t w o - r e g i o n  MISBR w i t h  a u r a n i u m - t e a r i n g  f l u c r i d e  fuel 
s a l t ,  a t h o r i u o - b e a r i n g  f l u o r i d e  b l a n k e t  salt, a n d  a 
lover m e l t i n g  f l u o r i d e  c o o l a n t  s a l t .  Tte Friaary s t r c c t u r a l  
mater ia l s  are q r a F h i t e  and m o d i f i e d  Hastelloy N, I n d i v i d u a l  
fuel cells w i l l  be  g r a p h i t e  t u k e s ,  w h i c k  m u s t  w i t h s t a c d  
lO(23rd) n e u t r c n s / s v c m  a n d  h a v e  v e r y  low p e r m e a t i l i t y  
t o  gases a n d  m c l t e n  salts. A v a i l a b l e  g r a p h i t e s  a n d  
t h e i r  p r o p e r t i e s  are described i n  d e t a i l .  A i r c g r a m  
f o r  c b t a i n i n g  a n d  e v a l u a t i n g  i m p r o v e d  g r a p h i t e s  is 
p r o p o s e d .  A proqram is d e s c r i t e d  i n  d e t a i l  f c r  d e v e l c p i n q  
m o d i f i e d  H a s t e l l o y  N, which  u i l l  be u s e d  i n  a l l  F a r t s  
of t h e  s y s t e m  e x c e p t  t h e  core, B r a z i n g  a l l c y s  a n d  
a r e a s o n a b l e  j c i n t  d e s i g n  h a v e  b e e n  d e v e l o p e d  f o r  a 
joint b e t w e e n  the g r a p h i t e  t u t e s  a n d  t h e  m c d i f i e d  
H a s t e l l o g  N. Needed  i n s p e c t i o n  t e c h n i q u e s  a r e  c c n s i d e r e d ,  
( T h i s  reFort is o n e  of a set of 9 o n  d e v e l o p m e n t  p r o g r a m s  
r e q u i r e d  for a n  HS ER. ) 

m o d i f i e d  H a s t e l l o y  N + g r a p h i t e  + * d e v e l o p m e n t  + * m a t e r i a l s  + 
i n s p e c t i o n  + *CSeR + brazing t c o m p a t i k i l i t y  t 
f f i e c h a n i c a l  FroFer t ies  + cc r t s  + reviews + *KSEP + * F l a n s  
O T Y 2 R  CATEGCRIES: ECX + FCX 

AAX67C007 

A c c e s s i o n  Number AAX670005 t o  AAX670007 

ti 

. -  c 
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C a t e g Q r y  A 
M o l t e n - S a l t  Reactcr PKOgra ffs 

hd AAX67C007 * C c n t i n u e d *  
? S c o t t  D + G r i n d e l l  A G  

REACTCRS 
COMPONENTS AND SY ZTEMS D E V E L O E E E N T  FCR EOLTEN SALT E h E E C E R  

* Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  T e n n .  
ORNL-TM-1855 ( J u n e  1967) ,  S6 p, 5 f i g ,  5 t a b ,  13 r e f .  

S t u d i e d  therma 1 M o l t e n - S a l t  d r e e d e r  Eeactors t o  i d e n t i f y  
i m p o r t a n t  d e s i g n  a n d  d e v e l o p m e n t  Froklens. The T u r F o s e  was 
t o  o r q a n i z e  t h e s e  Froblems i n t o  a proqrala w h i c b  wou ld  
p r o d u c e  c o m p o n e n t s  for u s e  i n  a f l o l t e n - S a l t  B r e e d e r  
E x p e r i m e n t ,  T h e  r e f e r e n c e - d e s i g n  c o n c e g t  is a t w o - r e g i o n  
t w o - f l u i d  s y s t e m  w i t h  t h e  f u e l  salt s e p a r a t e d  frclc  t h e  
b l a n k e t  s a l t  b y  g r a F h i t e  tubes .  The  e n e r g y  p r o d u c e d  i n  t h e  
reactor f l u i d  is t r a n s f e r r e d  t o  a s e c c n d a r y  c c c h n t - s a l t  
c i r c u i t ,  w h i c h  cauFles  t h e  reactor t o  a s u p e r c r i t i c a l  
steam c y c l e .  The s p e c i f i c  d e v e l o t m e n t  FrobleBs t c  be 
s t u d i e d  i n c l u d e  t h e  r eac t c r  core a n d  h e a t  e x c h a n g e r  
h y d r a u l i c s ,  pumps for t h e  t h r e e  s a l t  s y E t e m s ,  heat t r a n s f e r  
i n  t h e  h c a t  e x c h a n g e r s  a n d  b o i l e r - s u p e r h e a t e r ,  m e c h a n i c a l  
v a l v e s  for s a l t - f l o w  c o n t r o l ,  c c n t r o l  ccd a n d  d r i v e ,  
pressure relief i n  c o o l a n t  system, ce l l  i n s u l a t i o n  a n 6  
h e a t e r s ,  a n d  t h e  cover-qas. 

* c o m p o n e n t s  + * d e v e l c p m e n t  t *MSBR + * S R F  + * p l a n s  + 
* r e v i e w s  + control-rod d r i v e s  + c o n t r o l  rcds + ccreE + 
h e a t e r s  + heat e x c h a n g e r s  + h y d r a u l i c s  + 
pumps + steam s y s t e m s  + t w o - f l u i d  r e a c t o r  + v a l v e s  + 
t h e r m  a 1  i G S U  l a  t i c n  
CTHER C A T E G C E I E S :  H X X  

A A X  67CO 08 
T a l l a c k s o n  J R  + Moore EL t C i t t o  SJ 
INSTRUMEN'XAXION AND CON'IHCLS DEVELCEMEMT F C B  PCLTEN-S FLT 

O a k  R i d g e  N a t i o n a l  Laboratory, Tenn,  
CRNL-TPI-1856 (May 1967) ,  36 p ,  2 re f .  

B R E E D E R  5 E A C T C R S  

I n s t r u m e n t a t i o n  u s e d  i n  t h e  MSEE is a good basis for 
d e v e l o p m e n t  of t h e  i n s t r u m e n t a t i o n  tor larqe n c l t e n - s a l t  
b r e e d e r  reactors.  The d e v e l o F m e n t  w o u l d  i n v c l v e  F r i m a r i l y  
t h e  t e s t i n g  a n d  i r a p r o v e m e n t  of existing i n s t r u g e n t  
c o m p o n e n t s  and s y s t e m s .  New C T  much i m t r o v e d  d e w i c e s  a re  
r e q u i r e d  fcr  m e a s u r i n g  flows and F r e s s u r e s  of m o l t e n  s a l t s  
i n  t h e  f u e l  a n d  b l a n k e t  c i r c u l a t i n g  s y s t e m s ,  N c  F r c b l e m s  
a r e  f o r e s e e n  t h a t  s h o u l d  d e l a y  t h e  design or c o n s t r u c t i o n  
of a b r e e d e r  reactor experiment. An estimate cf c o s t r  of 
d e v e l o p i n g  MSR i n s t r u m e n t e  is g i v e n .  

f * d e v e l o p m e n t  + * i n s t r u m e n t a t i o n  + *MSBH + * s y E t e a s  + 

i t e m p e r a t u r e  m e a s u r e m e n t  + w i g h  ce l l  

c o m p o n e n t s  t c c n t r o l  + f l c w  m e a s u r e m e n t  + E S B E  .t MSFP + 
p l n n s  + m e a s u r e m e n t  + r a d i a t i o n  m e a s u r e m e n t  t 

OTHER C A T E G C F I E S :  J X X  

AAKG7C009 
tul' 

A c c e s s i o n  Number AAX67C007 t o  a A X 6 7 C C C 9  

' I  
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C a t e g o r y  A 

M o l t e n - S a l t  Reactcr P r o q r a u s  

AAX67C009 + C c n t i a u e d *  
P e r r y  AI! 
PHYSICS PROGRAM FOB KOL'IEN-SALT BREEDEP HEACTCRS 
Cak l i i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-TM-lES7 ( J u n e  1967) 40 p ,  4 f i g ,  11  ref. 

T h e  s o u r c e s  of p o s s i b l e  erroI: i n  e s t ima tes  or b r e e d i n g  
p e r f o r m a n c e  of a R c l t e n - S a l t  Breeder fieactor a r e  d i s c u s s e d .  
U n c e r t a i n t i e s  i n  cross s e c t i o n s  may c c n t r i b u t f :  a r  
u n c e r t a i n t y  of a b o u t  F l u s  o r  m i n u s  0.026 in b r e e d i n q  ra t io .  
O t h e r  sources of error may a r i s e  from a s s u a F t i c n s  r e g a r d i n g  
b e h a v i o r  of f i s s i o n  F roduc t s ,  or trom i n a d e q u a c i e s  i n  
methods of c o n p u t a t i o n .  A r e a c t o r  physics d e v e l c E m e n t  
p r o g r a m  is c u t l i n e d  wh ich  s h o u l d  p r o v i d e  a s o u n d  b a s i s  for 
d e s i g n  of a reactor e x p e r i m e n t .  T h e  Frcqran; i n c l u d e s  
t h e  c ret  ica 1 i n v e s t  iga  t i on of s ys tern d yn a m i  c c h a  r a c t  er is t ics, 
e v a l u a t i o n  of a l t e r n a t e  core d e s i g n s ,  d e v e l o p n e n t  of 
c c m p u t a t i o n a l  m e t h o d s ,  c r o s s - s e c t i o n  e v a l u a t i o n ,  d e v e l o p m e n t  
of c o m p u t e r  c o d e s  a n d  e x p e r i m e n t a l  p h y s i c s .  Prcgran! 
manFcwer r e q u i r e m e n t s  a n d  costs a r e  est imated,  ( T h i s  report 
is o n e  of a set of n i n e  o n  d e v e l o p m e n t  Eroqraus r e q u i r e d  for 
a n  MSUR.) 

flSDR + * b r e e d i n g  p e r f o r m a n c e  + * n u c l e a r  a n a l y s i s  + 
*cross s e c t i o n s  + c o m F u t e r  c o d e s  + rare e a r t h s  + 
f i s s i o n  p r o d u c t s  + *%SHP + d y n a m i c  c h a r a c t e r i s t i c s  + 
n e u t r o n  y i e l d  + c o s t s  + * F l a n E  + s t a b i l i t y  + * d e s i g n  d a t a  + 
c a l c u l a t i o n s  + m e t h o d s  
OTHER C A T E G O R I E S :  BXX 

AAX670010 
Kasten PR 
SAFETY PRCGBA14 F O E  MOLTEN-SALT E R E E C E R  BEAC'XOBS 
Oak R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn. 
OHNL-TM-1858 ( J u n e  1967) 42 p, 6 f i g ,  3 ref. 

I n v e s t i q a t i c n s  r e q u i r e d  i n  d e t e r m i n i n g  t h e  s a f e t y  
c h a r a c t e r i s t i c s  of HSER p o w e r  p l a n t s  a r e  o u t l i n e d ,  
a n d  t h e  s a f e t y  fea tures  of t h e  major p l a n t  systems 
are d e s c r i b e d .  R e a c t i v i t y  a d d i t i c n s  w h i c h  need d e t a i l e d  
s t u d y  i n c l u d e  t h o s e  a s r c c i a t e d  K i t h  n e t  fuel a d d i t i o n  
t o  t h e  core r e g i o n ,  g r a p h i t e  f e h a v i o r ,  c h a n g e s  i c  
f l u i d  flow c o n d i t i c n s ,  a n d  c o n t r o l  rod movcinent. R e a c t i v i t y  
c o e f f i c i e n t s  w h i c h  r e q u i r e  e v a l u a t i o n  i n c l u d e  thc-w 
a s s c c i a t e d  w i t h  t e m p e r a t u r e ,  vo ids ,  p r e s s u r e ,  f u e l  
c o n c e n t r a t i o n ,  a n d  g r a p h i t e  c o n c e n t r a t i c n .  T h e  i n t e r j  r i t y  
o f  p l a n t  c o n t a i n m e n t  u n d e r  r e a c t i v i t y  i n c i d e n t  c o n d i t i o n s  
and, also u n d e r  c i r c u m s t a n c e s  where r e a c t i v i t y  itself 
is nct  i n v c l v e d ,  n e e d s  t o  be  e v a l u a t e d ,  S t a b i l i t y  
a n a l y s i s  of t h e  reactor  p l a n t  is r e q u i r d .  P € , y z i c d l  
b e h a v i o r  of mater ia ls  and of e q u i p m e n t  u n d e r  F S E h  
c o n d i t i o n s ,  LIS t h e y  r e l a t e  t o  r e a c t o r  s a f e t y ,  need 
t c  t e  d e t e r m i n e d  e x F e r i m e n t a l l y .  T o  d e l i n e a t e  a n d  
resolve t h e  b a s i c  s a f e t y  p r o t l e m s  a s s o c i a t e d  k i t h  
MSBR systems, a b o u t  $1.3 m i l l i o n  is required o v e r  

. 
LJ 

n 
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C a t e g o r y  A 
Molt e n  -S a 1 t H e a c t o r  Pro y ra n s 

AAX67C010 * C c n t i n u e d *  
r a p e r i o d  of a b o u t  e i g h t  years ,  v i t h  most of t h e  e f f c r t  

+’ p r o g r a s s  r e q u i r e d  f c r  a n  MSBR.) 

($0.9 m i l l i c n )  c c c u r r i n g  d u r i n g  t h e  f i r s t  f o u r  y e a r s .  
( T h i s  r e p o r t  is o n e  of a s e t  of n i n e  c n  d e v e l c p E e n t  

*MSRP + * s a f e t y  + * a n a l y s i s  t * p l a n s  4 reac t iv i ty  + MSER + 
a c c i d e n t s  + c c s t s  + c o n t a i n m e n t  + s t a k i l i t y  + 
d y n a m i c  character is t ics  + o f f - g a s  systems + p r o c e s s i n g  
CTHER C A T E G C S I E S :  EGX 

A A X 6 7 C O 1 1  
b l u m b e r g  6 
M A Til TEN B N CE DE VE LO P M E NT P C R PIC L TE N- S A LT B R E€ C E Fi 5 E: A CT C RS 
Gak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
08NL-TM-lE59 ( J u n e  1 9 6 7 ) .  18 E.# 1 f i g ,  6 ref. 

T h e  m a i n t e n a n c e  s y s t e m  of t h e  F r O F O S e d  n o l t e n - s a l t  b r eede r  
r e a c t o r s  w i l l  be baEed upon the t e c h n o l o g y  i n  u s e  a n d  
e x p e r i e n c e  g a i n e d  from t h e  M o l t e n - S a l t  Reactcr E x p r i n e n t .  
T h e  u n i t  r e p l a c e m e n t  s c h e m e ,  l o n g - h a n d l e d  t oo l s ,  m o v a k l e  
m a i n t e n a n c e  s h i e l d s ,  a n d  t h e  means  for l a n d l i n g  c c n t a  n i n a  t e d  
e g u i F u e n t  w i l l  b e  s i m i l a r  for many o p e r a t i o n s ,  The 
t . e c h n i q u e s  m u s t  be i m p r o v e d  a n d  e x t e n d e d  a n d  C e w  t e c h r i q u e s  
m u s t  h e  d e v e l o F e d  f c r  a a i n t a i n i n g  some of t h e  l a r g e r ,  more 
r a d i o a c t i v e  c o m p o n e n t s  of t h e  b r e e d e r  rtzactcrz. Remote 
w e l d i n g  is needed f c r  m a j o r  c o m p o n e n t  r e p l a c e m e n t ,  M ~ t h o d s  
must be a v a i l a b l e  f o r  r e p l a c i n q  t h e  C C C E  a c d  f cx  t h e  r e p a i r  
of h e a t  e x c h a n g e r .  F i n a l l y ,  a g e n e r a l  d e v e l o p e n t  a n d  
d e s i q n  s u r v e i l l a n c e  p rogram v i 1 1  t e  rcquired.  lhese 
p r o q r a m s  a r e  d e s c r i b e d  a n d  t h e i r  c o s t  i s  e s t i m a t e d .  ( T h i s  
r e p o r t  is one of a set of 9 o n  d e v e l c F m e n t  F r c q r a a s  r e q u i r e d  
for an MSBH.) 

* m a i n t e n a n c e  + *MSflR + * p l a n s  + d e v e l o & m e n t  + 3 S R E  + 
remote w e l d i n g  
OTHER CATEGCRIES: K E E  

ABX580001 
R a c P h e r s o n  HG 
ROLTEN- SA LP R E AC TOE? S 
Cak R i d g e  E a t i o n a l  L a b o r a t o r y ,  T e n n .  
P a r t  I1 of F l u i d - F u e l  Reactors, Addison-Wesley ( 1 9 5 8 )  8 

pp. 5 6 3 - 6 9 7 .  
’ The e a r l y  h i s t c r y  and 1958 d e v e l o p m e n t  sta tus  of molten- 

s a l t  reactors is c o v e r e d  i n  7 c h a c t e r s  c t  t h i s  bcck, 
p r e p a r e d  for t h e  s e c o n d  G e n e v a  C o n f e r e n c e .  C h a p t e r  t o p i c s  
i n c l u d e  c h e m i s t r y ,  m a t e r i a l s ,  n u c l e a r  a c p e c t s ,  teat-  

a c o n c e p t u a l  d e s i g n  of a power reactor. The ccncept  
p r e s e n t e d  h a s  a care a n d  b l a n k e t ,  w i t h  00 moderator o t h e r  

? transfer eyu ip f f i en t ,  t h e  Airccaf t Eeactor E x p e r i m e n t ,  and  

- 
1. t h a n  t h e  L i z - 3 e F 2  carriec salt. 

*ARC + t d e v e l o g m e n t  + *MSPP + *reviews + * t e c h n o l o g y  t 
c h e m i s t r y  + c o r r o s i o n  + tastelloy N + i n c o n c l s  + 
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C a t e g o r y  A 
M c l t e n - S a l t  Reactor  P r o q r a n s  

ABX5800C 1 * C c n t i n u e d *  
molten s a l t s  

ABX64C004 
S r i g g s  R B  
MOLTEN-SAL!I POLER REACTORS A K D  THE ECLE OF THE NS5E IR T H E I F  

Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
ORNL-3708 (NOV.  19610,  pp 3-21, 7 f i g ,  e ref .  

D E V E L C F L E N T  (FART OF HSRP S E Z I A N N  PROG HEPT 7 / 3 1 / 6 4 )  

ORNL s t u d i e s  show t h e  m c l t e n - s a l t  r eac to r  to ke t h e  most 
p r o m i s i n g  t h e r m a l - n e u t r o n  t h o r i u m - 0 2 3 3  k r e e d e r  c c n c e p  t, In 
this F a p e r ,  d c o m p a c t  500-MWe t w o - f l u i d  breeder w i t h  
g r a p h i t e  t u b e s  s e p a r a t i n g  f u e l  a n d  f e r t i l e  s a l t s  is 
d e s c r i b e d  a n d  i ts F r o c e s s i n g  a n d  e c o n o m i c s  a re  d i s c u s s e d .  
The BSRE u a s  a u t h o r i z e d  i n  1960 t c  i n v e s t i g a t e  c h e m i s t r y ,  
mater ia l s ,  e n q i n e e r i n q  a n d  o p e r a t i o n  of t h e  CSIi c o n c e p t .  
Success w i t h  t h e  MSRE s h o u l d  l e a d  t o  c c r s t r u c t i c n  of a 
c c n v e r t e r  reactcr t h a t  c o u l d  be m o d i f i e d  t o  beccme  a 
b r e e d e r .  

*!lSRP + * t u a - f l u i d  rcactcr  + b r e e d i n g  p e r f o r m a n c e  + 
d e s i g n  + d e v e l o p m e n t  + economics + ElSBR + K S B I :  + Flans + 
r e v i e w s  

A B X 6  7 0049 
M a c P h e r s o n  HG 
HOLTEM-SAIT REACTCH SHO'JS HOST PROPIISE 30 CONSEBPE NUCLEAH 

Cnk R i d g e  K a t i o n a l  L a b o r a t o r y ,  Tenn.  
Pouer E n q i n e e r i n g  71, 1 and 2 ( J a n  a n d  Peb  1 9 6 7 ) .  7 p #  

FUELS 

6 f i q ,  6 ref. 
T h e  YSBR Fromises t c  c o m b i n e  s i m p l i f i e d  f u e l  recycle and  
s t a b l e  fuel i n  a h i g h - p e r f o r e a n c e  t h e r m a l  b r e e d e r  h a v i n g  
low € o v e r  c o s t s ,  The F r e s e n t  c o n c e p t  of an flSEF h a s  f u e l  
a n d  f e r t i l e  s a l t s  s e p a r d t e d  t y  g r a p h i t e  in a 1 4 - f t  
reactcr  vessel. MSRE e x p r i e n c e  h a s  shown m o l t e n  s a l t  
reactors t o  be p r a c t i c a l .  A 5O-HiJe two-fluid breeder is 
s u g g e s t e d  a s  t h e  n e x t  s t e p .  

* b r e e d i n g  p e r f  o t m a n c e  + * e c o n o m i c s  t *.YISBH + 
* n a t u r a l  r e sou~ces  + C o n c e F t u a l  d e s i j n  + e x p e r i e u c e  i H S R E  i 
p l a n s  t r e v i e w s  

W 
a 

RBX68 00 35 
M s c P h e r s o n  HG 
HOLTEN- SA L'I RE AC T O R S  
C a k  Ridge E a t i o n a l  L a b o r a t o r y ,  Tenn, 
Droc. I n t l .  C c n t .  on C c n s t r u c t i v e  Uses of Atomic Enercjy,  

W a s h i n g t o n ,  Wov. 1968, pp. 111-121, 7 t l q ,  4 ref. 
E x p c r i m e r t s  on f e a s i b i l i t y  cf m o l t e n  s a l t s  as reactor  f u e l s  
s t a r t e d  i n  1947  i n  t h e  a i r c r a f t  r e a c t o r  FrcqraE, Tne I) 

c o n c e p t  nou f e a t u r e s  r f o l t e n  f l u o r i d e  s a l t  c o n t a i n i n g  UF4 
a n d  ThF4 c i r c u l a t e d  t h r o u q h  a g r a p h i t e  ccre. A d v a n t a q e s  bl 

A c c e s s i c n  Number ABX5600Cl to ABXbfOC35 
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C a t e g o r y  A 
Molten-S a l t  R e a c t o r  P r o g r a  HS 

ABX 6800 35 *C c n t i n u e d *  
L A  
T of l o w - p r e s s u r e ,  h i g h - t e m p e r a t u r e ,  f l u i c '  f u e l  Ercrote  

s a f e t y  a n d  economy. R e s e a r c h  and d e v e l o p m e n t  h a v e  
c o n c e n t r a t e d  on mate r i a l s ,  c o m p a t i b i l i t y ,  c o i t i c i i e n t s  and  

s i m p l i f i e d  p r o c e s s i n g ,  C o n c e F t u a l  d e s i c n  s t u d i e s  of 
o n e - f l u i d  E o l t e n - s a l t  b r e e d e r  reactors i n d i c a t e  g o o d  
b r e e d i n g  p e r f o r m a n c e  a n d  low powcr  c o s t s ,  

b t h e  MSRE, Recent a d v a n c e s  i n c l u d e  i m p r o v e d  materials a n d  

*MSRP + * r e v i e w s  + b r e e d i n g  F e r f o r m a n c e  t costs + 
d e v e l o p m e n t  + MS83 + s a f e t y  + t e c h n o l o q y  

hBX69C007 
H a u b e n r e i c h  E N  + R o s e n t h a l  P l W  
MOLTEN-SALT REACTORS 
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  T e n n .  
S c i e n c e  J o u r n a l  5 (6)  ( J u n e  1969) I 6 p,  5 f i g ,  4 ref .  

Breeder reactors a r e  n e e d e d  t o  keep power ccsts dcwn 
a s  u r a n i u m  p r i c e s  rise. D e v e l o p m e n t  e m F h a s i s  is on 
f a s t  b r e e d e r s ,  v h i c b  p r o m i s e  h i g h  y a i n .  T h e r r a l  b r e e d e r s  
m u s t  have f a s t  p r o c e s s i n g  t o  remove  p r o t a c t i n i u m  a n d  
poisons to ach ieve  looderate g a i n ,  h u t  f i s s i l e  rater id1  
i n v c s t w e n t s  can  be low, The f l u i d - f u e l  m o l t e n - s a l t  
reactor w i t h  o n - s i t e  p r o c e s s i n g  Frornises lcu  f u e l  cycle 
c o s t  a n d  a c c e p t a b l e  d o u b l i n q  times. ISF d e v e l o p m e n t  
da t e s  back t o  1948 and i n c l u d e s  s u c c e s s f u l  c g e r a t i o a  
of t h e  MSRE a t  650 d e g  C for over t h r e e  years. The 
s o l t e n - s a l t  b r e e d e r  c o n c e p t  is now a q r a p h i t e  ccLe r i t h  
c i r c u l a t i n q  s a l t  c c n t a i n i n y  b o t h  u r a n i u m  a n d  t h o r i u m ,  
p r o c e s s e d  ky r e d u c t i v e  e x t r a c t i o n  i n t o  f i s r u t t .  

* k r e e C i n q  F e r f c r m a n c e  + * e c o n o m i c s  + *electrical power t 
+ # s B R  + * n a t u r a l  resources + * r e v i e w s  + e x p e r i e n c e  + 
f u e l  c y c l e  c o s t s  t MSRE + PlSRF + p r o c e s s i n y  

ABX690056 
R o s e n t h a l  MW t Rober tson  RC + Bettis ES 
8 C L T E I - S A I T  B R  E E C E H  REACTORS 
Oak R i d g e  Na t i cna l  Laboratory,  T e n n ,  
Nuel.  Engrg .  I n t .  vole  14, NO. 156' (May 1 9 6 9 ) ,  FF. 42C-425, 

5 t i q .  
This a r t i c l e  e x P l a  01 t ea-sa 1 t r cac tcr  E cf +e r 
lcw-ccst  ~ o w a r  now a n d  i n  t h e  f u t u r e  b e c a u s e  of good 
b r e e d i n g  p e r f o r m a n c e  a n d  i n h e r e n t  a d v a a t a y c s  cf nc l t e r - sa l t  
f u e l .  Brief d e s c r i F t i o n s  a r e  given ot tSBZ m a t e r i a l s ,  
core d e s i q n ,  c o m p o n e n t s ,  a n d  p r o c e s s i n g  schc&,e. A €  te I 
d i s c u s s i n g  MSR m a i n t e n a n c e ,  s a f e t y ,  a n d  c o s t s ,  the 

d e v e l c y :  a l a r g e  c o m a e r c i a 1  M S E E .  
c 
I a u t h o r s  c o n c l u d e  w i t h  an o u t l i n e  cf u c r k ' r e q u i r e d  t c  

s costs + development t flSBR t Eafoty t t e c h n o l o q y  
*flsftP + * r e v i e w s  + b r e e d i n g  p E r f o r m a n c c  + c c m i o n e n t s  + - 

6r AdX700054 
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C a t e g o r y  A 
P l o l t e n - S a l t  Reactor €rograms 

ABX7 0 00 54 * C o n t i n u  ed* 
R o s e n t h a l  B N  t K a s t e n  PH 4 B r i g q s  B R  
BOLTEL-SALT BEPCTORS -- HISTOHY, STATUS, AND FOTEMTIAL 
O a k  R i d q e  N a t i o n a l  L a b c r a t o r y ,  Tenn. 
Nucl ,  Apple  Tech .  8, 107 ( F e k .  1970) ,  11 3 f i g ,  1E! refa 

P l o l t e n - s a l t  breeder reactors b e i n g  d e v e l o p e d  a t  C E N L  
p r o m i s e  safe ,  l o u - c o s t  p o w e r  u h i l e  e x t e n d i n g  rescurces of 
f i s s i c n a b l e  mater ia l ,  MSR t e c h n o l o g y ,  d e v e l c i i n g  s i n c e  
1947, was a d e q u a t e  for s u c c e s s f u l  c o n s t r u c t i o n  and 
o p e r a t i o n  of the HSRE w h i c h  shoved t h a t  c i r c u l a t i n g  
m o l t e n  f u e l  is p r a c t i c a l ,  t h a t  f l u o r i d e  s a l t s  a r e  s t a t l e  
u n d e r  r e a c t o r  c o n d i t i o n s ,  an$ t h a t  c c r r c s i o n  is v e r y  low, 
T h e  s i m p l e  f u e l  p r c c e s a i n g  n e c e s s a r y  f o r  a c o n v e r t e r  was 
d e m o n s t r a t e d  in t h e  HSRE, P r o c e s s i n g  mc thcdE  b e i n g  
d e v c l o E e d  s h o u l d  permit BSR's i n  which UF4 a n d  ThF4 are 
c o m b i n e d  i n  a s i n g l e  s a l t  f l o w i n g  t h r o u g h  a g r a F h i t e  
moderator t o  oFerate as e c o n o m i c a l  b reede r s .  I n i t i a l  
s t a r t u p  c a n  be w i t h  U-235, U-233, o r  Pu-23S. C c t s t r u c t i o n  
costs s h c u l d  be a b o u t  t h e  saae as l i y h t - w a t e r  r eac to r s  a n d  
f u e l  cos t s  s h o u l d  t e  much lower, A c h i e v e m e n t  of  eccilcmic 
RSBR's requires d e v e l o p m e n t  a n d  c o n s t r u c t i o n  of several 
PISR p l a n t s  of i n c r e a s i n g  size. 

+MSRP t * r e v i e u s  4 ARE t b r e e d i n g  p e r f o r m a n c e  t 
c a p i t a l  c o s t s  + d e s i g n  t d e v e l o p m e n t  f u e l  cycle c c s t s  t 
HSaR 4 materials  + F r o c e s s i n g  t sa fe ty  + t e c h n o l o g y  

k3X700055 
Shaw H + L a n d i s  JW + L a n e y  R V  + R o s e n t h a l  EW * Layman W H  

U n i t e d  S t a t e s  Atcmic E n e r g y  C c m m i s s i o n  
U o  S o  S U E V E Y :  REACTOR GEVELOPHENT PBOGRAEI 

N U C l o  Eng. I n t o  V o l a  15, NO. 173 ( N O V O  197G), pp. €C,9-9C4, 
4 f i g .  

I n  t h e  U.S.A. t h e r e  was p r o l i f e r a t i o n  of reactcr  c o n c e p t s  
i n  t h e  1 5 5 0 ' s  e l i m i n a t i c n s  i n  t h e  1960's;  d e v e l o p m e n t  
e f f o r t s  a r e  now c o n c e n t r a t e d  o n  6 c o n c e F t s :  L i g h t  Water, 
L i q u i d  Hetal-cooled P a s t  Breeder, l i g h t  Water Ereeder, 
flolten-Salt  Ereeder, H i q h - T e s F e r a t u r e  Gas, a n d  GaE-Cocled 
Fast Breeder. T h i s  a r t i c l e  covers t h e  d e v e l o p m e n t  s t a t u s  
of each, The molten-sal t  r e a c t o r  p r o q r a m ,  s i rce  the 
c o n c l u s i o n  of t h e  HSRE, i n c l u d e s :  d e s i g n  s t u d i e s ,  r e a c t o r  
systems a n d  e q u i p m e n t  d e v e l o p m e n t ,  c h e m i c a  1 E r c c e s s i n q ,  
ma te r i a l s ,  and c h e m i s t r j ,  

*AEC + * d e v e l o p m e n t  + *e lec t r i ca l  p c v e r  + * r e a c t c r s  + 
* r e v i e w s  + f o r e i g n  

ABX710020 
G r e n o n  M t Geiet JJ 
L E S  REBCTEUES A SELS F O N C U S  
E u r a t  cm 
E n e r q i e  Nucleaire, Vol, 13, No. 2 {Mar,-Apr, 1 9 7 1 )  

pp,  86-53, 1C f i g .  

. 

. 

.hi 
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C a t e g o r y  A 
M o l t e n - S a 1  t Reactor  Froqrams 

ABX7 10020 * C o n t i n u e d *  
t;id 
* T h i s  ar t ic le  ( i n  F r e n c h )  a p p e a r s  i n  a series on c h e m i c a l  

s c i e n c e s .  The a u t h o r s ,  formerly i n v o l v e d  i n  the 
Euratcm-USAEC e x c h a n g e  cn molten-salt  reactors,  i n t r o d u c e  

c o n s i d e r a t i o n .  They  describe t h e  c o n c e F t ,  e a r l y  
d e v e l o p m e n t ,  r e c e n t  progress, Froklerns, a d v a n t a g e s  a n d  
p o s s i b l e  f u t u r e  d e v e l o F m e n t .  (An E n g l i s h  t r a n s l a t i o n  , 
UBNI-tr-2508, is a v a i l a k l e  from ORNL-) 

0 the ESR as a p o t e n t i a l  t r e e d e r  worthy o f  m u l t i n a t i o n a l  

* d e v e l o ~ m ~ n t  t * e c o n c m i c s  t *PSBi l  + * B S F P  + 
b r e e d i n g  p e r f o r m a n c e  + f o r e i g n  + reviews 

ACA 6 5 C O  04 
H a u b c n r e i c h  PN 
HOLTEN-SALT REACTOH EXPERIMENT ( P A R T  1 P S H F  F I ; U G E o  5 F f T o  

2/28/65) 
Oak R i d g e  N a t i o n a l  Labora to ry ,  Terrn. 
ORNL-3812 ( J u n e  1 9 6 5 ) ,  p p .  5-63, 17 f i g ,  29 ref. 

C o n s t r u c t i o n  of  the salt sys tems a n d  c l c s e l y  a s scc i a t ed  
a n c i l l a r y  systems Was C c m F l c t e d  a n d  f u l l - t i m e  prenuclcar  
t e s t i n q  began i n  ~eptemfer .  ~ f t e r  l e a k - t e s t i c g ,  ~ u r j i n q  
a n d  heat ing  cf t h e  s a l t  systems, f l u s h  salt a n d  coolant  
s a l t  were loaded ,  T r a n s f e r s  a n d  c i r c u l a t i c n  fcllcweil. 
T e s t i n g  showed  t h e  need f o r  m o d i f i c a t i o n  of radiator d o o r s ,  
f r e e z e - v a l v e  a i r  s u p p l i e s  a n d  controls, t h e r ' r a l  E h i e l d  
w a t e r  F i F i n g  a n d  scme c c o l i n q  - a i r  c o n t r o l  v a l v e s +  
K r y p t o n - 8 5  was i n j e c t e d  i n t o  the  f u e l  system t c  test 
r e r n c v a l  trec ha n isEs . 

* c o n s t r u c t i o n  + * e x p e r i e n c e  + *MSRE + * s t a r t u F  + * t e s t i n g  + 
d r y i n q  + f r e e z e  v a l v e s  + kryFtcn + l o a d i n g  t m o l t e n  salts + 
t h s  rm a 1  i n s u l a  t.i on 
OTHER CATEGOBIES:  ? I X X  + KAB 

ACR6 5 00 10 
H a u b e n r e i c h  PN 
MGLTEN-SALT REACTOR EXPERIMENT [PART I HSRP P H O G R I  B E P I .  

8 /3  1/65)  
Cak R i d g e  Lat ional  Laboratory, T e n n .  
CRML-3672 (Dec, 1965) ,  p ~ .  7-78, 34 f i g ,  4C rei. 

P r e n u c l e a r  t e s t i n g  w i t h  flush s a l t  was colapAeted  i n  
March a f t e r  1000 hours of s a l t  c i r c u l a t i c n .  I n  & r e p r a t i o n  
f c r  lcw- Fower n u c l e a r  o k e c a t i o n ,  n u c l e a r  i n s t r u m e n t s ,  t h e  
f u e l  s a m p l e r - e n r i c h e r  a n d  o n e  l a y e r  cf t h e  r e a c t c r  c e l l  
roof b l o c k s  were i n s t a l l e d  a n d  reactor operators r e c e i v e d  
a d d i t i o n a l  t r a i n i n g .  F u e l  c a t r i e i  salt c o n t a i n i n q  d e  i l e t e d  
u r a n i u m  was loaded a n d  c i r c u l a t e d  for 10 days i n  flay Lefore 
a d d i t i o n s  of e n r i c h e d  U-235 began ,  f i rs t  i n t c  t h e  d r a i o  
tanks, t h e n  t h r o u g h  the pump bowl, C r i t i c a l i t y  was r e a c h e d  

smal l  a d d i t i o n s  of 0-235 p e r m i t t e d  c a l i b r a t i o n  of t h e  
c o n t r o l  rods and m e a s u r e m e n t  of r e a c t i v i t y  c ce f f  i c i e n t s  and 

- 
- 
5 on June 1 a t  very near the predicted l o a d i n g .  I u b s e q c e n t  

bd 
Accessicn Number ABX710020 to ACA6500 1 C  
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C a t e g o r y  A 
M c l t e n - S a l t  Reactor E r o g r a m s  

ACA6500 10 * C o n t i n u e d *  
p r o v i d e d  e n o u g h  r e a c t i v i t y  t o  o p e t a t e  f o r  s e v e r a l  n o n t h s  a t  
p o u e r .  Ze ro -power  m e a s u r e m e n t s  a n d  d y n a m i c s  tests were 
c o m p l e t e d  i n  J u l y  and f i n a l  p r e p a r a t i o n s  f o r  h i g h - p o w e r  
o p e r a t i o n  were s t a r t e d .  

* c r i t i c a l i t y  t * e x F e r i e n c e  + *BSRE + * o p e r a t i o n  t 
* s t a r t u p  + c o n t r o l  rods + d y n a m i c s  tests + l o a d i n q  + 
m e a s u r e B e n t  t Pcolten sal ts  + reac t iv i ty  t o p e r a t o r s  + 
t r a i n i n g  + t e s t i n g  
OTHER C A T E G O B I E S :  M X X  + KAB 

ACA66 0008 
H a u k e n r e i c b  PN 
MOLTEN-SAIT HEACTOR E X P E R I H E N T  (PART 1 MSHP PROGII, REP'I .  

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn,  
CRNL-3936 ( J u n e  1966),  FF. 7-92, 4 1  f i g ,  43 r € f ,  

2/2 E/ 6 6) 

P r e F a r a t i o n s  f c r  h i q h - F c u e r  o p e r a t i o u  u e r e  c o m p l e t e d ,  
These i n c l u d e d  m o d i f y i n g  c o o l a n t  l i n e  a r c h c r  Ileeves,  
r e p l a c i n g  r a d i a t o r  doors ,  i n s p e c t i n g  f u e l  pumg i n t e r n  a l s ,  
m e a s u r i n g  salt p i p i n g  stresses, heat t r r a t  i n g  the reactcr 
vessel ,  s e a l i n g  a n d  t e s t i n g  s e c o n d a r y  c o n t a i n m e n t ,  
i n s t a l l i n g  new core s p e c i m e n s ,  i m p r o v i n s  i n s u l a t i c n  on t h e  
r a d i a t o r  e n c l o s u r e ,  a n d  f G r t h e r  t r a i n i n g  of o p e r a t o r s .  
N u c l e a r  o p e r a t i o n  r e s u m e d  i n  Ceceater a n d  tests a t  Forers 
u p  t c  1 HiJ v e r i f i e d  F r a d i c t e d  d y n a m i c  b e h a v i o r ,  The 
pouer  a s c e n s i o n  uas  i n t e r r u p t e d  a t  1 ?iH when v a l v e s  a n d  
f i l t e r s  i n  t h e  f u e l  off-qas system p l u g g e d ,  l n v e s t i g s t i o n  
r e v e a l e d  r a d i a t i o n - p o l p m e r i z € d  d e c o f f i p c s i t i c n  yrcduct s  of 
o i l  t h a t  had  l e a k e d  i n t c  t h e  f u e l  pump bowl.  

* e x p e r i e n c e  + * ? E R E  + * o p e r a t i o n  + a n a l y s i s  + c o n t a i n a e r t  + 
c o n t r c l  r c d s  + d y n a m i c s  tests + h e a t  t r e a t m e n t s  + 
off-qas s y s t e m s  + p i p i n q  t pumps + remote m a i r t e n a n c e  t 
s t a b i l i t y  t s t a r t u g  + st ress  + testing 
OTHER CATEGCSXES: M X X  + KAE + KEA 

ACA6 6 C O  1 4  
H a u b e n r e i c h  Ph' 
HOCTEN-SALT REACTOR EXPER1ME"I (PAGT 1 C S B F  F 6 G G F .  F E E T .  

8 /3  1/66) 
Oak R i d g e  N a t f c n a l  Labcra tory, Tenn. 
ORNL-4037 ( J a n ,  1967) .  p p .  1-94, 24 fig, 3 5  ref. 

Power a s c e n s i o n  vas r e s u m e d  i n  A p r i l  a f t e r  a large, 
e f f i c i e n t  f i l t e r  a s s e m b l y  was i n s t a l l e d  t o  p r o t e c t  the 
f u e l  s y s t e i n  p r e s s u r e  c o n t r o l  v a l v e  frcm cil d e c c r g o s i t i o n  
p r o d u c t s .  F u l l  F o w r  of 7.5 EN ( l i m i t e d  b y - h e a t  removal 
c a p a b i l i t y )  was r e a c h e d  i n  E a y ,  P e s t s  a t  €act s tage 
v e r i f i e d  p r e d i c t i o n s  e x c e p t  t h a t  xenon s t r i p p i n g  n a s  eore 
e f f e c t i v e  a n d  h e a t  t r a n s f e r  f r c m  t h e  radiatcr  was l c u e r  
t h a n  e x F e c t e d .  R e s t r i c t i o n s  a t  t h e  f u e l  off-qas charcoal 
bed i n l e t s  d e v e l o p e d  h u t  were c l e a r e d  hy b a c k t l c w i n g . )  

: 

. 

Accessicn Hunber  ACA6500 10 t o  ACA6600 14 
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C a t e q o r y  A 
M o l t e n - S a l t  Reactor Erograms 

ACAS6 00 14 * C o n t i n u e d *  
LJ 
f O p e r a t i o n  was i n t e r r u p t e d  b r i e f l y  b y  e l e c t r i c a l  f a i l u r e s  i n  

a c o m p o n e n t  c o o l i n g  pump a n d  t h e  f u e l  s a m p l e r ,  d f a l s e  
i n d i c a t i o n  of c o n t a i n m e n t  cel l  l e a k a g e ,  a n d  f a i l u r e  of a 

i d r i v e  c o u p l i n g  o n  a ma in  tlower. H u t  a n d  Itladecc of a main 
k d O W € r  s b a t t e r e d  on J u l y  178 f o r c i n g  a s h u t d o w n .  Flaws 
were f o u n d  i n  t h e  h u b s  of t h e  other k l o u E r  arid t h e  = F a r e  
a n d  p r o c u r e m e n t  of W Y  b l o w e r s  was s t a r t e d .  The d e l a y  u a s  
u s e d  t o  r e m o v e  core s p e c i m e n s ,  alter t h e  r a d i a t c r  d c o r  
s e a l s ,  i n s t a l l  e q u i F m e n t  to h a n d l e  r a d i o l y t i c  g a s  fror t h e  
t h e r m a l  s h i e l d ,  r e p a i r  leaky cell CcoleKs, ard xeaove the 
off-gas &article t r ap  f cr  e x a m i n a t i o n .  F l u s h  s a l t  got  i n t o  
Some gas l i n e s  when t h e  f u e l  EumF was a c c i d e n t a l l y  
o v e r f i l l e d ,  a n d  t h i s  was m e l t e d  out by t e m p o r a r y  hea t e r s .  

* e x p e r i e n c e  + *EISRE + * m a i n t e n a n c e  4 *cFeraticn t 
a n a l y s i s  b l o w e r s  t coaoFcnents + cracks + f a i l u r e s  t 
f i l t e r s  + f i s s i o n  p r o d u c t s  t b e a t  t r a n s f e r  t 
off-gas systems + radidys3.s + r e n o t e  m a i n t e n a n c e  t 
s a m p l e r s  + s t a r t u p  
OTHER CATEGORIES: R X X  t KAt3 t K B A  

ACA670016 
H a u h e n r E i c h  PN 
8OLTEN-SALT REACTOR E X P E R I M E N T  {PART 1 MSRP PBOGB, l i lEPIo 

2/ 2 e/ 6 7 ) 
G s k  Ridge N a t i o n a l  L a b o r a t o r y  Tenn. 
O R A l L - 4 1 1 9  ( J u l y  1967), FF. 1-94, 36 f i g ,  42 r € f .  

R e p l a c e m e n t  blcwers were r e c e i v e d  i n  C c t o b e r  a n d  o p e r a t i o n  
was r e s u m e d  a f t e r  a 12-week s b u t d c w n ,  A r e s t r i c t i o n  r h i c h  
a p p e a r e d  i n  t h e  off-gas  l i n e  a t  t h e  f u e l  pump bowl was 
t e m p o r a r i l y  r e l i e v e d  t y  b e a t i n g ,  t u t  h a d  t c  c l e a r e d  
m e c h a n i c a l l y  i n  Ocvember.  After a s u c c e s s r u l  30-day  r u n  
a t  f u l l  power,  the reactor was s h u t  d c u r  i n  J a n c a r y - t c  
i n s F e c t  t h e  blowers a n d  to replace a i r  line d i s c o n n e c t s  
i n  t h e  reac tor  ce l l  whcse leakage had i n t e r f e r e d  with 
m e a s u r e m e n t  of c o n t a i n m a t  c e l l  lca&ac_e. At t h e  same time 
t h e  f u e l  off-gas f i l t e r  a s s e m b l y  was r e p l a c e d  w i t h  two 
p a r a l l e l  p a r t i c l e  t r a p s  o t  i m F f o v r d  design. (In t h e  
f i r s t  p a r t i c l e  traFs, e x p a n s i o n  of some parts t e n d e d  to 
t h r o t t l e  t h e  flow upon  b e a t i n g  ky fresfi f i s s i c n  y r o d u c t s , )  
A c c a F r e b e n s i v e  r e a c t i v i t y  b a l a n c e  ( i n c l u d i n g  a u t o m a t i c  
c o m p u t a t i o n  a t  f r e q u e n t  i n t e r v a l s  by t b o  o n - l i n e  c o m p u t e r )  
b e c a s e  oFera t i o n a l  a n d  u n e x F l a i n e d  r e a c t i v i t y  c h a n g e s  f r o n  
t h e  b e g i n n i n q  of o p e r a t i o n  wete shown t c  be c a l y  C.05t .  
P u l l - & o v e r  o p r a t i c n  was r e s u m e d  and c o n t i n u e d  t h r o u g h  
F e b r u a r y .  

* e x p e r i e n c e  + W S R E  + s o g e r a t i o n  + a n a l y s i s  t blowers t 
o f f - q a s  s y s t e m s  t r e a c t i v i t y  + remote s a i n t c n a n c e  + 

GTHER CATEGCRIES: M X X  + K A E  + K B A  

ACA67C023 

- a disconnects 

kB 
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-Category A 
Holt e n  -S a l t  Reac t  cr  Pro g I a u s  

ACA67C023 * C c n t i n u e d *  
H a u b e n r e i c h  F N  
HOLTEN-SALT REACTOR EXPEEIC4EN'X ( P A R T  1 E S R F  S E E I A H I  F 6 C G  

Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
G E N L - 4 1 9 1  (Cec. 1967) ,  pp 13-62, 33 f i g ,  2 5  ref. 

REPT 8/31/67) 

Run 11 c o n t i n u e d  for 104 days, over 90% a t  f u l l  Ewer, 
b e f c r e  a s c h e d u l e d  s h u t d o w n  flay 10. Eakeup U-235, a d c e d  
a t  p o u e r  f o r  t h e  f irst  time, mixed i n  2 n i n u t e ~ .  The 
n e u  o f f g a s  particle t raF worked  well, but t h e  c h a r c o a l  
bed i n l e t s  o c c a s i o n a l l y  p l u g g e d .  A main blcwer bearirg  
h a d  t o  be  r e p l a c e d  d u r i n g  t h e  run .  C u r i n g  t h e  Hay- 
J u n e  s h u t d o w n ,  core s p e c i m e n s  were r e F l a c e d ,  A remcte 
gamna spectrometer uas t e s t e d  and u s e d  to s c a n  t h e  
p r i m a r y  h e a t  e x c h a n g e r .  H i n o r  E a i n t e n a n c e  uaLf a l s o  
d o n e  a n d  a n n u a l  tests were c o m p l e t e d .  The n e x t  run 
was 42 d a y s  a t  f u l l  power, w i t h  e f c p h a s i s  oc b e r y l l i u m  
a d d i t i o n s  a n d  f u e l  s a m ~ l i n g .  S h u t d o w n  came a f t e r  the 
f u e l  s a m p l e r  c a b l e  tangled a n d  w a s  s f v e r e d .  I cc lE  u e x e  
d e v e l c p e d  a n d  t h e  l a t c h  iias r e t r i e v e d ,  h u t  n o t  t h e  
c a p s u l e .  O p e r a t i o n s  a n a l y s i s  included lonq- t e r n  xeac t i v i t y  
e f f e c t s ,  t h e r m o c o u F l e  d r i f t ,  a n d  s a l t  h e a t  t r a n s f e r .  
I n  p r e p a r a t i o n  for r e p l a c e m e n t  of t h e  u r a n i u a  ir: t h e  
f u e l  w i t h  U-233, n e u t r c n i c  c h a r a c t e r i s t i c s  w i t h  t h i s  
f i s s i l e  material  were c a l c u l a t c d .  

* e x p e r i e n c e  + * m a i n t e n a n c e  + *f¶SRE + * o p e r a t i o n  + a n a l y s i s  f 

b e a r i n g s  + c o m p o n e n t s  + gamma s p e c t r c m e t r y  + t ea t  t r a n r f e r  + 
o f f - g a s  s y s t e m s  + Ferfcrmance + r e a c t i v i t y  t 
remote m a i n t e n a n c e  + r e a c t i v i t y  + t e m p e r a t u r e  a e a s u r e u e c t  + 
u r a n i u m - 2 3 3  + s a f f i p l e r s  
OTHER CATEGCETES: Z X X  + K A E  + MCX + HEC 

ACA68C012 
H a u b e n r e i c h  E N  
#OLTEH-SALT REACTOR EXPERIHENT (PAET 1 L S R f  S E f l I A Y b  E F C G  

Oak R i d g e  N a t i c n a l  Laboratory,  Tenn .  
O R N L - 4 2 5 4  (Aug. 1968) ,  49 p ,  35 f i q ,  32 rcf .  

REFT 2/29/68) 

E a r l y  i n  t h e  p e r i o d  t h e  f u e l  samFler waz r e i n s t a l l e d  
a n d  f u l l - F c u e r  o w r a t i o n  r e sumed .  Artor t h e  s t a r t u p  
was i n t e r r u p t e d  t o  r e p a i r  a c o m p o n e n t  c c o l i n g  F U I I F ,  
t h e r e  was 6 m o n t h s  w i t h c u t  a f u e l  d r a i n .  F u e l  c i r c u l a t i o n  
was s t o p p e d  2 d a y s  i n  Novernker f c r  wcrk cn t h e  E a u p l e r  
a n d  d u r i n g  a x e n c n  e x F e r i r n e n t  a t  l ou  pouer a t e a r i n g  
was r e p l a c e d  on  a main Llower. O t h e r v i s e  nc E q u i E m e n t  
p rok le rn  i n t e r f e r e d  r i t h  o E e r a t i o n .  C p e r a t i o n  a t  v a r i o u s  
f u e l  l e v e l s ,  t e m p e r a t u r e s  a n d  Fressurcs  s h c u e d  effects 
o n  x e n o n  s t r i p F i n g ,  n e u t r c n  noise, and gas i n  t h e  
access n o z z l e .  R e a c t i v i t y  t a l a n c c s  shoied s l i g h t  
d r i f t  (0.1%) o v e r  t h e  l c n g  run. An o f f y a s  s a r c p l e r  
was i n s t a l l e d  d o x n s t r e a m  of t h e  c b a r c o a l  b e d s .  The  

id 

. 
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C a t e g o r y  A 
Holten-Salt  Reac tor  P r o g r a n s  

ACA68CO 12 * C c n t i n u e d *  
LJ 
I freeze f l a n g e  t h e r m a l  c y c l e  t e s t ,  s to ,EFcd a f t e r  103 clcles, 

was resulted. Ana lyses  cf system d y n a m i c s  w i t h  t h e  
p r o p o s e d  0-233 f u e l  p r e d i c t e d  safe a n d  s t a b l e  operat icn .  . * e x p e r i e n c e  t * m a i n t e n a n c e  t WSRE 4 e o p e r a t i c n  + a c a l y s i s  + 

b e a r i n g s  t c o m F c n e n t s  + d y n a m i c  c h a r a c t e r i s t i c s  + 
noise a n a l y s i s  t o f f - g a s  systems + r e a c t i v i t y  t 
u r a n i u m - 2 3 3  t x e n o n  t samFlers t f r eeze  f l a n g e s  
CTHER CATEGCRIES: M X X  t K A E  PIEX 4 EIEC 

ACA68G019 
H a u b e n r e i c h  PN 
HOLTEN-SALT FlEACTOH BXPEHIMEN? ( F A R T  1 LSRF S E E X A I U L  E E C G  B E E T  

8/3 1/68) 
Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn .  
ORNL-4344 (Feb. 1 9 6 9 ) ,  p p .  1-52, 28  fig, 4 3  ref. 

A 6-month  r u n ,  e n d i n g  i n  ! l a r ch ,  c c n c l u d r d  c F e E a t i c n  u i t h  
U-235 a f t e r  90On e q u i v a l e n t  f u l l - p o w e r  h o u r s ,  Atter 
s h u t d o w n ,  g a m m a - s p e c t r o m e t r i c  m e a s u r e n e c t s  uexe a a d e  cn t h e  
f u e l  s y s t e m ,  ccre s F e c i m e n s  were r e p l a c e d ,  t h e  f u e l  o f f g a s  
l i n e  was c l e a r e d  a n d  two h e a t e r s  frcn t k e  F r i a a r y  h e a t  
e x c h a n g e r  were repaired.  A l l  15 rod-scram r e l a y s  Were 
r e p l a c e d  a n d  3 of t h e  ney r e l a y s  f a i l e d .  A capsule d I o F p e d  
in t h e  f u e l  sauFler  c o u l d  not  be retrieved, t u t  d i d  not 
p r e v e n t  f u e l  s a m p l i n g ,  T h e  o n - s i t s  Frccrssiag eqc ipn te  r t  was 
r e a d i e d  f c r  r e m o v a l  cf t h e  u r a n i u m  from t h e  s a l t .  After 
t e s t i n g ,  t h e  s u l f u r  d i o x i d e  r e a c t i o n  s y s t e e t  f c r  d i s F o c a 1  o f  
excess f l u o r i n e  was a b a n d o n e d  i n  f a v o r  of r e a c t i o n  w i t h  a 
c a u s t i c  s o l u t i o n . '  In A u g u s t  the flush E a l t  a r d  t h e  f r e l  
s a l t  were i l u o r i n a t e d ,  e f f i c i e n t l y  r e c o v e r i n g  t h e  U as t h e  
h e x a f l u o r i d e .  Corrosion p r o d u c t s  were F L e C i F i t a t e d  a n d  
f i l t e r e d  i n  t h e  f i n a l  z t e p  before  U-233 l o a d i n g ,  
T h e o r e t i c a l  a n a l y s e s  of U-233 o p e r a t i c n ,  i n c l u d i c g  r e f i n e 4  
calculaticn of delayed n e u t r b n  effects ,  showed t h a t  the 
s y s t e m  v o u l d  b e  q u i t e  s t a b l e .  After  2 6 E  t e s t  t h e r m a l  cycles 
of tne p r o t o t y p e  free,ze f l a n g e ,  atcrack Y ~ S  found at t h e  
a l i g n m e n t  stub. 

* e x p e r i e n c e  + * f l u c r i n a t i c n  t * m a i n t e n a n c e  t 4MSEE t * o p e r a t i o n  t 
analysis t d y n a m i c  c h a r a c t e r i s t i c s  + f r e e z e  f l a n q e s  + 
s a m p l e r s  + u r a n i u ~ c - 2 3 3  + cff-gas  s y E t e m s  
OTfIER CATEGCRIES: M X X  t K + HEX + MEC + LUX 

A C A S B C O 2 1  
I i a u b e n r e i c h  EN 
MdLTEN-SALT REACTOR EXPEBIMEN'I ( E A R ' S  1 MSBF SEFIIANA F F C G  SEET 

Oak Ridge Nat i cna l  Laboratory, Tenn .  
ORNL-4396 (Bug. 1969) pp.  1-47, 32 f i g ,  40 r e f .  

2/2 8 / 6  9) 

c The PSRE began nuc lear  operaticn w i t h  0-233 i r  Eegtemter and 
vas b r o u g h t  t o  f u l l  ~ c v e r  in J a n u a r y .  C r i t i c a l i t y  was 
a t t a i n e d  by a d d i n g  33 kg of U,  d s  t h e  U F 4 - L i F  e u t e c t i c ,  t o  
t h e  carr ier  s a l t  frcm which  t h e  o r i g i n a l  6-235 h a d  b e e n  

Accession Nuoaker A C A t i S O O l Z  t c  AiA690021 
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Category A 
M o l t e n - S a l t  Reactor Eroq ra ES 

ACA69 002 1 * C o n t i n u e d  * 
S t r i p F e d .  S t a r t u F  test3 i n c l u d e d  m e a s u r e m e n t s  o t  rod w o r t h  
a n d  r e a c t i v i t y  c o e f f i c i e n t s ,  d y n a m i c s  t e s t s ,  arid no ise  
a n a l y s i s .  When b e r y l l i u m  metal was added t o  a d j u s t  t h e  
reducing power  of the salt, the E n t r a i n E d  cove I :  gas 
i n c r e a s e d  from less t h a n  0.1 vol 3 t o  0.6 v o l  $ 8  a p p a r e n t l y  
d u e  t o  s l i g h t  c h a n g e s  i n  t h e  p h y s i c a l  F r c p e r t i e s  cf t k e  
s a l t .  During t h e  p c u e r  a s c e i i s i o n ,  smal l  p e r t u r l a t i o n s  i n  
n u c l e a r  power were s e e n .  A n a l y s i s  i n d i c a t e d  t h e y  were d u e  
t o  g a s  i n  t h e  core, a n d  t h e y  d i d  n o t  occur when qas 
e n t r a i n m e n t  uas r e d u c e d  by s l o v i n q  t h e  f u e l  F C P ; ~ .  Before 
t h e  p c v e t  a s c e n s i o n ,  t h e  fuel. ofkgas l i n e  was c l e a r e d  of a 
r e s t r i c t i o n .  S h o r t l y  a f te rward  a loosf sear i G  t h e  fuel 
samFler forced a 3-week ShUtdOUn, d u r i n g  w h i c h  time a 
c o n t r o l - r o d  d r i v e  uas s e r v i c e d .  Therlral  cycle t e s t i n g  of t h e  
p r o t o t y F e  freeze f l a n g e  c o n t i n u e d  a n d  t e s t - s t a n d  o p e r a t i o n  
of a fuel pump with a d e e p e r  row1 {Hark-2) b e g a ~ .  

* e x p e r i e n c e  + + m a i n t e n a n c e  t *HSRE + o p e r a t i o n  + a n a l y s i s  + 
c o n t r o l  r o d s  4 d y n a m i c s  t e s t s  t treeze f l a n g e s  + 
o f f - g a s  s y s t e m s  + r e a c t i v i t y  + u r a n i u m - 2 3 3  + ncise a n a l y s i s  
OTHER CATEGOBTES: B X X  + KAB + HDX + REC 

ACA69 0028 
Haubenre ich  PN 
NOLTEK-SALT FiEBCTOR E X P E E I N E N T  (PAt!T 1 HSBP S E H I A N N  P R O G  BEFORT 

8/3 116 9 )  
Cak Ridge N a t i o n a l  L a b o r a t o r y  Tenrr. 
O R N L - 4 4 U 9  (Feb. 1970), pp. 1-?d, f i g ,  37 r e f .  

High-Fouer o p c r a t i c n  ui t h  11-233, which  k e q a n  i n  J a n u a r y ,  
c o n t i n u e d  u n t i l  a s c h e d u l e d  s h u t d c w n  cn J u n e  1. T h e r e  were 
few e q u i E i n e n t  p r o b l e m s  c t h e r  t h a n  r e s t r i c t i o n s  in the of fgas  
l i n e s ,  a n d  t h e  reactor was c r i t i c a l  95% of t h e  tiue from 
J a n u a r y  t o  J u n e .  F u e l  s a m p l e s  were t a k e n  p e r i o d i c a l l y  to 
m e a s u r e  U-233 c a p t u r e - t o - f i s q i o n  r a t i c  a n d  t c  s t u d y  f c e l  
c h e m i s t r y .  T e s t s  c c i n t i n u e d  on t h e  b e h a v i o r  of c o v e r  g a s  a n d  
x e n o n  i n  t h e  f u e l  s y s t e m  a t  v a r i o u s  c i r c u l a t i t n  rates. 
C o n t i n u o u s  i n d i c a t c r s  of reactor Fressure a n d  n e u t r o n  n o i s e  
l e v e l s  uere i n s t a l l e d  a n d  used. D u r i n q  t h e  ~ b u t d c u n ,  a now 
ccre s F e c i m e n  a r r a y  u a s  i n s t a l l e d ,  a s t i f f  c o n t r o l  rod was 
r e p l a c e d ,  rod d r i v e s  were r e p a i r € &  a n d  the c f f g a e  l i r e +  
were cleared.  A resote gamma-rap s p e c t r o m e t e r  was used t o  
m e a s u r e  f i s s i o n - p r o d u c t  d i s t r  i t u t i o n s  w i t h  thc  s a l t  d r a i n e d  
a n d  d u r i n g  t h e  s t a r t u F .  A n n u a l  c o n t a i n B e n t  t es t s  c o n c l u d e d  
t h e  10-week s h u t d o u n .  O p e r a t i o n  r e s u s e d  w i t h  e x i e r i m e n t s  
c o m F a r i n g  argon and h e l i u m  a s  cover gases. Component  
d e v e l o p m e n t  work i n c l u d e d  e x t e n s i c n  CI t h e  F rc t c tppe  freeze 
f l a n q e  tberlnal cycle t e r t  t h r o u g h  400 cycles, a n d  o p e r a t i o n  
of t h e  !lark-2 f u e l  pump w i t h  a h i g h  s a l t  l e v e l  t c  r e d c c e  
e n t r a i n m e n t  . 

* e x p e r i e n c e  + * m a i n t e n a n c e  + *BSRE + * o F e r a t i t n  + a c a l y s i s  + 
c o n t r o l  r c d s  + c o v e r  g a s  + freeze f l a n g e s  t gamma s F e c t r o m e t r y  + 
n o i s e  a n a l y s i s  + o f f - g a s  s y s t e m s  + u r a n i u m - 2 3 2  + xexcI :  
OTHER CATEGORIES:  M X X  + RAB + ?ID% t MEC 

iJ 
t 

ACA7 0 00 2 1 
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C a t e g o r y  A 
M c l t e n - S a l  t Reactor F r o g r a m s  

ACA700021 * C o n t i n u e d *  
H a u k e n s e i c h  PN 
HOLTEL-SALT REACTOR E X P E R I M E N T  (PA8T I,  HSRP S E M I A N N  P R O G  BEP'I  

u 
2/ 2 E/ 7 0 ) 

s Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn,  
O R N L - 4 5 U 8  (Auq. 1970) ,  pg. 1-40, 14 f i g ,  4 9  r c f .  

N u c l e a r  c p e r a t i o n  cf t h e  PISRE was c o n c l u d e d  o n  fec. 1 2 ,  
1969. E r i n c i p a l  a c t i v i t i e s  d u r i n g  t b e  f i n a l  ruris were 
s t u d i e s  cf x e n o n  s t r i F F i n q  a n d  t r i t i u m  d i s t r i k u t i o n ,  and  
s a m p l i n g  t o  d e t e r m i n e  fission product t e h a v i c r .  A renote 
g a m r a - r a y  s p e c  trowe ter r a s  also used d u r i n g  k o t h  o p e r a t i o n  
a n d  s h u t d o w n  t o  o b s e r v e  f i s s i c n  Froduct d i s t r i b u t i o n s .  
A f t e r  the f i n a l  s h u t d c w n  t h e  reactor was p l a c e d  i n  s t a n d b y ,  
a w a i t i n g  l a t e r  e x a m i n a t i o n ,  A s m a l l  l e a k  n e a r  a freeze 
v a l v e  d u r i n g  t h e  s h u t d c w n  released soffie f i s s i c n  Froducts  
i n t o  t h e  c o n t a i n m e n t  cell. R e f i n e d  analyses c t  r e a c t i v i t y  
c a l c u l a t i o n s  and lcnq-term b e h a v i o r  c o n f i r m e d  t h e  good 
a g r e e m e n t .  T h e  p r o t o t y p e  f r eeze  f l a n g e  u n d e r g c i r i j  t h e r m a l  
c y c l e  t e s t i n g  was i n s F e c t e d  af ter  470 cycles, t h e n  udE r u n  
o n  t o  540 c y c l e s  b e f o r e  the t e s t  was d i s c o n t i r u e d .  

19 

. 

* e x p e r i e n c e  + *?ISRE t * o F e r a t i o n  + a n a l y s i s  t treeze f l a n g e s  + 
gamma s p e c t r o m e t r y  + l e a k s  + noise a n a l y s i s  + reactivity + t r i t i u m  + 
x e n o n  
CTHER C A T E G C G I E S :  M X X  + K A B  t MDX 

ACA70C035 
H a u b e n r e i c h  F N  
MOLTEN-SALS 3EACTOR E X P E R I M E N T  (PART 1 L S R E  SEEIANh FECC- 

REFT 8/31/70) 
Oak Ridge Nat iona l  Labcratory,  Tenn .  
CHNL-4622 (Jan. 1 9 7 1 ) ,  p p ,  1-6, 3 f i g ,  12 ref. 

T h e  W E E  r e m a i n e d  s b u t  doun,  a w a i ' t i n s  Fcstcperat icn  
e x a n i n a t i o n ,  ProcedureE a n d  tools were p r e p a r e d .  
Specimens vere cut from the coolant system F i g i n q .  
A n a l y s i s  of d a t a  t a k e n  with t h e  remote gamma s p e c t r o n c t e r  
d u r i n q  t h e  f i n a l  r u n s  s u g q e s t G d  t k a t  ' ccb le - se ta l '  f i r s i o n  
p r o d u c t s  q u i c k l y  miqra te,  a s  extremely small Farticlcs ,  
t o  metal surfaces or s a l t - g a s  i n t e r t a c e s .  ~ x i s t i n q  d a t a  
o n  r a d i o l y t i c  f l u o r i n e  o l u t i o n  from f r o z e n  s a l t  i n d i c a t e  
t h a t  e v o l u t i o u  frorn t h  3 R E  fuel i n  s tcrase  is e a s i l j  
p r e v e n t e d .  MSBE c c r p o  t d e v e l o p n e n t  e n d e d  w i t h  
t e r m i n a t i o n  of pump e n d u r a n c e  t e s t s ,  

HSaE + a n a l y s i s  + e x p r i e n c e  + r a d i o l y s i s  + f l u o r i n e  + 
e xam ina ti ons 
OTHER CATEGORIES:  M X X  + CFX 

ACA7 10028 
f i a u k o n r c i c b  PN . MOLTEL-SALT REFCTOR E X P E R K M E N T  ( P A R T  I, PISRP EEMIANhi PROG 

REP'I 2 /9€ /71 )  
Cak R i d g e  h ' a t i o n a l  L a b o r a t o r y ,  Tenn.  
O R N L - 4 6 7 6  (AUg. 1971) '  FF. 1-20, 16 f i q ,  16 r€.fe 

A c c e s s i c n  Number ACA700021 t o  ACA7 10028 
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C a t e g o r y  A 
P l o l t e n - S a l t  Reactor Erograms 

ACB710028 * C o n t i n u e d *  
P c r t i o n s  of t h e  f u e l  s y E t e a  were removed  for e x a m i n a t i o n  as 
p l a n n e d .  C o n t r o l  rods, rod  t h i m t l e s  a n d  one n c d e r a t o r  bar  
were t a k e n  o u t  a n d  t h e  i n t e r i o r  of t h e  reactor v e s s e l  was 
viewed.  T h e  f u e l  sampler  c a g e  was c u t  c u t  a n d  t h e  ~ u n ~  b o w l  
v i e w e d ,  P c r t i c n s  of 6 h e a t  e x c h a n g e r  t u b e s  were r e m o v e d  
t h r o u g h  a h o l e  c u t  i n  t h e  shell, T h e  s a l t  leak has f c u n d  
a t  a freeze v a l v e  a n d  the  s e c t i o n  was c u t  out. C o n d i t i o n s  
in the reactor were g e n e r a l l y  v e r y  q c c d .  A t e s t  shcwed  t h e  
c o o l a n t  f l o w m e t e r  had b e e n  r e a d i n g  h i g h  a n d  t h e  reactcr 
h e a t  b a l a n c e  s h o u l d  h a v e  k e e n  7.6 f i W  a t  t u 1 1  fcwer. 

* e x a m i n a t i o n s  + *USRE + ccres c u t t i n g  t o o l s  + e x p e r i e n c e  t 
flow m e a s u r e m e n t  + h e a t  e x c h a n g e r s  t h e a t  k a l a n c e  + ~ c n p i  t 
remot E rca ir: t e n a n c e  
GTHEE CATEGCHES:  H E X  

ACB6 EGO09 
(Staff R e p o r t )  

BSBR DESIGN STUDIES (CHAP 6 ,  ESRP S E E 1 A h ; N  EECG REFT 2/26/66) 
Cak R i d g e  L a t i o n a l  L a b o r a t o r y ,  Tenn. 
O3NL-3936 (June 1966) FF 172-193, 7 fig, 4 r e f .  

h r e f e r e n c e  design c c n c e C t  is d e s c r i b e d  for a 1000-HU~ 
t w o - f l u i d  MSER with f u e l  a n d  c o o l a n t  s a l t s  s e p r a t e d  by 
g r a F b i t e  t u b e s  i n  a 1 4 - f t  reactor v e s s e l .  F l o w s h e e t ,  
l a y o u t s  of t h e  r a d i o a c t i v e  s y s t e m s ,  a n d  g r c c e s s i n g  by  
f l u c r i d e  v c l a t i l i t y  a n d  d i s t i l l a t i o n  a r e  p r e s e n t e d .  Plso 
r e p o r t e d  a re  c a l c u l a t e d  n u c l e a r  F e r f o r m a n c G  a r d  ccs t s ,  

* c o n c e p t u a l  d e s i g n  + *tlSjJR + * t u o - t ' l u i d  r e a c t o r  + 
b r e e d i n g  p e r f o r m a n c e  + costs + f l o w s h e e t s  t l a y o u t  + 
p r o c e s s i n g  

BCBG G 00 1 5  
B r i q g s  RB 
MCLTEN-SALT BREECER AEACTOB STUEIES 1PART 3 PS.SRP S E B I A N N  

Cak Ridqe b a t i o n a l  L a b o r a t o r y ,  Tenn. 
O R N L - 4 0 3 7  (Jan. 1967) ,  FF. 207-237, 1 C  fig. 5 ret, 

PROG BEP'I 8-31-66) 

D e s i g n  s t u d y  wcrk fcr t h e  t w o - r e g i o n ,  t h o - f l u i d  1000 R#(e) 
MSBF i n c l u d e d  a d o p t i o n  of a m o d u l a r  c c n c e p t ,  b s i n g  f o r r  
smal l  r e a c t o r s  t o  f a c i l i t a t e  m a i n t e n a n c e ,  a n d  r e v i s i o n  of 
t h e  p r i m a r y  h e a t  e x c h a n g e r s  t o  U S E  k c n t  tubes  r a t h e r  t h a n  
b e l l o w s .  N u c l e a r  F e r f o r m a n c e s  w i t h  a n d  w i t h o u t  Fa r e u i o v a l  
are compared .  S t e a m  s y s t e m  e f f i c i e n c i e s  and ccEt s  f o r  
700 dsg P feedwater a r e  c c m p a r e d  to  a 5d0 d e q  E s y s t e o .  
P e r f o r m a n c e  d a t a  for o t h e r  r e a c t c r  t y p e E  a r e  € r e s e n t e d ,  
i n c l u d i n g  a l e a d - c c c l e d  HSBR,  a n d  e i p t h e r m a l  kreeder, a n d  
a c o n v e r t e r  w i t h  t h e  f e r t i l e  a n d  f i s s i l c  m a t e r i a l s  i n  a 
s i n q l e  strealc. S a l t  F r c c e s s i n g  xor t h e  fuel a n d  t l a n k e t  
s a l t s  is d e s c r i b e d .  The t u o  s y s t c u i s  a r c  simila1, thz s a l t  
b e i n g  f l u o r i n a t e d ,  t h e  cff-gas s o r b e d ,  aud t h e  u r a n i u a  
t e t r a f l u o r i d e  r e c o v e r e d  ky c o l d - t r a p F i n c .  A vacuum s t i l l  

U 
i 

P 
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C a t e g o r y  A 
M c l t e n - S a l t  Reactor E r o g r a m s  

ACBh 6 00 15 * C o n t i n u e d  * LJ 
I s f p a r a t e s  t h e  rare e a r t h s  from t h e  r e m a i n i n g  s a l t .  c o n c e p t s  

for c o n t i n u o u s  stills a n d  f l u o r i n a t i o n  u n i t s  a r e  descr iber l .  
L i q u i d - m e t a l  e x t r a c t i o n  a n d  r e d u c t i v e  p r e c i p i t a t i o n  a r e  
s u g g e s t e d  a s  a l t e r n a t i v e  metbods. 

*flSBR t * F r c g r e s s  r e p o r t  t * c o n c e p t u a l  d e s i q n  + * p r o c e s s i n g  + 
* h e a t  e x c h a n g e r s  t *steam s y s t e m s  + + p r c t a c t i n i u a  + 
+ p e r f c r m a n c e  + b r e e d i n g  F e r f c r m a n c e  t electr ical  power  t 
t h e r m a l  p o w e r  t h e a t  t r a n s f e r  t f u e l  cycle c c s t s  + 
f l o w s h e e t s  + t h e r m o d y n a m i c s  t d e s i g n  c r i t e r i a  t 
* m o d u l a r  d e s i g n  + *lead  c o o l i n g  + + t u o - f l u i d  r eac t c r  t 
*steam c y c l e  
CTHER C A T E G C R I E S :  I R C  

* 

ACB67 c o  17 
Briggs  8 8  
MOLTEN-SALT BREEDEB REACTCR D E S I G N  STUDIES (PRRT 3 PSFE 

O a k  Ridqc? N a t i c n a l  Laboratory,  T e n n ,  
ORNL-4119 [ J u l y  1 9 6 7 ) ,  p p .  174-214, 21 f i g ,  6 ref. 

SEMIANN FGCG E E E T ,  2 - 2 8 - 6 7 )  

Design s t u d y  of t h e  t w o - r e g i o n ,  t w o - f l u i d  l G C C  M k ( e )  FSBR 
c o n t i n u e d .  T h e  2 5 0  dW(e) reactor m o d u l e  h a s  a v e s s e l  12 f t  
diam w i t h  4- in .  d i a m  g r a p h i t e  t a l l s  t e tneen  tke ccre 
elements a n d  t h e  reflector,  The  r e v i s e d  p r i m a r y  h e a t  
e x c h a n q e r s  h a v e  t h e  l o n g - s h a f t  salt c i r r u l a t i s q  l u m p s  
l o c a t e d  a b c v e  t h e  u n i t s ,  T h e  effect  o n  r e a c t i v i t y  of 
f i s s i l e  c o n c e n t r a t i o f i  a n d  f u e l - v o l u m e  f r a c t i c r ’  cfi t h e  
n e u t r o n  f l u x  d i s t r i b u t i c n  i s  e x p l o r e d .  An o t f - q a s  s y s t e m  
f l o w s h e e t  is p r e s e n t e d  a n d  the r e q u i r E d  g a s  i t j e c t i c n  a n d  
r e m c v a l  system d i s c u s s e d .  T h e  effect  of x e n o n  r e m o v a l  o n  
t h e  p o i s o n  f r a c t i o n  was c a l c u l a t e d .  P r c c e s s i r g  cf t h e  salts 
i n  a c o n t i n u c u s  f l u c r i n a t o r  u i t h  s a l t - p r o t e c t e d  w a l l s  may be 
a d e q u a t e  p r o t e c t i o n  a g a i n s t  c c r r c s i o n .  The r e l a t i v e  
volatility of the rare e a r t h s  b a s  investigated a n d  t n e  
e q u a t i o n s  fo r  b u i l d u p  of n o n - v o l a t i l e s  cn v a p c r i z i n g  
s u r f a c e s  are p r e s e n t e d .  

* S B R  + *progress r e p o r t  t * c o n c e F t u a l  d e s i q n  t * F r c c e z r i n g  + 
*pumps + *heat  e x c h a n g e r s  t * r e a c t o r  vessel + s r e p l a c e a e n t  f 

*void f r a c t i o n s  + *vo lume  f r a c t i o n s  t F e r t o r m a n c e  + 
g r a p h i t e  + b l a n k e t  t f l u c r i n a  t i c n  + corrosion p r o t e c t i o n  t 
v o l a t i l i t y  + x e n o n  t off-gas systems + * m o d u l a r  d e z i q l :  + 
*two-f l u i d  reactor 
OTHER CATEGCRIES: I A C  

A C 3  67 C 0 2 4 
Br iggs  R B  
PISBE D E S I G N  AND DEVELOPBENT AST 2 E S E F  SERIEbiN E E C G  FEPT 

R-31-67) 
t O a k  R i d g e  M a t i c n a l  Labcratcry, Tenn. 

ORNL-4191 (Cec 19671, pp 63-101,  23 fig, 6 ref. LiJ D e s i g n  s t u d y  of t h e  t w o - f l u i d ,  twc-resicn, l C C C  PIEte) MSBid 
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P a g e  22 

C a t e g o r y  A 
Hcl t eo -Sa l t  Reactor E r o g r a m s  

ACB67 00 24 * C o n t i n u e d *  
u s i n g  f o u r  2 5 0  au(e)  reactor m o d u l e s  i n v o l v e d  l ieu ce l l  
l a y o u t s  t o  a c c o m m o d a t e  s t resses  i n  p i F i a g  a n d  F e d e s t a  1- 
moun ted  e q u i F m e n t  due t o  t h e r m a l  e x p a n s i o n s .  The r e a c t o r  
ce l l  wall c o n s t r u c t i o n  v a s  s t u d i e d  i n  mcre d e t a i l .  The core 
g r a r h i t e  uas r e a r r a n g e d  t o  b e t t e r  a c c o m m o d a t e  d i m e n s i G n a l  
c h a n g e s  d u e  t o  n e u t r o n  i r r a d i a t i c n .  Bcre d e t a i l e d  d r a w i n g s  
a n d  data on t h e  f u e l  a n d  b l a n k e t - s a l t  h e a t  e x c h a n g e r s  are 
p r e s e n t e d ,  Reactor p e r f o r m a n c e  u a s  e v a l u a t e d  i r  term5 cf 
t h e  a v e r a g e  ccre power d e n s i t y ,  o p t i m i z e d  m a i h l y  on t h e  
b a s i s  of y i e l d ,  a n d  t h e  f u e l - c y c l e  c o s t  e s t i u a t e d .  The 
u s e f u l  l i f e  of the q r a ~ h i t e  as a f u n c t i o n  of t h e  n e u t r o n  
f l u x  is e s t i m a t e d  from t h e  C c u n r e a y  F a s t  R e a c t o r  d a t a .  
F l u x - f  l a  t t e n i n g  is d i s c u s s e d  a n d  t h e  t e m p e r a t u r e  
cog f f i c i e n  ts of r eac t i v  it y c a  l c u  1 a t  e d  . 'I h e  X E  n c n- 1 35 
pbesgna  fi h a t &  i p  3ctteda l c P B a C & d p a e d  t a  @ tebhea ti djenetheiQ neiy 
b l a n k e t  a n d  c o o l a n t - s a l t  pumps a x e  o u t l i n e d ,  la r t i c u l a r l y  
v i t b  r e g a r d  t c  t h e  P o l t e a - s a l t  j o u r n a l  t e a r i n g ,  

*rlSBR + * p r o g r e s s  r e p o r t  + * c o n c e p t u a l  C e s i s n  + * F U O C S  t 
* h e a t  e x c h a n g e r s  t *xenon + * g r a F h i t e  + *stress t 
t h e r m a l  effects + b e a r i n g s  + t r e e d i n g  FErfcrmance + 
d e s i g n  d a t a  + e x F a n s i c n  + fuel cycle c o s t s  + mass t r a n s f e r  + 
n e u t r o n  f l u x  + n e u t r o n  f l u e n c e  4 p a r a m c t r i c  s t u d i e s  t 
s h r i n k a g e  + v o i d  f r a c t i c n E  + volume f r a c t i o n s  + d e v e l o k i a e n t  t 
r a d i a t i o n  damage  + * m o d u l a r  d e s i g n  + * t v o - f l u i d  r e a c t c r  
O T H 2 9  CATEGORIES: IAC 

ti 
I 

ACB680013 
Brigqs  RB 
ESBR CESfGN ANI: CEVELOPMENT (FAR'I'  2 HSRP SEMIAYE; P R C G  'HEP'L 

C a k  Eidqe R a t i o n a l  L a b o r a t o r y ,  'Lenn. 
CRNL-4254 (Fuq.  1968) ,  FF. 51-87, 2 ;  f i g ,  1c rer .  

2-25-68) 

A s i n g l e  f l u i d  c o n c e p t  F a 5  a d o p t e d  for the t w o - r e g i o n  
2 0 O O - R i J  (e) #SB3 s t u d y  r e f e r e n c e  a e s i q n  hecause i t  
e l i n i n a t r d  t h e  g r a F h i t e - t c - m e  t a l  joints i n  t h e  t w o - f l u i d  
c o n c e p t  a n d  h e c a u s e  means  for c h e u i c a l  E r c c e s s i c g  of a 
s i n g l e  s a l t  ncu  a F F e a r e d  t o  be a v a i l a b l e .  F l c w  d ic lgra ias  and 
new p l a n t  l a y o u t s  for t h e  s i n q l e - f l u i d  s y s t e a  a r e  p r e z e n t e d ,  
Dra ro inqs  a n d  d e s i g n  data  f o r  t h e  s i n g l e  r e a c t o r  v e s s e l ,  t h e  
core g r a p h i t e  elements, a n d  t h e  s a l t  d r a i n  t a n k  a r e  
i n c l u d e d ,  T a b u l a t e d  d a t a  of r e a c t o r  p b y s i c s  c a l c u l a t i c n E  
i n d i c a t e  a l m o s t  a s  q c c d  a p e r f o r m a n c e  a s  for t h e  t w o - f l u i d  
reactor,  T h e  e f f ec t  of use of c c a t e d  q r a p h i t e  c c  t h e  two- 
f l u i d  reactor xencn-135  poison f r a c t i o n  is reForted. A 
c o n c e p t u a l  d e s i g n  is s h c w n  for a s i n q l c - r l u i d  MSBEl fue l - sa l t  
pumF, u h i c h  dces  n c t  r e q u i r e  a s a l t - l u b c i c a t e d  t e a r i n s  as i n  
t h e  t u o - f l u i d  c o n c e p t .  A s a l t - k e a r i n g  e x p e r i a e n t a l  t e s t  
lool;  a n d  F r c g r a m  dre d e x r i b e d ,  h o u e v e r ,  Eemote main t e r i a n c e  
p r o b l e m s  i n  a n  HSER p l a n t  arc  d i s c u s s E d .  Prel in imary 

P 

LJ 
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C a t e g o r y  A 
N c l t e n - S a l t  Reactor E r o g r a m s  

A C B 6 8 0 0  13 * C o n t i n u e d *  
hd 
R r e s u l t s  cf a n a l c g  c c m p u t e r  s t u d i e s  of the d y n a m i c s  of t h e  

t w o - f l u i d  MSER are  p r e s e n t e d .  
*MSBP + * F r c q r e s s  r e p o r t  + * c c n c e p t u a l  d e s i g n  + 
* s i n g l e - f l u i d  r e a c t o r s  + p e r f o r m a n c e  + l a y o u t  + j c i o t r  + 
flowsheets * d a t a  + reactcr v e s s e l  * cores + g r a p h i t e  t 
f u e l  c y c l e  t n e u t r o n  p h y s i c s  t c o a t i n g s  + xcncn + k u n ~ s  + 
8 g a a i m g s c b a b s e e ~ i i q t j e s f  e r d a u e 8 o p m e a i n  t e n a n c e  + 
CTHER CATEGCRTES: IAi: 

A C B  6 8 C O  2 C 
B r i g g s  R R  
HSBR D E S I G H  ANI) DEVELOPBENT ( E A B T  2 R S E E  S E E I I P N N  EECG FEPT 

Cak R i d g e  Rational L a b o r a t o r y ,  Tenn.  
ORNL-4344 (Feb 1969) F F  53-108, 32 fig, IS t a b l e s ,  19 ref. 

8-3 1-68) 

T h e  s i n g l e - f l u i d  1000 " ( e )  r e f e r e n c e  ~ I a n t  uses a 
c o n f i n e m e n t  b u i l d i n g  t o  Fermit r e p l a c e m e n t  of t h e  reactor 
core a s  an a s s e m b l y ,  Rs shown  o n  new flowsheet and l a y o u t  
d r a w i n g s ,  t h e  r e v i s e d  reac tor  has g r a p h i t e  s p h e r e s  i n  t h e  
b l a n k e t  a n d  g r a p h i t e  c c n t r o l  r c d s  a t  t h e  cen te r .  D e t a i l s  of 
a r e v i s e d  Frimary h e a t  e x c h a n g e r  a re  p r e s e n t e d .  N e u t r o n  
p h y s i c s  c a l c u l a t i o n s  f o r  t h e  r e v i s e d  ccncept uefe i E p r o v e d ,  
P r e l i m i n a r y  c a l c u l a t i G n E  for a 1 C C - 2 C O  I!#(t) MSER are 
r e p o r t e d .  The RSBR Xe-135 p o i s o n  a s  f u r c t i c a  cf  b u k b l e  
s t r i F F i n g  a n d  g r a p h i t e  s e a l i n g  was c a l c u l a t e d  a r d  c c n c e F t s  
f o r  a S u t b l e  generator  a n d  q a z  s e p a r a t o r  descr i ted.  The 
H S B R  pumpinq  r e q u i r e m e n t s  a n d  f i r s t  c F e r a t i c n  cf t h e  zcd ium 
f l u c r c b o r a t e  t e s t  l c o p  a r e  d i s c u s s e d ,  a s  were t h e  
r e q u i r e m e n t s  f o r  a steam q e n e r a t c r  t e s t  f a c i l i t y ,  A n a l y s e s  
of t h e  d y n a n i c  r e s F c n e e  of t h e  W E B  s y s t e m  ( a n d  the s t e a a  
g e n e r a t o r )  i n d i c a t e s  g e n e r a l  f e a s i b i l i t y ,  Neutrcc decay 
a f t e r  s h u t d o w n  was c a l c u l a t e d .  liesistance t h e r m o m c t e i s  
possibly can b e  used in the MSBB, Test equiLnert f c r  
m e a s u r i n g  h e a t  t r a n s f e r  p r o p e r t i e s  of t t e  s a l t  ase d e s c r i b e d  
a n d  d a t a  g i v e n  f c r  t h e r a a l  c o n d u c t i v i t y  a n d  h e a t  capac i ty .  
Test e q u i p m e n t  a n d  first d a t a  o n  s i m u l a t e d  uaEs  t r a n s f e r  of 
x e n c n  t o  b u b b l e s  a r e  covered. 

*MSBR + *progress r e p o r t  + * c o n c e p t u a l  d e s i s n  + * r e a c t c r s  + 
* b e a t  e x c h a n g e r s  + * ~ u n ; & s  + *CSBE + qsteam g e n e r a t o r s  t 
* c o n t r o l  + * t e m p e r a t u r e  m e a s u r e m e n t  + * F h y s i c a l  f r c j e r t i e s  t 
* g a s  i n j e c t i o n  + *gas s e F a r a t i o n  + * p e r f o r m a n c e  + 
* h e a t  t r a n s f e r  + b u b b l e s  + mass t r a n s f e r  + 
t h e r r a l  c c n d u c t i v i t y  + sgecific h e a t  + s t r u c t u r e s  + 
m a i n t e n a n c e  + g r a p h i t e  + c o n t r o l  r o d s  t n e u t r c n  & h y S i C +  + 
x e n o n  + f l u o r o b o r a t e s  + ccres + reactor  v e s s e l  + 
s i n g l e - f l u i d  reactors + t e s t  f a c i l i t i e s  + v c i d  f r a c t i c n E  + 
p r i m a r y  s a l t  materials t e s t i n g  + i n s t r u m e n t a t i o n  + F i p i n g  + 

OTHER C A T E G O R I L S :  I A D  

AC B6 9 00 22 

c s p h e r e s  + c o n t a i n m e n t  

Bd 
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C a t e g o r y  A 
Holten-Sal t Reactor €rograms 

ACB690022 * C o n t i n u e d *  
B r i g g s  RB 
ISBR DESIGN ANC DEVELOPHENT (PART 2 BSRP S E t l I A N I  P R C G  REP1 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn,  
OHNL-4396 (Bug, 1969) pp 49-128. 57 f i g ,  2 6  t a b l e s ,  5C ref. 

2-2e-69) 

D e s i g n  s t u d i e s  of the s i n q l e - f l u i d  1000 M M ( e )  MSEE 
c o n t i n u e d  u i t h  e m p h a s i s  on t h e  reactor core a n d  vessel 
d e s i g n ,  f l o w  a n d  terperature d i s t r i b u t i o n s ,  f i s s i o n - p r o d u c t  
d i s t r i b u t i o n  i n  t h e  s y s t e m s ,  k r y g t o n  a n d  x e n c n  € u r g i n g ,  a n d  
t h e  c f f - g a s  s y s t e m  h e a t i n g  l o a d s ,  The d i a m e t e r  of t h e  
reactor cell vas i n c r e a s e d  a n d  t h e  c e l l  wall c c r s t c u c t i c n  
s t u d i e d  i n  more d e t a i l .  C h a n g e s  in t h e  c e n t r a l  core 
d i m e n s i o n s  r e s u l t e d  in i n c r e a s e d  g r a E h i t e  l i f e .  Reactcr 
a f t e r h e a  t s o u r c e s ,  t eepra ture  d i s t r i b u t i o n s  i n  g r a p h i t e  
core a n d  reflector and in r e a c t o r  v e s s e l  a r e  f l c t t e d ,  
D e v e l c p m e n t  uork i n c l u d e s  m e t h o d s  for bubb le  g e n e r a t i c n  a n d  
g a s  s e p a r a t i o n  i n  f u e l - s a l t  s y s t e m ,  D i s t r i b u t i c n  of roble 
metal  f i s s i o n  p r o d u c t s  i s  tabulated.  I m p r o v e d  v a l u e s  were 
o b t a i n e d  for t h e r m a l  c o n d u c t i v i t y  cf the fue l  s a l t  and a n  
experimental lcop t c  c c n f i r m  h e a t  transfer relationships h a s  
f u r n i s h e d  p r e l i m i n a r y  d a t a . .  O p e r a  i c n  c f  t h e  s c d i u t t  
f l u c r c b o r a t e  test l c o ~  i s  d e s c r i b e d ,  A s u c c e s s f u l  r e m o t e l y -  
o p e r a t e d  o r b i t a l  w e l d e r  f o r  p i p i n s  is  r r p o r t e d ,  !he 
ccn t r c l s  s y s t e ~  s t u d i e s  c o n t i n u e d .  E r e l i m i n a r y  d r a w i n g s  a n d  
d e s c r i p t i o n s  of t h e  IISEE are i n c l u d e d .  

*&SBR t * F r c g r e s s  report + * c o n c e F t u a l  d e s i g n  + *reactors + 
*IISBE + *heat e x c h a n g e r s  + *pumps + * s t c a R  s e c e r a t c r s  t 
* p h y s i c a l  F r o p e r t i e s  + * c c n t r c l  t *gas i n j e c t i o n  t 
*qas s e p a r a t i o n  + * p e r f o r m a n c e  + * b r a t  t r a n s f e r  + *cells + 
*test  f a c i l i t i e s  + t h e r m a l  i n s u l a t i o n  t b u b b l e s  + 
mass t r a n s f e r  + t h e r m a l  c o n d u c t i v i t y  + structures + 
w e l d i n g  t m a i n t e n a n c e  + ccres t reactor v e s s e l  + 
noble metals t f i s s i o n  p r o d u c t s  t neutron physics t x e n c n  + 
k r y p t c n  t f l u o r a b o r a t e s  + d e c a y  + heat + g r a p h i t e  + 
*steam systems 
OTHER CATEGORIES: IAD 

. 

ACB6 9 0029 
B r i g g s  R B  
HSBR CESIGN ANI: CEVELOPflENT {PART I ElSHP SEMIANN P R O G  B E P ?  

C a k  Ridge h ’ a t i o n a l  L a b o r a t o r y ,  Tenn,  
CRNL-4449 (Feb, 1970) FF 39-95, 4 1  fig, 12 takleS, 3 E  r e f ,  

8 - 3 1 - 6 9 ]  

C c n c e F t u a l  s t u d y  c f  a s i n g l e - f l u i d  1000 MU (e) r e f e r e n c e  
d e s i g n  H S B E  is e s s e n t i a l l y  cor~lete. P r i n c i g a l  d e s i g r  d a t a  
a r e  t a b u l a t e d ,  The Flaa t  l a y o u t  r a s  r e v i s e d  t o  i n c l u d e  a 
domed c o n f i n e m e n t  b u i l d i n g  w b i c h  p r o v i d e s  r i s s i l e  p r c  t ec t ion  
a n d  a c t s  as  c o n t a i n r e n t  d u r i n q  m a i n t e n a n c e .  b u a s t e  s toraqe  . 
ce l l  is a l s o  p r o v i d e d ,  Seismic d i s t u r t a n c r s  uexe c c n z i d e r e d  
i n  the d e s i g n ,  L a p c u t  d r a w i n g s  are shovn tor a l l  b u i l d i n q  hd 

A c c e s s i o n  Numter  ACE090022 t c  ACE6SCC29 
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&, 

l e v e l s .  The p r i m a r y  d r a i n  t a n k  was  r f v i s e d  t c  ufe a 
1 it b i u m -  be  r y  11 i u m  f l u o r i d e  s a l t -  to-va  ter-t o - a i r  coo li ng 
s y s t e m .  Nuclear c a l c u l a t i o n s  wete  r e f i n e d  t c  i r c l u d e  affect  

Gamma a n d  n e u t r o n  h e a t i n g  was c a l c u l a t e d  f c r  t h e  refe r e n c e  
d e s i g n  q e c r n e t r y  a n d  a l e c  for a n  F S B E  w i t h  s p h e r i c a l  v e s s e l .  
T h e  i n d u s t r i a l  p r o g r a m  t o  d e v e l o F  a s t f a u  SenEratcr i s  
d i s c u s s e d .  R e s u l t s  o f  c p e r a t i o n  of the s o d i u m  f l u o r o k o r a t e  
tes t  are r e p o r t e d .  The r e q u i r e m e n t s  f o r  tbe f lSBE s a l t  FumF 
t e s t  s t a n d  a re  c o v e r e d .  Results of h e a t  t r a n s f e r  a n d  s a l t  
p h y s i c a l  p r o p e r t y  s t u d i e s  a r e  r e F o r t e d  i n  S C U E  d e t a i l .  The  
mass transfer test f a c i l i t y  is c o m p l e t e d  a n d  e x p e r i m e n t a l  
work s t a r t e d ,  

. of F l a n t  s i z e  a n d  t c  c o n s i d e r  a l t e r n a t e  reactcr d e s i q n s .  

*MSBS + * F r c g r e s s  r e p o r t  + * c c n c e p t u a l  d e s i g n  t *flSEE + 
*pumps t *steam g e n e r a t o r s  + * d r a i n  tanks + 
* p h y s i c a l  F r o p e r t i e s  + * h e a t  t r a n s f e r  + *test  f a c i l i t i e s  t 
* p e r f o r m a n c e  + * c o n t a i n m e n t  + * c e l l s  + mass t r a n s f e r  + 
s t r u c t u r e s  + v e l d i n y  + m a i n t e n a n c e  + + c o n t r o l  + 
n e u t r o n  p h y s i c s  + g a s  i n j e c t i o n  + q a s  s c p a r a t i o n  + 
s i n q l e - f l u i d  r e a c t o r s  + Frimary salt + t h e r m a l  c o n d u c t i v i t y  t 
c a p t u r e  t a b s o r p t i o n  + e a r t h q u a k e s  + d y n a m i c  characterist ic:  + 
r a d i a t i o n  h e a t i n g  + l a y o u t  + flowsheets t d a t a  + 
waste d i s p o s a l  
OTHER C A T E G O R I E S :  IAD 

4 

ACt37000 22 
B r i g g s  H B  
MSBR DESIGN ANC CEVELOPMENT (PART 2 HSnP SEPIIAlJN PHGG REP2 

Cak R i d g e  S a t i o n a l  L a b o r a t o r y ,  Tenn ,  
ORNL-4548 (Aug. 1970) F F  41-92, 2 5  f i g ,  15 t a t l e s ,  22 re f .  

3- 2 E- 70 ) 

S t u d i e s  cf t h e  r e f e r e n c e  d e s i g n  f o r  1 0 0 0  MW(e) s i n g l e -  
fluid M S E R  were c o m p l e t c d  a n d  t h e  first d r a f t  cf d r e E o r t  
c i r c u l a t e d .  P r i n c i F a l  d e s i g n  data  a re  p r e s e n t e d .  S t u d i e s  
are b e i n g  made of f i r s t - g e n e r a t i c n  t y F e E  of  n c l t e p s a l t  
reactors t h a t  would h a v e  poorer p e r f o r m a n c e  h u t  would  
r e q u i r e  less d e v e l o p m e n t ,  i n c l u d i n g  a l a r y e  H I B E  t y p e  a n d  d 
s p h e r i c a l  reactcr u i t h  q r a p h i t e  b a l l  bed ,  A F r i m a r y  h e a t  
e x c h a n g e r  u i t h  b a y o n e t  u k e s  is c c m p a r e d  t c  the r e f e r e n c e  
d e s i g n  e x c h a n g e r ,  Ihe r i t i u a  d i s t r i b u t i o n  i n  a 1000 M W  (e) 
M S B E  was e s t i m a t e d  and  he e i f c c t i v e n e s e  of v a r i c u s  mtzthods 
of r e d u c i n g  t h e  alrcunt r e a c h i n g  the steam s y s t e m  werf 
c a l c u l a t e d .  T h e  n u c l e a r  p h y s i c s  c a l c u l a t i c n s  weIe r e f i n e d ,  
i n c l u d i n g  e s t ina t e s  of the c o n t r o l  rod uortia, T h e  steam 
g s n e r a t o r  d e v e l o p m e n t  program is d i s c u s s e d  and f u r t h e r  
t e s t s  frcm t h e  sodium f l u o r o b o r a t e  test l o o p  reported. T h e  
pump t es t  s t a n d  is d e s c r i t e d  a n d  t h e  renotely-cyerated 
o r b i t a l  welder f o r  f i r i n q  discussed i n  some d e t a i l .  
S i m u l a t i o n  s t u d i e s  of d y n a m i c  ressonse cf MSBR c c n t r o 3 s  
systems a re  ~ r e s e n t e d .  D e v e l s p m e n t  work was c o n t i n u e d  o n  

A c c e s s i o n  Numker ACB63CO2S t o  (ACB70O022  
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g a s  b u b b l e  g e n e r a t i c n  and  s e p a r a t i o n  from t h e  f u e l  s a l t ,  
Better v a l u e s  for t h e  t b c x m a l  c o n d u c t i v i t y  c i  t h e  s a l t  a n d  
for  b e a t  t r a n s f e r  r e l a t i o n s h i F s  kere o b t a i n e d  from t h c  
e xp er i r n  e n t a 1 r e s u l  t s. 

*flSBR + * p r o q r e s s  reFor t  + * c c n c e F t u a l  d e s i g n  t * ! S E E  + 
*pumps + *steam g e n e r a t o r s  + *converters t * p h y s i c a l  F r c p e r t i e s  + 
* h e a t  t ransfer  t * t e a t  f a c i l i t i e s  t * p e r f o r m a n c e  t * c o n t r o l  t 
w e l d i n q  + mass t r a n s f e r  + t h e r m a l  c c n d u c t i v i t y  t 
m a i n t e n a n c e  + n e u t r o n  p h y s i c s  t g a s  i n j e c t i o n  t 
q a s  s e p a r a t i o n  + d y n a m i c  c h a r a c t e r i s t i c s  + S r a F h i t e  + 
s p h e r e s  + * t r i t i u m  + d e v e l c F m e n t  t c o m p o n e n t s  
CTHER CATEGCBIES: I A C  

ACB70C036 
B r i q g s  HB 
tlSBR DESIGN AND DEVELOPMENT ( E A B T  2 H S E F  SEPITPNN EBCG 6EPT 

O a k  R i d g e  N a t i c n a l  L a b o r a  tory,  Tenn.  
ORNL-4622 ( J a n ,  1971)  p p .  7-59, 4 3  f i g ,  1 1  t a b l e s ,  35 ref. 

8-3 1-70) 

With c o m p l e t i o n  of the report d r a f t  cn t h e  s i r g l e - f l u i d  
MSBR, ORML d i r e c t e d  major a t t e n t i o n  t o  PSRF t e c h n i c a l  
p r o b l e a s  b u t  some s t u d i e s  c o n t i n u e d  c n  a d e m c r s t r a t i o t  
p l a n t  a n d  p l a n s  F r c q r e s e e d  f o r  a n  i n d u s t r i a l  s t u d y  of a 
l a r g e  H S E E  s t a t i o n .  Flowsheets a n d  l a y c u t  d r a u i r , g s  axe 
s h o w n  for a 3 C C  "(e) d e m o n s t r a t i o n  p l a n t  w i t h  low e n o u g h  
p o w e r  d e n s i t y  for t h e  g r a p h i t e  t o  n o t  r e q u i r e  r e y l a c e n e n t .  
T h e  p r i m a r y  h e a t  e x c h a n g e r s  a r e  moun ted  h o r i z o n t a l l y  to  
p e r m i t  m a i n t e n a n c e  from t h e  s i d e ,  a n d  d e t a i l e d  a f t e r h e a t  
s t u d i e s  cn a n  e a F t y  e x c h a n g e r  are r e p o r t e d .  The d r a i n  t a n k  
u s e s  a n a t u r a l  c o n v e c t i o n  NaK c o o l i n q  system. N u c l e a ~  
p h y s i c s  s t u d i e s  c o n t i n u e d  on  cores of lcw p o w e r  d e n s i t y  a n d  
f o r  Th c o n c e n t r a t i o n s  i n  t h e  10-1E ro le  76 r a n g e  w i t h  fuel 
c y c l e  c o s t s  and  y i e l d s  t a b u l a t e d ,  Ea tch  p r o c e s s i n g  wzs also 
c o n s i d e r e d ,  C a p t u r e  cross s c c t i o n  r a t i c s  f c r  d l ~ h a  f c r  
U-235 wen+ d e t e r e i n e d  e x F e r i m e n t a 1 1  y, E u b b l e  g e n e r a t o r  a n d  
g a s  separator  t e s t i n g  is  r e p o r t e d .  Plars Frccrsssed f c r  
i n d u s t r i a l  s t u d y  of d steam generator.  The s o d i u m  
f l u o r o b o r a t e  1003 t e s t i n g  i n c l u d e a  water i c j e c t i c r i  u i  t h  
i a c c n c l u s i v e  r e s u l t s .  Beatote k e l d e r  d e v e l o p m e n t  e n p h a s i z e d  
c o n s i s t e n t l y  g o o d  w c l d s  w i t h o u t  d i r e c t  c b s e r v a t i c n  c r  m a n u a l  
a d j u s t m e n t ,  P a r t i a l  l oad  s t e a d y - s t a t e  t e h a v i o r  of MS ER was 
s t u d i e d .  Heat t r a n s f e r  t e s t s  a n d  i n v e s t i g a t i c c  cf 
t h e r m o F h y s i c a  1 FrcFerties c o n t i n u e d .  Cata on t r a n s f e r  
c o e f f i c i e n t s  t o  h e l i u m  t u l b i e s  a r e  r E F o r t e d .  

*HSBR + *MSBE t * p r o g r e s s  repcr t  + * c o n c e p t u a l  d e s i g n  + 
* p h y s i c a l  p r o p e r t i e s  t *gas s e p a r a t i o n  + * h e a t  t r a n s f e r  t 
*test f a c i l i t i c s  t * i n d u s t r i a l  s t u d i e s  + * p e r f o r m a n c e  + 
* n e u t r o n  p h y s i c s  t * w e l d i n g  t mass t r a n s f e r  t r e a c t c r s  + 
h e a t  E x c b a n g e r E  + d r a i n  t a n k s  + structures t l a y o u t  + 
m a i n t e n a n c e  + c o n t r o l  t d e c a y  + fission p r o d u c t s  t 

ti 
I 

t 

. 
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g r a p h i t e  t Fumgs + c o n t a i n m e n t  t e a r t h q u a k e s  + 
f luorobora tes  + b u b b l e s  + gas s e p a r a t i o n  t c o u p o n e r t s  t 
d ev  e l o p  men t 

. 

. CTHRR C A T E G C R I E S :  X A C  

ACB7 1 GO29 
B r i g q s  RB 
MSUR DESIGN A N D  DEVELOPMENT ( F A E i T  11, ESRP S E C I A N N  EECG 

Oak R i d q e  N a t i c n a l  L a b c r a t o r y ,  Tenn .  
CRNL-4676 (Aug. 1971), p p  21-72, 27 f i g ,  52 ref .  

2EPT 2/28/7 1 ) 

C c n c e F t u a l  d e s i g n  of a 1000-MW MSBK v a s  corcFlftea and 
d e s i g n  s t u d i e s  of a larqe, 300-kl9Ye d e m o n s t r a t i o n  r e a c t o r  
were s t a r t e d .  P l o w s h e e t s ,  l a y o u t s  a n d  ccmFcnent d e s i q n  
d a t a  for t h i s  r e a c t c r  a r e  p r e s e n t e d .  C o n c e p t u a l  a e s i c n  of 
a h i g h - p o w e r - d e n s i t y ,  150-PIWtb, m o l t e n - s a l t  b r e e d e r  
e x p e r i m e n t  (MSRE) a l s o  wds p u r s u e d  t o  d e f i n e  d e v e l o p m e n t  
r e q u i r e m e n t s .  D e v e l o p m e n t  efforts f o c u s s e d  CT; c c c l a n  t 
s y s t e m  t e c h n o l c g y  a n d  t h e  removal a n d  h a u d l i n q  of g a s c o u s  
f i s s i o n  F r o d u c t s  from t h e  f u c l .  Plans grocjcelrsed fcr 
i n d u s t r i a l  s t u d i e s  cf steain g e n e c a t o r s  and  a l O O O - f l g  
MSDS p l a n t .  

* c o n c e p t u a l  d e s i g n  t * d e v e l c F m e n t  t * W E E  t * @ S E E  t 
a n a l y s i s  t c o n v e r t e r s  t c o o l a n t s  t d e s i g n  d a t a  t 
f l o w s h e e t s  t q a s  s e p a r a t i c n  t i n d u s t r i a l  s t u d i e s  t 
p r o q r e s s  r e p o r t  t s t e a m  g e n e r a t o r s  + t r i t i u m  
OTHER CATEGORIES: HEX + IAD t IAE 

ACC650006 
L i n d a u e r  R B  
FUEL FRCCESSTKG (PABT 7 MSRP PROG R E P T  ; /TE /EE)  
Oak R i d g e  N a t i c n a l  L a b c r a t c r y ,  T e n n .  
CRNL-3812 ( J u n e  1965). p p -  169-171, 2 t i q ,  

T h e  d e s i g n ,  F r c c u r e m e n t  a n d  c - : n s t r u c t i o n  o t  the tUlEtiE f u e l  
p r o c e s s i n g  system were e s s e n t i a l l y  c o m p l e t e d  except f cc t h e  
s a l t  s a m p l e r  and the u r a h i u e  a t s c r p t i c n  e q u i ~ n e r t .  Ar 
e lec t ro ly t ic  h y g r o m e t e r  i s  being tested t o r  i n - l i n e  
m o n i t o r i n g  of the r e m o v a l  of t j x i d c  trcm m c l t E r  s a l t  b y  
t r e a t m e n t  w i t h  h y d r c q e n  a n d  hydrogen f l u o r i d e .  I n i t i a l  
r e s u l t s  a r e  e n c o u r a q i n g ,  k i l t  t h e y  i n d i c a t e  t h a t  bydrogeri 
f l u c r i d e  w i l l  h a v e  t o  be c o m p l e t e l y  removed f r o m  t h e  qas 
t h a t  is b y p a s s e d  t o  t h e  aad1y; :er .  S t u d y  o f  n e t k c d s  Scr t h e  
r e m c v a l  cf v o l a t i l i z e d  chzomium f l u o r i d e  Lram the o f f g a s  
stream d u r i n q  f l u o r i n a t i o n  of n o l t e n  salt t a s  b e g u n .  Scme 
d a t a  h a v e  b e e n  o b t a i n e d  t o r  the sorption of chromium 
t r i f l u 0 r i . d e  on s o d i u m  f l u o r i d e  p e l l e t s  a t  4 C C  deg C. 

*MSRE + + F r c c e s s i n g  + * c c n s t r u c t i o n  + a b s o r p t i o n  t 

s o d i u m  f l o c r i d e  + u r a n i u n  
. corrosion p r o d u c t s  + desiqn + hydroqen compcurds + cxides t 

LJ CTHER CBTEGCfi IES:  L H X  t REX 

ACC 6 5 CO 12 
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W 
ACC65 00 12 * C o n t i n u e d *  
L i n d a u e r  RE 
FUEL E R C C E S S I N G  (PART 7 WSRP PROG REPT 6 / 3 1 / 6 5 )  
O a k  R i d g e  Nat icna l  L a b o r a t o r y ,  Tenn.  
O R N L - , 1 8 7 2  (December 1 9 6 5 ) ,  p 152, 3 r e f .  * 

C o n s t r u c t i o n  of t h e  N S R E  f u e l - p r o c e s s i n 5  s y s t e u  was 
c o m F l e t c d ,  t h e  s y s t e m  was tested, a n d  t h e  f l u s h  s a l t  has  , 
p r o c e s s e d  for o x i d e  r e m o v a l .  O p e r a t i c n  of t h e  C l a n t  Ids  
g e n e r a l l y  s a t i s f a c t c r y ,  a n d  a b o u t  1 1 5  yym of oxide was 
r e m o v e d  from t h e  salt i n  r e d u c i n c j  t h e  c c n c e n t r a t i c n  t c  a b o u t  
50  FfU. c 

*MSRE + * o x i d e s  t * p r o c e s s i n g  t c o n s t r u c t i c n  t o p e r a t i c n  t 
p l a n t  
OTHER CATEGCRTES: L H X  + MCC 

ACC6 6 C O  10 
(S taf f  R e p o r t )  
MOLTEN-SALT HEACTOH PROCESSING STUDIES ( P a r t  7 M S S E  Frogr. 

O a k  R i d g e  Nat icnal  Labcratory,  Tenn .  
C R N L - 3 9 3 6  (June 1966) pp. 193-211, 10 f i g ,  6 r e f .  

Be p t 2 / 2 8 / 6 6  ) 

A c l o s e - c o u p l e d  f a c i l i t y  f o r  p r o c c s s i n q  t h e  f u e l  a n d  f e r t i l e  
s t rea i r s  w i l l  b e  a n  i n t e g r a l  p a r t  of a n  L S B F  system. F u e l  
w i l l  be p r o c e s s e d  o n  a 40-day cycle. U r a n i u a  w i l l  be 
f l u c r i n a t e d  frclr t h e  c a r r i e r  s a l t  which M i l l  t h e n  be 
r e c o v e r e d  from f i s s i o n  F r o d u c t s  b y  d i s t j l l a t i c n .  r e l a t i v e  
v c l a t i l i t i c s  between l i t h i u m  a n d  race e a r t h s  h a v e  been 
m e a s u r e d  t o  b e  0,001 to 0.04 a t  4CO t o  lC5C deg C ,  Uranium 
h e x a f l u o r i d e  will b e  a b s o r b e d  i n  f u e l  salt c o n t a i n i n g  
u r a n i u m  t e t r a f l u o r i d e  a n d  t h e n  r e d u c e d  w i t h  h y d r c q e n .  
P l u c r i n a t c r  c o r r o s i c n  c a n  p r o b a b l j  be e l i m i n a t e d  by a l a y e r  
of f r o z e n  s a l t  o n  t h e  wa l l .  E x p c r i m e n t d l  W C E ~  k i t h  a small 
c c u n t e r c u r r e n t  c o n t i n u c u s  f l u o r i n a t o r  gave  r e c o v e r i e s  of 9 0  
t o  9 6 1  of t h e  u r a n i u m .  V o l a t i l e  c h r c a i u n !  f l u c r i d e s  c a n  be 
t r a F F e d  w i t h  n e q l i q i b l e  u r a n i u m  losses on sodium f l u o r i d e  
b e d s .  A p r e l i e i n a r y  d e s i g n  s t u d y  of t h e  a b o v e  f a c i l i t y  has 
i l l u m i n a t e d  p r o b l e m s  amon5 w h i c h  is h a n e l i n q  t i q h - h e a  t- 
g e n e r a t i n g  materials. The  f i x e d  c a p i t a l  c o s t  fcr t h e  
c o n c e p t u a l  p l a n t  uas $5.3 m i l l i o n ;  t h e  s a l t  i r v e r t o r y  c c s t  
was S C . 1 5 6  t r i l l i o n ,  a n d  t h e  d i r e c t  o p e r a t i n g  c o s t  Mas 
$787,790 p e r  y e a r ,  

*?IS38 t * F r o c e s s i n q  t c o r r o s i c n  p r o t e c t i o n  t cos ts  t 
d e s i g n  * d i s t i l l a t i o n  t f l u o r i n a t i o n  + l i t h i u n  t 
r a r e  earths t s o d i u m  f l u c r i d e  + u r a n i u m  t v o l a t i l i t y  + 
t wo-f l u i d  reactor 
OTHER CATEGORIES: L J X  

BCC66 00 16 
(Staff R e F C r t )  
MCLTEH-SALT R E A C T O R  PROCESSING STUDIES (PART S KSDP P R O G  

REPT 8/21 /66)  

B c c e s s i o n  Nuiuker ACC650012 t o  ACC6600 16 
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Cateqory  A 
B o l t e n - S a l t  Reac to r  Prograns 

. 

. 

ACC66CO16 * C o n t i n u e d *  
Cak Ridge Nat iona l  L a b o r a t o r y ,  T e n q ,  
OBNL-4037 ( J a n u a r y  1 9 6 7 ) '  p ~ .  227-237,  4 f i g ,  2 ref. 

T h e  ESER p r o c e s s i n q  p l a n t  w o u l d  u s e  c y c l E  t i a e s  cf  40 d a y s  
for t h e  f u e l  s a l t  a n d  20 d a y s  f o r  the f e r t i l e  s a l t ,  E s i n q  
a r e c i r c u l a t i n q  e q u i l i b r i u m  still r e l a t i v e  v c l a t i l i t i c s  h a v e  
been c b t a i n e d  wh ich  are  a f a c t o r  of  S C  lower t h a n  u s i r g  a 
c c l  d- fin g e r  tech ni g ue , U r a n i  um reco ver ies e x c e e d  i n q  99 ?4 
h a v e  been a t t a i n e d  with c o n t i n u o u s  f l u o r i n a t c r s  cnly 48  i n ,  
h i g h ,  C c r r c s i c n  p r c t e c t i o n  by means  of a frozen wall is 
b e i n g  s t u d i e d ,  S t u d i e s  c o n t i n u e d  o n  a l t e r n a t i v e  F r c c e s s i n g  
m e t h c d s  t o  r e p l a c e  vacuum d i s t i l l a t i o n ,  T e s t s  were made  
w i t h  the reduction-coprecipitaticn ~ r c c ~ s s  u s i n g  b e r y l l i u m  
a n d  w i t h  the l i q u i d - m e t a l  e x t r a c t i o n  p r c c e s s  u s i n g  s o l u t i o n s  
of l i t h i u m  in k i s m u t h ,  

4 H S 3 i i  + * F r c c e s s i n g  t b e r y l l i u m  t b i s m u t h  t 
d i s t i l l a t i o n  t flowsheets t f l u o r i n a t i c n  t 
l i t h i u m  + r e d u c t i v e  e x t r a c t i o n  p r o c e s s  + v o l a t i l i t y  t 
c o r r o s i o n  p r o t e c t  i o n  
OTHEi? C A T E G O R I E S :  LJX 

ACC670018 
( S t a f f  R e F C r t )  
HOLTEN-SAIT REACTOR PROCESSING STUDIES (PARI 10 HSRP PROG 

Cak R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn,  
ORNL-4119 ( J u l y ,  1967) ,  pp. 204-213, 5 f i g ,  2 ret. 

REPT 2 / 2 € / 6 7 )  

S t u d i e s  cn t h e  f l u c r i n a  t i o n - d i s t i l l a t i o n  t l o u s h e e t  f o r  M S B R  
p r o c e s s i n g  c o n t i n u e d .  E l u o r i n a t i c n  s t u d i e s  r i t h  
n o n g r c t e c t e d  s y a t e l a ~  u s i n g  1 - i n ,  -diarn towers h a v e  
d e m o n s t r a t e d  steady s t a t e  recoveries u p  t c  S E . F X  cf t h e  
u r a n i u P  u i t h  f l u o r i n e  u t i l i z a t i o n  of 15%. S t u d i e s  on 
c o l u m n  p r o t e c t i o n  i n v o l v e  t h e  c c n s t r u c t i o n  cf a S- in , -d i an .  
n i c k e l  tcwer w i t h  F r a v i s i c n  t o  g e n e r a t e  heat fluxes t c  
create a f r o z e n  uall of  salt. R e l a t i v e  v o l a t j l i t i e E  
measured at. 1000 d e y  C and 0.5 m m  m e r c u r y  pressure were 
3 x 1 0 ( - 3 r d ) ,  3 x 1 0 ( - 4 t h ) ,  6 x l C ( - 4 t h )  a n d  2 x lO(-4 th)  
f o r  c e r i u E ,  l a n t h a n u m ,  neodymium and s a m a r i u m  t r i f l u o r i d e s  
w i t h  r e s p e c t  t o  l i t h i u l b  l u o r i d e .  E q u i F a e c t  is h e i n q  
f a b r i c a t e d  f o r  t h e  d i s t  l a t i o n  of 48  l i ters  of HSkE f u e l  
s a l t  a f t e r  r e m o v a l  of tDe uran iuPs  by f l L o r i n a t i c r .  

*?ISBR t * g r c c e s s i n q  t d i s t i l l a t i o n  4 f l u o r i n a t i o n  t 
f u e l s  + MSFE + rare earths + u r a n i u a :  + v o l a t i l i t y  

A C C 6 7 C 0 2 5  
(Staff  Report) 
MOLTEN-SALT PROCESSING AND PREPBRATICN (PABT 6 R S F E  FFCG 

Oak Ridge Naticnal Laboratory I Tenn. 
CRNL-4191 (Cecember  1967) ,  pp 239-253, 6 f i g ,  10 ref, 

REPT 8/31/67) 

Most of t h e  e f f o r t  i n  t h i s  pe r iod  was cn t h e  d i s t i l l a t i c n  

A c c e s s i c n  Nunber  ACC660016 t o  ACC670025 
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C a t e g o r y  h 
?1 o 1 te a- Sa 1 t Beac t o r  E rog r d m s  

ACC67 0025 * C o n t i n u e d *  
s t e p  i n  t h e  f l u o r i n a t i o n - d i s t i l l a t i o n  f l o w s h e e t .  R e l a t i v e  
v o l a t i l i t i e s  of rare e a r t h  f l u o r i d e s  weie a e a s u r e d  u s i n g  
b o t h  a n  e q u i l i b r i u m  s t i l l  and  t h e  t r a n s k i r a t i o n  method.  
Data from t h e  two methods is i n  good a g r e e m e n t .  E q u i l m e n t  
f o r  d e m o n s t r a t i o n  cf vacuum d i s t i l l a t i o n  u s i n g  MSRE f u e l  
s a l t  is b e i n g  i n s t a l l e d  i n  a test f a c i l i t y  for 
n o n - r a d i o a c t i v e  e x p e r i m e n t s  kEfore o F e r a t i o n  w i t h  HSRE sa l t .  

A c o a p u t e r  ccde has b e e n  p r e p a r e d  t o  p r o v i d e  i n f o r m a t i o n  on 
f i s s i o n  p r o d u c t  h e a t  g e n e r a t i o n .  An a l t e r n a t i v e  Frccess t o  
d i s t i l l a t i o n ,  r e d u c t i v e  e x t r a c t i o n  of r a r e  ear ths  u s i n g  
l i t h i u m  r e d u c t a n t  in C i s m u t h  is t e i n q  s t u d i e d .  
M o d i f i c a t i o n s  a r e  be ing  made t o  t h e  RSRE f u e l  p r o c e s s i n g  
f a c i l i t y  t o  permit  u r a n i u m  r e c o v e r y  t y  f l u c t i c a t i c n  a f t e r  
o n l y  3 5  d a y s  d e c a y .  D e s i q n  a n d  e q u i p m e n t  f a b r i c a t i o n  is i n  
p r o q r e s s  €or p r e p a r i n g  40 kg c f  u r a n i u m - 2 3 3  as  t h e  
u r a n i u m - l i t h i u m  f l u c r i d e  e u t e c t i c  f o r  r e p l a c e f i e n t  of t h e  
p r e s e n t  E S K E  u r a n i u m  f u e l .  

*?Isall + * p r o c e s s i n g  t * d i s t i l l a t i o n  + v o l a t i l i t y  + 
rare e a r t h s  t r e d u c t i v e  e x t r a c t i o n  ~rocess + MSHE + 
uranium-233 + f l u o r i n a t i c n  + lithium + b i s m u t h  
CTBER CATEGORI€S:  LCA 

h) 
a 

ACC6 8 00 14 
(Staff Repcrt) 
NOLFEE; SAIT PRCCESSING AtdC P B E P A R A T I O N  (PARI t flSRP PROG 

Cak Ridge R a t i o n a l  L a b o r a t o r y ,  l e n n .  
ORNL-4254 ( A u g u s t  1968) FF. 241-277. l e  f i g ,  18 ref. 

n E m  2 / 2 9 / 6 8 )  

D i s t r i b u t i o n  coeff icients were m e a s u r e d  for u r a n i u m ,  t h o r i u m  
a n d  rare e a r t h s  k e t r e e n  molten f l u o r i d e  s a l t s  a c d  l i t t i u r n -  
b i s a u t h  r o l u t i c n s ,  C a l c u l a t i o n s  were made f o r  t h e  
i s o l a t i o n  of p r o t a c t i n i u m  from a s i n q l e - t l u i d  McCBR, : t u d i e s  
a re  u n d e r w a y  cn ~ r c t e c t i n q  a c o n t i n u o u s  f l u o r i n a t o r  from 
c o r r o s i o n  by f r e e z i n g  a layer of s a l t  c r  t h e  r e s z e l  wall. 
R e l a t i v e  v o l a t i l i t y  m e a E u r e m e n t s  bere made for u r a n i u a ( ,  
r u b i d i u m ,  c e a e s i u n  a n d  z i r c o n i u m  f l u o r i d e s  w i t h  resFect to  
l i t b i u m  f l u o r i d e .  F c u r  n o n - r a d i o a c t i v e  test r u n s  were made 
u i t h  f u e l  carrier s a l t  in tbe d i s t i l l a t i c n  u n i t  t c  be u s e d  
w i t h  the MSRE fuel salt. R e d u c t i v e  e x t r a c t i c n  p r o c e s s e s  for 
p r o t a c t i n i u m  r e m o v a l  were e v a l u a t e d .  Sua11 scale  
f l u c r i n a t i o n  tests were made w i t h  s i m u l a t e d  MSSE f u e l  s a l t ,  
P r e p a r a t i o n  of the u r a n i u m - 2 3 3  f u e l  c c n c c n t r a t e  f c r  t h e  BSHE 
is underway .  Decay h e a t  from f i s s i o n  p r o a u c t s  a n d  
p r o t a c t i n i u m  h a s  b e e n  c a l c n l a t c d  to r  a i C G C - M b  s i n g l e - r e g i o n  
MSR. 

*MSBR + * F r o c e s s i n g  + d i s t i l l a t i o n  d i s t r i t u t i o a  + 
f l u o r i n a t i c n  + HSRE t rare e a r t h s  4 

r e d u c t i v e  e x t r a c t i o n  p r o c e s s  + p r o t a c t i n i u m  t t h c r i u n  + 
u r a n i u m  +' uran ium-233  t v c l a t i l i t y  

ACC680021 
W 

A c c e s s i c n  Number ACC670025 t o  ACC6800il  
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C a t f q o r g  A 
P l c l t e n - S a l  t Reactor Erograms 

ACC68002 1 W o n  t i n u e d *  
( S t a f f  ReFcrt) 
ROLTEE; SAIT PRCCESSTNG A N C  PREPARATTCN {PAST 6 BSEF FFCG 

kr 
. 

REPT 8/31/68) - Oak R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn. 
CRNL-4344 ( F e b r u a r y  196Y), pp. 291-326, 2 2  f i s ,  13 r e f ,  

H e a s u r e m e n t  of d i s t r i b u t i . c n  c o e f f i c i e n t s  f o r  t h e  r e d u c t i v e  
e x t r a c t i o n  p r o c e s s  c o n t i n u e d .  T h f  s o l u t i l i t y  cf 
p r o t a c t i n i u m  a n d  t h c r i u m  i n  b i s m u t h  was d e t e r m i n e d .  
S i m u l a t e d  m o l t e n  s a l t - l i q u i d  f i s l c u t h  c c n t a c t c r  s t u d i e E  were 
s t a r t e d  w i t h  m e r c u r y  a n d  water, E q u i p m e n t  i s  k e i n g  
i n s t a l l e d  fo r  s e m i c o n t i n u o u s  e x p e r i m e n t E  on r e d u c t i v e  
ex t r ac t i cn .  A series of e x p e r i m e n t s  was c o n c l u d e d  w h i c h  
d e m o n s t r a t e d  t h e  f e a s i k i l i t y  cf a frczet  s a l t  wall f o r  
corrcsior;  F r o t e c t i c n  d u r i n g  f l u o r i n a t i o n .  E q u i p m e n t  is 
b e i n g  i n s t a l l e d  a t  t h e  H S R E  f o r  d e m o n s t r a t i c n  cf f u e l  s a l t  
d i s t  i 1Pa t i o n .  Rela t i  ve v o l a t i l i t y  m e a s u r e m e n t s  were made 
w i t h  t h o r i u m  f l u o r i d e ,  P r e p a r a t i c n  c f  t h e  u r a n i u ~ 2 3 3  fuel 
c c n c e n t r a t e  for t h e  MSRE was c o m p l e t e d  u s i n g  t h e  t w o - s t e p  
p r o c e s s .  D e v e l o p m e n t  of  t h i s  Frccess i z  d e s c r i b e d ,  Final 
l a b c r a t o r y  tests were made o n  S e v e r a l  s t e p s  i o  t h e  p rocess  
for r e c o v e r y  of u r a n i u m  from the HSRE ( d e s c r i t e d  i n  P a r t  1 
o f  t h i s  r e p c r t )  , 

*nSBR + * p r o c e s s i n g  + c o r r o s i o n  p r o t e c t i o n  + d i s t i l l a t i c n  + 
d i s t r i b u t i c a  + f l u c r i n a t i c n  + F r o t a c t i n i u m  + 
r e d u c t i v e  e x t r a c t i o n  p r o c e s s  + 9SRE + t h o r i u m  + u r a c i u u  + 
u r a n i u m - 2 3 3  + v o l a t i l i t y  

ACCfj 9 00 23 
(Stdf f ReFcrt) 
EQLTEB-SALT PHCCESSING A N f  PREPARATION (?ART t MSHP PRCG 

BEP'I  2 / 2 t ! / 6 9 )  
Cak Ridge R a t i o n a l  L a b o r a t o r y ,  Tenn,  
O R N L - 4 3 9 6  ( A U q U S t  1969) FF. 210-2998 1 5  f i g 8  2 3  ref. 

The p r o p o s e d  r e d u c t  i v c  ex t r a c t i o n  p r o c e s s i n q  f l c u s h e e t  for 
a s i n q l e - f l u i d  MSER is d e s c r i t c d ,  P r o t a c t i n i u c  a n d  rare- 
e a r t h  r e r o v a l  is i n c l u d e d .  B c o m p u t e r  code h a s  t e e n  
d e v e l o p e d  t o  perform t h e  n e c e s s a r y  m a t e r i a l  k a l a n c e  
c a l c u l a t i o n s .  The m e a s u r e m e n t  of d i s t r i b u t i o n  c o e f f i c i e n t s  
f o r  t h e  r e d u c t i v e  e x t r a c t i o n  p r o c e s s  c c r t i n u e d ,  ' Ihe n u t u a l  
s o l u b i l i t i e s  of n i c k e l  and t h o r i u m  i n  b i s m u t h  u e r e  
d e t e r m i n e d ,  E x p e r i  t s  Oere c a r r i e d  o u t  u s i r g  q u a r t 2  
e l e c t r o l y t i c  cells. r e l i m i n a r y  testing of e q u i p m e n t  for 
s e m i - c o n t i n u o u s  e x p e r i u i m t s  on r e E u c t i v c  e x t r a c t i c n  has 
begun. Data is r e F c r t c d  cn mercury-water tests i n  c o l u m n s  
t o  s i m u l a t e  m o l t e n - s a l t -  u i d - b i s m u t h .  c c l d  t e E t i n q  of t h e  
d i s t i l l a t i c n  u n i t  a t  RE was c o m p l e t e d  pr icr  t o  
d i s t i l l i n g  a p o r t i o n  t h e  HSRE fuel s a l t ,  

f *PlSBR + *Ftccessing + b i s m u t h  t computer codes + 
d i s t i l l a t i o n  + d i s t r i b u t i o n  t e l e c t r o l y s i s  t flowsheetE + 
p r o t a c t i n i u u j  + r e d u c t i v e  e x t r a c t i o n  p r o c e s s  + B S h E  t 
s o l u b i l i t y  + t h o r i u m  

SI, 
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ACC 6 9 C O  23 
CTHEE CATEGCEIES : L K X  

+C cn t i  nued* 

A C C 6 9 C 0 3 0  
(S ta f f  E e p o r t )  
MOLTEN-SALT PROCESSING A N D  PREPARATICN ( P A E T  6 M S E E  F F C G  

Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn .  
CRNL-4449 ( F e b .  1970) pp. 214-246, 27 f i g .  26 Kef. 

REPT 8/31/69) 

f l e a r u r e m e n t  of d i s t r i b u t i o n  c o e f f i c i e n t s  i n  nc l ten  s a l t -  
n e t a l  s y E t e m s  c c n t i c u e d  a n d  da ta  is p r e s e n t e d  f o r  
t r a n s u r a n i u m  e l e m e n t s ,  r a re  e a r t h s  a n d  t b o r i u n .  ' Ihe 
s c l u b i l i t y  of F l u t c n i u m  f l u o r i d e  bias m e a s u r e d  i n  l i t h i u m -  
b e r y l l i u m  f l u o r i d e  s a l t .  P l o w s b r e t  a n a l y s e s  here  made of 
p r o t a c t i n i u k  i s c l a  t i c n ,  r a r e - e a r t h  r e m o v a l ,  t h o r i u m  
s t r i p p i n g ,  f i s s i o n  p r o d u c t  c o n c e n t r a t i o n s  a n d  bea t  
g e n e r a t i c n  rates. F o u r  r u n s  here made w i t h  t h e  semi- 
c o n t i n u o u s  s y s t e m  for c o n t a c t i n g  L i s a u t k  w i t b  a c l t e n  s a l t .  
E l e c t r o l y t i c  c e l l  a n d  salt-metal c o n t a c t o r  d e v e l o p m e n t  
c o n t i n u e d .  Ax ia l  m i x i n g  vas s t u d i e d  in b o t h  l a c k e d  a r d  
b u b b l e  c c l u m n s .  Abcnt 11 liters of the PISFE f u e l  carr ier  
s a l t  u a s  d i s t i l l e d .  C e s i q n  s t u d i e s  were c a r r i e d  c u t  cn: 
(1) beat  t r a n s f e r  t h r o u g h  t h e  f r o z e n  s a l t  w a l l s  of an 
e lectrolyt ic  cel l ,  (2)  a c o n t i n u c u s  s a l t  p u r i f i c a t i c n  
s y s t e m  and (3) F l u t c n i u E  c a F s u l e s  for r e f u e l i n g  t h e  B E R E .  

*l!5SBR + * p r o c e s s i n g  + b i s m u t h  + c o l u m n s  + d e s i g n  + 
d i s t i l l a t i c n  + d i s t r i b u t i c n  + e lec t ro l i s i s  + f l o w s h e e t s  t 
h e a t  t r a n s f e r  + HSRE + y l u t o n i u o l  + F r o t a c t i n i u m  + 
r e d u c t i v e  e x t r a c t i o n  p r o c e s s  t s o l u t i l i t y  + rare ea r tks  t 
t h o r i u m  

id 

t 

ACC70 0023 
( S t a f f  ReFcrt) 
BOLTEX-SALT PRCCESSING A N I  PREPARATION (PAB'I C MSBP PBCG 

Oak Eiidge F a t i o n d l  L a b o r a t o r y ,  Tenn.  
ORNL-4548 ( A u g u s t  1970) FF. 277-322, 4; f i g ,  23 ref .  

REPT 2 / 2 € / 7 0 )  

A new p r o c e s s i n g  f lcwshee t  €or a s i n g l e - f l u i d  MSEF is 
d e s c r i b e d ,  E l e c t r o l y t i c  c e l l s  are e l i e i n a t e d  b y  t h e  cse of 
a mcta l  t r a n s p c r t  Frccess f o r  r e m o v i n g  rare e a r t h s  a n t  
f l u o r i n a t i o n  f o l l o w e d  t y  r e d u c t i v e  e x t r a c t i c n  f c r  
p r o t a c t i n i u m  i s o l a t i o n .  D i s t r i b u t i o n  of t h o r i u E  a n d  rare 
e a r t h s  b e t w e e n  l i t h i u m  c b l o r i d c  a n d  t i s a u t h  i E  b e i n g  
s t u d i e d  i n  s u F F c r t  cf t h e  metal t r a n s f e r  p r o c e s s .  F o u r  more 
r u n s  uere made with t h e  s e m i c o n t i n u o u s  s y s t e a  f c r  
c o n t a c t i n g  b i s t u t h  w i t h  m o l t e n  s a l t .  E q u i p m e n t  i s  t e i n q  
p r e p a r e d  for a d e m o n s t r a t i o n  of the eetal t r a c s j c r t  
p r o c e s s .  C o n t a c t o r  and electrolgt ic  ce l l  d e v e l o p m e n t  is 
c o n t i n u i n g .  Data from t h e  d i s t i l l a t i c n  of MSRE f u e l  c a r r i e r  
s a l t  is F c e s e n t e d .  t laterial  and energy h a l a n c e  c a l c u l a t i o n s  
and c a l c u l a t i o n s  on t h e  e f f e c t  of c h e u i c a l  E r c c e E E i n g  on LJ 
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ACC7 0 00 2 3 *Con t i n u  e d * Id 
s n u c l e a r  p e r f o r t r a n c e  were made for the d S B 0  p r o c e s s i n q  p l a n t ,  

I n s t a l l a t i o n  of c o n t i n u o u s  s a l t  F u r i f i c a t i c n  e q o i E m e n t  i s  i n  
p r o g r e s s .  S p e c i a l l y  d e s i g n e d  c a p s u l e s  %ere l o a d e d  w i t h  

1 p l u t o n i u m  f l u o r i d e  a n d  a d d e d  t o  t h e  MSBE f u e l  s a l t .  
*HSBP t * F r c c e s s i n g  + b i spcu th  + c o l u m n s  t d e s i g n  i 
d i s t i l l a t i o n  + d i s t r i b u t i o n  t e l e c t r o l y s i s  + flcwsheetE t 
metal t r a n s f e r  F r o c e s s  + MSRE + p l u t o n i u m  + rare e a r t h s  + 
r e d u c t i v e  e x t r a c t i o n  p r o c e s s  
OTHER CATEGORIES: LKX 

ACC7 0 00 3 7 
( S t a f f  R e y o r t )  
HOLTEI-SAXT FRCCESSING A N L  P H E P A R A I I O N  (PART E, MSRP 

Oak Ridge N a t i o n a l  L a k o r a t o r y ,  T e n n ,  
ORNL-4622 (Jan. 1971), FF 199-224, LCC f i q ,  I7 ref. 

C a l c u l a t i o n s  were made for  a flowsheet u s i n g  
f l u o r i n a t i o n - r e d u c t i v e  E x t r a c t i o n  tor Pa i s o l a t i c n  a n d  
m e t a l - t r a n s f e r  f o r  r a r e - e a r t h  r e m o v a l .  C a l c u l a t i o n s  were 
a l s o  made o n  r e m o v a l  of u r a n i u a  Ly o x i d c  p r e c i F i t a t i c t .  
More d a t a  uere o b t a i n e d  o n  d i s t r i b u t i o n  of ra re  e a r t h s  a n d  
t h o r i u m  k t w e e n  b i s m u t h  s o l u t i c n s  a n d  m c l t e n  E a l t s .  
E n q i n e e r i n q  d e v e l o F e e n t  i n c l u d e d  o p e r a t i o n  of t h e  
f l o w - t h r o u g h  r e d u c t i v e - E x t r a c t i c n  f a c i l i t y ,  t e s t s  on 
p e r f c r m a n c e  of Facked  c c l u m n s  b i t h  two l i q u i d s  d i f f e r i n g  
w i d e l y  i n  d e n s i t y ,  d e m o n s t r a t i o n  c f  t h e  m e t a l - t r a n s f e r  
p r o c e s s ,  a n d  e x p e r i a e n t s  r i t h  e lectrolyt ic  cells. Tests of 
a c o n t i n u o u s  s a l t  p u r i f i c a t i o n  s y s t f l u  were s t a r t e d ,  

S E M I A N N  PROG REPT 8/31/70) 

* d e v e l o F m e n t  + * e x p e r i m e n t  + *BSBR i * p r o c e s s i n g  t 
b i s n u t h  + c h l o r i d e s  + c o l u m n s  i d a t a  + d i s t r i t u t i c n  t 
e l e c t r o l y s i s  + f l o w s h e e t s  + f l u o r i n a t i o n  + 
metal t r a n s f e r  p r o c e s s  + o x i d e  p r e c i p i t a t i c n  Erocess i 
reductive extracticn Frccess 

ACD6S 00 07 
(Stdf f R e F C r t )  
R A D I A T I C M  CHEHISTRY (CBAP 5, NSRP S E P I I A N N  Y ~ O G  H E P ~  2/28/65)  
Oak R i d q e  N a t i c n a l  L a b c r a t o  
ORNL-2812 ( J u n e  1 9 6 5 ) ,  p p  8 f i 5 ,  5 ref. 

I n - F i l e  C a F S U l e  tests t h e  B T R  were C c a F l e t e d  and 
p o s t - i r r a d i a t i c a  e x a m i n a t i o n s  a t  C R N I  were p r a c t i c a l l y  
f i n i s h e d .  E a r l y  tes ts  had  s h o w e d  e f f e c t s  cf f l u c r i n e  

c 

e v o l u t i , c n .  La ter  te h i c h  i n c l u d e d  g a s  c o n n e c t i o n s  

o p e r a t i n g  c o n d i t i o n s  R a d i o l y s i s  of c c l d  s a l t  had 
p r o d u c e d  t h e  gaseous o r i n e . )  E x a m i n a t i o n  of s a l t ,  

r a d i a t i o n -  i n d u c e d  incom &a t i b i l i  t y, 

x t e r n  a1 heating g r c a c t c r  s h u t d o w n ,  ~ s c o e d  t h a t  
uel  was s t a b l e ,  no  f l u o r i n e  e v o l u t i o n ,  under 

. g r a p h i t e  a n d  INOR-8 from t h e  capsules s€owod rc 

b, * e x a n i n a t i o n s  + * i n - p i l e  tes ts  + * r a d i c l y s i s  + 
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ACD6 5 CO 07 
c a p s u l e s  + c o m p a t i b i l i t y  + f l u o r i n e  + g r a p h i t e  + 
H a s t e l l o p  N + P o l t e n  s a l t s  + g r o g r e s s  r e p o r t  

*C c a t  i n  ued* 

ACD650011 
(Staff ReKort) 
CHEHISTBY (CHAF 6 ,  #SRP SEf4IINN P R O G  REPT 8/31/65) 
Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
C R N L - 3 8 7 2  (Dec, 1965) .  p p  111-151, 16 f i g ,  4 0  ref. 

A n a l y s e s  of H S E E  s a l t s  d u r i n g  p r e c r i t i c a l  t e s t i c g ,  U-235 
l o a d i n g ,  and  zero-pcuer e x F e r i m e n t s  s h o v e d  t h a t  p u r i t y  was 
m a i n t a i n e d  a n d  c o r r o s i o n  was v e r y  low. V a ~ c r  gre~sures ,  HF 
s o l u b i l i t y ,  a n d  i o d i n e  r e a o v a l  i n  LiF-EeF2 s y s t e m s  were 
d e t e r m i n e d .  P h a s e  r e l a t i o n s  i n  the NaF-NaEP4 s y s t e e  a n d  
v i s c c s i t y  of NaBF4 were d e t e r m i n e d ,  ( T h i s  system is 
s u g g e s t e d  as a n  i n e x p e n s i v e ,  l o w e r - m e l t i n g  breeder 
c o o l a n t . )  P r e F a r a t i o n s  uere Eade f o r  s t u d y i n <  Pa oxide 
p r e c i ~ i t a t i o n .  Eff cxts c o n t i n u e d  t o  i m p r o v e  a n a l y t i c e l  
m e t h o d s  for H S R E  s a l t s  a n d  c o v e r  gas .  

* a n a l y t i c a l  c h e m i s t r y  + * c h e m i s t r y  + * e x p e r i e n c e  + *MSFE t 
*progress report + data + e x p E r i m e n t  + fluorides + 
f l u o r c b o r a t e s  + i o d i r e  + e o l t e n  s a l t s  + o x i d e s  t 
p r e c i p i t a t i o n  + p r o t a c t i n i u s  
OTHER CATEGORIES: NCD + CXX + DXX 

ACD6 5 00 13 
(Staff R e F C r t )  
RADIATICN CHERXSTRY ( C H A P  5, HSRP S E ? I I A N N  PBOG K E P I  ti/31/65) 
Oak R i d g e  Nat icna l  L a h o r a  tcry,  Tenn.  
CENL-3872 (Cec, 196S) ,  pp 106-110, 2 f i s ,  2 ref, 

Design and  d e v e l o p m e n t  p r o g r e s s E d  o n  a n  i n - ~ i l e  ucl te  r - sa l t  
e x p e r i m e n t  t o  g<; i n  t h e  CRR. It c o n s i s t s  of a c o m p a c t  
t h e r m a l - c i r c u l a t i o n  loop of I M O R - 8  i n c l u d i n g  a 2 - i n c h  
g r a F h i t e  ccre a n d  8 5  cc of f u e l  s a l t .  

d e s c r i p t i o n  + d e v e l o p m e n t  + i n - p i l e  t e s t s  

ACD660011 
(Staff BeFcrt) 
CHEHISTBY (CHAE 5, H S R P  S E H ' I A N N  P a O G  REPT 5/2€/66) 
Oak R i d g e  N a t i c n a l  L a b C r a t O r y ,  Tenn.  
C R N L - 3 9 3 6  ( J u n e  1966) , p p  122-171 8 25 fig, 32 re f .  

I m p r o v e d  a n a l y t i c a l  m e t h o d s  a p F l i r d  t c  HSRE f u e l  sanFles 
shoved n c  a n o m a l i e s  a n d  excellent p u r i t y .  F l u g q i n g  
mater ia l  i n  the offqas l i n e  proved t c  kc oil d e c c r F o s i t i o n  
p r o d u c t s .  S t u d i e s  cf p h y s i c a l  c h e m i s t r y  of m o l t e n  f l u o r i d e  
a n d  t h e  c h e m i s t r y  of P a  a n d  fission F r c d u c t  e x t r a c t i o r  
c o n t i n u e d .  T h e  l a t t e r  i n c l u d e d  d i s t i l l a t i o n ,  r e d u c t i v e  
e x t r a c t i o n  i n t o  l i q u i d  metals  a n d  o x i d e  p r e c i r i t a t i c n ,  
F a b r i c a t i c n  Frcgressed cn d molten-salt loop to  qo i n  t h e  
O R R .  

* a n a l y t i c a l  c h e m i s t r y  + + c h e m i s t r y  + * e x p e r i e n c e  t a H S F E  t 

id 
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ACD66CO11 * C c n t i n u e d *  
d a t a  t d i s t i l l a t i o n  t i n - p i l e  t e s t s  + l i q u i d  5 G t a l S  + 
molten s a l t s  t o f f - g a s  systems t oxides + p r e c i p i t a t i o n  + 
p r o t a c t i n i u m  t rare e a r t h s  t r e d u c t i c n  . OTHER CATEGORIES: NCD t DXX t ICA t IDA t CXX 

w 

ACD66 00 17 
( S t a f f  R e F o r t )  

CHEPSISTRY ( C H A P  7, MSRP S E M I A N N  P R O G  EEPT 8/21/66) 
Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  T e i n ,  
ORNL-4037 (Aug . 1966) ,  p p  134-200 ,  ‘24 f i g ,  42 ref. 

The table of c o n t e n t s  is as follcws, B c h a v i c r  cf F u e 3  
a n d  Ccc lan t  S a l t s  i n  MSEE. P h y s i c a l  Chemis t ry  cf F l u o r i d e  
Xelts; V i s c o s i t y  a n d  C e n s i t y  of  t l c l t f n  B e r y l l i u s  F l u o r i d e ;  
T r a n s F i r a t i o n  S t u d i e s  i n  S u p p o r t  of the Vacuum E i s t i l l a t i o n  
Process; F s t i m a t e d  T h e r m o p h y s i c a l  P r c F e r t i e s  cf HSBR Coclant 
S a l t .  Separat ion i n  M o l t e n  F l u o r i d e s :  E x t r a c t i o n  of Rare 
E a r t h s  from f i o l t e n  E l u o r i d e s  i n t o  Moltec Heta.l,c; Resow1 
of Rare Earths frcffi Molten F l u o r i d e s  h y  S i m u l t a n e o u s  
F r e c i p i t a t i o n  w i t h  OF3; Remova l  cf P r o t a c t i n i u r   fro^ 
B o l t e n  F l u o r i d e s  b y  O x i d e  P r e c i p i t a t i o n ;  E x t r a c t i o n  of 
P r o t a c t i n i u m  from M o l t e n  F l u o r i d e s  i n t c  f lo l tes  Metals; 
P r o t a c t i n i u m  S t u d i e E  i n  t h e  High-Alpha  L o l t e n - S a l t  
L a b o r a t o r y .  F t ad ia t  i o n  C h e m i s t r y :  Xenon D i f f  w i c n  a n d  
P o s s i b l e  F c r m a t i o n  c f  Cesium C a r b i d e  i n  a n  flSEP; E i s s i o n  
P r o d u c t  E e h a v i o r  i n  t h e  MSRE. D e v e l o p B c n t  a n d  E v a l u a t i o n  of 
A n a l y t i c a l  B e t h o d s  f c r  Mcltea-Salt Reactors: L e t e r m i n a t i o n  
of C x i d e  i n  R a d i o a c t i v e  XSRE SamFl’es;  S E e c t r c F b c t c m e t r i c  
S t u d i e s  cf Molten-Salt Reactor F u e l s ;  Vcl tamaetr ic  a n d  
C h r o n o p o t e n t i o m e t r i c  S t u d i e s  c f  UranSum i n  M c l t e c  
LiF-BeF2-ZrF4;  I n - L i n e  test P a c i l i t y ;  A n a l y s i s  of H e l i u m  
Blanket Gas. D e v e l o p m e n t  and  E v a l u a t i c n  of E S U i F E e f i t  a n d  
P r o c e d u r e s  f cr  A n a l y z i n q  R a d i o a c t i v e  RSbE S a l t  S a m p l e s :  
Samples Analyses : Q u a l i  t y - C c n t r  o 1 P r c gr: a m. 

* a n a l y t i c a l  chemistry + + b e r y l l i u m ,  f l u o r i d e  t * c a p s u l e s  t 
* e x p e r i m e n t  + * f i s s i o n  p r o d u c t s  t * g r a p h i t e  t 
* h y d r c c a r b o n s  + *MSRE + * n c b l e  metals + + o x i d e s  + 
* p h y s i c a l  p r o p e r t i e s  + *rare E a r t h s  + * x e n o n  t a c t i c i d e s  + 
a n a l y s i s  t ,  b e h a v i o r  + b o r c n  x i f l u o r i d e  t c a r b i d e s  + cells + 
c i r c u l a t i o n  t c o m p a t i b i l i t y  c o n c e n t r a t i o n  t C O T ~ E  + 
c o r r o s i c n  + cc r ros i cn  F r c d u c t s  + cover gas t d e c a y  t 
d e n s i t y  + d e p o s i t i o n  t d i a g r a m s  + d i s s c l v i n q  t d i s t i l l a t i c n  + 
e l e c t r i c a l  F r o p r t i e s  + nment  t e q u i l i b r i u m  + 
e x a m i n a t i o n s  + f i s s i o n  + ides 6 f l u o r c k c r a t e s  + 
gamma r a d i a t i o n  + qaeea cttcmetry t qases * R a s t e l l o y  N + 
inert gases + l i t h i u m  f l  i d e  + molten s a l t s  + 
o x i d e  p r e c i p i t a t i o n  Eroc Fhase e q u i l i b r i a  t 
p r o g r e s s  r e p o r t  + p r o t a c t i n i u m  t F t o t a c t i n i u m  t l u c r i d e s  + 

u r a n i u m  f l u o r i d e s  + v a p o r  p r e s s u r e  4 v i s c o s i t y  

ACD67COl9 

* rare  gases + research * samrling + specffic heat + 

LJ 
A c c e s s i o n  Number SCD66CCll t o  ACDB7CClS 
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C a t e g o r y  A 
M o l t e n - S a l t  Reactor  P r o q r a n s  

ACD67 CO 19 
(S taf f  R e p o r t )  

CHEMISTRY (CHAP. 7, BSRP S E I I B N N :  EBOGR, REPI.  2/2E/C’i) 
O a k  Ridge Nat ional  L a b o r a t o r y ,  Tenn. 
ORNL-4119, ( J u l y  1967), pp. 118-166, 13 f i g ,  29 r e f ,  

*C c n  t i n u e d e  

T h e  f o l l o w i n g  t c F i c a  are  i n c l u d e d  i n  t h e  t a b l e  of 
c o n t e n t s :  C h e m i s t r y  of t h e  XSRE, F u e l  s a l t  c c m E c s i t i c n  
a n d  p u r i t y ,  MSAE f u e l  circuit  c o r r o s i o n ,  E x t e n t  of UF4 
r e d u c t i o n  d u r i n g  MSRE F u e l  p r e p a r a t i o n ,  Ad j u s t n e n t  cf t h e  
UF3 c o n c e n t r a t i o n  i n  t h e  HSRE f u e l  s a l t ,  F i s s i o n  p r o d u c t  
b e h a v i o r  i n  t h e  HSRE, Long- t e rm s u r v e i l l a n c e  s p e c i m e n s ,  
U r a n i u m  a n a l y s e s  of g r a p h i t e  s p e c i m e n s ,  F u e l  E a  I t  Sam Iles, 
E f f e c t  of o p e r a t i n g  c c n d i t i o n s ,  E f f e c t  of b e r y l l i u m  
a d d i t i o n s ,  Pump bowl v o l a t i l i z a t i c n  a n d  p l a t i n q  tests, 
U r a n i u t  cn pump b o u l  metal s p e c i m e n s ,  Freeze v a l v e  c a p s u l e  
e x p e r i m e n t s ,  S p e c i a l  pump tow1 tests, G E n e r a l  d i s c u E s i c n  
of f i s s i c n  F r o d u c t  b e h a V l O r ,  P h y s i c a l  c h e m i s t r y  of 
f l u o r i d e  melts, T h e  o x i d e  c h e m i s t r y  cf LiF-BeFL-ZrF4 
m i s t u r e s ,  S o l u b i l i t i e s  cf SmF3 a n d  NdF3 i n  Holten 
Lip-EeP2 (66-34  mole X ) ,  P o s s i k l e  HSBH t l a a k e t - s a l t  
mixtures, SeFarat i cns  i n  m o l t e n  f l u o r i d e s ,  tcemoval of rare 
e a r t h s  from molten f l u o r i d e s  t y  F r e c i F i t a t i c n  CI! E o l i d  
UP3, E x t r a c t i o n  of p r o t a c t i n i u m  t r o n  m o l t e n  f l u o r i d e s  i n t o  
m o l t e n  metals, E x t r a c t i o n  of rarE e a r t h r  f r cn  n c l t e n  
f l u c r i d e E  i n t o  m o l t e n  metals ,  P r o t a c t i n i u m  s t u d i e s  i n  t h e  
h i g h - a l p h a  m o l t e n - s a l t  l a t o r a t o r y ,  P r e l i m i n a r y  s t u d y  cf 
t h e  s y s t e m  LiP-ThF4-PaF4, D e v e l o p m e n t  a n d  E v a l u a t i o n  cf 
a n a l y t i c a l  m e t h o d s  for e o l t e n - s a l t  r e a c t o r s ,  C e t e r m i n a t i o n s  
of c x i d e  i n  YSRE s a l t s ,  D e t e r m i n a t i o n  of 0 ( 3 + ) / U [ U t )  r a t i o s  
i n  r a d i o a c t i v e  f u e l  ky a h y d r o g e n  r e d u c t i o n  n e t b c d ,  E W  
m e a s u r e m e n t s  c n  t h e  N i c k e l - N i c k e l  (11) c o u p l e  i n  Molten 
f l u o r i d e s ,  S t u d i e s  of t h e  a n o d i c  u r a n i u m  u a v e  i n  m o l t e n  
Li P- Ee P2 -2r €4, S p e c t r o  p h o t  o met t i c  s t u d i cs c f I o 1 t e n -  s a  1 t 
reactcr f u e l s ,  A n a l y t i c a l  c h e m i s t r y  a n a l y s e s  of r a d i o s c t i v e  
MSRE f u e l s ,  S a m p l e  a n a l y s e s ,  q u a l i t y  c c r t r c l  E r c q r a r .  

+ a n a l y s i s  + * a n a l y t i c a l  c h e m i s t r y  t *cells + * c h e m i s t r y  t 
W u e l s  + * g r a p h i t e  + * n o t l e  metals  i * c x i d e s  t 
* p r o t a c t i a i u n  + * F t o t a c t i n i u m  f l u o r i d e s  t 
* r e d u c t i v e  ex t r ac t ion  process i * s a m F l i n g  + 
* s u r v e i l l a n c e  + b e r y l l i u s  f l u c r i d e  + b i s m u t h  t c a p s u l e s  t 
chemical p r o p e r t i e s  + c h e m i c a l  r e a c t i o n s  t c o a p a t i h i l i t y  + 
c o n c e o t r a t i c n  + c c r r c s i c n  + c c r r o s i o n  p r o d u c t s  + 
e l e c t r o l y s i s  + gamma s p e c t r o m e t r y  + h o t  cel ls  + 
i n - p i l e  t e s t s  + l i q u i d  metals + l i t h i u m  f l u o r i d e  t 
materials + mater ia l s  t e s t i n y  t m e t a l s  t m c l y t d e n u g  + 
HSRE + n i c k e l  + n i c k e l  a l l o y s  + p r o g r e s s  r e p o r t  t 
rare e a r t h s  + s e c o n d a r y  s a l t s  t t e s t i n g  t 
t h o r i u m  f l u o r i d e s  + u r a n i u m  f l u o r i d e e  *. z i r c o n i u m  f l u o r i d e  
CTHER C A T E G C R I E S :  CXX + CXX i HCD 

ACD67C020 

A c c e s s i o n  Number ACD67C019 t o  ACD67CCZC 
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C a t e g o r y  A 
H o l t e n - S a l t  R e a c t o r  P r o g r a a s  

ACD6 7 CO 2 0 
( S t a f f  R e p o r t )  
CONVECTION LOOP I N  ORR (CHAP. 8, HSSP SECIXANN. PROGR. 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn.  

* C o n t i n u e d *  

REP'I.  2/2&/67)  

ORNL-4119 ( J u l y  1967) ,  F F a  167-173 ,  0 f i g ,  4 ref .  
I r r a d i a t i o n  of t h e  first l r o l t c n  s a l t  c o r v e c t i c n  lcop 
e x p s r i m e n t  i n  t h e  Oak B i d q e  R e s e a r c h  Eeactor uas t e r m i n a t e d  
Auq. 8, 1966, a f t e r  d e v e l o p m e n t  cf 1.1 x l C ( l E )  
f i s s i c n s / c c  (0.27% U-235 b u r n u p )  i n  t h e  LiF-EeE2-ZrE4-UFU 
(65.16-2E,57-4.90-1 .36  mole X )  f u e l ,  A v e r a g e  f u e l  power 
d e n s i t i e s  of u p  t o  105 w/cc were a t t a i n e d  i n  the core, 
w h i c h  was made of H E R E  Grade g r a p h i t e .  T h e  t a b l e  of 
c o n t e n t s  for t h e  r e p o r t  o n  t h e s e  e x p e r i n e n t s  c c r t a i n s  t h e  
f o l l o w i n g  t o p i c s :  Cb jectives aad d e s c r i p t i o n ,  Eirst loop 
e x p e r i m e n t ,  I n - p i l e  i r r a d i a t i o n  a s s e m b l y ,  O F e r a t i c n s ,  
C h e s i c a l  analysis cf s a l t ,  C o r r o s i o n ,  F i s s i o n  p r o d u c t s ,  
N u c l e a r  h e a t  and  n e u t r o n  f l u x ,  Hat-cel l  e x a t i r a t i c n  of 
c o m F c n e n t s ,  E v a l u a t i o n  cf systeln p e r f o r m a n c e ,  Hea te r s ,  
Coolers, T e m p e r a t u r e  c o n t r o l ,  S a l c F l i n q  a n d  a d d i t i c n ,  2 a l t  
c i r c u l a t i o n ,  S e c o n d  i n -  File i r r a d i a t i o n  assemtly, O p e r a t i o n ,  

* e x p e r i m e n t  + * f i s s i o n  p r o d u c t s  t *gamma r a d i a t i c n  t 
* g r a p h i t e  i + H a s t e l l o y  N + * leaks  + n o b l e  metals  t 
* t h e r m a l  c o n v e c t i o n  + a c t i n i d e s  i a n a l y s i s  t 
b e r y l l i u r a  f l u o r i d e  + c i r c u l a t i o n  + c o m p a t i b i l i t y  t cores t 
c o r r o s i o n  d e c a y  + d i s m a n t l i n g  t e x a m i n a t i o n s  + f i r s i c n  + 
f l u o r i d e s  + molten s a l t s  + gamma s p e c t r o m e t r y  t h o t  c e l l s  + 
l i t h i u m  f l u o r i d e  + m a t e r i a l s  t e s t i n g  t MShE + 
p r o q r f s s  r e p o r t  t r a d i a t i c n  damage  t r e s e a r c h  + s a m F l i n q  t 
stress + stress r u p t u r e  .) u r a n i u m  f l u o r i d e s  + u r a n i u f f - 2 3 5  

ACD67C026 
Grimes WR 

Oak R i d g e  N a t i O n a l c L a b G K i 3 t G K y ,  T e n n .  
CRNL-4191 (Dec. 1967) ,  pp. 102-175, 39 f i g ,  66 re f .  

CHEMISTRY (PART 3, MSRP- S E ! l I A N N *  PROGB. REPT. 8 /31 /67]  

S a m p l i n g  G f  t h e  BSRE f u e l  a n d  coolant s a l t s  is descrited 

e x a u i o a t i o n s  of metal and g r a p h i t e  s u r v e i l l a n c e  s p e c i s e n  
from t h e  core a n d  of s p e c i m e n  exFcsed t c  F u m r  b c r l  gaEos 
a r e  p r e s e n t e d .  The f a c t  t h a t  metallic fission E;roducts 
a p p e a r  i n  t h e  c o v e r  qas p r o m p t e d  a s t u d y  of t h e  c h e a i s t r y  
a n d  v o l a t i l i z a t i c n  b e h a v i o r  of t h e  l i t t l e - k n o w n  
i n t e r m e d i a t e  v a l e n c e  f l u o r i d e s  cf molybdenum. C x i d e  
f l u c r i d e  e q u i l i b r i a  in u e l  sfrstems was s t u d i e d  i n  a 
r e s e a r c h  for s e p a r a t i o  processes. Pkase b e t a v i c r ,  
d e c  cm Fos it icn E r e s  E u re nd c o r r o s i v e n e s s  of r l u c r o t o r  a t e  
c o o l a n t s  is d e s c r i k e d .  R e c d v ~ r y  cf F r c t a c t i n j u n  a n d  
retocval of fissicn rraducts  b y  reductive extraction i s  
d i s c u s s e d .  D e v e l o p m e n t a l  s t u d i e s  i n  a n d l y t i c a l  c h e a i z t r y  
d i r e c t e d  p r i m a r i l y  t a  i m F r o v e m e n t s  i n  ana lyses  of 

' a n a  t h e  a n a l y s e s  are i n t e r p i t E d .  R e s u l t s  frcff 

A c c e s s i o n  Number A C D 6 7 C O Z C  t o  ACU63CC26 
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Category A 
M o l t e n - S a l t  R e a c t o r  P r o q t a n s  

ACD67C026 * C c n t i n u e d *  
r a d i o a c t i v e  s a m p l e s  of f u e l  f o r  o x i d e  a n d  u ra r iuk  . 
t r i f l u o r i d e  a n d  f o r  i m F u r i t i e s  i n  h e l i u m  o f f g a s  from t h e  
MSRE. 

* a n a l y t i c a l  c h e n i s t r y  + *boron t r i f l u o r i d e  t * c o o l a n t s  t 
*corrosion + * f i s s i o n  p r o d u c t s  + * f l u o r c b o r a t r s  t 
* m o l t e n  s a l t s  + * g r a p h i t e  t * c x i d e s  t *rare e a r t n s  + 
+ r e d u c t i v e  extract ion process + a n a l y s i s  t t e h a v i c r  + 
b e r y l l i u m  f l u o r i d e  + b i s l c n t h  b l a n k e t  + c a p s u l e s  + cells + 
c h e a i c a l  r e a c t i o n s  + chemistry t chromium t c c m p a t i h i l i t y  + 
cores t c c r r o s i a n  p r c d u c t s  t cower gas t d e c o m p o s i t i o n  t 
d i s t r i b u t i o n  + e q u i l i b r i u E  + e q u i p m e n t  t exFeriment  + 
f i s s i l e  mater ia ls  t gas a r a l y r i e  + gases t h e l i u m  t 
h o t  cells  + h y d r o c a r b o n s  + i m p u r i t i e s  t i n e r t  cjases t 
i n v e n t o r i e s  t i r r a d i a t i o n  + l i q u i d u s  t mate r i a l s  t 
materials t e s t i n g  t mists + a o l y h d e n u m  + MSRE + 
off-gas s y s t e m s  + c x i d e  F r e c i E i t a t i o n  p r o c e s s  + 
p h a s e  e q u i l i b r i a  + p h y s i c a l  p r o p e r t i e s  t p r c t a c t i n i u P  t 
p r o t a c t i n i u m  f l u o r i d e s  + r a d i c l y s i s  t rare g a s e s  t 
r e d u c t i o n  t s a m p l i n g  + s o l u b i l i t y  t s o l i d u s  t 
s p e c t r o p h c t c p e t r y  + stability t s u r v e i l l a n c e  + testing + 
t h o r i u m  t t h o r i u m  f l u o r i d e s  t. u r a n i u m  + u r a n i u a  f l u c r i d e s  + 
v a p o r  F r e s s u r e  
OTHER C A T E G C R I E S :  CXX t CXX + MCD 

ACD67C027 
boh lmann  EG 

3/3 1/67) 
I B B A D I A T I O N  E X P E R I H E N T S  ( F A i l T  4, MSBP S E M I A N & ,  F L C G E ,  EEPT. 

Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
O R N L - 4 1 9 1  (Dec. 1967) pp .  176-195, 10 f i q ,  7 ref.  

A s e c o n d  t h e r m a l  c o n v e c t i o n  i n - p i l e  IcoK c c n t a i r i n g  f i s s i o n  
f u e l  was t e r i r i n a t e d  when a c r a c k  d e v e l o p e d  i n  t h e  c o r e  
o u t l e t  p i p e .  The crack was c a u s e d  t y  r a d i a t i c n  
e m b r i t t l e m e n t  of the Hartel loy H a n d  stresses e n c o u n t  tired 
d u r i n q  a reactor s e t b a c k .  S u f f i c i e n t  o g e r a t i r g  time bad, 
h o u e v e r ,  b e e n  a c h i e v e d  to  p r o i u c e  f i s s i c n  p r o d u c t  
c o n c e n t r a t i o n  l e v e l s  e q u i v a l e n t  t o  e q u i l i b r i u n  i n  a 
b r e e d e r ;  t h e r e f c r e  an e x h a u s t i v e  e v a l u a t i o n  of t h e  
e x p e r i m e n t  is p r e s e n t e d .  

* f i s s i o n  F r o d u c t s  + *gamma r a d i a t i o n  + * g r a p h i t e  t 
* A a s t e l l o y  N + * i n - p i l e  tes ts  t +nctle  e e t a l s  t 
* t h e r p a l  ccnoection + a c t i n i d e s  t analys is  t 
a n a l y t i c a l  c h e m i s t r y  t b e r y l l i u m  f l u o r i d e  t c i r c u l a  t i c n  + 
c o m p a t i b i l i t y  t ccree + ccrrcsicn t corrosion p r o d u c t s  t 
d e c a y  + d i s m a n t l i n g  t e m t r i t t l e m e n t  t exarc ina t icns .  t 
e x p e r i m e n t  + f i s s i o n  + f l u o r i d e s  + a o l t e n  s a l t s  t 
gamma s p e c t r o m e t r y  t h o t  cells  + l a a k s  + l i t h i u m  f l c c r i d e  t 
mater ia l s  t e s t i n g  + l t c l y b d e n u n  + MSGE + p r o g r e s s  r e F o r t  t 
r a d i a t i o n  damage  + rare e a r t b s  4 r e s e a r c h  t s a f f i p l i n s  t 
stress t stress r u p t u r e  + u r a n i u m  f l u o r i d e s  

ACD6800 15 

A c c e s s i o n  Number ACD67C02E to A C E 6 e C C l S  

b . 

a 

, 
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C a t e g o r y  A 
Molten-Sa1 t - P e a c t o r  F r o q r a m s  

ACD630015 * C o n t i n u e d *  
Grimes WR 
CHEMISTRY (PART 3, MSEP SEMIAIN. PROG3. REPT. 2/29/tE) 
Oak R i d g e  Nat icna l  L a b o r a t o r y ,  Tenn.  

kd - 
1 ORNL-4254 (Auq. 1 4 6 8 )  pp.  88-173 55 f i g ,  102 ref. 

T h e  c h e m i s t r y  of t h e  MSBE is d i s c u s s e d  frole the S t a n d I o i n t  
of f u e l  c o a y o s i t i c n  a n d  F u r i t y ,  c o r r o s i o n  c h e m i s t r y ,  a n d  
i s o t o p i c  c o m p o s i t i o n  of t h e  u r a n i u m  i n  t h e  f u e l ,  P i s r i o n  
p r o d u c t  b e h a v i o r  i n  t h e  f u e l  and i n  the c o v e r  g a s  i s  
d e s c r i b e d .  R e s u l t s  o n  f i s s i o n  p r c d u c t s  f o u n d  c c  saPiF1e-r 
o t  g r a F h i t e  a n d  metal  from t h e  core are given. C t h e r  
t o p i c s  a r e  n P r o t o f i  R e a c t i o n  A n a l y s i s  fo r  L i t h i u n  a n d  
P l u c r i n e  i n  a358 Grarhite" a n d  " S u r f a c e  Ihenomena  i n  
EIol ten S a l t s c c .  Items p e r t a i n i n g  t o  t k c  p h y s i c a l  c h e m i s t r y  
of uol ten  s a l t s  a r e  t h e  t h e r m o d y n a m i c s  of L i t - E e E 2  melts 
from EHF m e a s u r e m e n t s ,  a n d  e l e c t r i c a l  p r o p e r t i e s  cf melts. 
The c h e m i s t r y  cf s i l ica i n  LiF-BeF2 melts is p r e s e n t e d ,  A 
M o l t e n  S a l t  C h e m i s t r y  I n f o r m a t i o n  C e n t e c  is d e s c r i b e d .  
S y n t h e s i s  a n d  p r o p e r t i e s  of molykdenum a n d  a i c b i u n  
f l u c r i d e s  is d i s c u s s e d .  R e p r o c e s s i n g  of f u e l  k y  r e d u c t i v e  
e x t r a c t i o n  i n t o  m o l t e n  t i s m u t h  is d e s c r i b e d ,  k i t h  s g e c i a l  
e m p h a s i s  c n  F r c t a c t i n i u m  recovery. T h e  b e h a v i o r  of B 1 3  a n d  
f l u o r o b o r a t e  m i x t u r e s  is Examined  f ro r  t h e  s t a c d r c i n t  of 
FbaS€ re la  t i c u s ,  n c n - i d e a l i  t y ,  t h e r m o d y n a m i c s ,  c o r r o s i o n  
a n d  c o m p a t i b i l i t y ,  

a c t i n i d e s  t b e r y l l i u m  + b e r y l l i u m  f l u o r i d e  t b u b b l e s  t 
c a p s u l e s  + cells + c o n c e n t r a t i o n  t c o o l a n t s  + c o r r c s i c r  t 
c o v e r  g a s  t d e c o m p o s i t i o n  + d i s t r i b u t i o n  + 
electr ical  p r o p e r t i e s  t e l e c t r i c a l  c o n d u c t i v i t y  + 
e l e c t r o l y s i s  + e q u i l i b r i u m  t e x a m i n a t i o n s  t e x p e r i m e n t  + 
f i s s i l e  m a t e r i a l s  t f u e l  p r e p a r a t i o n  t gamra s p c t r c e e t r y  + 
F i a s t e l l c y  N + heat t r a n s f e r  t h o t  cel ls  t 
h y d r a f l u o r i n a t i o n  + h y d r o g e n  + i n - p i l e  t e s t s  t 
interfacial tecsion + irradiation + l i q u i d u s  t 
l i t h i u m  f l u o r i d e  + m a t e r i a l s  t mists + HSBE t 
off-qas systems + ox ide  Frec ig i t a t ion  p r o c e s s  t o x i d e s  t 
o x i d a t i o n  + p h a s e  e q u i l i k r i a  t progress r c F c r t  + 
p r o t a c t i o i u r  t F r o t a c t i n i u m  f l u o r i d e s  + ra re  g a s e s  t 
reaction rates t r e d u c t i o n  + r e s e a r c h  t s a m p l i n g  + 
s o d i u u  f l u o r i d e  t s o l u b i l i t y  + s p e c i f i i :  h e a t  t 
test f a c i l i t i e s  t t e s t i n g  + t h e r m a l  F r o p r t i e s  + t b c r i u u  t 
t h o r i u m  f l u c r i d c s  + u r a n i u m  r a n i u m  f l u o r i d e s  t 
vapor  p r e s s u r e  + v i s c o s i t y  t v o l a t i l i t y  + 
z i r c o n i u m  f l u o r i d e  + * b i s a u t  
*boron t r i f l u o r i d e  t * c h e m i c a l  p r o p e r t i e s  + 
* c h e m i c a l  r e a c t i c n s  t * c h e m i s t r y  + * c o m p a t i b  
* c o r r o s i o n  p r o d u c t s  + +flu0 d e s  t * f l u c r o k o r a t e s  + 
* m o l t e n  salts + * g r a F h i t e  + n o b l e  metals t 

* r e d u c t i v e  ex  t r a c  t i  cn F ~ C C ~ S S  

.I *physical p r o p e r t i e s  + *processing t *tare E a E t b s  + 

b, OTHER CATEGCEIES:  CXX t HCE 

ACD68CO 16 
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C a t e g o r y  A 
M c l t e n - S a l  t React cr P r o g r a  us 

ACD68C016 * C c n t i n u e d *  
Bohlmann EG 
I B H A D I A T I O N  EXPEBIAENTS (PARI 4 8 MSRE SEHIAII, PRCG. EEET. 

2/29/68)  
Oak R i d g e  Naticnal Labota tc ry ,  Tenn. 
ORNL-4254 (Aug. 1968) pp. 174-1828 2 f i g ,  8 ref. 

The isotope balance on a second i n - p i l e  c o n v e c t i c a  l o c ~  
c o n t a i n i n g  f i s s i o n i n g  f G e l  i s  g i v e n .  F i s s i o n  p r o d u c t  
behavior is d e s c r i b e d .  In t h i s  l o o p  t h c  f u e l  ve t ted  t h e  
g r a F h i t e ,  p r e s u m a b l y  b e c a u s e  of trace a m o u n t s  of moisture 
p r e s e n t  in t h e  h e l i u m  u s e d  i n  l o a d i n g ,  z a m y l i r g  and 
d r a i n i n g .  A c c c r d i n q l y  a s t u d 1  was made of t h e  effect of 
moisture OB t h e  v e t t i n g  of g r a p h i t e  t y  IISBE car r ie r  s a l t .  
Alsc  p r e s e n t e d  is a d e s i g n  f o r  a t h i r d  i n - p i l e  molten s a l t  
c o n v e c t i o n  loop. 

a c t i n i d e s  + cells + c o m p a t i b i l i t y  + c o v e r  gas + 
e x p e r i m e n t  + fissile ma te r i a l s  i f l u o r i d e s  + f u e l s  + 
gas a n a l y s i s  + g a s e s  + iner t  g a s e s  t laboratosy e q u i p m e n t  + 
materials noble metals t HSRE + s a m p l i n g  4 * c h e i f i E t r y  + 
*examinaticns t *f issicn Frcd t'c t s  t *molten s a l t s  t 
*graphite + * i n - p i l e  tests 4 * t h e r m a l  c c n v e c t i o n  

ACD68C022 
Grimes W E  
CHEMISTRY (PART 3 ,  HSRP P R O G R .  BEDT. 8/31/68) 
Cak R i d g e  Eat ional  L a b o r a t o r y ,  T m o .  
O R I L - 4 3 4 4  (Aug. 1968) pp. 109-199, 57 Fig, 134 fief, 

M R E  C h e m i s t r y  t o p i c s  i n c l u d e  F e a s i k i l i t y  cf F u e l i n g  k i t h  
PuF3,  Burnup, H i g h  l e m r e r a t u r e  F u e l - G r a p h i t e  C o e p a t i b i l i t y ,  
a n d  E x a m i n a t i o n  of a C o r r o d e d  S a r F l e  C a ~ s u l e .  F i s s i o r  
P r o d u c t  B e h a v i o r  i s  d i s c u s s e d  i n  c o n n e c t i o n  w i t h  S p e c i m e n s  
from t h e  Core, A n a l y s e s  for L i  a n d  F ,  acd S u r f a c e  P h e r c m e n a  
i n  2 l o l t e n  S a l t s ,  Items under F h j s i c a l  C h e m i s t r y  of M o l t e n  
S a l t s  i n c l u d e  Wolybdenuol F l u o r i d e  C h e o i s t r y ,  A l k a l i  
F l u c r o b o r a t e s ,  P h y s i c a l  P r o p e r t i e s  of T h F 4 - c o n t a i n i n g  
tlelts, E l e c t r o c h e m i c a l  S t u d i e s ,  SFectroEcoFy, O x i d e  
C h e m i s t r y ,  and the C h e m i s t r y  of S i l i c a  i n  LiF-Eef2 .  fuel 
R e p r o c e s s i n g  v a s  s t u d i e d  i n  e x g e r i m e n t s  cn the R e d u c t i v e  
E x t r a c t i c n  of Pa a n d  of Rare E a r t h s  i n t o  Bismuth. 
A n a l y t i c a l  S t u d i e s  i n c l u d e d  o x i d e  d t s t e r a i n a t i c n ,  0 ( 3 + )  a n d  
t o t a l  r e d u c i n g  power, U(5t)  i n  L i E - E e F Z - Z r F U ,  N i  io) / M i ( + )  
c o u p l e ,  C r ( 2 + ) ,  Hot C e l l  S p e c t r o F h o t c n e t e r ,  SFectra of 
U ( S + )  and U ( 6 + ) ,  a Gas C h r o m a t o g r a p h  f o r  t h e  oft -gds  
s y s t e m ,  H y d r o c a r b o n 5  i n  I S R E  H e l i u m ,  Gamma S p r c t r o s c o F y ,  
F i s s i o n  Froduct  P e n e t r a t i o n  in G r a p h i t e ,  U-235 b E a l y S € S ,  
a n d  Determinaticn of U. 

* a n a l y t i c a l  c h e m i s t r y  + * b i s m u t h  + e c h e r i c a l  yroFertiez + 
* c h e m i c a l  r e a c t i o n s  t * c h e m i s t r y  t *coffiFatiti l i t y  t 
*corrcsicn F r o d u c t s  + * f i r s i c n  F r o d u c t s  4 *r ' luorides  + 
4 f l u o r o b o r a t e s  + *molten s a l t s  + * g r a p h i t e  t 
* p h y s i c a l  g r o p e r t i e s  t * F r a c e r s i n g  t 

c3 
f 

. 

. 
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Page 4 1  

Molt e n  -S a 1 t R e a c t  c r  P r o g ra  IIS 

ACD68 CO 22 * C o n t i n u e d *  
lid - * r e d u c t i v e  e x t r a c t i o n  process t * s o l u b i l i t y  t 

c o n c e n t r a t i c n  t c o o l a n t s  t cor ros ion  t cover g a s  t 

+ s u r v e i l l a a c e  + b e r y l l i u r r  + b e r y l l i u m  f l u o r i d e  t b u k b l e s  t 
b u r n u p  + c a p s u l e s  t c a r b i d e s  + c e l l s  t c h r c g i o o  t 

d e n s i t y  + d i s t r i b u t i o n  + e l e c t r i c a l  p r o p e r t i e s  t 
e l e c t r i c a l  c o n d u c t i v i t y  t e lec t ro l  psis +' e q u i l i b r i u m  t 
e x a m i n a t i o n s  + e x p a n s i o n  i e x p e r i m e n t  + f i s s i l e  ma te r i a l s  t 
f u e l  p r e p a r a t i c n  + gamma E F e c t r o m e t r y  + H a s t e l l o y  El + 
h e a t  t r a n s f e r  t h o t  ce l l s  t h y d r o f i u o r i n a t i c n  t b y d r c g e n  + 
h y d r o c e n  c c t t p o u n d s  + i n t e r f a c i a l  t e n s i o n  t l i q u i d u s  t 
l i t h i u m  f l u o r i d e  t m a t e r i a l s  + mists t MSRE t 
noble metals t o f f - g a s  systems + 
o x i d e  p r e c i p i t a t i o n  process + o x i d e s  t c x i d a t i o n  t 
p h a s e  e q u i l i b r i a  t p l u t o n i u m  f l u o r r d e s  t p r e c i p i t a t i o n  t 
p r o g r e s s  r e p o r t  t p r o t a c t i n i u m  + p r c t a c t i n i u m  f l u c r i d e z  t 
r a re  c a r t t s  + rare gases  t reaction rates  t r e d u c t i o n  t 
r e s e a r c h  + s a m p l i n g  + s o d i u m  f l u o r i d e  t s o l i d u s  + 
s p e c i f i c  b e a t  + S p e c t r o F h c t c m e t r y  -b test f a c i l i t i e s  t 

~ t e s t i n g  + t h e r m a l  c o n d u c t i v i t y  i t b r r i e a l  F r c p e r t i e s  t 
t h o r i u m  + thorium f l u o r i d e s  t uranium t u r a n i u m  f l u o r i d e s  t 
v a p o r  p r e s s u r e  + v i s c o s i t y  + v o l a t i l i t y  t 
z i r c o n i u m  f l u o r i d e  
OTHER CATEGCHIES: CXX + CXX * NCD 
ACD6eC023 
Bohlmann EG 
I R R A D I A T I O N  E X P E R I r E N T S  (PART 4 # N S E F  E90Gb.  FEET. 8/31/68) 
Cak Ridge R a t i o n a l  L a b o r a t o r y ,  Ten;].  
ORNL-43U7 (Aug, 1968),  FF. 20c-r^10,. 1 f i g ,  E! ref. 

I 

E x a m i n a t i o n s  of t h e  g r a p h i t e  from a n  C F E  c o n v e c t i o n  l c o p  
s h o v e d  t h e  salt h a d  w e t t e d  t h e  g r a p h i t e ,  c c n t r a r y  f c  
p r e v i c u s  e x p r i e n c e s  i n  very d r y  inert gases. S u b s e q u e n t  
l a b o r a t o r y  s t u d i e s  s h o w  t h a t  e x t r e m e l y  a i n u t e  
c o n c e n t r a t i o n s  of water ( a p p r o x i m a t e l y  1 ppm) p r o m o t e  
w e t t i n g  a t  p o i n t s  of t h r e e  p h a s e  c o n t a c t  of s a l t ,  g r a l h i t e  

NaBF4-MaF (92-8 mole % w a s ' i r r a d i a t e d  for 1460 h r  a t  
600 deq f i n  t h r e e  s u c c e s s i v s  s p e n t  HFIR t u e l  e l e a e a t E ;  
n c  d e l e t e r i o u s  effects here o b s e r v e d .  E l u o r i n e  d u e  to t h e  
d e l a y e d  n e u t r o n s  by E-10F3 + N t o  LiF t alFha t F 2  was 

, d e e r e d  t o  be t o l e r a b l y  lou. The j u m p e r  s e c t i o n  of t h c  MSBE 
off -gas  line, 2 f t  d o w n s t r e a m  f r c l c  t h e  ~;uarg b c w l ,  was 
r e c c v e r e d  f o r  exaaioation. A l l  i o t e r n a l  s u r f a c e s  were 
covered w i t h  a t h i n  soct l ike  f i lm ,  a n d  n o  o t h e r  d e p o s i t s  
were f o u n d .  A g r o u p  o f  f i s s i c n  E r o d u c t E ,  l a r g e l y  "noble 
metals" ( h c ,  A g r  Te) uere p r e s e n t  i n  q u a n t i t i e s  
s e v e r a l  h u n d r e d  times t h e  a m c u n t s  e x p t x t e d  f r c e  t h e  
inventory of salt Eresent in t h e  d e p o s i t ;  this 
s u b s t a n t ' i a t e d  ear l ier  o t s e r v a t i o n s  t h a t  rcetals c c u l d  be 
t r a n s f e r r e d  i n  the off-gas. 

: a n d  gas .  A s e c o n d  Has l l o y - N  c a p s u l e  c o n t a i n i n g  

hd 
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C a t e g o r y  A 
M o l t e n - S a l t  Reactor Erograms 

ACD680023 * C o n t i n u e d *  
*korori t r i f l u o r i d e  + * f i s s i o n  F f o d u c t s  + * f l u o r o b o r a t e s  t 

* i n - p i l e  tests + * n o b l e  metals + * o f f - g a s  s y s t e m s  t 
* u e t t i n g  t b e b a v i o r  + c a p s u l e s  + chemical r e a c t i o n s  t 
c h e m i s t r y  t c o m p a t i b i l i t y  t c o o l a n t s  t c o r r c s i c n  + 
c o v e r  gas  t d e l a y e d  n e u t r c n s  t m o l t e n  s a l t s  + 
gamma r a d i a t i o n  t gamma s o u r c e s  t qases t h y d r o c a r b c n s  t 
i n e r t  ga ses  t i n v e n t o r i e s  + materials + materials t e s t i n g  + 
mists + 8SSE t r a d i a t i o n  damage + r a d i o l y s i s  i rare gases + 
sod iu l i :  f l u o r i d e  t t e s t i n g  + u r a n i u m  + u r a n i u m  f l u o r i d e s  
CTHER CATEGCEXES:  14CC 

ACD69C024 
Grimes U R  
CHEMISTRY (PART 3. I'SSRP PROGE.  BEET. 2/28/69) 
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-4396 (Feb .  1969) .  p ~ ,  129-196, 32 f i g ,  122 ref. i 

I'SSEE c h e m i s t r y  t o p i c s  i n c l u d e  t h e  u r a n i u m  Ica te r ia l  
b a l a n c e ,  c o r r o s i c n ,  ad  j n s t m e n t  of U (3+)  /Sigma U, a n d  
f o a m i n g  b e h a v i o r ,  F i s s i o n  p r o d u c t  d i s p c s i t i c r  it? the RSRE 
is described u n d e r  Examination of Graphite frcm the Core, 
D i s t r i b u t i o n  of F i s s i o n  P r o d u c t s ,  F i s s i c n  Froduct 
I n v e n t o r y ,  Off-gas a n a l y s e s ,  a n d  H a t e r i a l  8eccve!red f rcm 
t h e  c f f - g a s  l i n e .  Also t h e  f o r m a t i o n  of aerosols f r o a  t h e  
MSRE was s t u d i e d  e x t e n s i v e l y  i o  a h o t  c e l l ;  a d d i t i o n a l l y  
t racer  l e v e l  s t u d i e E  were also made. T h e  c h e m i s t r y  of t h e  
f l u o r i d e s  of Nk, So a n d  Bu was s t u d i e d  Ly a a s z  s F e c t t c E c o p y .  
Under P h y s i c a l  C h e a i s t r y  of R o l t e n  S a l t s  a re  15 items 
d e a l i n g  w i t h  s u c h  t o p i c s  a s  C e F 3  (a s t a n d i n  fcr PuF3) 
s o l u b i l i t y ,  Z o n e  H e l t i n g ,  P h a s e  R e l a t i o n s ,  S c l u b i l i t y  cf 
Th(c) i n  Lip-ThF4,  D e n s i t i e s ,  C r y s t a l  S t r u c t u r e ,  
S p e c t f o s c o p y  i n  a Diamond-Uindoued C e l l ,  D i s t r i b u t i c n  of 
U ( 4 + )  b e t u e e n  f u e l  a n d  (0-Th) C 2  S o l i d  S o l u t i o n ,  F e f e r e n c e  
Electrodes,  C o n c e n t r a t i o n  Cells, Elec t r i ca l  C c r d u c t a n c e .  
C h e D i s t r y  i n  s u F p c r t  cf f u e l  r e p r o c e s s i n g  d e a l s  w i t h  
r e d u c t i v e  e x t r a c t i o n  of Zr, u #  Pa ,  ra re  e a r t h s ,  a n d  Tb. 
A n a l y t i c a l  C h e m i s t r y  i s  r e p r e s e n t e d  b y  f e t e r a i n a t i o n  of 
O x i d e  a n d  C x i d a t i o n  S t a t e ,  Erf, V c l t a P m e t r i c ,  a r d  
S p e c t r o g r a p h i c  S t u d i e s ,  Zie t t i n g  Eeha v i o r ,  C o n t a m i n a n t s  in 
B l a n k e t  Gas from NaEF4 tests,  a n d  t h e  D E t e r E i r a t i c n  of 
Bi i n  HSRP Salts .  

* a n a l y t i c a l  c h e m i s t r y  + * t i s m u t h  4 * c h c r i c a l  Eroger ties + 
* c h e m i c a l  r e a c t i o n s  + * c h e m i s t r y  + * c o r r o s i o n  p r o d u c t s  t 
* e x a m i n a t i o n s  t * f i s s i o n  p r o d u c t s  4 * f l u o r i d e s  t 
* f l u o r o b o r a t e s  + * m o l t e n  s a l t s  t * g r a p h i t e  t * l i q u i d u s  t 
*materials t * n o b l e  me ta l s  t + p h a s ~  e q u i l i b r i a  + 
* p r o c e s s i n g  t * r e d u c t i c n  t +reductive e x t r a c t i o n  p r o c e s s  t 
* s o l i d u s  + * s o l u b i l i t y  + * s u r v e i l l a n c e  t 
a c t i n i d e s  t b e r y l l i u m  f l u c r i d e  + 
b e r y l l i u m  o x i d e  + b l a n k e t  t k o r o n  t r i f l u o r i d e  t b u b k l e s  t 
carbon t c a F s u l e s  + cells t c c m p a t i b i l i t y  t c o n c e n t r a t i o n  + 

LJ 
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Categoxy A 
H o l t e n - S a l t  R e a c t c r  Progratis 

- 
ACD69C024 * C c n t i n u e d *  
c o o l a n t s  t c o v e s  g a s  t d e n s i t y  t d e p o s i t i o n  t d i a g r a r r s  t 
d i s t r i b u t i o n  + electr ical  c o n d u c t i v i t y  t electrolysis t 
e q u i l i b r i u m  t experiment  + f o a m i n g  + f r c e z i n q  t 

g a s  a n a l y s i s  + gases  t h y d s o f l u o r i a a t i c n  t h y d r o g e n  + 
h y d r o g e n  compounds  t i n e r t  gases  t i n - p i l e  tests t 
i n t e r f a c i a l  t e n s i o n  + ions t l a t o r a t c r y  e q u i p a e n t  t 
l i t h i u m  f l u c r i d e  t m e l t i n g  t metal transfer p r o c e s s  t 
m i s t s  t MSEE + off -gas  s y s t e m s  + 
oxide p r e c i p i t a t i o n  Frocers + o x i d e l s  t o x i d a t i o n  t 
p h y s i c a l  p r o p e r t i e s  t p l u t o n i u m  f l c o r i d e s  t 
p o t a s s i u m  f l u o r i d e s  t F r e c i p i t a t i o c  t p r o t a c t i n i u m  t 
p r o t a c t i n i u m  f l u o r i d e s  + p o t a s s i u m  f l u c r i d e s  t 
p r e c i F i t a t i c n  t F r o t a c t i o i u m  f l u o r i d e s  t 
rare e a r t h s  t rare g a s e s  + r eac t ion  r a t e s  t s a m p l i n c  + 
s e c o n d a r y  s a l t s  + s o d i u m  f lucr ide  t s p e c t r o p h o t o m e t i y  t 
s u r f a c e  t e n s i o n  t t h o r i u m  t t h o r i u a  fluorides + 
u r a n i u m  + u r a n i u m  f l u o r i d e s  t v o l a t i l i t y  t z i r c o n i u m  t 
z i r c o n $  urn f l u o r i d e  
OTHER CATEGOBIES:  CXX + D X X  t CCD 

k, 
. 

f u e l  F r e p a r a t i c n  t fuels + gamma s p e c t r o m e t r y  t 

ACD69 0025 
Boh lmann  EG 
I R R A D I A T I C N  EXFERIMENTS (PART 4, HSRP SEYYIIANN PHOG REPT 

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn. 
212 e/  ti 9 

CRNL-4396 (Bug. 1 9 6 9 ) ,  F 210. 
T h e  F r o q r a m  of i n - F i l e  a o l t e n - s a l t  l o o p s  v a s  s u s p e n d e d .  
Laboratory e x p e r i m e n t s  s h o w e d  t h a t  the Irettins cf  cJra E h i t e  
t h a t  was seen i n  t h e  ORE m o l t e n - s a l t  l o o p  was proIcaL1y 
c a u s e d  by traces of m o i s t u r e  i n  t h e  qas  uscd t c  t r a n s f e r  
s a l t .  

e x p e r i m e n t  + g r a p h i t e  + i n e r t  gases + i n - p i l e  t e s t s  t 
molten s a l t s  t p r c g r e s s  reFort  t w e t t i n g  

ACD6 9 00 3 1 
Grimes WR 
CHE?rISTEY {FART 3, RSRP PROGR. REPT. 6 / 2 1 / 6 5 )  
O a k  R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn. 
ORNL-U44Y (Aug. 1969), pp. 96-163, 29 f i q ,  1 C E  r e f .  

MSRE C h e e i s t r y  t o p i c s  i n c l u d e  t h e  , c o m p o s i t i o n  of t h e  f u e l ,  
p l u t o n i u m  ma te r i a l  t a l a n c e ,  a n d  g a s  k e h a v i c r .  E i E s i o x  
p r o d u c t  b e h a v i c r  is d e d u c e d  f rom s u r v e i l l a n c e  s g e c i o e r s  from 
l a h c r a t o r y  s t u d i e s  cf metal f i s s i o n  p r o d u c t  c h e m i s t r y .  A 
m e a s u r e m e n t  of t h e  s u r f a c e  t f n s i c n  of t t e  f u e l  i n  t h e  
r e a c t o r  is p r e s e n t e d .  C h e m i c a l  a n d  p h y s i c a l  Frcperties of 
a l k a l i  f l u o r o b o r a t e s  are g i v e n  u n d e r  10 t oF ic  b e a d i n g s .  
Topics r e l a t i n g  t o  t h e  F ys ica l  C h e m i s t r y  of t o l t e n  S s l t s  
i n c l u d e  p h a s e  r e l a t i o n s ,  h e t r o q e n c o u E  e q u i l i b r i a ,  
l i q u i d u s  t e m p r a t u r e ,  s c l u b i l i t y  of t h o r i u m ,  0 ( 3 t ) / U  (4+) 

A c c e s s i o n  Numker ACC690024 t c  ACD690031 
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Category A 
Mol t e n -  Sa It Beac t o r  €rog ra ms hi 

ACD590031 * C o n t i n u e d *  
r a t i c ,  s F e c t r u e  of UF3, c o n c e n t r a t i o n  cells, e l ec t r i ca l  % 

c o n d u c t a n c e ,  v i s c o s i t y ,  a n d  d e n s i t y ,  Items cf interest  i n  
c o n n e c t i c n  w i t h  f u e l  r e F r o c e s s i n g  a r e  the r e d u c t i v e  
e x t r a c t i o n  of Pa# ra re  e a r t h s  a n d  t h o r i u n ,  a n d  also t h e  
s e p a r a t i c n  of z i r c o n i u m  as a p l a t i n i d e .  In c o n n e c t i o n  w i t h  
a n a l y t i c a l  c h e m i s t r y ,  t h e r e  is o x i d e  d e t e r r i n a t i c n  a n d  

s t u d i e s ,  spec t ra l  s t u d i e s ,  h a t  c e l l  s p e c t r c p h c t c a e t r y ,  
a a d  b is D u t h d e  te r m i  na ti cn , 

- removal, 0 (3+)  / U ( 4 + )  d e t e r m i n a t i o n ,  e l e c t r o a n a l y t i c a l  

* a n a l y t i c a l  c h e m i s t r y  + * c h e m i c a l  p r o p e r t i e s  + 
* c h e m i c a l  react ions + * c h e m i s t r y  + * c o c l a n t s  t 
* f i s s i o n  F r c d u c t s  + * f l u c r i d e , c  t *fluoroborates  + 
*molten s a l t s  t * g r a p h i t e  t * p h y s i c a l  F r o p e r t i e s  + 
* s u r v e i l l a n c e  t b e r y l l i u r c  t 
b e r y l l i u m  f l r ror ide + b i s m u t h  + t o r o n  t r i f l u o c i d e  + 
b u b b l e s  + ce l l s  + c o n c e n t r a t i c n  + c o r r o s i o n  p r o d u c t s  t 
c o v e r  gas  t d e n s i t y  + d i s t r i t u t i o n  + 
e lec t r i ca l  c o n d u c t i v i t y  + e g u i l i b r i u m  + e x a m i n a t i o n s  + 
f u e l  p r e p a r a t i o n  t gamma s p e c t r o m e t r y  t h r l i u u  + 
h o t  cel.ls + b y d r o f l u c r i n a t i o n  + hydrogen + i m p u r i t i e s  t 
i n e r t  gases  t i n t e r f a c i a l  t e n s i o n  * k i n e t i c  equaticns + 
l i q u i d s  + l i t h i u a  f l u o r i d e  + materials  + m e l t i n g  + 
metal t r a n s f e r  p r o c e s s  + n o b l e  m e t a l s  + 
o x i d e  p r e c i p i t a t i o n  F r o c e s s  t o x i d e s  t p h a s e  e q u i l i t r i a  + 
p l u t o n i u m  f l u o r i d e s  + p o t a s s i u m  f l u o r i d e s  t ~ r ~ c i r i t a t i c n  + 
p r o t a c t i n i u s  + p o t a c t i n i u m  f l u o r i d e s  + rare  e a r t h s  + 
rare gases  t r e a c t i o n  r a t e s  + r e d u c t i o n  + 
r e d u c t i v e  e x t r a c t i c n  prccess + r e s e a r c h  + s a m p l i n g  i 

s o d i u m  f l u o r i d e  t s o l i d u s  + s o l u k i l i t y  t 
S p e c t r o F h c t c m e t r y  + s u r f a c e  t e n s i o n  + t e s t i n g  + 
t h o r i u m  f l u o r i d e s  + u r a n i u m  f l u o r i d e s  t v i s c o s i t y  + 
v o i d  f r a c t i c n s  + z i r c c n i u n  
CTHZB CATEGCHXES: CXX + f X X  i HCE 

ACD7 0 CO 24 
Grimes W R  

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn, 
C H E n I S T R Y  (PART 3, dSRP P R O G B .  R E F T .  2/28/70)  

ORNL-4548 (Feb .  1970). PF. 93-187, 50 f i g ,  153  ref .  
?ERE c h e m i s t r y  t o p i c s  d i s c u s s e d  a r e  c o r r o s i c n ,  a l y e a r a n c e  
of Nk-95 i n  t h e  f u e l  s a l t ,  i s o t o p i c  c o m p o s i t i o n  of U and 
Pun a n d  s u r f a c e  t e n s i o n  a n d  Wet t ing  b e h a v i o r .  I i s s ion  
p r o d u c t  b e h a v i o r  was d e m o n s t r a t e d  b y  sauF les  f r c n  t h e  ccre 
a n d  f r o m  t h e  p u u p  bcwl, Laboratory s t u d i e s  of the metals 
t h a t  are f i s s i o n  p r o d u c t s  a r e  p r 6 s e n t e d .  F c u r t e e n  t o l i c s  
are d i s c u s s e d  u n d e r  P h y s i c a l  C h e m i s t r y  of R o l t e n  S a l t s  a n d  
s i x  u n d e r  P r o p e r t i e s  of t h e  A l k a l i  F l u c r c b c r a  ter. ' Ihese  
i n c l u d e  t h e  ox ide  c h e m i s t r y  of Pu i n  molten f l u o r i d e s ,  a n d  
t h e  s o l u k i l i t y  of t h e  corrosicn F r o d u c t ,  N a X r F E ,  i n  
f l u c r c b o r a t e  melts. Basic c h e m i s t r y  work i n  s u F F o r t  of 

. 

Bccession Numker  ACD69C031 t o  BCD7COO24 
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Category  A 
H o l t e n - S a l t  R e a c t c r  P r o g r a n s  

ACD70 CO 24 * C o n t i n u e d *  . f u e l  r e p r o c e s s i n g  i n c l u d e d  d i s t r i k u t i c n  of C e ,  E u ,  a n d  Sr 
b e t w e e n  b i s e a u t h  a n d  L i C l ,  a n d  7 o t h e r  t o p i c s  r e l a t e d  to  
r e d u c t i v e  e x t r a c t i o n .  The f o l l o w i n g  a n a l y t i c a l  c h e m i s t r y  
t o p i c s  a r e  F r e s e n t e d :  r e t e r m i n a t i o n  of O x i d e  i n  MSRE S a l t ,  
D e t € r t i n a t i G n  of 0 (3+)/SLqma U (4+) Rat ios ,  S p e c t r a l  
S t u d i e s ,  Tritium i n  t h e  E f f l u e n t  Gases cf t h e  i l S R E ,  
Reference ElectrodeE in Hclten F l u o r i d e s ,  Femova l  o f  C x i d e  
from l a B F 4 ,  V o l a t i l e  AlC13 Corcplexes .  

* c h e m i c a l  F r o p e r t i e s  + * c h e m i c a l  r ' e a c t i o n s  t * c h e m i s t r y  + 
c o n c e n t r a t i o n  4 * c o o l a n t s  t * c o r r o s i o n  i 
* f i s s i o n  F r c d u c t s  t * f l u c e d e r  + * f l u o r o b o r a t e s  t 
* m o l t e n  s a l t s  t * g r a p h i t e  + * m a t e r i a l s  i *ox ides  + 
* p h y s i c a l  F r o p e r t i e s  t *Frogress  reFort  t *ram e a r t h s  t 
* s u r v e i l l a n c e  + * t r i t i u m  + 
a n a l y t i c a l  c h e m i s t r y  + b a r i u m  t b i s m u t h  t c o m p a t i b i l i t y  i 

c e s i u m  t corrosion p r o d u c t s  + cover gas + d i s t r i b u t i c r  t 
e l e c t r i c a l  c o n d u c t i v i t y  + e q u i l i b r i u m  t fuels t h y d r o g e n  t 
ions + l i t h i u m  c h l o r i d e  + l i t h i u m  f l u o r i d e  4 a e a s u r e r e n t  + 
l i q u i d u s  + metal t r a n s f e r  F K O C ~ S S  t ESfiE t n o t l e  metals + 
o x i d e  p r e c i p i t a t i o n  p r o c e s s  + p h a s e  f q u i l i t r i a  t 
p l u t o n i u a  t p l u t c n i u l e  f l u c r i d e s  t r e a c t i o n  rates t 
r e d u c t i v e  e x t r a c t i o n  p r o c e s s  i r e s c a r c b  t 
s a m p l i n q  + s e c c n d a r y  s a l t s  t sodium f l u o r i d e  i s o l i d u s  + 
s o l u b i l i t y  + s p e c i f i c  h e a t  + s p e c t r c p b c t o m e t r y  t 
s u r f a c e  t e n s i o n  + t e c h n o l c q y  + t e s t i n g  + t h o r i u m  f l u o r i d e s  + 
u r a n i u m  f l u o r i d e s  + u r a n i u m - 2 2 2  u r a o i u m - 2 3 3  t u r a c i u a - 2 3 5  
O T H E R  CATEGORIES: CXX + DXX t ECD 

ACD70CO 38 
Grimes W R  

Cak Bidqe N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-4622 (Aug. 1970) .  p~ 60-118, ,35 f i q ,  143 ref ,  

CIIEflISTRY ( P A R T  3 ,  MSRP SEt l IANN P R C G  EkFT 8/31/70) 

Fission p r o d u c t  h e h a v i o r  i n  t h e  MSRE is analyzed i n  terms of 
age cf the FrOdUCtS, time of e x p o s u r e  for s h o r t  e x p o s u r e s ,  
s u r € a c e  r o u g h n e s s ,  f low c o n d i t i o n s ,  and t h e  comparison of 
d e p o s i t i o n  on q r a y h i t e  w i t h  t h a t  c n  a e t a l .  A F c r s i b l e  
mechanisrc f o r  "smokes** ot meta l l i c  f i s s i o n  products i s  
a d v a n c e d .  T h e  c h e m i s t r y  o f  m o l y k d e n u e  rlnd n i c b i u n  
f l u c r i d e s  is t rea ted .  Various p r o p e r t i e s  of a l k a l i  
f l u a r o b o r a t e s ,  i u c l u d i n g  t r i t i u m  r e t e n t i c n  weIe B e a s u r e d .  
P h a s e  r e l a t i c n s ,  Pu s o l u b i l i t y ,  o x i d e  c h e m i s t r y ,  
e n t r o p i e s  a n d  c o n d u c t a n c e s  were i n v e s t i c a t e d .  F i ~ s i c r  
p r o d u c t  seFara t i o n  s t u d i e s  ue-re e x p a n d e d  t o  i n c l u d e  
c h e m i s t r y  of m o l t e n  c h l o r i d e s ,  ' A n a l y t i c a l  m e t h c d s  b e i n g  
s t u d i e d  i n c l u d e  e l e c t r o c h e m i s t r y ,  s t u d i e s  of KaEF4, 
coo lan t  s a l t ,  and i n - l i n e  analysts. . * a n a l y s i s  + * a n a l y t i c a l  chemistry t * b i s m u t h  t 

* b o r o n  t r i f l u o r i d e  + * c h e m i c a l  p r o p e r t i e s  t 
* c h e m i c a l  r e a c t i a n s  t * c h e m i s t r y  + * c o o l a n t s  + * d e p o s i t i o n  t hd 

A c c e s s i o n  Number ACC700024 t c ACD700038 
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Category  A 
Molten-Salt Reactor E r o q r a m s  LJ 

ACD7000 38 *Con t h u e d *  
*e l ec t r i ca l  c o n d u c t i v i t y  + * f i s s i o n  p r o d u c t s  + * f l u o r i d e s  t 
* f l u o r o b o r a t e s  t * g r a p h i t e  t m o l t e n  s a l t s  + + n c b l e  pe ta l s  + 
* o x i d e s  + * ~ r o c e s s i n q  + * C h p s i c a l  F r o p e r t i e s  + *rare e a r t h s  t 
* r e d u c t S v e  e x t r a c t i o n  p r o c e s s  t * s o l u t i l i t y  + 
* s u r v r i l l a n c e  t * t h e r E o d y n a m i c s  + a c t i n i d e s  t 
b e r y l l i u m  t b e r y l l i u m  f l u o r i d €  t c a E s u l e s  + c c l l s  t 
c o m p a t i b i l i t y  + c o n c e n t r a  t i c n  t c o r r o s i o n  t d i a g r a m s  t 
d i s t r i b u t i o n  + electrical  p r o p c r t i e s  t e n t r a i n m e n t  + 
e q u i l i b r i u e  t examinat ions + e x F e r i m e n t  t f i s s i l e  m a t e r i a l s  t 
f u e l  p r e p a r a t i o n  t gamma spectrometry t g a s c s  + [ i a s t e l l c y  t 
h y d r o g e n  c c r p c u n d s  t i n e r t  gases + i n v e n t o r i e s  + 
i r r a d i a t i o n  t l i q u i d u s  t l i t h i u m  f l u o r i d e  + m a t e r i a l s  t 
m e a s u r e m e n t  + p i s t s  + molybdenum + t S B E  + o f f - g a s  systems + 
o x i d e  p r e c i p i t a t i o n  p r o c e s s  t o x i d a t i o n  t I;hase e q u i l i b r i a  + 
p r i m a r y  s a l t  + F r c q r e s s  reFort  + p r o t a c t i n i u m  + 
p r o t a c t i n i u m  f l u o r i d e s  + r a re  e a r t h s  4 reac t icn  Eates t 
r e d u c t i o n  t s a f c F l i n g  + s c d i u m  f l u o r i d e  t s p e c t r o p h o t o m e t r y  4 

test f a c i l i t i e s  t t e s t i n g  t t h e r m a l  Frcger t ies  t t h c r i c n  + 
t h o r i u m  f l u c r i d e s  t u r a n i u m  t u r a n i u m  f l u o r i d e s  t 
vapor pressure + volatility + z i r c o n i u m  f l u o r i d e  

' 

ACE65COO8 
(Staff R e p o r t )  

HETALLURGY (Chap. 4 HSRP Prog. Rept .  2/28/65) 
Cak R i d g e  k ' a t i o n a l  L a b o r a t o r y ,  'Lenn. 
O B N L - 3 8 1 2  ( J u n e  1965),  FF. 63-86, 13 f i g ,  1; r e f .  

R e a c t i o n  of H a s t e l l c y  N w i t h  i m p u r e  n i t r o g e n  a p F a r e n t l y  
g a v e  a p r o t e c t i v e  o x i d e  f i l m ,  P l u g s  met€ w e l d e d  t o  seal 
t h e  HSRE heat e x c h a n g e r  a f t e r  four t u b e s  h a d  k e e n  removed. 
W e l d s  i n  H a s t e l l o y  N s h o w c d  r e a s c n a k l y  c c c d  cteeF a n d  
t e n s i l e  F r o p e r t i e s .  In a Foorly h e l d a b l e  h e a t  s i l i c o n  a n d  
a l u m i n u m  c o n c e n t r a t e d  i n  a g r a i n - t o u n d d r y  eutectic,  f i r a z i u g  
a l l c y s  were s o u g h t  f o r  j o i n t s  b e t v e e n  v a r i o u s  r e f r a c t c r y  
metals  a n d  g r a p h i t e  or B a s t e l l o y  M. D e n s i t y ,  ga r  e v o l u t i o n ,  
a n d  Fo ros i ty  were m e a s u r e d  on &SEE g r a p h i t e .  C x i d a t i o n  
a c c e l e r a t e d  by t h e r m a l  c y c l i n g  l r d  t o  a crack i I :  a 
H a s t e l l o y  N b a y o n e t  t u b e  i n  d d e v e l o p m e n t  test. P l a n s  f o r  
H a s t e l l o y  N c r e e p  m e a s u r e m e n t s  i n  t h e  ORR a n d  t h e  MSRE 
s u r v e i l l a n c e  r i g  a re  d e s c r i b e d .  

d r a i n  t a n k s  t s c a l i n g  + cracks  + t u n q s t c n  t t a n t a l u n  t 
a l l o y s  t c c m p a t i b i l i t y  + c o r r o s i o n  t c r e e p  t d e v e l o p m e n t  + 
d u c t i l i t y  + e m b r i t t l e m e n t  + e q u i p m e n t  t e x a e i m a t i c n s  + 
f a i l u r e s  + s i c r c s t r u c t u r e  t b r a z i n g  t g r a p h i t e  + 
l i a s t e l l o y  P t h e a t  t r e a t m e n t s  + i m p u r i t i e s  t i n - F i l e  t e s t 2  t 
i n s p e c t i o n  t i r r a d i a t i o n  t j c i n t s  t materials t 
mater ia l s  t e s t i n g  + m e c h a n i c a l  F r o p e r t i c s  t m€tallccraFhy t 
m e t a l l u r g y  + metals t plclpbdenum t . n i t r o g e n  + 
p r o q r e s s  r e p o r t  + r a d i a t i o n  damage t r u f t u r e  + . 
stress r u F t u r e  t s u r v e i l l a n c e  t t e s t i n g  t w e l d i n g  
OTHER CATEGCRIES: EAX t FEX t GEX 

* 

u. 
ACE65CO 14  

A c c e s s i c n  Number ACD700038 t o  ACE6500 14 
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C a t e g o r y  A 
M c 1 te n - S a l  t Reac t o r  E r o q r a  m s  

ACE6500 14 * C o n t i n u e d *  

N E T A L I U E G Y  (Chap.  4 MSRP P r o g  R e p t .  8/31/65)  
O a k  R i d g e  N a t i o n a l  Labora tory, Tenn. 

. ( S t a f f  R e F O r t )  

.L ORNL-3872 (Dec. 1 9 6 5 ) ,  p~ 81-105,  2 0  f i q .  1 1  ref. 
M o l t e n  f l u o r i d e s  were c i r c u l a t e d  i n  l o o ~ s  cf Hastel lo)  N 
a n d  t y p e  304 s t a i n l e s s  steel, a n d  m o l t e n  l e a d  i n  s e v e r a l  
steels a n d  Nb-1% Z r .  The HSRE s u r v e i l l a n c e  r i g  is 
d e s c r i b e d .  I r r a d i a t i c n  creeF of g r a p h i t e  is d i s c u s s e c !  for 
advanced reactors. Creep of t i a s t e l l o y  N i s  1 e F c r t e d  a s  
a f f e c t e d  b y  t h e r m a l  a n d  m e c h a n i c a l  t r e a t m e n t s ,  Friar 
i r r a d i a t i o n ,  a n d  s i m u l t a n e o u s  i r r a d i a t i c n .  k e l d i n g  a i r -  
mel ted  b u t  n o t  vacuum-mel t ed  Has t e l loy  6 i m p a i r e d  s t r e n g t h  
a n d  d u c t i l i t y .  A u t o r a d i o g r a p h y  a n d  Eicroprcbe a a a l y s i z  
s h o w e d  intermetallic p r e c i p i t a t i o n  i n  H a s t e l l o y  N. 

p r e c i p i t a t i o n  + m o d i f i e d  E a s t r l l o y  N + a l l o y s  i 
c o m p a t i b i l i t y  + c o r r c s i o n  + c r e e p  + d e v e l o p m e n t  + 
d u c t i l i t y  i e m k r i t t l e m e n t  + e x a m i n a t i o n s  + f a i l u r e s  i 
f l u o r i d e s  t molten s a l t s  t m i c r o s t r u c t u r e  + g r a p h i t e  + 
M a s t e l l o y  B + h e a t  t r e a t m e n t s  + i m p u r i t i e s  + j n - F i l c  t e s t s  + 
i n s p e c t i o n  + i r o n  a l l o y s  + i r r a d i a t i o n  + j o i n t s  + l e a d  + 
l i q u i d  metals + l o o p  t mass t r a n s f e r  + m a t c r i a l s  + 
mate r i a l s  t e s t i n g  + a e c h a o i c a l  F r o p e r t i e s  0 m e t a l l o g r a p h y  i 

m e t a l l u r g y  + metals + progress r e p o r t  + r a d i a t i o n  d a u a g e  + 
r u p t u r e  + s t a in l e s s  steels + Etress r u p t u r e  + s u r v e i l l a n c e  i 
t e s t i n g  + t h e r m a l  c o n v e c t i o n  + w e l d i n g  
OTHER CATEGORIES: ECX + FBX + G X X  

ACE660012 
( S t a f f  R e F C r t )  
M E T A L I U B G Y  (Chap. 4 PlSRP Proq. R e p t ,  2 / 2 8 / 6 6 )  
O a k  R i d g e  N a t i c n a l  t a b c r a t o r y ,  Tenn.  
C R N L - 3 9 3 6  ( J u n e  1 9 6 6 ) ,  pp.  95 -121 ,  18 t i q ,  10 r e f .  

Holten lead was c i r c u l a t e d  i n  N B - 7 X  Zr and in d c h r c a t i u m -  
molybdenum steel; mcl ten  fluorides i n  Hastel loy N a n d  t y p e  
304  s t a in l e s s  steel .  HSRE s u r v e i l l a n c e  spcciuens Yere 
e x a l c i n e d  after p r e n u c f e a r  o p e r a t i o n .  I r r a d i a t i o n  d a r k e n e d  
g r a i n  b o u n d a r i e s  of A a s t e l l o y  N L u t  d i d  not i r d u c e  r e a c t i o n  
w i t h  n i t r o q e n .  D e v e l o F m e n t  of g t a p h i t e - t o - N a s t e l l o y  8 
b r a z e d  j o i n t s  i n c l u d e d  p r e s s u r e  t e s t i n g  u i t h  P c l t e n  
f l uc r ides .  P r c c u r e m e n t ,  c h a r a c t e r i z a t i c n ,  a n d  LSER 
r e q u i r e m e n t s  of g r a p h i t e  a r e  ‘ d e s c r i k e d .  L r r a d i a  t i o n  
d e c r e a s e d  r u p t u r e  l i f e  a n d  c r e e p  d u c t i l i t y  of H a s t e l l o y  N. 
Effects of p r e -  a n d  po t i r r a d i a t i c n  heat t r e c i t i r e c t s  or 
t e n s i l e  F r o p e r t i e s  cf H a s t e l l o y  Ei a r e  shown. A t t e m p t s  uere 
made t o  i m p r o v e  a d v e r  m e c h a n i c a l  F r o F e r t i e z  cf H a z t e l l o y  N 
w e l d s .  

a l l o y s  + c o m p a t i b i l i t y  t c o r r o s i o n  + c r rep  + d e n s i t y  + 

e m b r i t t l e m e n t  + e g u i p m e n t  + e x a m i n a t i o n s  + E x F a n s i c t  i 

f a i l u r e s  + f l u o r i d e s  + m c l t e n  s a l t s  + m i c r o s t r u c t u r e  i 

. d e v e l o p m e n t  t d u c t i l i t y  + e lec t r i ca l  c o n d u c t i v i t y  + 

hd 
A c c e s s i o n  Nualber ACE650014 t c  ACE6600 12 
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Category A 
H o l t e n - S a l t  Reactor E r o g r a m s  

Li ACE660012 * C o n t i n u e d *  
b r a z i n g  q r a p h i t e  + Hastellcy N + h e a t  t r e a t m e n t s  4 
i m p u r i t i e s  t i n - p i l e  tests t i n s p e c t i o n  + i x c c  a l l c y s  + 
i r r a d i a t i c n  + j o i n t s  t l e a d  t l i q u i d  metals t l o o p  + 
mass t r a n s f e r  + m a t e r i a l s  + m a t e r i a l s  t e s t i n g  t 
m e c h a n i c a l  E;roFerties + m e t a l l o g r a p h y  + m e t a l l u r g y  + metals + 
molybdenum + n i t r o g e n  + p h y s i c a l  p r c F e r t i e s  t r r c c u r e t r e a t  + 
p r o g r e s s  r e F o r t  + r a d i a t i c n  damage  t r u p t u r e  t 
s p e c i f i c a t i o n s  + s t a i n l e s s  s t ee l s  + s t r c s s  r u F t u r e  + 
s u t v e i l l a c c f  + t e s t i n g  + t h e r m a l  c o n w e c t i o n  + w e l d i n g  + . 
t e n s i l e  p r o p e r t i e s  
OTHER CATEGORIES: EXX t F X X  t G X X  

ACE660018 
Adamscn Gfl 
MSBP RATEFIALS (Chap,  6 MSRP Prog. R e p t  8 / f l / t t )  
O a k  R i d g e  N a t i c n a l  L a b o r a t o r y ,  T e n n ,  
ORNL-4037 ( J a n ,  [ 9 6 7 ) ,  pp.  97-133 ,  3 3  f i g .  20 re f .  

H e c h a n i c a l  damage  from u n e q u a l  G x F a n s i c r :  c i  s r d y h i t e  a n d  
H a s t e l l o y  N r e q u i r e d  revis ion a n d  r e p l a c e m e n t  of t h e  MSRE 
surveillance rig. Aluminum a l l o y  from a b l c w e r  failure was 
r e m o v e d  from t h e  HSRE r a d i a t o r ;  s i m u l a t e d  t es t s  shoved no  
d a m a g e  of alumilium to  H a s t e l l c y  N. G r a k h i t e  s t u d i e s  
i n c l u d e d  c h a r a c t e r i z a t i o n  of s e v e r a l  g r a d e s ,  m e a s u r e m e n t  of 
c r e e p  u n d e r  i r r a d i a t i o n  a t  700 and lOC0 d e q  C, b r a z i n q  to 
molybdenum a n d  Has te l loy  N, a n d  m o l t e n - s a l t  c c r r o s i o n  of 
b r a z e d  j o i n t s .  O b s c r v a t i o n s  cn H a s t e l l c y  N i c c l u d e  gccd 
u e l d a b i l  i t y  w i t h  ti t a n i  um mod i f  i c a t i o n s  b u t  p o o r  w i t h  
z i r c o n i u m ,  p o s t i r r a d i a t i o n  d u c t i l i t y  imjroved b y  t i t a r ium 
a d d i t i o n s  b u t  n o t  t u n g s t e n  or n i o b i u m ,  and  e x t e r s i o n  Gf 
c r e e p  s t u d i e s  t o  9 8 2  d e g  C, B o l t r n  f l u c r i d e s  here 
c i r c u l a t e d  in looFE of tiastelloy 6,  t y p e  304 s t a i n l e s s  
s teel ,  a n d  N E - 1 %  Zr c l a d  w i t h  t y ~ e  446 s ta in less  ~ t e e l ,  and 
C r o l o y  9H, A C r o l c y  9 R  l o o p  c i r c u l a t i n g  l e a d  p l u g g e d  a u d  
vas e x a m i n e d .  

heat e x c h a n g e r s  4 l e a d  + z i r c o n i u m  + t u n g s t e n  t i r o n  a l l o y s  t 
a l u m i n u m  + a l l o y s  + b r a z i n g  i corrcsicn p r c t e c t i c n  t 
c o l u m n s  c c m p a t i b i l i t y  + c o r r o s i o n  + c r e e p  + d e n s i t y  + 
d e v e l o p m e n t  + d i s t i l l a t i o n  e l e c t r i c a l  c o n d u c t i v i t i  + 
embr i t t l e r en t  + d c c t i l i t y  + e q u i p m e n t  + e x a m i n a t i o n s  i 
e x p a n s i o n  t f a i l u r e s  4 f l u o r i d e s  t m o l t e n  salts + 
f l u o r c b o r a t e s  + g r a p h i t e  + I i a E t e l l o y  N + h e a t  t r e a t m e n t s  t 
i n - p i l e  tests + i n s p e c t i o n  t i r r a d i a t i c n  4 j c i n t s  + I c c F  + 
mass t r a n s f e r  + Pa te r i a l s  + materials t e s t i n g  
m e a s u r e m e n t  + m e c h a n i c a l  p r o p e r t i e s  + e ~ t a l l c c r a ~ h y  t 
m e t a l l u r g y  t metals + m o d i f i e d  Has te l lo]  H + molybdenum t 
8 S R E  + p h y s i c a l  p r o p e r t i e s  + p r o c u r e m e n t  + Frcgress t e r c r t  + 
r a d i a t i o n  damage + r e l i a b i l i t y  + r u F t u r e  t s t a i n l e s s  s teels t 
stress r u p t u r e  + s u r v e i l l a n c e  + t e s t i n q  + 
a l l o y  comFcsi t ion + w e l d i n g  + l i y u i g  metals 
CTHER CATEGCRIES: EXX t FXX + GXX 

ACE67CO21 
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C a t e g o r y  A 
M o l t e n - S a l t  Reactcr Proqrarrs 

ACE67C021 * C c n t i n u e d *  
Cook WH + RcCoy HE + Kennedy CR t W e r n e r  W J  t L i t m a r  AP + 

MOLTEN-SAIT BEBCTOR PROGRAM H A T E R I A L S  ( C h a p .  f PlERP Prcg. 

Cak R i d g e  l a t i o n a l  Laboratory,  Tenn ,  
ORNL-4119 ( J u l y  1967),  FF, 95-117, ;C f i g ,  1 1  r e f ,  

LJ 
. 

C a a o n i c c  DA t Haseltine Dfl  

* R e p t ,  2 /28/67)  

The f i r s t  H a s t e l l o y  N s u r v e i l l a n c e  s p e c i m e n s  were r e m o v e d  
from t h e  HSRE, a n d  t e n s i l e  p r O F e r t i e s ,  F a r t i c u l a r l y  
d u c t i l i t y ,  a r e  shown a s  f u n c t i o n s  of temperature a n d  s t r a i n  
rate. H a s t e l l o y  N was u n a f f e c t e d  by ccntact  r i t h  d l u a i n u a .  
HSBR q r a F h i t e  s t u d i e s  i n c l u d e d  r e q u i r e m e n t s ,  s t u d i e s  of 
p r o s p e c t i v e  g r a d e s ,  i r r a d i a t i c n  k l a n s ,  a n d  b r a z i n g  t o  
H a s t e l l o p  N .  Loops a r e  d e s c r i k e d  t o  s t u d y  c c r r c s i c n  c f  
H a s t f l l o y  A, s t a i n l e s s - s t e e l - c l a d  n i o b i u m - 1 %  z i r c o n i u I p ,  a n d  
type 304L s t a i n l e s s  s t e e l  i n  i c c l t e n  s a l t s .  

a l u m i n u m  t brazing + c o m p a t i b i l i t y  t c o r r o s i o n  + 
e m r i t t l e m e n t  t d u c t i l i t y  t e x a m i n a t i o n s  + f l u o r i d e $  + 
m c l t e n  s a l t s  t f l u c r c b c r a t e s  + g r a p h i t e  t H a s t e l l o y  N t 
h e a t  t r e a t m e n t s  + i n - p i l e  t e s t s  t i r r a d i a t i c n  + l c c t  + 
m e c h a r i c a l  F r o E e r t i e s  + m e t a l l o q r a p h p  t MSfiE + 
progress r e p o r t  * s t a i n l e s s  s t e e l s  + s u r v e i l l a n c e  + t e s t i c g  
OTHEH C A T E G O R I E S :  E D X  + F U X  t G A X  

i 

ACE6 7 00 28 
McCoy HE + Weir JR 
MATERIALS CEVELOPMENT ( P a r t  5 MSRP Proq. Rept, 8 /31 /67 )  
O a k  R i d g e  N a t i c n a l  L a b c r a t o r y ,  T e n n .  
CRNL-4191 (Cec. 1 9 6 7 ) ,  p p  196-238, 37 f i g ,  24 ref. 

C r e e F  a n d  m i c r o s t r u c t u r a l  r e s u l t s  a r e  g i v e n  f c r  Hastelloy N 
5SHE sur v e i l  la nce srec i m e n s  ; mic r o s t r  uc t u r e s  i n c l u d e  weld 
metal a n d  m o d i f i e d  alloys. Other H a s t e l l o y  N s t u d i e s  
i n c l u d e  a g i n g  m o d i f i e d  a l l o y ,  w e l d a b i l i t y  of zirconium- 
modified a l l o y s ,  p r e c i p i t a t e  n o r F h c l o g y ,  residual welding 
stress, c o r r o s i o n  b y  m o l t e n  s a l t s ,  t e l l u r i u m  c o m p a t i b i l i t y ,  
t i t a n i u n  d i f f u s i o n ,  a n d  c o m p a t i t i l i t y  w i t h  q r a F h i t e .  
G r a F h i t e  s t u d i e s  i n c l u d e  p r o c u r e m e n t ,  p h y s i c a l  a n d  
m e c h a n i c a l  c h a r a c t e r i z a t i o n ,  f a t r i c a t i o c ,  cca t i t g  with 
molybdenum, gas i m F r e g n a t i o n ,  a n d  s t a r t  of HEIS 
i r r a d i a t i o n ,  n o l t e n  salt c o r r c s i c n  t c  t y p e  3C4 L 
s t a i n l e s s  steel, C r c l o y  9H, a n d  a g r a p h i t e - t o - m o l y b d e n u m  
b r a z e d  j o i n t  were a l s o  s t u d i e d ,  - 

d i f f u s i o n  + iron a l l c y s  + z i r c o n i u m  t e l a s t i c i t y  t 
a l l o y s  + b r a z i n g  + c a r b i d e s  + c c a t i n g s  t c o m p a t i b i l i t y  t 
c o r r o s i o n  + c r e e p  + d e n s i t y  t d e p o s i t i o n  t d e o e l c p e e n t  + 
e lec t r i ca l  c o n d u c t i v i t y  + e m b t i t t l e m e n t  + d u c t i l i t y  t 
e q u i p m e n t  + e x a m i n a t i o n s  + f a l r i c a t i o n  t f a i l u r e s  t 
f l u o r i d e s  t molten s a l t s  + f luo robora t e s  + g r a p h i t e  t 

i n - p i l e  t e s t s  + i n s p e c t i c n  t i r r a d i a t i o n  t j o i n t s  + lcop t 
mass t r a n s f e r  t m a t e r i a l s  t m a t e r i a l s  t e s t i r q  t 

. 

Hastelloy H t h e a t  treatments + imFrrgnatioa t 

U 
A c c e s s i c n  Number A C E 6 7 0 0 2 1  t o  A L E 6 7 C C 2 e  
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C a t e g o r y  A 
Hclten-Salt Reactcr P r o q r a e s  

A C E6 7 00 2 8 
m e a s u r e m e n t  + m e c h a n i c a l  p r o p e r t i e s  t Eeta l loGraFhy + 
metals  + r c d i f i e d  H a s t e l l c y  N + molybdenum t k S R E  t 
p h y s i c a l  p r o p e r t i e s  + p r e c i p i t a t i o n  t E r o c u r e e e n t  + 
p r o q r e s s  reFort + r a d i a t i c n  damage  + r e l i a b i l i t y  t 
r u p t u r e  + s e a l i n g  + s t a i n l e s s  s t e e l s  + s t ress  r u F t u r e  + 
s u r v e i l l a n c e  + t e s t i n g  + a l l c y  c o m p o s i t i o n  t w e l d i n g  + 
x-rays 
OTHER CATEGORIES:  EXX + F X X  + GXX 

ACE6800 17 
HcCoY HE t Weir JB 
HATERIALS C E V E L O P H E N T  (Part 5 NSRP Proq. R e F t .  2/29/6€) 
Oak R i d g e  Nat icna l  L a b c r a t c r g ,  T e n n .  
CENL-4254 (Auq. 1968) ,  pp. 183-240, 43  f i g ,  33  r e f .  , 

f i a s t e l l o y  N i n v e s t i g a t i o n s  i n c l u d e  Cree& of MZBF 
s u r v e i l l a n c e  sFecimens, effect  of s t r a i n  r a t e  on d u c t i l i t y  
of i r r a d i a t e d  a n d  c o n t r o l  specimens, c r c e i ;  cz n c d i f i e d  
a l l c y ,  e l e c t r o n  m i c r o s c c p y  of effects  of s i i i c o n  a n d .  
t i t a n i u m  o n  p r e c i p i t a t e  m o r p h o l o q y ,  t i t a n i u r  d i f f  u s i o c ,  
w e l d  stresses, weld d e v e l o p m e n t ,  o x i d a t i o n ,  and corrosion 
of s t a n d a r d  a n d  m o d i f i e d  alloys ky  v a r i c u s  fficlten s a l t s .  
GraFbite  s t u d i e s  i n c l u d e  E r o c u r e m e n t ,  d e n s i t y ,  
m i c r o s t r u c t u r e ,  i n c r e a s e  i n  F o r o s i t y  by  c x i d a t i c c ,  x - ray  
d i f f r a c t i o n ,  gas i m p r e g n a t i o n ,  s e a l i n g  w i t h  m c l y b d e n u r ,  
u l t r a s o n i c  m e a s u r e m e n t  cf e l a s t i c  p r o p e r t i e s ,  a n d  b r a z i n g  
t o  molybdenum a n d  H a s t e l l o y  N. Also s t u d i e d  wEe 
i r r a d i a t i o n  of b r a z i n g  a l l o y s ,  u l t r a s o n i c  i n s F e c t i o n  of 
b r a z e d  j o i n t s ,  a n d  e l e c t r i c a l  r e s i s t i v i t y  cf n c d i f i e d  
Has t e l loy  ti. 

*C c n t i nued* 

a l l o y s  + b r a z i n g  + c a r b i d e s  + c c a t i n g s  t c o E p a t i b i l i t p  + 
c o r r o s i c n  + creeF + d e n s i t y  + d a F o s i t i o n  t d e v e l o p m e n t  t 
electrical  c o n d u c t i v i t y  t e m t r i t t l e p c n t  + d u c t i l i t y  + 
e q u i p n e n t  + e x a m i n a t i o n s  + f a b r i c a t i o n  + f a i l u r e s  t 
fluorides + m o l t e n  s a l t s  t f l U O r 6 k O E a t t S  t q r a F b i t e  + 
H a s t e l l c y  N + heat t r e a t f f e n t s  + i m F r e g n a t i o n  t 
i n - p i l e  tests t i n s p e c t i o n  + i r r a d i a t i c n  t j c i n t s  + leek + 
mass t r a n s f e r  + materials + mate r i a l s  t e s t i n g  + m e a s u r e m e n t  + 
mechanical  p r o p e r t i e s  + m e t a l l o g r a p h y  t t n e t a l l u r g y  t uetals + 
m o d i f i e d  H a s t e l l o y  N + mclybdenum + FSiiE. + o x i d a t i o n  t 
p h y s i c a l  properties + p r e c i p i t a t i o n  t Frocurenent + 
p r o q r e s s  r o F o r t  + r a d i a t j . c n  d a n a g e  + r e l i a b i l i t y  + 
remote u e l d i n q  + r u p t u r e  t s e a l i n g  + s t a i n l e s s  s teels  + 
stress r u E t u r e  + s u r v e i l l a n c e  + t e s t i n g  + 
a l l o y  c o m p o s i t i o n  + w e l d i n g  + x - r a y s  + t e n s i l c  p r c F c r t i e s  
OTHER CASEGOBIES: E I X  + F X X  + G X X  

v . 

ACE6 8 0024 
lfcCoy HE + Weir J R  . 
MATERXALS CEVELCFHENT ( P a r t  5 NSRP PrOg. Reft .  8/31 /6E)  
Oak Ridge N a t i c n a l  L a b o r a t o r y ,  Tenn .  W 
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cd 

. 

. OBNL-4344 (Peb .  1 9 6 9 ) ,  P F .  211-290,  6 2  f i g ,  32 ref. 
G r a p h i t e  a n d  H a s t e l l o y  N s u r v e i l l a n c e  s y e c i m e r s  rere 
r e m c v e d  from t h e  HSRE a n d  r e p l a c e d ;  c r e e p  tests were r u n  0x1 

s e v e r a l  g r a d e s  cf g r a p h i t e  i n c l u d e  p r o c u r e m e n t ,  d e n s i t y ,  
r e s i s t i v i t y ,  p e r m e a l i l i t y ,  bend  t e s t i n g ,  x - r a y  d i f f  r a c t i o n ,  
g a s  i m p r e g n a t i c n ,  s e a l i n g  w i t h  molybdenum, H E I F  i r r a d i a t i o n ,  
a n d  s m a l l - a n g l e  x - r a y  s c a t t e r i n g .  Effects cf t i t a n i u n  
c o n t e n t  a n d  i r r a d i a t i o n  t e m p e r a t u r e  o n  creep, ef fec t  of 
a g i n g  o n  t e n s i l e  p r o p e r t i e s ,  w e l d a b i l i t y ,  a n d  n c l t e n  z a l t  
c o r r c s i o n  were s t u d i e d  cn m o d i f i e d  Hastel loy L. S t a n  c a r d  
Hastelfoy N s t u d i e s  i n c l u d e d  r e s i s t a n c e  t o  s a l t s  a n d  a i r ,  
t r a n s i t i c n  j o i n t s  w i t h  g r a p h i t e ,  m e c h a n i c a l  p r o p e r t i e s  of 
welds  i n  i r r a d i a t e d  s p e c i m e n s ,  a n d  f l u t e d  t u b i c g .  
P r e c i p i t a t e  morFholcgieE bere s t u d i e d  in bo th .  Cther 
c o r r o s i o n  s t u d i e s  i n c l u d e d  Haynes  a l l c y  No, 25 i n  
f l u o r c b o r a t e s ,  s t a i n l e s s  steel, a n d  a c h e m i c a l  s e p a r a t i o n  
s t i l l .  E e a r i n q  c o a t i n g s  were s t u d i e d  b y  x - r a y  d i f t r a c t i o n .  

* removed H a s t e l l o y  N a n d  two m o d i f i e d  a l l c y s . '  E t f c r t s  o n  

alloys + t e a r i n g s  t b r a z i n g  + c a r b i d e s  t cermets + 
c o a t i n g s  t c o l u m n s  + c o m p a t i k i l i t y  + c o r r o s i c r .  + c r e e ~  + 
d e n s i t y  + d e g o s i t i o n  + d e u e l c F m e n t  + d i s t i l l a t i o n  t 
electr ical  c o n d u c t i v i t y  + emt r i t t l emea t  t d u c t i l i t y  + 
c o t a l t  + e q u i p n e n t  + e x a r c i n a t i o n s  + e x p a n s i o n  + 
f a b r i c a t i o n  + f a i l u r e s  + f l u o r i d e s  i mcl ten  s a l t s  t 
f l u o r o b o r a t e s  + g r a p h i t e  + h a f n i u m  + Hastel loy N + 
h e a t  t r e a t m e n t s  + i m p r e g n a t i o n  + i n - p i l c  t e s t s  + 
i n s p e c t i o n  + i r r a d i a t i c n  + j c i n t s  + loop + mass t r a n s f e r  + 
mater ia l s  t m a t e r i a l s  t e s t i n g  t m e a s u r e n e n t  t 
m e c h a n i c a l  FrcFerties + m e t a l l o g r a p h y  +' m e t a l l u r g y  + metals t 
m o d i f i e d  H a s t e l l o y  N + molybdenum + nSPE + c x j d a t i c r  + 
p h y s i c a l  F r o p e r t i e s  + F r e c i F i t a t i o n  + p r o c u r e m e n t  t 
p r o q r e s s  r e p o r t  + r a d i a t i o n  damage t r e l i a t i l i t y  + 
remote M e l d i n g  + rur ture  + s e a l i n g  + s t & n L e s s  steels + 
stress r u p t u r e  + s u r v e i l l a n  t e s t i n s  + 
alloy c o m p o s i t i o n  + w e f d i a g  -rays t tensile p r o p e r t i e s  
OTHEEi CATEGCRIFS:  EXX + FX GX x 

ACE69C026 

HATISRIALS DEPELOPi'IEN'I ( P A R T  MSRF SEEIAMP EFCC FEET 

Oak F i d q e  N a t i o n a l  Laboratory, Tenn.  
OBNL-4396 (Auq. 1969) ,  pp.  211-268,  54 f i g ,  4 4  ref,  

E a t h e r l y  W F  t EcCoy E E  + We R 

2 / 2 8 j 6 9 )  

H a g n e t i c  p a r t i c l e s  f rom the HSRE k u m p  t c w l  weIe sui te  
d i v e r s e  as shown b y  m i c r o F r o b e  a n a l y s i s  a n d  m e t a l l o q r a p h y .  
G r a p h i t e  t o p i c s  include r a d i a t i o n  dalcaqe f u n d a e e n t a l s ,  
b i n d e r  c h e m i s t r y ,  h c t  E r e E s i n q ,  p h y s i c a l  c h a r a c t e r i z a t i o n ,  
t h e r m a l  c o n d u c t i v i t y ,  x- ray  d i f f r a c t i o n ,  e l e c t r c c  
micrcsco~y ,  gas i m l r e g n a t i o n ,  a n d  i r r a d i a t i o n  i n  HFIi?.  
Creep of m o d i f i e d  H a s t e l l o y  N was s t u d i e d  a s  a f f e c t e d  b y  bd 
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ACE690026 * C o n t i n u e d *  
t i t a n i u m  a n d  carbon c o n t e n t s ,  a g i n g ,  a n d  i r r a d i a t i o n  a t  
v a r i o u s  t e m p e r a t u r e s .  Electron m i c r c s c c p y  i d e n t i f i e d  t h e  
c a r t i d e  F r e c i p i t a t e s  formed i n  Hastel loy N a n d  v a r i o u s  
modifications,  C o r r o s i o n  i n  v a r i c u s  m o l t e n  s a l t s  a n d  i n  
a i r  a n d  w e l d i n g  stresses were m e a s u r e d  f o r  H a s t e l l o y  ti. 
M o l t e n  f l u o r i d e  c o r r o s i o n  v a s  CCKiFarEd f o r  R a E t e l l o y  l i ,  
t h e  m o d i f i e d  a l l o y ,  a n d  s t a in l e s s  steel. C t h e r  s t u d i c s  
i n c l u d e  b r a z i n g  H a s t e l l o y  N t c  g r a p h i t e ,  b r a z i n g  
molybdenum, c o r r o s i c n  of I 2 6  b y  f l u o r i d e s ,  a n d  t h e r m a l  
c y c l i n g  of b e a r i n g  m a t e r i a l s ,  

alloy c o m F o s i t i o n  + b e a r i n g s  t b i s m u t h  + c o m p a t i b i l i t y  + 
c o o l a n t s  + c o r r o s i o n  + c r e e p  + d e f e c t s  + d e v e l c p m e n t  t 
a u c t i l i t y  t e a b r i t t l e m e n t  + e x a m i n a t i o n s  + e x F a n s i o n  + 
f a b r i c a t i o n  + f a i l u r e s  + f e r r o a l l o y s  + f l u o r i d e s  + 
f l u o t c b o r a t e s  * f o r m i n g  + m i c r o s t r c c t u r e  t 
g r a p h i t e  + h e a t  t r e a t m e n t s  t 
i m p r e g n a t i o n  + i m p u r i t i e s  + Has te l loy  h’ + i n - p i l e  t es t s  + 
iron a l l o y s  + i r r a d i a t i o n  + mass t r a n s f e r  + m a t e x i a l z  + 
m e c h a n i c a l  FroFerties + m e t a l l o g r a p h y  t m e t a l l u r g y  t 
metals + m o d i f i e d  H a s t e l l o y  N + molten s a l t s  + BSRE + 
molybdenuE + F h y s i c a l  Frcyett ies + p r o c e s s i n g  + 
p r o c u r e m e n t  + p r o g r e s s  report  + r a d i a t i o n  damage  + r u r t u r e  t 
s e a l i c g  + s t a i c l e s s  steels + Et res s  t s u r v e i l l a n c e  + 
test f a c i l i t i e s  + t e s t i n g  + w e l d i n g  + t r a z i n g  t x-rayr 

ACE69 CO 32 
E a t h e r l y  W E  + McCoy HE t Weir JR 
Y A T E R I l L  DEYSLOPRENT (PARI 5 ,  HSRP S E f l I A P h  ERCG EEET €/31/65) 
Cak R i d g e  t i a t i o n a l  L a k o r a t o r y ,  Tenn. 
ORNL-U449 (Feb. 1970),  F F  165-213, s c  f i g ,  2 2  ref. 

P r e l i m i n a r y  e x a E i n a t i c n  of g r a p h i t e  a n d  H a s t e l l o y  N 
s u r v e i l l a n c e  s p e c i m e n s  from t h e  MSRE a n d  t e n s i l e  r e s u l t s  o n  
t h e  H a s t e l l c y  N are  r e F c r t e d .  G r a p h i t e  s t u d i e s  i n c l u d e  
x - r a y  d i f f r a c t i o n  d e t e r m i n a t i c n  o f  a n i s c t r c F y ,  e l e c t r c n  
m i c r c s c o g y ,  gas  i m p r e g n a t i o n ,  i r r a d i a t i o n  e r f t c t s  t o  h i g h  
f l u e n c e s ,  a n d  i n t e r p r e t a t i o n  of  r a d i a t i c n  d a u a g e .  Fox 
t i t a n i u m - m c d i f  i e d  Hastel loy h’, creep was s t u d i e d  as 
affected by t i t a n i u m  c o n t e n t  and  a g i n g ,  a n d  t c n E i l e  
p r o F c r t i e s  were re la ted  s t a t i s t i c a l l y  t o  s e v e r a l  v a r i a k l e s .  
C o m b i n a t i o n s  among T i ,  E f ,  Nk, a n d  Y a d d i t i c n s  i u F r c v e d  
p o s t i r r a d i a t i o n  d u c t i l i t y ;  t i t a n i u m  plus h a i n i u E  Mas test. 
Commercial  heats a r e  o f t e n  i n f e r i c r  t o  h b C r d t C Z y - m e l t e d  
Has te l loy  N m o d i f i c a t i o n s ,  E l e c t r o n  m i c r o s c o p y  t raced  the 
i m p r o v e m e n t s  t o  f o r m a t i o n  of IlC-type c a t h i d e s  . C t h e r  
s t u d i e s  i n c l u d e  coEFa t i b i l i t y  of H a s t e l l o y  N w i t h  c o o l a n t  
s a l t s  a n d  o t h e r  f l u i d s ,  d e p o s i t i n s  t u n q s t e n ,  t r a z i n g  
molybdenum, a n d  rescte r e l d i n g .  

b i s m u t h  + c o a t i n g s  + c o m p a t i b i l i t y  t c c o l a n t s  t corrcEicn t 
creep t d e f e c t s  t d e n s i t y  + d e F o s i t i o n  + d e v e l o p m e n t  + 
d u c t i l i t y  t e m k r i t t l e m e n t  t e q u i p m e n t  t e x a u i n a t i o n E  + 

. 
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e x p a n s i c n  t f a b r i c a t i o n  + f a i l u r e s  + f l u o r i d e s  + 
f l u o r o b o r a t e s  t f o r m i n g  t m i c r o s t r u c t u r e  + 
g r a p h i t e  t b a f n i u n  + h e a t  t r e a t m e n t s  + 
i m p r e g n a t i o n  + i m p u r i t i e s  t H a s t e l l o y  N t i n - i i l e  t e s t s  + 
i r r a d i a t i c n  t nass t r ans fe r  + materials  + 
m e c h a n i c a l  p r o p e r t i e s  t m e t a l l o g r a p b y  t m e t a l l u r g y  t netals + 
m o d i f i e d  H a s t e l l o y  N + m c l t e n  salts + k S R E  t molybdenum t 
p h y s i c a l  p r o p e r t i e s  t p r o c u r e m e n t  + Frcsress repcrt  + 
t a d i a t i c n  damage  t r e l i a b i l i t y  t remote m a i n t e n a n c e  + 
r e s e a r c h  + r u p t u r e  t s e a l i n g  4 s t e a m  g e n e r a t o r s  + s t r e s z  + 
s u r v e i l l a n c e  + tes t  f a c i l i t i e s  + t e s t i n g  t t u n g s t e n  t 
b r a z i n g  + x - r a y s  

ACE70C025 
Weir J R  + McCoy H E  
UATEBIALS DEVELOPMENl (PARS 5 ,  MSRF SEMIANN FECG 5EET 

O a k  R i d g e  Nat icna l  L a b o r a t o r y ,  Tenn.  

kd 

* 

\ 

2/2 8/70) 

0 % ~ ~ - 4 5 4 8  (Aug. 1 9 t C ) .  p p  188-276, 83 f i g ,  4 5  ref. 
M i c r o s t r u c t u r a l  c h a n g e s  a n d  c r e e p  properties bele s t u d i e d  
o n  Hastellcy N s u r v e i l l a n c e  s F e c i r n e n s  trom t h e  MSEE. 
G r a p h i t e  s t u d i e s  i n c l u d e  e l e c t r o n  d a m a s € ;  d e t s i t y ,  
r e s i s t i v i t y ,  a n h  p e r m e a b i l i t y  of p r o m i s i n g  g r a d e s ;  h o t  
a n d  i s o s t a t i c  p r e s s i n q ;  t h e r m a l  c c n d u c t i v i t y  a e a s u r e m e n t ;  
x - r a y  d i f f r a c t i o n ;  e l e c t r o n  m i c r o s c o p y ;  yas i m p r e g n a t i o n ;  
i r r a d i a t i o n ;  a n d  l i fe t ime c a l c u l a t i o n .  Effects cf a q i n q ,  
i r r a d i a t i o n ,  a n d  c c m F c s i t i o n  o n  m e c h a n i c a l  p r o p e r t i e s ,  
e l e c t r o n  m i s c r o s c o p y ,  w r l d a t i l i t y ,  a n d  c c r r c s i c c  b y  
v a r i c u s  s o l t e n  s a l t s  were s t u d i e d  f o r  m o d i t i e d  t a s t e l l o y  N. 
Back e x t r u s i o n ,  w e l d i n g ,  a n d  L r a z i n g  cf molybde tuR,  
c o m F a t i b i l i t y  cf a l l o y s  w i t h  b i s m u t h ,  c o a t i n g  w i t h  t u n g s t e n ,  
a n d  o x i d a t i o n  of s t e e l s  were s t u d i e d  i n  s u f l ; c r t  c f  f u e l  
reprocessing, A l s o  reForted a r e  progress  in remote w c l d i n g ,  
f a i l u r e  a n a l y s i s  of c o m p c n e n t s ,  a n d  c c m ~ a  
t e s t i n g  cf b e a r i n g s .  

a l l o y  c o m p o s i t i o n  t b e a r i n g s  t i s p u t b  + c o a t i n g s  + 
c o m p a t i b i l i t y  t c o o l a n t s  + os ion  t c r e e p  + d e f e c t s  t 
d e p o s i t i o n  t d e v e l o p m e n t  + itt  l r m e n t  + e x a P j i a a t  i c r s  + 
e x p a n s i c n  t f a b r i c a t i o n  + f a i l u r e s  t f e r r o a l l o y s  t 
f l u o r i d e s  + f l u o r o h o r a t e s  + f o r m i n g  + a i c r c s t r u c t u r e  + 
g r a p h i t c  t h a f c i u m  + h e a t  t r e a t m e n t s  + 
i m p r e g n a t i o n  + i m p u r i t i e s  t H a s t e l l c y  I t i n - F i l e  t e s t s  + 
i r o n  a l l o y s  t i r r a d i a t i o n  t mass t r g n s f e r  t m a t e r i a l s  + 
m e c h a n i c a l  p r o p e r t i e s  t m e t a l l o g r a p h y  t m e t a l l u r g y  + 
metals  t a c d i f i e d  Hastel lcy N t m o l t e n  s a l t s  + #SEE t 
molybdenum t p h y s i c a l  p r o p e r t i e s  t F r o c u r e r a c n t  + 
p r o g r e s s  r e p o r t  ' +  FYKCCaKbOn r a d i a t i o n  damage  t 
rem0 te ma in ten a n  ce t r u p t u r e  sealing 4 s t a i r l e s s  steels + 
steam q e n k r a t c r s  + stress + s u r v e i l l a n c e  t test i a c i l i t i e s  t 
t e s t i n g  + t u n g s t e n  + w e l d i n g  + t r a z i n g  

t 

h*, 
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ACE70C039 *C c n t i n u e d "  
Ucir JR 
MATERXALS D E V E L O P X E N l  ( P A R T  4 B S R P  EBCGL. E E E T .  , 8/31/70)  
Cak R i d q e  N a t i o n a l  L a b o r a t o r y ,  T a n .  
ORNL-4622 ( J a n .  1971)  FF. 119-198, 7 5  f i g ,  5 1  ref. 

T u b i n q  a n d  t h e r r C C C U F l e  Wells from the ISFE c o o l a n t  C i r c u i t  
showed v e r y  l i t t l e  c o r r o s i o n .  G r a p h i t e  d e v e l c F a e n t  
i n c l u d e d  F r o c u r e m e n t  of n e u  g r a d e s ,  d e t e r m i n a t i o n  of  
d e n s i t y ,  r e s i s t i v i t y ,  a n i s o t r o p y ,  a n d  micrcstructure ,  
c h a r a c t e r i z a  t i c n  of F i t C h  , b u i l d i n g  t h e r m a l  c c n d u c t i v i t y  
a p p a r a t u s ,  p o r e  s e a l i n g ,  a n d  i r r a d i a t i o n  e f f ec t s  c n  
d e n s i t y ,  p o r o s i t y ,  a n d  Fore seals. I n v e s t i g a t i c n s  of 
H a s t e l l o y  R m o d i f i c a t i o n s  i n c l u d e  e f f e c t s  c f  t i t a n i u m  
c o n t c n t  a n d  a g i n g  on h a r d n e s s ,  t e n s i l e  ~ r o p e r t i e s ,  creep, 
and p o s t i r r a d i a t i o n  c r e e p ,  p o s t i r r a d i a t i c n  c r ee l  of a f l a y s  
c o n t a i n i n g  v a r i c u s  c c n b i n a t i o n s  of T i ,  hb, a n d  FF, 
w e l d a b i l i t y ,  c r e e p  of c c m m e r c i a l l y  me l t ed  a l l c y ~ ,  and 
microstructure.  L C C F  s t u d i e s  of corrosion i n c l u d e d  t y p e  
3041 s t a i n l e s s  s teel ,  H a s t e l l o y  N a n d  s e v e r a l  r c d i f i e d  
a l l c y s  e x p o s e d  t o  f u e l ,  b l a n k e t ,  a n d  c o o l a n t  s a l t s .  The 
electron microprobe uas u s e d  t o  s t u d y  tke c c r r c s i c n  of 
Haste l loy  N b y  p c w e r  F l a n t  steam, a n d  s t u d y  was s t a r t e d  
o n  a d u p l e x  s t e a m - g e n e r a t o r  t u t e  made cf I n c c l c g  B O C  a n d  
N i c k e l  2EC.  D e V e l C F Q e n t  of p r o c e s s i n g  e q u i p m e n t  i n c l u d e d  
b a c k - e x t r u s i o n ,  w e l d i n g ,  a n d  f r a z i n q  c f  r o l y b d e r u a  
c o m ~ o n e n t s ,  c o r p a t i b i l i t y  of BO, T Z B ,  h b ,  hE-194  ~ r ,  ~ a ,  
T - 1 1 1 ,  g r a p h i t e ,  FE-5% Mo, a n d  t r a z e d  j c i n t s  in flc wi th  
m o l t e n  b i S E U t h ,  a n d  d e E c s i t i o n  of c o a t i n q s  by r e d u c t i c n  

f l u o r i d e s .  
' of floF6 and YF6 v a F c r s  a n d  HoF6 d i s s o l v e d  i n  m o l t e n  

b r a z i n g  t creep + c o m p a t i b i l i t y  + c o n t a c t o r s  t d e n s i t y  + 
d e p o s i t i o n  + d u c t i l i t y  + e lec t r ica l  c o n d u c t i v i t y  + 
e x a m i n a t i c n s  + f a b r i c a t i c n  t f l u o r i d e s  + f l u o r o b o r a t e s  + 
b i s m u t h  + g r a p h i t e  + h a r d n e s s  + H a s t r l l c y  N + 
heat  e x c h a n g e r s  + h e a t  t r e a t m e n t s  t i m p r e g n a t i o n  + i r o n  + 
i r r a d i a t i o n  + l o o p  + molykdenum + m o d i f i e d  H a s t e l l c p  N + 
n i c k e l  + F r c c u r e m e n t  + p r c g r e s s  r e p o r t  + s t a i n l e s s  s t e e l s  t 
steam g e n e r a t o r s  t t a n t a l u m  + t b e r n a l  c c n d u c t i v i t y  t 
v e l d i n q  + a l l o y  c o m p c s i t i c n  + m i c r o s t r u c t u r e  + m o l t e n  s a l t s  + 
n i o b i u m  t e n s i l e  p r o p e r t i e s  
OTHER CATEGORIES: EXX + FCX + G X X  8 

ACX640008 
( S t a f f  ReFcrt) 
XGLTEN-SALT RE€!CTOR PROGRBl l  S E R X A N N U A L  PROGRESS B E P O B l  FOR 

Cak R i d g e  Ea t iona l  L a b o r a t o r y ,  Tear t*  
PERIOD E N D I N G  J A N U A R Y  3 1 ,  1964 

OBNL-2626 ( J u l y  1 9 6 4 ) ,  166  p a  

S t a t u s  a n d  p r o g r e s s  a r e  r e p o r t e d .  C o n t e n t s  a re a b s t r a c t e d  
a n d  f i l e d  i n  5 €arts: MSRE, M e t a l l u r g y ,  R a d i a t i o n  
C n e m i s t r y ,  C h e m i s t r y ,  a n d  F u e l  F r o c e s s i n q . .  

. 

? 

bi 
A c c e s s i o n  Numker ACE700035  t o  A C X 6 4 C C C 8  
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C a t e g o r y  A 
Molt en-S a 1 t Re a c t  o r  Pro 9 r a  PS 

ACX 6 4 CQ 08 *C c n  t i nued* 
W 

BSRP + p r o g r e s s  r e p o r t  

A C X 5 4  co 1 4  

MOLTEN-SALT REACTOR P R O G R A M  S E l l l A  b i N U A I  EHCGFiESS SEEC ET 
FOR PEGICI: E B C I N G  JULY 31, 1964 

Oak R i d g e  Naticnal  L a b o r a t o r y ,  Tenn. 
ORNL-3708 (Novo 1 9 6 4 ) ,  395 p. 

. (S taf f  R e p o r t )  

T h i s  repcr t  is a review in d e p t h  rather t h a n  a r epor t  
of 6 m o n t h s '  p r o g r e s s .  I t  is a c c l l e c t i c n  c f  ga iers  
given a t  a n  i n f c r m a t i o n  meeting a t  C B N L ,  A u g u s t  18-19, 1964, 
near the e n d  of MSRE construction. The paFers ccver 
the b a c k q r c u n d  a n d  reFort t h e  s t a t u s  of t h e  technclcqy 
of  moltewsal t  t h e r E a l - b r e e d e r  reactors as of mid-1964. 
S e p a r a t e  abs t r ac t s  a r e  filed f o r  each of 1 6  FaFerz.  

IlSRP t p r c g r e s s  r e p o r t  + r e v i e w s  t t e c h n o l o g y  
OTHER CATEGCBIES: AEX 

ACX 6 5  C O O 3  
(Staff  Beport) 

BOLTEN-SALT REACTOR P R O G R A I ?  SEEIANNUAI E H C G l i E S S  E E E C F T  POT; 
PERTGC E E C I N G  F E E R I J P . R Y  i8, 1965 

Oak R i d g e  Na t i cna l  Labcra tory ,  Tenn. 
ORNL-3812 (June, 1965), 176 p.  

S t a t u s  and p r o q r e s s  a r e  r e p o r t e d .  C o n t e n t s  a r e  a k s t r a c t e d  
a n d  f i l e d  in 5 p a r t s :  ESHE, L e t a l l u r g y ,  Radiaticn 
C h e E i z t r y ,  C h e m i s t r y ,  and F u e l  Prccessicq. 

HSRP p r c g r e s s  reFort  

ACX650009 
(Stdf f ReFcrt) 
PlOLTEN-SAIT REPCTCR F R O G R A a  S E M I A N N U A L  PROGBEIS HZPCd1 FOR 

Oak Ridge Nat iona l  Laboratory, Tenn. 
PERIOD ENDING A O G U S P  3 1 ,  1965 

ORNL-3872 ( D e C .  1 9 6 5 )  8 156 p* 
S t a t u s  and progress a r e p o r t e d .  C o n t e n t s  ase ahstracted 
a n d  f i l e d  i n  5 Facts: ?ISRE, f l e t a l l u r g y ,  R a d i a t i o n  
C h e m i s t r y ,  C h e m i s t r y ,  and  F u e l  F r o c e s s i o g ,  

RSRP + progress r e p o r t  

ACX 6 6 GO07 
(S ta f f  R e p o r t )  

flOLTEN-SALT REACTOR P R U G R A E  AI EHCGEESS f iEECST FOE 
P E R I C C  E L C I N G  F F E R U A K Y  28 

CRNL-3936 ( J u n e ,  196o),  216  p 
. Oak R i d g e  N a t i o n a l  L a b o r a  to  

., and filed in 5 parts :  ESErE, E c t a l l u r q y ,  C t e n i s t r y ,  
S t a t u s  a n d  proqress  a ed. C o n t e n t s  a r e  atstrzcted 

MSBB Cesign S t u d i e s ,  a n d  MSR Proc~ssing S t u d i e s .  
NSRP t Frcqress r eFor t  

ACX6 6 00 1 3 

Accessicn Number A C X 6 4 C C C E  t o  A C X G E C C 1 3  
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C a t e g o r y  A 
M c l t e n - S a l t  Reactcr Proqrans 

ACX6h C O  13 *C c n t i n u e d *  
(Staff  R e p o r t )  

C a k  Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn .  

HOLTEN-SAL? REACTOR PROGRAF S E R I A N N U A L  PROGRESS BEPOdl POR E E R I O D  
E N D I N G  A U G U S ' I  3 1 ,  1966 

O R N L - 4 0 3 7  ( J a n .  1 9 6 7 ) ,  242 p.  
S t a t u s  a n d  p r o g r e s s  a r e  r e p o r t e d .  C o n t c n t s  axe a b s t r a c t e d  
a n d  f i l e d  i n  5 Farts: HSRE, MSRP Mater ia ls ,  C h e m i s t r y ,  MSBR 
D e s i g n  S t u d i e s ,  a n d  HSR F r o c e s S i n g  S t u d i e s  

BSRP t p r o g r e s s  r e p o r t  

ACX67 C O  15 
(Staff  B e p o r t )  

ROLTEN-SALT REACTOB PROGRBI! S E f i I B K E U A L  E R G G E E S S  EEfC6T F06 E E R I O I :  

Oak  R i d q e  Naticnal Laboratory,  Tenn.  
E N D I N G  F E E t U P F Y  28, 1967 

ORNL-4119 ( J u l y  196P)v 219 Po 
Status and p r o g r e s s  are  r e p o r t e d .  C o n t e n t s  a r e  a k s t r z c t e d  
a n d  f i l e d  i n  6 p a r t s  : E S R E ,  Mater ia l s ,  C h e r i h t r y ,  I n - P i l e  
Loops, LlSBR D e s i g n  S t u d i e s ,  a n d  l!SR Processins l r t u d i c z  

WSRP + prcgress reFcrt 

ACX67 0022 
( S t d f  f R e F C r t )  
BOLTEN-SAIT REACTOR F R O G R A X  S E H I A N N U A L  P R O G R E 2 S  R E P O H q  FOR 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  T e n n .  
ORNL-4191 (DeC.  1 9 6 7 ) ,  2 6 0  p. 

P E R I O D  E N D I N G  A U G U S I  3 1 ,  1967 

S t a t u s  a n d  p r o g r e s s  are  r e p o r t e d  i n  six Fartlr v i t h  
t hese  titles: H c l t e n - S a l t  Reactor E x p e r i m e n t ,  flSEL3 
D e s i g n  a n d  D e v e l o p m e n t ,  C h e m i s t r y ,  M o l t e n - S a 1  t I r r a d i a t i o n  
E x p e r i m e n t s ,  Ba t e t i a l s  D e v e l o p m e n t  a n d  E o l t e n - S a l t  
P r o c e s s i n q  a n d  P r e p a r a t i o n ,  S e F a r a t e  a t s t r a c t s  a r e  
f i l e d  f o r  e a c h  €a r t .  

HSRP t p r o g r e s s  r e p o r t  

ACX 6 8  CO 1 1 
( S t a f f  R e p o r t )  

MOLTEN-SALT REACTOR PROGRAE SEMIA b K U A Z  EBCGfiESS SEFCST 

O a k  R i d q e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
FOP PERICC E K C I N G  E E E B U P B Y  1 9 ,  19643 

CRNL-4254 (AUg. I !I68) ,  282  p. 
S t a t u s  a n d  F r o g r e s s  are r e p o r t e d  in s i x  p a r t s  w i t h  t h c s e  
t i t les :  H o l t e n - S a l t  Reactor I x p c r i m e n t ,  8SBR D e s i g n  
a n d  D e v e l o ~ m e n t ,  C h e m i s t r ) ,  M o l t e n - S a l t  I r r a d i a t i o n  
E x p e r i m e n t s ,  Ma te r i a l s  f e v e l o p m e n t ,  a n d  E o l t e c - S a l t  
P r o c e s s i n g  a n d  P r e ~ a r a t i o n .  S e p a r a t e  a k s t r a c t s  a r e  
f i l e d  f o r  each p a r t .  

ZlSRP t p r c g r e s s  repcrt 

ACXh8OO 18 
( S t a f f  R e F C r t )  
EOLTEN-SALT REACTCR PROGRAM S E t l I A N N U A L  PROGREES B E P C R l  FOR 

* 

A c c e s s i c n  Number ACXdEOOlf t o  A C X 6 E C C l E  



C a t e g o r y  A 
M o l t e n - S a 1  t Reac tcr frograms 

ACX680018 * C o n t i n u e d *  

Cak R i d g e  K a t i o n a l  L a b o r a t o r y ,  f e n n ,  ” 

ORNL-4344 (Peb.  1969) ,  333 F. 

L d  
- 

PERIOD E N D I N G  AUGUS’L 3 1 ,  1 9 6 8  

* S t a t u s  a n d  F r o g r e s s  a r e  r e p o r t e d  i n  six p a r t s  w i t h  
these titles: M o l t e n - S a l t  R e a c t o r  E X F f K i m f U t ,  USBR 
D e s i g n  a n d  D e v e l o p m e n t ,  C h e m i s t r y ,  M o l t e n - S a l t  I r r a d i a t i o n  
E x p e r i m e n t s ,  R a t e r i a l s  C e v e l o p m c n t ,  a n d  Molter-Ea I t  
P r o c e s s i n g  a n d  P r e F a r a t i o n .  S e p a r a t e  a k s t r a c t s  a r e  
f i l e d  for e a c h  p a r t .  

MSRP + Frcgress  r e p o r t  

. 

ACX690020 
( S t a f f  ReFcrt) 
XOLTEN-SAIT REACTOR F R O G R A X  S E M I A N E U A L  PROGBEZS R E Y C H ?  FOR 

PERIOD E N D I N G  FEBSUARY 28, 1969 
C a k  Bidge  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-4396 (Aug. 1969) ,  3C7 F. 

S t a t u s  a n d  p r o q r e s s  a r e  r e p o r t e d  i n  s i x  p i r t s  h i t h  
t he se  t i t les :  M o l t e n - S a l t  Reactor E x p e r i m e n t ,  fSE8 
D e s i g n  a n d  D e v e l o p m e n t ,  C h e m i s t r y ,  PSoltcn-Salt X r r a d i a t i o n  
E x p e r i m e n t s ,  Ha te r i a l s  D e v e l o p m e n t ,  a n d  E o l t e n - S a l t  
P r o c e s s i n g  a n d  P r e p a r a t i o n .  S e p a r a t e  a k s t r a c t s  a r e  
f i l e d  f c r  each  Fart. 

HSBP + p r o g r e s s  r e p o r t  

ACX 69 c027 
( S t a f f  B e p o r t )  

8OLTEN-SALT REACTOR PROGRAB SEBIA L N U A I  E R C G F E S S  6 E E C F T  FOE 

Oak R i d g e  Nat icnal  L a b c r a t o r y ,  Tenn. 
PERICD E K C I N G  AUGUST 3 1 ,  1969 

CRNL-4449 (Feb .  1970) t  2 5 1  p.  
S t a t u s  a n d  FrcgresE are r e p o r t e d  in s i x  parts w i t h  
these t i t lesz  Molten-Salt Heactcr E x ~ ~ r i ~ r ~ e n t ,  MSBR 
D e s i g n  a n d  DeVelOpUent ,  C h e m i s t r y ,  M o l t e n - S a l t  I r r a d i a t i o n  
E x p e r i m e n t s ,  H a t e r i a l s  C e v e l o p m e n t ,  a n d  # o l t e E - Z a l t  
P r o c e s s i n q  a n d  P r e F a r a t i o n ,  , S e p a r a t e  a t s t r a c t s  a r e  
f i l e d  for each p a r t  e x c e p t  I r r a d i a t i c n  E x p e r i a e r t E ,  
where there was n o  a c t i u i t y .  

MSRP + p r o g r e s s  r e p o r t  

B C X 7 0 C O  18 
(Staff  Report) 

fiOLTEN-SALT HEACTOR P R O G R A P !  S E E I A L H U A I  E H C G E E S S  F E E C F T  F03 
PERICC E h C I N G  F E E R U A R Y  28, 1970 

Oak R i d q e  N a t i c n a l  Labcra to ry ,  Tenn, 
ORNL-4548 (AUg. 1970)p 338 p. 

S t a t u s  a n d  Frogress a r e  r e p o r t e d  i n  s i x  parts w i t h  t h e s e  
t i t l es :  Molten-Salt R e a c t o r  E x p e r i m e n t ,  MSBH Desicjr: 
a n d  Deve loFmen  t ,  C h e m i s t r y ,  E o l t e n - S a l t  I r r a d i a t i o n  
E x p e r i m e n t s ,  M a t e r i a l s  t e v e l o ~ m e n t ,  a n d  Molter-:alt 

A c c e s s i c n  Number ACX6800 18 t o  A C X 7 C C C 1 1  
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C a t e g o r y  A 
H c l t e n - S a l t  Reactcr P r o g r a r s  

ACX70C018 * C c n t i n u e d *  
P r o c e s s i n g  a n d  P r e p a r a t i o n .  S e p a r a t e  a t s t r a c t s  a r e  
f i l e d  f o r  each Fa r t  e x c e p t  I r r a d i a t i o n  E x p e r i m e n t s ,  
w h e r e  t h e r e  vas n o  a c t i v i t y .  

HSRP + proqress r e p o r t  

ACX7 0 00 3 4 
( S t  a f f R e Fc r t) 
BOEDENPSBIT. E R E  Rcm8 BRQt18'Bfi 39 l%BISUAL PRO GEE IS HEPOR 'I 
Oak Ridqe Naticnal  Labcratory,  l e n n .  
GRNL-4622 ( J a n ,  1971) ,  230 p. 

S t a t u s  a n d  p r o g r e s s  a r e  r e p o r t e d  i n  f i v r  FartE k i t h  
these titles: M o l t e n - S a l t  Reactor E x p e r i m e n t ,  BSER D e s i q n  
a n d  C e v e l o p m c n t ,  C h e m i s t r y ,  S a t r r i a l s  D ~ v e l c ~ n e c t ,  a n d  
f iclten-Salt  Prccess ing  and P r e p a r a t i o n .  Separate atstracts 
a re  f i l e d  €or each p a r t .  

MSRP + p r c q r e s s  r e p o r t  

ACX7 103'27 
(Staff R e F C K t )  
f9OLTEN-SAIT REACTCR PFiOGRAH S E H I A N N U A L  F R O G R E Z S  HEPCR'I FOR 

P E R T O D  E N D I N G  FEBRUARY 28, 1971 
Cak E i d q e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
ORNL-4676 (AUCJ. 1 9 7 1 ) ,  2 7 7  F. 

S t a t u s  a n d  p rogres s  a re  r e p o r t e d  i n  f i v e  & a r t s  b i t h  t h e s e  
t i t l e s :  ? lol ten-Sal t  Reactor E x p e r i m e n t ,  -MSES C e s i g n  and  
D e v e l o p m e n t ,  C h e i n i s t r y ,  M a t e r i a l s  D e v e l c p m e n t  , azd 
Piolten-Salt P r c c e s s i n g  a n d  F r e p a r a t i o n .  S e p a r a t e  a b s t r a c t s  
are f i l e d  for e a c h  p a r t .  

MSRP t F r c g r e s s  reFcr t  

ADX64 00 2 1 
K a s t e n  PR 
THE t l C i E L  REACTCR CONCEPT 
K e r n  f o r s c h u  cqsan l a q e  J u l i c h  , GeK;nan y 
F r o c ,  3 r d  Tn t .  Conf.  i n  P e a c e f u l  Uses cf Atcmic E n e r g y ,  

Geneva ,  (Auq, 31 - S e F t .  9 1 9 6 4 ) ,  V O l .  6 ,  PF. 363-3€9,  
1 f i g .  23 ref. 

T h e  H c l t e n  S a l t  E p i t h e r E a l  (MOSEL) r eac to r  cc rc r&t  features 
a ccre f l u i d  c f  UF4-NaF-BeF2 a n d  d b l a n k e t  f l u i d  of 
ThP4-NaF-EeF4 s e p a r a t e d  by n i c k e l  alloy t u b e E ,  P roce s s i n q  
is ky f l u c r i d e  v c l a  t i l i  t y ,  F a r a s i t i c  a b s o r p t i o n  of 
n e u t r o n s  ( p r e d o m i n a n t l y  e p i t h e r s a l )  is n o d e r a  te  a c d  
b r e e d i n g  r a t i o s  b e t w e e n  1.08 - 1.22 a p p e a r  a t t a i n a b l e .  The 
core c o n c e n t r a t i o n  is a k o u t  300 5 f i s s i l e / l i t e r  a a d  f i s s i l e  
i n v e n t c r y  ccst is a major item. K e v c r t l e l e s s  g c u e r  c c s t s  
aFpEar r o a s c n a b l e . .  

* b r e e d i n g  p e r f o r m a n c e  + * c o n c e p t u a l  d e s i g n  t *uo l t e s  salts + 
*reac tors  + ccsts  + f c r e i g n  + f l u c r i n a t i o n  t Hastelloy N + 
i n c o n c l s  + i n v e n t o r i e s  + n e u t r o n  spectra + n i c k e l  t 

w 
. 

\ 

W 
A c c e s s i c n  Number ACX7000  18 t o  ACX640041  

3 



Page 59 

C a t e g o r y  A 
1 ;  Mcltea -Sa l  t Reactor F r o g r a m s  

ADXb40021 * C o n t i n u e d *  
W 

s o d i u s  f l u c r i d e  
CTHER CBTEGCRIES : I A F  

0 ADX67 C046 
Gat U 
COOLING CONCEPTS FOR A COEPAC'I MOSEI (CCLTEL SALT) Z E P f T O E  
K e r n f o r s c h u n g s a n l a g e  J u l i c h ,  Cermany 
Nuc l .  E n q r g .  and D e s i g n  5 { 1 9 6 7 ) ,  pp. 113-122.  10  r i g ,  
23 ref .  

This r e v i e w  of e n g i n e e r i n g  F o s r i b i l i t i e E  of t h e  MCS EL 
reactor c o n s i d e r s  c o o l i n g  by d i r e c t  c c n t a c t  c f  s a l t  3 r d  
molten l e a d ,  e i t h e r  i n t e r n a l l y  or e x t e r n a l l y  t o  t h e  ccre, 
I n t e r n a l  c o o l i n g  r e d u c e s  t h c  f u e l  i n v e n t c r y  a r d  fuel cycle 
c o s t s  b u t  c o n c e n t r a t e s  e n g i n e e r i n g  problems i n  t h e  core 
zone. 

* c o n c e p t u a l  d e s i g n  + *lead c o o l i n q  + *reac to r s  + cores t 
f o r e i g n  + h e a t  t r a n s f e r  t i n v c n t o r i e s  
OTHER CATEGORIES: LAF 

A D X G 9  0063 
J e n s e n  RJ t Swanscn  E 
U T I L I T Y  AEFLICATION CE MOLTEN-SALT B R E E C E R  REACTOR 
N o r t h c r n  S t a t e s  P c u e r  C o ,  M i n n e a F o l i s  + Black a n d  Veatch,  

Proc. A m e r i c a n  Power C o n f ,  3 1  (1969)  pp. 222-230 ,  E fig, 
K a n s a s  C i t y  

7 ref. 
T h e  MSBB c o n c e F t ,  suFForted b y  the s u c c e s s f u l  MSFE, i s  under 
s t u d y  by u t i l i t i e s  as a c o n t c n d e c  w i t h  f a s t  b r e e d e r s  for 
l c n g - r a n g e  power. Its low b r e e d i n g  ratio is o t f s e t  by 
low f i s s i l e  i n v e n t o r y  a n d  i t  c a n  use U-233,  U-235, C K  
P u  a s  i n i t i a l  f u e l .  O n - s i t e  p r o c e s s i n g  is r e q u i r e d .  A 
s c h e d u l e  f o r  1976 s t a r t u p  of a 3CC- t o  ECO-nke I r c t c t g F c  
is FKeSeeted, 

*electrical power + * i n d u s t r y  i *M P R  + . * p r o t c t y ~ e s  + 
* u t i l i t i e s  t a r c h i  t e c t - e n g  t b r e e d i n g  p e r t c r m a n c e  + 
c o n v e r t e r s  + e c o n o m i c s  + n 

A c c e s s i o n  Number ADX64CCi: 1 t c  A C X b S C C f 3  
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C a t e g o r y  E3 
Reactor Analysis 

BAX68C006 
Perry A #  
INFLUENCE OF NEUTRON DATA IN THE D E S I G E  CF CTEEIi TYEES OF 

Oak R i d g e  N a t i c n a l  Labora to ry ,  'Ienn. 
ORNL-TM-2157  ( E a r c h  1968), 23 p,  5 fig, 10 r e f .  

PCWER B E A C T O F S  

T h i s  rcFcrt was F r e s e n t e d  at t h e  S e c o n d  C o n f e r e n c e  on 
N e u t r o n  Cross S e c t i o n s  a n d  T e c h n o l o g y ,  Wasbingtcc,  ! l a r c h  
4-7,  1968. The e f f e c t s  of cross-sectior u a c e r t a i n t i e z  
on estimates cf b r e e d i n g  p r f c r m a n c e  a n d  of pcver 
c o s t  for a m o l t e n - s a l t  k r e e d e r  EEactcr a r e  shcun t o  
be small ,  U n c e r t a i n t y  i n  b r e e d i i i q  r a t i o  due t o  cross- 
s e c t i o n  u n c e r t a i n t i e s  is l e s s  t h a n  F l u s  cr n i n u z  C.C2, 
a n d  t h e  u n c e r t a i n t y  in rower costs i s  less t h a n  p l u s  
o r  m i n u s  0.3 m i l l s / k v h r  (e) , S i m i l a r l y  smal l  e f f e c t s  
a r e  s h o u n  f c r  t h e  h i g h -  t e m p e r a t u r e  g a s - c o o l e d  reac tor .  
T h e  n e e d  for f u r t h c r  r e f i n e m e n t s  i n  n u c l e a r  d a t a  is 
r e l a t e d  F r i a a r i l y  t c  t h e  c a l c u l a t i o n  of t e m p e r a t u r e  
c o e f f i c i e n t s  of r e a c t i v i t y .  

ebreeeing F e r f c r m a n c e  + *cross s e c t i o n s  t * d e s i g n  d a t a  t 
+errors + ESER + n u c l e a r  analysis + F C W E ~  c c s t s  + r r a c t i v i t l  + 
reac tc rs  + t h o r i u s  + u r a n i u m - 2 3 3  
CTHER CATEGCEIES: EFX 

E A X 7  0 00 08 
Kas ten  PR + C r a v e n  CE + Wright R(E 
CROSS-SECTICN A N C  NUCLEAR-CONSTANT C A T A  FOR H E A V Y  METAL 

C a k  R i d g e  b a t i o n a l  L a b o r a t o r y ,  T e n n .  
OBNL-I!!-2851 (Rev.) ( A F K .  1970) 2 1  p ,  18 f i g ,  0 ref .  

NUCLIDES (FUELS) 

Cross s e c t i o n s  a n d  n u c l c a r  c o n s t a n t s  c f  f i s s i l e  aEd 
f e r t i l e  Ba te r i a l s  and cf h i g h e r  i s o t o p e s  a re  s u m m a r i z e d  
i n  g r a p h i c a l  form, k a s e d  o n  E N D F I B  d a t a ,  I h e  r e s u l t i r g  
f i q u r e s  Fermit v i s u a l  a g p r e c i a t i o n  of n u c l e a r  d a t a  
i n  p r e s e n t  u s e ,  a n d  r e l a t i v e  c c m F a r i s o n  of da ta  f c r  
t h e  d i f f e r e n t  f i ss i le ,  f e r t i l e ,  a n d  h i g h e r - i s o t o F e  
materials.  N u c l i d e s  c o n s i d e r e d  a r e  Ih-232, U-236, 

U-23t ,  Pu-2U0, a n d  Fu-242, T h e  r e v i s i o r  d i f f e z n  from 
t h e  o r i g i n a l  r e p o r t  o n l y  i n  t h e  q u a l i t y  of r e L r c d u c t i c n  
of g r a F h s .  

Pa-233, NF-239, r)-233, U-235, Eu-239,  Eu-241, 0-234, 

* n e u t r o n  p h y s i c s  + *cross s e c t i o n s  + * n c u t r c n  y i e l d  + 
f i s s i c n  t a h s o r p t i o n  + *fissile mater ia l s  + t h o r i u m  t 
u r a n i u m  + p l u t o n i u m  + n e p t u n i u m  t * d a t a  t i so tcFes  t 
c d p t u r e  + * f e r t i l e  mater ia ls  

B B X 6 7  00 12 
C a r l s E i t h  A S  + B e n n e t t  L L  + E d i s o n  G E  t G i f t  EH + Thomas  W E  t 

REVIER OF BOLTEN SALT REACTOR FHYSICS C A L C U I A T I C L S  
Cak Ridqe K a t i o n a l  L a b o r a t o r y ,  T e n n .  

Welfare FG 

A c c e s s i c n  Number BAX680006 t o  E E X 6 7 0 0  12 
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t a t f q o r y  B 
Reactor A n a l y s i s  

BBXfi 7 00 1 2  * C o n t i n u e d *  
ORNL-TM-1546 (Auq, 1967) 59  p, 13 f i g ,  4 1  ref, 

LJ 
- 

A set of c a l c u l a t i o n s  w a s  made t o  check the r e a c t i v i t j  
a n d  b r e e d i n g  r a t i o  cf t h e  r e f e r e n c e  d e s i q n  of a two- 
r e g i o n ,  t w o - f l u i d  MSER. The review c c v f r e d  C L C S E  
s e c t i o n  selection, f i s s i o n  p r o d u c t  t r e a t m e n t ,  m u l t i g r o u p  
c e l l  c a l c u l a t i o n s ,  t w o - d i m e n s i o n a l  r f a c t c r  c r i t i c a l i t j  
c a l c u l a t i o n s ,  e q u i l i b r i u m  d e p l e t i o n  c a l c u l a t i o n s  and  
s t a r t u p  d e p l e t i o n  c a l c u l a t i o n s .  I n s o f a r  a s  F c s s i b l e ,  
t h e  cross sec t icns  a n d  c a l c u l a t i o n s  methods were made 
i n d e p e n d e n t  of t h o s e  u s e d  p r e v i o u s l y ,  The r e f e r e n c e  
comFosi t ion g a v e  a k ( e f f )  of 0.95. This d i s c r e p a n c y  
was t r a c e d  to u s e  of a low v a l u e  f o r  t h c r i u n  r e E c n a n c e  
i n t e g r a l  i n  p r e v i o u s  c a l c u l a t i o n s ,  Uhen t h e  r e a c t o r  
was made c r i t i c a l  b y  t h e  a d d i t i o n  of 1 4 %  mcre I]-233, 
t h e  b r e e d i n g  r a t i o  uas 1.062 c o m p a r e d  with 1 . C S 4  i n  
t h e  p r e v i o u s  c a l c u l a t i o n s .  R e o p t i m i z a t i c n  of  t h e  
c o m F c s i t i o n  would p r o k a t l l ;  d e c r e a s e  t t i s  d i f f e r e c c e  
i n  C r e e d i n g  r a t i o .  

. 

* c a l c u l a t i o n s  + MSEk + * t w o - f l u i d  t E a c t o r  + 
* b r e e d i n 9  I e r f c r E a n c e  + r eac t iv i ty  + b u r n u p  + 
c r i t i c a l i t y  + cross s e c t i o n s  t t i s s i c n  Frcducts + 
c o m p u t e r  codes + nuclear a n a l y s i s  + * d e s i g n  d a t a  + 
*errors + * r e v i e u s  + t h o r i u m  
OTHER CATEGORIES: BPX 

BFX6 80009 
Perry A M  + S m i t h  OL + K ~ E K  "I 
NEW D E V E L C F R E K T S  IN HSR PHYSICS 
Oak R i d q e  N a t i c n d l  L a b o r a t o r y ,  T e n n .  
Snmmary of p a p e r  p r e s e n t e d  a t  ANS W i n t e r  M e e t i n g ,  

W a s h i c q t o n ,  D .  C.# Nova 10-15 ,  1 9 6 8 ,  BNS T r a n s a c t i o n s  11, 
(2) 6 1 9 ,  2 p. 

D @ V € l C F m € ? n t S  w n i c h  Fermit s e p a r a t i o n  of protactinium a n d  
fission p r o d u c t s  f rom MSR f u e l  and  f r c m  each c t h e r  ra ise  t h e  
p o s s i b i l i t y  of a s i r g l e - f l u i d  ESEfi. The f l u i d  w h i c h  
c o n t a i n s  u r a n i u m  a n d  t h o r i u m  is Eade  t c  f u n c t i c r  a s  b c t h  
f u e l  and f e r t i l e  material  b y  a d j u s t i n y  t h e  degree of  n e u t r o n  
m o d e r a t i o n  t h a t  occurs n v a r i o u s  req icns  c t  a z c n e d  ccre.  
2 onrd cores ha ve h i g h e  y i e l d s  a n d  lower f u e l  i n v e n t o r i e s  
t h a n  uniform cores. P er  c o s t s  c a n  t e  r e d u c e d  C - 1  t c  0 . 3  
m i l s / k w h  (e) b e l o w  t h o s e  f c r  c o m p a r a b l e  u n i f o r m  cores. 
T e m p e r a t u r e  c o e f f i c i e n t s  r e a c t i v i t y  in zcncd-ccre 
s i n s l e - f l u i d  r e a c t o r s  are uch t h a t  d y n a m i c  c ta rac te r  i st ic  6 
a re  expected t c  be acceFt le. I E r e p r i n t s  o f  t h i s  p a p e r  a r E  
not a v a i l a b l e  b u t  s i m i l a r ,  a n d  mere r e c e n t ,  d a t a  are 
p r e s e n t e d  i n  N u c l .  A ~ p l .  a n d  ech. 8, 208 (Fek. 1970) .  See 
BFX700016,) 

* *MSni? + *single-f l u i d  r e a c t o  e e d i n g  p e r f o r m a n c e  + 
r e a c t i v i t y  + d y n a m i c  c h a r a c t e r i s t i c s  + s p e c i f i c  i n v e n t o r y  + 
n u c l e a r  a n a l y s i s  + n e u t r o n  p h y s i c s  t C l a n k E t  t m c d e r a t c r s  + 
rue1 CPCl€ c o s t s  

i 

BFX7090 16 

nccessicn Number BBX67COlE t o  E E X 7 C C C l t  
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C a t e g o r y  B 
Reactor A n a l y s i s  

B FX70 CO 16 
P e r r y  A?! t Eauman R E  
REACT03  PHYSICS AND FUEL CYCLE ANALYSES 
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn, 

*C c n  t i n u e d *  

N U C l .  A p p l *  Tech .  8 ,  (2) 208 (Feb .  1970),  12 12 fig, 
5 ref. 

G e n e r a l  n u c l e a  I charac te r i s t ics ,  b r e e d i n g  p e r f o r m a n c e  a n d  
f u e l - c y c l e  c o s t s  a r c  d i s c u s s e d  f o r  a r e f e r e n c e  d e s i g n ,  
s i n g l e - f l u i d  HSBR c y e c a t i n g  on a t h o r i u n :  -- u r a n i u m - 2 3 3  f u e l  
c y c l e  w i t h  f u l l  c h e m i c a l  p r o c e s s i n g ,  T k i s  d e E i g r  has a 
b r e e d i n g  r a t i o  near 1.06 s p e c i f i c  f i s s i l e  i n v e n t c r y  of 
1.5 kq/Hu(e)  # f u e l  d o u b l i n q  time of 20 yr, a n d  a f u e l  C y c l e  
cos t  n e a r  0.7 n i l / k u h ( e ) .  Eitbcr e n r i c h e d  u r a c i u H  C L  
p l u t o n i u m  map be u s e d  as a s t a r t u p  f u e l .  I f  chemical 
p r o c e s s i n g  for P a  i s o l a t i o n  a n d  r a r e - c a r t h  rencval  is 
omitted,  t h e  d e s i g n  h a s  a c o n v e r s i o n  ra t io  of 0.8 t o  0.9. 
The f u e l  c y c l e  cost p e n a l t y  f o r  c F e r a t i c n  a s  a c c n v e r t e r  is 
a r o u n d  0.1 r i l / k u h  (e) 

*BSBR + * s i n g l e - f l u i d  reactors i * f u G l  c y c l E  c o s t s  + 
* b r e e d i n g  F e r f c r r a n c e  + n u c l e a r  a n a l y s i s  + t h c r i u m  t 
u r a n i u m - 2 3 3  + p l u t o n i u m  + processing + s p e c i f i c  i n v e r t c r y  + 
r a r e  e a r t h s  t ncble setals t f i s s i o n  p r o d u c t s  t 
rare gases t p r o t a c t i n i u m  

BPX 70 CO 56 
C a r l s m i t h  FS + L a n e  JA 
POVtSR REACTORS FOB THE F U l U R E  -- AN EVAIUATICE 
CaK Eidge N a t i o n a l  L a b o r a t o r y ,  Tenn .  
Proc. American P c w e r  C o n f ,  vol. 32 (1970) pp. 98-104, 
4 f i g ,  16 ref. 

A r e v i e w  b y  t h e  AEC cf the U.S. c i v i l i a n  n u c l c a r  pouer  
p r o q r a m  c o n s i s t e d  of t u o  phascs: d e t e r a i n a t i c n  cf t h e  
charac te r i s t ics  of v a r i c u s  r eac to r  types a n d  s i m u l a t i c n  of 
o p t i m a l  y r o w t h  p a t t e r n s  u s i n g  these reac tors .  I h i s  
p a p e r  reForts  cn t h e  f i r s t  p h a s e  i n c l u d i n g  u r a n i u m ,  t h o r i u m  
a n d  p l u t o n i u m  u s a g e ,  s e p a r a t i v e  wcrk r e s u i r e n e n t s ,  a n d  
c a ~ i t a l ,  c p e r a t i n q ,  f u e l ,  a n d  t o t a l  power cos t s  for 7C 
f u e l i n g  v a r i a t i o u s  in 7 r e a c t c r  c c n c e F t s .  !it€ f i g u r e s  
r e p c r t e d  dre t h o s e  t h a t  were a v a i l a b l e  i n  1967. Bn ?lSEH 
w i t h  1.1 kq/nWe s p e c i f i c  i n v e n t o r y ,  1.37 breeding r a t i c  a n d  
c a F i t a l  ccsts a r o u n d  t h o s e  for l i g h t - w a t e r  r e a c t o r s  had a 
t o t a l  power  c o s t  s l i g h t l y  lower t h a n  a n i  o t h e r  reac tor ,  

* b r e e d i n g  p e r f o r a a n c e  t *power costs  i * r r a c t c r s  + AEC t 
c a p i t a l  c c s t s  + econcmics t fuel cycle costs + 
o p t i m  i z a t i o n s  t n a t u r a l  resources 

Ei GX 67  C045 
(Staff Deport) 

SAFETY STUDIES ?OR YSBB (PART 5 N U C L  SAFEY EECG Ahb; G6CG 

Oak  R i d g e  N a t i o n a l  L a b c r a t o r y ,  T e n n .  
REET 12/31/67) 

W 
. 

. 

? 

A c c e s s i o n  Number BPX700016 tc EGX670045 



Category B 
1 Reactor Aha1 ysis 

B G X 6 7 0 0 4 5  *Cont inued*  
W . ORNL-4228 (April  1 5 6 8 ) .  FF. 287-307 ,  8 f i g ,  e ref ,  

T h e s e  s t u d i e s ,  t h e  first reported a s  Fart cf the Safe ty  
Prcgrar, a r e  aimed a t  information needed for s a k e t y  
c r i t e r i a  f o r  M S E R ' S .  Ind ica t ions  are  t k a t  MSEH E y s t e n s  
have favcrable inherent s a f e t i  and s t a b i l i t y  
c h a r a c t e r i s t i c s ,  t h a t  f i s s ion-Frcduct  bchavicr strang l y  
i n f l u e n c e s  emergency c o c l i n g  requirements, a n d  t h a t  MSER 
m a t e r i a l s  are  cornpat i t le ,  

* a n a l y s i s  t *design c r i t e r i a  + *MSBE t * s a f e t y  + 
a f t e r h e a t  c o m p a t i b i l i t y  + depoa i t i co  t 
f i s s i c n  Frcducts t molten s a l t s  + r e a c t i v i t y  + s t a b i l i t y  + 
dynamic c h a r a c t e r i s t i c s  

Page b j  

Accession Numker B G X 6 7 C 0 4 Z  to BGX67CC45 
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Category C 
Reactor C h e u i i s t r y  

CAX68CO32 
Thoma R E  
CHEHICAL FEASIBILITY OF F U E L I h G  H O L T E N  SAIT EEACTOES WITH 

PUP3 
Oak R i d g e  Nat ional  Laboratory,  Tenn, 
ORNL-TW-2256 ( J u n e  1968),  37 p, 5 f i g ,  20 r e f .  

T h e  f e a s i b i l i t y  of E t a r t i n g  m o l t e n  s a l t  reactcrs w i t h  
PuF3 was e v a l u a t e d  w i t h  r e s p f c t  t o  c b e a i c a l  C c s E a t i b i l i t y  
w i t h i n  f u e l  s y s t e m s  a n d  t o  r e r o v a l  of p l u t o n i u m  from t h e  
f u e l  by c h e m i c a l  r e p r o c e s s i n g  a f t e r  Pu-239 b u r n c u t ,  
C o m p t i b i l i t y  w i t h i n  reactor c o n t a i n m e n t  systems is 

' m o d e r a t e l y  w e l l - a s s u r e d  k u t  r e q u i r e s  c c r f i r e a t i c E  of PuF3 
s o l u b i l i t y  a n d  o x i d e  t o l e r a n c e  before t e s t s  can t e  made 
using t h e  HSRE. A l t h o u q h  s e p a r a t i o n  cf F l u t c r i e P  a n d  
p r o t a c t i n i u m  i n  the c h e m i c a l  r e p r o c e s s i n g  E l a n t ,  a s  v c u l d  
be d e s i r a b l e  i n  a l a r g e  treeder E E a c t G x ,  b a s  L C ~  y e t  b e e n  
d e m c n e t r a t e d ,  ccnceFtua1 d e s i y n s  of p r o c e s s e s  f o r  
e f f e c t i n g  s u c h  s e p a r a t i o n s  ar€  a v a i l a k l c  f c r  d e v e l o r m e n t .  

* c h e m i s t r y  t + c o m F a t i b i l i t y  4 * d i s s o l v i n g  + * f u e l s  + 
* p l u t o n i u m  f l u o r i d e s  4 * p r i m a r y  s a l t  t * p r o c e s s i n g  i 
* s e p a r a t i o n s  + a c t i n i d e s  + b e r y l l i u p l  fluoride + 
carriers chemical  p r o p e r t i e s  + c o p c e n t r a t i c n  i 
c o r r o s i c n  + f l u o r i d e s  + q r a F h i t e  + Hastel loy li 4. 
l i t h i u m  f l u o r i d e  + o x i d e s  + p h y s i c a l  F m p e r t i c s  t 
reac tc rs  t r e p l a c e m e n t  i s t a b i l i t y  + t h o r i u m  f l u o r i d e s  t 
u r a n i u m  f l u o r i d e s  
OTHER CATEGORIES: LDA 

CAX690052 
P r e d r i c k s e n  J A  t G i l g a t r i c k  LC + B a c t o n  C J  
S O W I B I L I T Y  CF CEEIIIM TRIFLUORJCE IN ?IOL'IEN HIXTUBES OF 

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
URNL-TH-2335 ( J a n ,  1 9 6 9 ) ,  2 5  F.  9 f i g ,  7 ref. 

LIF, BEFZ, A N D  PBF4 

T h e  S o l u b i l i t y  of CeF3 u a s  d e t r r m i n e d  a t  v a r i c u s  
tearFetatures i o  s i x  m i x t u r e s  >f Lip, B e F 2 ,  l h F 4  of t h e  t y p e  
t h a t  may be  used t o  f u e l  a m o l t e n  salt b r e e d e r  r e a c t o r ,  
C o n p a r i s o n  of e a r l i e r  d a t a  o n  t h e  s o l u b i l i t y  c f  P u F 3  a n d  
C e P 3  i n  f l u o r i d e  e c l v e n t r  m a k 2 s  i t  p o s s i b l e  t o  p r e d i c t  t h a t  
t h e  s o l u b i l i t y  of PuF3  i n  s i n g l e r e g i o n  f u e l  c c n ~ c s i t i c n s  
a t  r e a c t o r  o p e r a t i n g  temFeratures b i l l  te more t h a n  
a d e q u a t e ,  T h e  s o l u t i l i t y  d a t a  as a f u n c t i c n  c f  s c l v e r t  
comFcsi t ion were b e s t  ccr re la ted  b y  a m o d e l  t h a t  a s s u m e s  
BeF2 t o  he c o m p l e x e d  a s  t h e  BeF4(Z- )  ior.  a n d  I h F 4  a s  t h e  
TbFC (1-) i c n .  

* b e r y l l i u m  f l u o r i d e  t * d i s s o l v i n q  t * f l u o r i d e s  + 
* l i q u i d u s  + * l i t h i u r  f lucr ida  + * p h a s e  e q u i l i b r i a  t 
* p l u t o n i u m  f l u o r i d e s  + * r a r e  e a r t h s  t * s o l u t i l i t y  + 
* t h o r i u r  f l u o r i d e s  + a c t i n i d e 5  + c h e m i s t r y  + c o m p a t i t i l i t y  + 
f i ss i le  materials t f u e l s  t m i x t u r e s  t HSBE MSBH + 
r e p l a c e m e n t  i s o l i d u E  

CAX69 00 53 

W 

. 

* 
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CAX6 9 0053 
H c D u f f i e  HF + McCoy HE t R o b e r t s o n  BC + S c o t t  G t 

*Con t i n u  e d *  

Thoma R E  
ASSESSMENT OF MOLTEN SAL'IS AS I N T E B I ! E D I A T E  C C C L A h T S  F C F  . LMFERS 
O a k  R i d q e  Naticnal  L a b o r a t o r y ,  Tenn,  
ORNL-TH-2696 ( S e p t ,  1 9 6 9 ) ,  29 p, 7 f i g ,  23 r e f ,  

S e v e r a l  m o l t e n  s a l t E  were c o n s i d e r e d  a s  i n t e r m e d i a t e  
c o o l a n t s  f o r  LMFEH's, I n c l u d e d  were f l u c r i d e ,  c h l o r i d e ,  
c a r b o n a t e ,  n i t r a t c - n i t r i t e  a n d  f l uo robora t e  s a l t s .  
C h e m i c a l  r e a c t i o n s  t h a t  c o u l d  c c c u r  tftween s c d i u n  a n d  
f l u c r c b o r a t e s  l e a d  t o  t h e  c o n c l u s i o n  t h a t  c a r k o n a t e s  
m i g h t  be a tet ter choice f o r  LPIFBa's .  Cse cf c a r b o n a t e s  
a v o i d s  t h e  safety c c n s i d e r a t i o n s  a n d  r e l a t e d  cos t s  t h a t  
a r i se  from t h e  r e a c t i o n s  o f  s o d i u u .  w i t h  water i f  E t e a n  
g e n e r a t o r  f a i l s  and w i t h  a i r  i f  a c o o l a n t  p i p e  r u p t u r E s .  
I n  t h e  a b s e n c e  of t h e s e  s a f e t y  c o n s i d e r a t i c n s ,  5cdium i s  
c l e a r l y  suy;ericr t c  t h e  m c l t e n  s a l t s  a s  a n  i n t e r m e d i a t e  
coolan t  f o r  L M F E R ' s  b e c a u s e  t h e  l c u c r  t k e r n a l  c c n d u c t i v i t y  
a n d  h i g h e r  v i s c c s i t y  of t h e  salts would r e s u l t  i n  h i g h e r  
e q u i p m e n t  costs . 

* c a r b o n a t e s  + * c h e m i c a l  F roFer t i e s  t *chemical r e a c t i o n s  t 
* c h l o r i d e s  + * c o o l a n t s  t * f l u o r i d e s  + * f l u c r c t o r a t e s  + 
+ l i q u i d  metals t *LMFBB t *NaE + * p h y s i c a l  p r o p e r t i e s  + 
* s e c o n d a r y  s a l t s  + a c c i d e n t s  + a f t e r b e a t  + 
a p p l i c a t i c n s  + b e h a v i c r  + b o r c n  t r i f l u 0 r i . d e  + c o n p a t i k i l i t y  t 
c o n c e n t r a t i o n  t c o n t a i n m e n t  t c o r r o s i o n  t d r c c m p c s i t i c r  + 
d e n s i t y  + e c o n c m i c s  + eeergency c o o l i n q  t f a i l u r e s  + 
h e a t  e x c h a n g e r s  + h e a t  t r a n s f e r  t l e a k a g e  t leaks + 
l i q u i d u s  + l i t h i u m  c h l o r i d e  t l i t h i u m  f l u o r i d e  t m i x t u r e s  t 
p h a s e  e q u i l i b r i a  + p o t a s s i u m  f l u o r i d e s  t s a f e t y  + 
s o d i u m  f l u o r i d e  + s o l i d u s  + sFecific h e a t  i s t a b i l i t y  t 
steam g e n e r a t o r s  + t h e r m a l  c o n d u c t i v i t y  t v i s c c s i t y  
OTHER CATEGO&IES:  CCX + CEX 

CAX69006l 
Thoma R E  + Ricci J E  
FRACTIONAL CRY ST ALLIZ AT I O  ACTIONS IN THE 

SY S'IEY LiF-BeF2-ThF4 
Oak R i d g e  l i a t i o n a l  L a b o r a t o r y ,  
ORNL-TM-2596 ( J u l y  1969) , 33 F, 16 f i g ,  9 ref, 

Eq u i li br i u  m a n d  n o n  -equ  i 1 i k r i u e c ry  s t a 1 1 i z a t i c n rea c t i c n s 
in the  system LiF-BeF2-ThP4 a r e  - a n a l y z e d  i n  r e l a t i o n  to  
t h e i r  p o t e n t i a l  a p p l i c a t i o n  t c  m c l t e n  salt r e a c t c r  fuel 
I: e p I oces s i ng , 
r a n g e  from t h e  l i q u i d u s  a t  59C deq C t o  the s c l i d u s  a t  
350 deg C are  d e s c r i b e d  F j o a n t i t a t i v e l y  a n d  i n  d e t a i l  Ly 
m e a n s  of t e n  t y p i c a l  i s o t h e r r a l  s e c t i c n s  a n d  b y  three 
temFerature-comFcsition sect ions.  The i m p l i c a t i o n s  o f  
metastable f r a c t i o n a t i o n  i n  t h i s  t e m F e r a t u r e  i n t e r v a l  a re  
d i s c u s s e d  as a Fcssible f e e d  c o n t r o l  s t e p  i n  r e d u c t i v e  

H e  te r o g e  n e  o u s  e q u i  l i b  ria i n  t h  e t e m p e r  a t  u r  e 

Accession Number CAX690052 t o  ' C A X 6 9 C C 6 1  
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CAX69C06 1 + C c n t i n u e d +  
e x t r a c t i o n  r e p r o c e s s i n g  of molten s a l t  kreeder r € a c  t c  I 
f u e l s .  

c r y s t a l l i z a t i o n  t d a t a  t f l u o r i d e s  + f r E e z i n g  + 
m e a s u r e m e n t  t F r c c e s s i n g  + se Fa ra tims 

CAX710023 
M a i l e n  J C  + S m i t h  FJ + Ferris L E  
S O L U B I L I T Y  G F  PLUTONIUH T R I F L U O R I C E  IN nOLIEN 2 L I Z H I C M  

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  T e n o ,  
J. C h a .  a n d  Eny.  Data, 12  ( J a n .  1 9 7 1 ) ,  2 p #  1 f i g ,  7 ref, 

PL U CB I D  E-BER Y L L I  U M  FLUORIDE 

T h e  s o l u b i l i t y  of p l u t o n i u m  t r i f l u o r i d e  in n c l t e r  2 l i t n i u m  
f L u c r i d e - b e r y l l i u m  f l u o r i d e  \.is d e t e r m i n e d  over t h e  
t e m p e r a t u r e  r a n g e  of  S5C-660 deg C, T h e  r e s u l t s  C d n  te 
e v F r e s s e d  b y  t h e  l e a s t - E g u a r e s  e q u a t i o n :  l o g  S(mo1e k 
p l u t o n i u m  t r i f l u o r i d e )  = 3 , 9 3 0 5  - 3C96 /T(deg  K). The 
solid p h a s e  p r e s e n t  a t  e g n i l i b r i u m  vas F r o b a b l y  p u r e  
p l u t o n i u m  t r i f l u o r i d e .  

* m o l t e n  s a l t s  4 a c t i n i d e s  + f l u o r i d e s  4 
* p l u t o n i u m  f l u o r i d e s  t + s o l u t i l i t y  + HSRE 

fCX6 8 00 33 
Rohn HW 
B U B B L E S ,  I ) f i C F S t  ANC E N T R B l N H E N T  I N  ROL'IEN SAL'IS 
O a k  R i d g e  N a t i o n a l  Labora to ry ,  Tenn.  
ORNL-TH-2373 (&C. 1 9 6 8 ) ,  2 1  P# 5 f i g ,  42 r e f ,  

T h e  a u t h c r  descr ibes  F r c d u c t i o n  o t  d r o p l e t s  from 
s p l a s h e s  a n d  b u r s t i n g  tuktles a n d  rGEcrts e x ~ e r i r e n t s  w i t h  
m c l t e n  s a l t s  which  s h c u e d  t h a t  j e t  d r o p s  c o u l d  
p r e f e r e n t i a l l y  reiaove a s u r f a c e  f i l m ,  He c c n c l c d e s  t h a t  
t h i s  f h e n o n e n c n  could c c n t r i b u t e  t o  remcval of metall ic 
f i s s i o n  F r o d u c t s  f r o m  t h e  f u e l  s a l t  i n  t h e  ?l$RE r u m F  bawl. 

+ b u b b l e s  t * e n t r a i n w e n t  t * f i r s i o n  p r o d u c t s  + * m o l t e n  s a l t s  t 
*gas i n j e c t i o n  t * g a s  s e p a r a t i o n  + + i n t e r f a c i a l  t e n s i c r  + 
*mists + *flSRE + * n o b l e  r e t a l r  t *surface t e n s i o n  t 
b e r y l l i u m  f l u o r i d e  + c h e m i s t r y  t c i r c u l a t i o n  t C C V ~ K  gas  + 
e x p e r i m e n t  4 fissile ma te r i a l s  t f l u o r i d e s  t f o a m i n g  + 
f u e l s  t gases  t i n e r t  gases + l i t h i u n  f l u o r i d e  t 
m o l y b d e n u a  t off-gas systems + F U I B F S  t s p r a y s  t 
v i s c o s i t y  4 v o i d  f r a c t i o n s  
OTHER CATEGORIES: CFX + CJX 

CCX6 8 00 38 
C a n t o r  S 
PHYSICAL ERCFEFTIES OF NSR FUEL,  C 0 3 L A N x 8  A B D  FLUSH SALTS 
O a k  R i d g e  Nat icna l  L a b c r a  tory Tenn.  
ORNL-TM-2316 (Auq. 1 9 6 8 ) ,  49  p, 2 f i g ,  49 r e f .  

E x p e r i m e n t a l  v a l u e s  of estimates a re  g i v e n  f o r  F r o p e r t i e s  
of s e v e n  s a l t s  of i n t e r c s t  for HSaR's, P r c F e r t i e r - c  
i n c l u d e  v i s c o s i t y ,  thermal c o a d u c t i w i t y ,  e l e c t r i c a l  

. 

hd 
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c o n d u c t i v i t y ,  p h a s e  t r a n s i t i o n  k e h a v i o r ,  s p e c i f i c  hea t ,  
h e a t  of f u s i o n ,  d e n s i t y ,  c x p a n s i v i t y ,  c o m p r e s s i t i l i t y ,  
v a p o r  p r e s s u r e ,  surface t e n s i o n ,  a n d  g a z  s c l o b i l i t i e s ,  

* d a t a  + * f l u o r i d e s  t +f l uo robora t e s  t + p h y s i c a l  p r o p e r t i e s  t 
d e n s i t y  + s o l u b i l i t y  + s p e c i f i c  h e a t  t s u r f a c e  t ens i c l :  + 
t h e r m a l  c c n d u c t i v i t y  t v i s c o s i t y  

CCX 6 8  CO 38 *C cn t i n u e d *  
W 
s 

. 

I 

. 
W 

CDX6 7 00 3 5 
B a l i n a u s k a s  AP t Rutherfcrd JI + E v @ n s 1 I I Z )  R E  

T H E O R Y  AND COON TEB DIFF W SION EX PEE I LE EIS 
Cak Ridge K a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-4148 ( S e p t .  1967). 39 p ,  7 f i g ,  6 ref,  

GAS TEANSFCRT IN R S R E  H O E E R A T O 2  G R A P B I T E ,  1. H E V I I E L  OF 

The a u t h o r s  d e v e l o p  e q u a t i o n s  d e s c r i k i n c  g a s  t r ac sFc r  t i n  
p o r c u s  m e d i a ,  The e x p e z i m e n t 3 1  f i n d i n g s  a re  l i m i t e d  Lut  
s i g n i f i c a n t ,  U n d e r  ? I S R E  c o n d i t i o n s  i t  a E F e a r s  q u i t e  
j u s t i f i a b l e  t o  i q n c r e  n c r m a l  d i f f u s i o n  e f f e c t s  i n  g a s  
t r a n s p o r t  c o m p u t a t i o n s  so t h a t  a l l  t h e  casEcus-ddi f f  usicn 
i n f c r E a t i o n  necessary t c  c o r r e l a t e  f i s s i o n - p r o d u c t -  
m i g r a t i o n  d a t a  c a n  Le g a i n e d  t b r o u g h  s i a F l e  F e r s e a a i l i t y  
m e a s u r e m e n t s .  The ucfe comFlex i n t e r d i f f u s i o n  experiments 
a re  n o t  r e q u i r e d .  T h u s  a c o m ~ l e t e  f l o w - p r c g e r t y  ~ u z v e y  
of a l l  ?ISRE m o d e r a t o r  materials c a n  b e  p e r f o r m e d  w i t h  a 
minimum e x p e n d i t u r e  of time a n d  e f f o r t .  

* d i f f u s i o n  + *fission F E c d u c t E  t *gas flow t * g r a p h i t e  t 
* I S R E  + *xenon + a n a l y s i s  + k e h a v i o r  t c o n c e n t r a t i c r  + 
d e p o s i t i o n  t d e s i g n  c r i t e r i a  + d i s t r i b u t i o n  + f i l m s  + 
f l u i d s  + i n e r t  g a s e s  t m a t c r i a l s  t measurement + 
modera tors  t p h y s i c a l  F rcrer t ies  t r a re  e a r t h s  + t e s t i n g  
CTHER CATEGCBIES:  EEX 

CEX640018 
B l a n k e n s h i p  FF 
EFFECTS OF R A D I A T I O N  ON THE C C C F A T I D L L I T Y  CF PS3E MPTEFIALS 

Oak B i d g e  N a t i o n a l  L a b c r a t o r y ,  Tenn. 
CRNL-3708 (Nov. 1964), pp 252-2S7, 16 f i g ,  4 r e f ,  

(PAKT CF CSPE SEMIANN P B O G  REPT 7/31/E4) 

C a p s u l e s  c o n t a i n i n q  fuel salt, g r a p h i t e ,  I L C F - 8  and  
molybdenum were i r r a d i a t e d  i n  t h e  MTfr a c a  l a t e r  e x a r i n e d  
a t  C B L L ,  E n h a n c e d  a t t a c k  a n 3  o t b e r  a n c a a l c u s  e f f e c t s  
a p p e a r e d  t c  be d u e  t o  f l u o r i n e  t h a t  was p r o d u c e d  t y  
radiolysis of f r o z e n  salt a t  low t e m p e r a t u r e ,  Pluch of  t h i s  
a r t i c l e  is c c n c e r n e d  w i t h  i n v e s t i g a t i o n  of this phenoEenon.  
T y p i c a l  r a d i o l y t i c  yield of f l u c r i n e  frtm f r c z e r  f u e l  s a l t  
was 0.02 molecules Fer 100 eV a b s o r b e d  e n e r g y ,  I n t e r n a l  
r e c o m b i n a t i o n  v a s  s u f f i c i e n t  t o  F c e v e n t  a n y  e v c l u t i c n  of 
g a s e o u s  f l u o r i n e  a t  t empra tu res  above a b o u t  80 deg C. 

c a p s u l e s  + c o m p a t i b i l i t y  + e x p e r i m e n t  + f l u c r i n e  t 
g r a p h i t e  i i n - F i l e  tests + i r r a d i a t i o n  + materials  + 
m o l t e n  s a l t s  t molybdenum t M S R E  t r a d i o l y s i s  + '  

A c c e s s i c n  Number CCX680038 to C E X 6 4 C C l E  
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CEX640018 * C o n t i n u e d *  
r e c o r n k i n a t i o n  

c rx7 000 10  
R a u b e n r e i c h  PN 
F L U O R I N E  E R C C U C T I O N  AND BECOHEINATION I N  FROZEN PISR S A L l S  

Cnk Ridge E i a t i o n a l  L a b o r a t o r y ,  Tenn.  
OBNL-T!S-3144 (Sept. 1970) 36 F ,  9 f i g ,  12 ref, 

AFTER REACSOR OPERATION 

E x p o s u r e  of c a p s u l e s  of nS€t f u e l  s a l t s  in t h e  MTB b e t m e n  
1961 a n d  1964 s h o v e d  t h a t  u h e n  t h e  s a l t  u a s  c h i l l e d  
below a b o u t  81) d e g  c #  F2 was Froduced  by r a d i o l y s i s  
a t  a ra te  of 0.02 m o l e c u l e s / l C C  E V .  O t h e r  exEerimcnts  
c c n f i r m e d  t h e  r a d i c l y s i s  cf frozen s a l t  a n d  p r o v i d e d  
d a t a  o n  t h e  e f f e c t  of t e m p e r a t u r e  o n  r e c o m b i n a t i c n .  
T h e  d a t a  o n  y i e l d  ard r e c c m b i n a t i o n  n a v e  r e c e n t l y  been 
r e v i e w e d  a n d  u s e d  i n  a n s w e r i n g  q u e s t i c n E  i n v c l v e d  i r ,  
s t c r i n q  and d i s p o s i n q  of i r r a d i a t e d  s a l t  f r o m  t h e  MSBE 
a n d  f u t u r e  m o l t e n - s a l t  r e a c t o r s .  T h e  ererqy E C U I C ~  
i n  t h e  HSRE s a l t  i s  low e n o u g h  t h a t  no f l u o r i n e  e v o l u t i o n  
is expected for over a year a f t e t  h e a t i r q  t c  i n d u c e  
r e c o m b i n a t i o n ,  S a l t  from a h i g h - p o w e r  PSR C ~ D  ke s t o r e d  
i n  hare c a n s  w i t h  no  f l u o r i n e  E v c l u t i c n  i f  thc  c c r r c u r d i n g s  
a r e  k c p t  a t  a b c u t  2G0 deg P, 

* f l u o r i n e  + * m o l t e n  s a l t s  + * r a d i o l y s i s  + * s t c r a g e  t 
* v a s t €  d i s F o s a l  .) a f t e r h e a t  + a n a l y s i s  t e x p e r i m e n t  t 
h e a t  t r a n s f e r  + HSRE + p r i m a r y  s a l t  + reac t ic r .  rdtes t 
r e c o m k i n a  t i o n  

CXXb4 0020 
Grimes WR 
CHEflICAL EASIS FCF MOLTEN-SALT R E A C T O R S  (PART OF MSEP 

C a k  R i d g e  h a t i o n a l  L a k o r a t o r y ,  T e n n ,  
ORNL-3708 (Nov. 1964), FF. 214-2518 2 5  ref. 

S E H I A N N  PBOG REPT 7/31/64) 

R e q u i r e m e n t s  of h i q h - t e n p e r a t u r e  il u i d - t u e l  r eac to r s  
are h e s t  met. b y  m i x f u I e s  of f l u o r i d e s  i n c l u d i n g  O F 4  a n d  
TLF4, w h i c h  h a v e  l c u  v a F o r  p r e s s u r e ,  good h e a t  t r a n s f e r  
p r o p e r t i e s ,  l i t t l e  p a r a s i t i c  a t s o r p t i c c  cf n e u t r c n s ,  
a n d  i m m u n i t y  t c  r a d i a t i c n  damage. T h e  s e l e c t i o n  a n d  
c h a r a c t e r i s t i c s  of flSilE f u e l  a n d  c o o l a n t  s a l t E  a r e  
d i s c u s s e d .  

c h e m i s t r y  + c o o l a n t s  + f l u o r i d e s  + f u e l s  t n o l t e n  s a l t E  i 
MSaE i NSRP + F h a s e  e q u i l i b r i a  + p h y s i c a l  p r o F e r t i e s  + 
re v i e  us 

cxx 7 0 c049 
Grimes W R  
HOLTEN-SALT HEACTOR CHEF31 Z I R Y  
Cnk R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
N u c l .  App l .  T e c h ,  8, 137 (Feb .  1970) 19 P8 8 f i g ,  58 ref. 

L, 

A c c e s s i o n  N u m t f r  CEX640018 t o  CXX700049 
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Category C 
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CX X70 GO 49 *C c n  t i n u e d *  
LJ 
5 

C o n s i d e r a t i o n s  l e a d i n g  t o  t h e  c h c i c e  cf MSfi f u e l  
c o m F c s i t i c n  a r e  d i scussed  u n d e r  t h e  h e a d i h g s :  Ehase 
B e h a v i o r  Among F l u o r i d e s ,  O x i d e  F l u o r i d e  P hasc E e h a v i  c f ,  
MSBE and MSBR F u e l  C o m F c s i t i c n s  a n d  C h o i c e  of C o o l a n t ,  
P h y s i c a l  p r o p e r t i e s  of f u e l s  a n d  coolan t  a r e  t a h u l a t e d .  I n  
c o n n e c t i o n  w i t h  t h e  c h e m i c a l  c o m p a t i b i l i t y  of flSEE 
materials,  t o p i c s  i n c l u d e d  are:  I h e r m c d y n a n i c  Data f c r  
M o l t e n  F l u o r i d e s ,  O x i d a t i o n  ( C o r r o s i o n )  of Metal and 
C o m p a t i b i l i t y  of G r a p h i t e  w i t h  F l u o r i d e E .  C h f  r i cd l  
b e h a v i o r  i n  t h e  MSRE i s  d i s c u s s e d  i n  terms of B e h a v i o r  of 
t h e  F u e l  C o m p o n e n t s ,  t h e  C o r t c s i c n  P r o d u c t s  and  t h e  F i s s i o n  
P r o d u c t s ,  S e p a r a t i o n s  c h e m i s t r y  is t r e a t e d  i n  terms cf 
S e p a r a t i c n  cf P r c t a c t i n i u m  a n d  of F i s s i o n  F r o d u c t s  by 
s e v e r a l  methods i n c l u d i n q  B e d u c t i c n .  W h i l e  n u c h  research 
a n d  d e v e l o F a c n t  r e r a i n  t o  be a c c o m p l i s h e d ,  i t  is 
d e m o n s t r a t e d  t h a t  there is no f u n d a m e n t a l  c h e m i c a l  
d i f f i c u l t y  w i t h  d e s i g n  a n d  o F e r a t i o n  of a s i n g l e - f l u i d  
m o l t e n  s a l t  b r e e d e r  s y s t e m ,  

- 

* b e h a v i o r  t * b i s m u t h  t * c h e m i c a l  F r o p e r t i e s  t 
* c h e m i c a l  r e a c t i o n s  t * c h e m i s t r y  + * c o m F a t i t i l i t y  + 
* c o o l a n t s  t * c o r r c s i c n  t * c o r r o s i o n  p r o d u c t s  + 
* e q u i l i b r i u m  + * f i s s i o n  p r o d u c t s  + * f l u o r i d e s  t 
* f l u o r o b o r a t e s  + * f u e l s  t * g r a F h i t e  t *!!SEE t 
* n o b l e  metals t * o x i d e  p r e c i p i t a t i o n  Frccess + * c x i d e s  t 
* p r o t a c t i n i u m  f l u c r i d e s  + * s e y a r a t i c n s  + a c t i n i d e s  t 
b e r y l l i u m  f l u o r i d e  + b e r y l l i u u  c x i d e  t boron t r i f l u c r i d e  + 
chromium + c o a p o n e n t s  t c o n c e n t r a t i c n  + d e n s i t y  t 
d e p o s i t i o n  t d i s s c l v i n g  + e x F e r i m e n t  t f i s s i l e  i n a t e r i a l s  + 
gases t Hastelloy N + l i q u i d  Ireta ls  t l i q u i d u s  t 
l i t h i u m  f l u c r i d e  t mass t r a n s f e r  + m e l t i n g  + mists + M S F E  + 
RSBR + p h a s e  e q u i l i k r i a  + p h y s i c a l  F r o F f r t i e s  t 
p r i m a r y  s a l t  + F r c t a c t i n i u m  + r a d i a t i o n  damage  t 
rdre earths + rare gases + r e a c t i o n  r a t e s  + fuel cycfe + 
s a m p l i n g  t s i n g l e - f  l u i d  reactcrs  t s o l i d u s  + s o l u b i l i t y  t 
t h e r m a l  c o n d u c t i v i t y  + t h o r i u m  f l u o r i d e s  + 
u r a n i u m  f l u c r i d e s  t uran ium-235  + vapor  pressure t 
v i s c o s i t y  + z i r c o n i u m  f l u o r i d e  

. 

A c c e s s i c n  Number CXX70004S t o  'CXX7CCC4F 
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C a t e g o r y  E 
Gr a p  h i  t e 

EBX69C039 
C r e e n s t r e e t  WL + S m i t h  J E  t Yahr  GT t V a l a c h c v i c  its 
THE HECHANICAL BEHAVIOR OF A R T I P I C I A I  GEAFHITES AS 

Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn, 
ORNL-TN-2727 (Cec, 1969) ,  46 p, 27 f i g ,  5 r e f ,  

P O R T R A Y E D  EY UNIAXIAL TESTS 

T e n s i l e  a n d  c o E F r e s r i v e  stress-strain c u r v e s  were m e a s u r e d  
a n d  c o m b i n e d  w i t h  p r e v i o u s  m e a s u x e m o n t s  t o  s b c u  behavicr of 
several  s p e c i m e n s  of reactor-grade g r a p h i t e ,  p r i n c i p a l l y  
AGOT, u n d e r  s e v e r a l  c o n d i t i o n s  of cyclic l c a d i n g  and 
u n l c a d i n q .  H y s t e r e s i s  Pas c o n s i d e r a b l e  b u t  d i m i n i s h e d  
on s u c c e s s i v e  c y c l e s ,  k e c o m i n g  very s m a l l  a f t e r  s e v e r a l  
C y c l f s ,  - 

g r a p h i t e  + c o m p r e s s i v e  p r o p e r t i e s  t f a t i g u c  t 
t e n s i l e  F r c F e r t i e s  + t e s t i n g  

EBX70004 1 
Yahr GT 
DETERLINATICN CP BELATIVE THERHAL RUPTURE RESISTANCES OF 

Cak E idge  National Laboratory, Tenn.  
O R N L - 4 4 € 7  ( J a n ,  1970). 47 p #  18 f i g ,  42 ref, 

GRAPHT'IES 

P o l y c r y s t a l l i n e  g r a p h i t c  has  r e e a r k a k l e  r e s i s t a x e  t o  
t h e t r a l - s t r e s s - i n d u c e d  f racture. N e v e r t h e l e s s ,  s e l e c t i o n  
of a p a r t i c u l a r  q r a d e  of q r a p b i t e  f o r  c e r t a i n  aFf l ica  t i c n s  
m u s t  i n c l u d e  c c n s i d e r a t i o n  of t h i s  p r o p e r t y ,  C u r r e n t l y  t h e  
t y p e  a n d  grade of g r a p h i t e  a r c  o f t e n  se l ec t ed  C G  t h e  h a s i s  
of e l a s t i c  a n a l y s e s ,  since t h e r m a l  s h o c k  t es t s  a r e  t o c  
e x p e n s i v e  f o r  s c r e e n i n g  d e v i c e s .  T h i s  reFcr t  d e r c r i b e s  a 
t e s t  r a p i d  a n d  econcmical e n o u g h  f o r  s c r e e n i n q  c a n d i d a t e  
mater ia ls ,  T h i n  d i s k s  of g r a F b i t e  are tea ted  a t  t h e  c e n t e r  
uith a n  i n e r t - q a s  s h i e l d e d - a r c  n o n c o n s u m a b l e  e lec t rode  
w e l d e r ,  each a t  a d i f f e r e n t ,  Lu t  c o n s t a n t ,  F C W ~  l e v e l .  
T h e  lc in isum F o v e r  i n F u t  t o  t h e  welder t h a t  v i 1 1  c o n s i s t e n t l y  
c a u s e  t h e  q r a p h i t e  t o  f r a c t u r e  is d e t e r n i n e d ,  T h e  g r a p h i t e  
t h a t  r e q u i r e s  t h e  h i g h e s t  power l e v e l  t o  prodyce a 
f r a c t u r e  is the one most r e s i s t a n t  t c  tkernal Ehcck.  ' I h i s  
t e s t  r a n k e d  21  g r a d e s ,  C K  t y p e s ,  of q r a p h i t e .  Pn 
a p p e n d i x  c o n t a i n s  m e c h a n i c a l  a n d  tfrernal ~ ~ c ~ ~ r t i e s  of 
t h e  s ~ e c i ~ e n s ,  o b t a i n e d  froin t n e  l i t e r a t u r e  for 
d e t e r m i n a t i o n  of f i g u r e s  of m e r i t  r d t i n c j s  cf. r c r a a l  s h c c k  
r e s i s t a n c e .  Ncne cf t h e  s t a n d a r d  i i g u r e s  ot uiierit g a v e  
re1 i a  b l e  p r e d i c t  ions. 

+ g r a p h i t e  t e l a s t i c i t y  4 e x p e r i m e n t  t p h y s i c a l  p r o p e r t i e s .  t 
* r u p t u r e  + * t h e r m a l  e f f e c t s  t * t e s t i n g  t 
t h e r E a l  FrcFerties + t h e r o a l  c h o c k  

E B X 7  0 004 2 
Dergunov  N N  t B n r b a n c v  V N  + K u r a k i n  V t  + Z a i t s e v  GG + 

S t r o k o v . . V I  t Abrakhimuv U 
SHORT-TER8 STRENGTH, CREEF, A N D  DUCTILITY CE G F A E H I T E  AT 

v 

. 
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C a t e g o r y  E 
G r a p h i t e  

EBX70CO42 *C c n t i n u e d *  

Not g i v e n .  
LA-4462-TB ( S e p t .  1 9 7 0 ) ,  5 p, 4 f i g ,  10 r e f ,  

b 
300 TC 3500 CEG K f 

. A f a c i l i t y  a n d  F r o c e d u r e  f o r  s t u d y i n g  the t e n s i l e ,  
i m p a c t ,  and c o m p r e s s i v e  s t r e n g t h s ,  creeF a n d  d u c t i l i t ) ;  of  
g r a F h i t e  a t  t e s F e r a t u t e s  f rom 30C t o  3 5 C O  d e g  K aEe 
d e s c r i b e d .  E x F e r i m e n t a l  d a t a  on t h e  m e c h a n i c a l  
c h a r a c t e r i s t i c s  a n d  s a ‘ r i a t i o n s  of t h e  Cree& r a t e  and  
d u c t i l i t y  of t h r e e  g r a d e s  of g r a p h i t e  d i k f e r i n g  i n  
g r a i n  size i n  t h i s  t e m p e r a t u r e  a c e  p r e s e n t e d ,  ‘Ifre 
t e n s i l e  a n d  c o a F r e s E i v e  F r o p e r t i e r  d e p e n d e d  in a c o m p l e x  
f a s h i o n  on g r a i n  s ize ,  t e m p e r a t u r e ,  a n d  o r i e n t a t i c n ;  t h e  
c o a r s e - g r a i n e d  material  was ueakest. A t  a b o u t  3000 d c g  K, 
t h e  t e n s i l e  b e h a v i o r  c h a n g e d  f r o a  b r i t t l e  t c  d u c t i l e  and 
t h e  temperature d e F e n d e n c e  of c r e e p  i n c m a s e d  q r e a t l y .  
T h i s  d o c u m e n t  is a t r a n s l a t i o n  of PaFer No. 5 i r  t h e  
T r a n s a c t i o n s  of t h e  F i f t h  A l l - U n i o n  S c i e n t i f i c - T e c h n i c a l  
C o n f e r e n c e ,  K iev ,  U k r a n i a n  SSR, Cecelbter 1 9 6 7 .  

c r e e p  + d u c t i l i t y  + * g r a F h i t e  + e x p e r i m e n t  t * e q u i p m e n t  + 
m i c r o s t r u c t u r e  + t e n s i l e  p r o p e r t i e s  + c o m F r e s s i v e  F r c p e r t i e  E 

EBX70 CO 4 3 I 

F o n t a n a  A * Winand R 
STUDY O F  I H E  W E T T A B I L I T Y  OF GEAFHITE B Y  DIFEEFENT H C L T E N  

SCiDIU ?!-FLU C R I E E - 2  I R C O N I U E  T E T R A  FLUOR I D E - 2  IR C O N I U f l  DIG X‘L DE 
MIXTURES I N  THE P B E S E N C E  OF VARICUS G A S E C U S  ATECSEEEEES 

U n i v e r s i t e  l i b r e  d e  E r u x e l l e s ,  B e l q i u m  
J. N u c l .  Rater. 35, 87 ( A F r .  1 9 7 0 ) ,  5 p, 4 fiq, 5 ref. 

The w e t t a b i l i t y  o t  g r a p h i t e  a t  1050 dcq  C b y  a c l t e n  s c d i u m  
f l u c r i d e  c o n t a i n i n q  U F  t o  2591 z i r c o n i u m  f l u o r i d e  a n d  3.75% 
zirconium o x i d e  was s t u d i e d  b y  o b s e r v i n g  t h e  c o n t a c t  e n g l e  
of d r o p s  of t h e  m o l t e n  s a l t  under a b c t - s t a g e  n i c r c z c c g e  
i n  t h e  presence of different gases. The w e t t a b i f i t y  of 
g r a p h i t e  by t h e s e  m i x t u r e s  keccme l e s s  a s  t h e  Z r F 4  c o c t e n t  
w a s  i n c r e a s e d  a n d  t h e  2x02 c o n t e n t  r e d u c e d .  The 
w e t t a b i l i t y  of g r a p h i t e  b y  z i r c c n i a - f r e c  mixtures 
i n c r e a s e d  when an argon atmosFhere was r e p 1 a c e d ” b y  C O 2 ,  
w h i l e  f o r  m i x t u r e s  c o n t a i n i n g  ZrC2 t h e  c h a n g e  of 
a t m o s p h e r e  had  no e f f e c t .  C F 4  a n d  CO d i d  a c t  aEFe(ir t o  h a v e  
a n y  s i g n i f i c a n t  i n f l u e n c e  o n  t h e  w e t t a b i l i t y  cf g r a p h i t e  ky 
t h e  m i x t u r e s  e x a m i n e d .  P o l i s h e d  q r a F h i t e  s u r f a c e s  we r e  
much less well w e t t e d  b y  l aF -ZrF4-ZrC2  m i x t u r e s  t h a n  
m a c h i n e d  g r a p h i t e  s u r f a c e s .  f a u t b )  

v e t t i n q  + g r a p h i t e  + c x i d e s  + molten s a l t s  

ECX7 100 1 1  
C h a n g  SJ + CarFeriter JA + Altcm DW 
VISCOELASTIC ANALYSIS O F  I R R A f I A T E D  GRAPHITE LITH VARIABLE 

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
CREEP COEFFICIENT 

Accessicn Number EBX700042 t o  ‘ E C X 7  100 11 
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C a t c g o r y  E 
G r a p h i t e  

ECX710011 * C o n t i n u e d *  
ORNL-TM-3242 (Play 1 9 7 1 ) ,  31 F #  S f i g ,  2 ref. 

This r e p o r t  is an addendum t o  OREL-TM-2407 c c c c e r a i n q  a 
m e t b c d  of stress a n a l y d s  fo r  i r r a d i a t e d  g r a g k i t e  w h i c h  may 
b e  u s e d  f o r  MSBR ccxe d e s i g n .  T o  p r o v i d e  d r e f i n e d  
a n a l y s i s ,  t h e  p r e s e n t  me thod  i n c l u d c s  tke  e f f e c t  cf a 
v a r i a b l e  c r e e p  c o e f f i c i e n t  wh ich  is c a u s e d  by t h e  
n o n u n i f o r m  t e m p e r a t u r e  d i s t r i k u t i c n ,  ‘IC f a c i l i t a t e  a 
s i m F f e  f c r m u l a t i c n ,  i t  i s  assumed t h a t  t h e  t e m p e r a t u r e  
d e p e n d e n c e  of t h e  e l a s t i c  resFcnsE of t t e  rsater ia l  i s  
a F p r o x i m a t c d  t c  be i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  c r e e p  
r a t e .  It is shown t h a t  t h e  F r c t l r m  r e d u c e s  t c  t h e  
s o l u t i o n  cf s e v e r a l  asscciated ( f i c t i t i o u s )  e l a s t i c  
p r o b l e m s  u h i c h  h a v e  a common e l a s t i c  n o d u l u s  inverse11 
p r o F c r t i c n a 1  t o  t h e  c r e e p  rate of t h e  i r r a d i a t e d  g r a p h i t e .  
Numerical e x a m p l e s  in the p r e v i c u s  r e p o r t  were recalc a l a t e d  
b a s e d  on t h e  present t h e o r y .  I t  s h o w s ,  f o r  l a r q e  dose 
v a l u e s ,  an i m p r o v e m e n t  to the p r e v i o u s  n e t h c d .  A 
comFuter F r o g r a m  is w r i t t e n  for t h e  p u r p o s e  a n d  c a n  
i n c l u d e  t h e  p r e v i o u s  s o l u t i o n  as  a s k e c i a l  case. 

stress + analysis + g r a F h i t e  + r a d i a t i o n  damage + 
e l a s t i c i t y  + ESEP + creep 

EDX 6 4 C O  16 
Cook WH 
!¶SilE GRBPHXTE (IN HSRP P R O G B .  REPT., 7/31/64) 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
O R N L - 3 7 0 8  (Nov, 1 9 6 4 ) ,  p ~ .  373-389, 10 f i q ,  18 ref,  

The g r a p h i t e  p u r c h a s e s  for t h c  RSRE, g r a d e  CGE, is a r e u  
n u c l e a r  g r a p h i t e  t h a t  i E  b a s i c a l l p  a n  e x t r u d e d  p e t r o l e u m  

. coke bonded  v i t h  c o a l  t a r  p i t c h  h e a t e d  t o  2800 deg C, Lou 
p e r m e a t i o n  is o k t a i n e d  t h r o u g h  a s e r i e s  cf i R E I e g c a t i c n z  and 
h e a t  t rea t men t s. The f i n a l  h e a t  t r e a t m e n t  itas a t  2800 d e g  C 
or h i g h e r .  E x p e r i m e n t a l  e q u i p r e n t  a n d  FrocesEes were u s e d  
o n  a ccmmercial scale f c r  t h e  f i r s t  time, T h e  g r a p h i t e  Y B S  
p r o d u c e d  as  a 2 -1 /2 - in , - squa re  x 72- in , - long  k a r s ,  r h i c h  
were m a c h i n e d  t o  t h e  r e q u i r e d  s h a p e s ,  The a v e r a g e  b u l k  
d e n s i t y  is 1.86 grams p e r  cuki’c c e n t i a e t e r .  Tts a a t r i x  i s  
n o t  Fermeated by s c l t e n  salts u n d e r  c o n d i t i o n s  more scvere 
t h a n  t h o s e  e x p e c t e d  i n  the !!SBE, I t  E x c e e d e d  a l l  t h e  
r e q u i r e m e n t s  s k e c i f i e d  for t h e  #SEE e x c e p t  that it h a d  
l o n g i t u d i n a l  c r a c k s ,  T e s t s  i n d i c a t e d  t k a t  t h e  cracks I 

s h o u l d  n c t  h a v e  a n y  s i g n i f i c a n t  a d v e r s e  e f fec t  on the 
o p e r a t i o n  of t h e  PISRE. The s b r i n k a q e  o f  t b e  S r a F h i t e  a t  
350  t o  475 de9 C u n d e r  e x F o s u r e s  b e t w e e n  0.60 x l o ( 2 0 t h )  
t o  1.40 x l O ( 2 0 t h )  n e u t r o n s / s q - c m  ( E  g r e a t e r  t h a n  2.9 ?lev) 
i n d i c a t e d  t h a t  t h i s  s h o u l d  n o t  create a n y  i m p o r t a n t  a d v e r s e  
effects  on t h e  o p e r a t i o n  of the LSBE. 

* g r a p h i t e  + *MSRE t c r a c k s  + d e n s i t y  i e l a s t i c i t y  t 
e x a m i c a t i c n s  t f a b r i c a t i c n  4 i n s p e c t i o n  t i n t r u s i o n  + 
i r r a d i a t i o n  t p h y s i c a l  p r o p e r t i e s  + Frogress r e p c r t  t 

c 

. 

. 
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C a t e g o r y  E 
G r a p h i t e  kili 

. 

. 

EDX640016 * C o n t i n u e d *  
p r o c u r e m e n t  t r e v i e w s  t sFecific h e a t  t s p e c i i i c a t i o n s  + 
thermal  c o n d u c t i v i t y  t h e a t  t r e a t m e n t s  + t e n s i l e  FrcFer t ies  + 
f l e x u r a l  F r c p e r t i e s  t c o m y r e s s i v e  p r o p e r t i e s  t m i c r c s t r u c t u r e  
CTHER CATEGCBIES: ACE 

EDX68 C03 1 
K a s t e n  F R  + Eettis ES t Cook W H  t E a t b e r l y  WP t 

Holmes DK + Kedl RJ t Kennedy CR t Kirslis SS + 
McCoy H E  + P e r r y  A19 + R o b e r t s o n  HC t S c o t t  C + 
S t r c h l o w  H A  

G i t A P H X T E  E E H A V I C R  ANC ITS EFEECTS ON MSBR PERFORMANCE 
Oak R i d g e  Nat icnal  L a b o r a t o r y ,  Tenn.  
ORML-Tfl-2136 (Feb. 1968), 97 p, 2 2  f i g ,  43 ref .  

G r a F h i t e  b e h a v i o r  under MSBR c o n d i t i o n s  is r e v i e w e d  a n d  its 
i n f l u e n c e  on MSER p e r f o r m a n c e  e s t i m a t e d ,  ‘Lhe d e j c s i t i c a  cf 
fissicn F r o d u c t s  o n  g r a f h i t e  d o e s  n o t  a F p e a r  t o  t e  l a r g e  
(10 to 35 I of t h e  n o h l e - m e t a l  f i s s i c n  & r o d u c t E  b a s e d  o n  
MSRE e x p e r i e n c e )  . ‘ f a k i n g  i n t o  a c c o u n t  g r a p h i t e  r e p l a c e m e n t  
e v e r y  two years, f i s s i o n  p r o d u c t  d e p o s i t i o r i  r c d u c e s  t h e  MSBR 
b r e e d i n g  r a t i o  b y  a b o u t  O . O O f .  Also, i t  a p p e a r s  t h a t  x e n o n  
p o i s o n i n g  c a n  b e  k e l t  a t  a 0.5% f r a c t i o n  p o i s o n i n q  l e v e l  k y  
using p y r o l y t i c  c a r t o n  a s  a p o r e  i m p r e g c a n t  t c  seal t h e  
s u r f a c e  a n d l o r  b y  e f f i c i e n t  gas s t r i p p i n g  of t h e  f u e l  s a l t  
f l u i d  by i n j e c t i o n  a n d  r e m o v a l  of h e l i u n  b u b b l e s .  
P u b l i s h e d  i n  s l i g h t l y  a b b r e v i a t e d  form i n  h u c l .  Eng. 
D e s i g n  9 ,  157-95 ( 1 9 6 9 ) .  

+MSRR + * g r a p h i t e  t * r e v i e w s  + i r r a d i a t i o n  + 
m e c h a n i c a l  p r o p e r t i e s  t c r e e p  t d e v € l o F a e n t  + 
h e e d i n g  p e r f o r m a n c e  + xenon  I 

EDXG9 005 1 
K a s t e n  PR + Elettis Ii: + Ccck  kH + E a t h e r l y  R E  t 

H o l m e s  CK + Kedl RJ + Kennedy CR + Kirslis 2s + 
flcCcy HE + P e r r y  A H  t Rcbertson Bc + S c o t t  C + 
Streh lo w E A  

GRAPHITE B E H A V I O R  A N D  I‘IS EFFECTS CK MSER E E R E C f i E A N C E  
Cak R i d g e  K a t i o n a l  L a b o r a t o r y ,  Tenn .  
N u c l .  Eng, Design 9 ,  157 (Peb 1 9 6 9 ) ,  39 p, 18 fig, 40 ref. 

G r a p h i t e  b e h a v i o r  u n d e r  HSBR c o n d i t i o n s  is reviewed arc1 i t s  
i n f l u e n c e  on CISBt? F e r f c r m a n c e  e s t i m a t e d ,  T h e  d e p o s i t i o n  of 
f i s s i o n  p r o d u c t s  o n  g r a p h i t e  does nci t  a l p e a r  t c  b e  l a r g e  
( 1 0  t c  35% of t h e  n o b l e - m e t a l  fission p r o d u c t s  L a s e d  un PISRE 
e x p e r i e n c e ) .  T a k i n g  i n t o  a c c c u n t  q r a F h j t e  reglacemen t 
every two years, f i s s i o n  p r o d u c t  d e p o s i t i o n  rcduces t h e  MSah 
b r e e d i n q  r a t i o  by a t o u t  0.002. Alsc, i t  a F p a r z  t h a t  xenon 
p o i s c n i n g  can b e  k e p t  a t  a 0 .5% f r a c t i c r .  F c i s c n i t g  lele1 b y  
u s i n q  p y r o l y t i c  ca rbon  as  a p o r e  imyregnant t o  s e a l  t t e  
s u r f a c e  and/or by e f f i c i e n t  g a s  s t r i F F i c g  cf the f u e l  salt 
f l u i d  by i n j e c t i o n  and r e m o v a l  of h e l i u m  b u b b l e s ,  
P u b l i s h e d  w i t h  somewha t  more d e t a i l  as CRNt-!X?!-i316. 

A c c e s s i c n  Number EDX64CO16 t o  ‘EEX69CCEl 
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C a t e g o r y  E 
C r a p b j t e  

EDX 6 9 CO 5 1 
*BSBR t * g r a p h i t e  + * r e v i e u s  t i r r e d i a t i o n  + 
m e c h a n i c a l  EroFerties + c r e e p  + d e v e l o p m e n t  t 
b r e e d i n g  p e r f o r m a n c e  i xenon 

*C c n t i n  ued* 

EXX 7 0 C O  4 8 
E n g l e  GB t Erice RJ + E o k r o s  JC + w h i t e  J L  
RESEARCH ON GRAPHITE -- IHREE-YEAR SUWLARY E E E C E T  

G u l f  G e n e r a l  Atomic, S a n  D i e g G ,  C a l i f .  
GA-9975 ( J u n e  1, 1970)s 111 p,  36 f i q ,  47 I f f .  

Nay 15, 1967, t h r o u q h  Hay 14, 1930 

A d e t a i l e d  sumicary is g i v e n  cf work a t  GGA r e l a t e d  t o  the 
f o r m a t i o n ,  p r o p e r t i e s ,  a n d  i r r a d i a t i c n  l e r f c r m t c e  cf 
g r a F b i t e ;  other forms of c a r b o n  nere s t u d i e d  t o  c o m p l e m e n t  
work on g r a p h i t e .  The s e v e n  main  t o F i c s  are McrFholagy of 
t h e  C a r b c n a c e o u s  B e E o F h a s e  Fc rmed  i n  t h e  Pyrolysis of 
C o a l - T a r  P i t c h ,  C a t a l y t i c  G r c p b i t i z a t i c o  of P y r c l y t i c  
C a r b c n s ,  P e t r o l e u m  C o k e s ,  a n d  G r a p h i t e s ,  C h a r a c t e r i z a t i o n  
of G r a p h i t e s ,  Model  Mater ia ls ,  A n n e a l i n g  of I r r a d i a t e d  
P y r c l y t i c  C a r b o n s ,  H i g h l y  O r i e n t e d  G r a p h i t e s ,  a n d  
A r t i f i c i a l  Commercial G r a p h i t e s .  R e F C S t E  g i v i n g  B o r e  
d e t a i l  a re  l i s t e d .  

carbon t coke + c r e e p  + d e n s i t y  t e x p a n s i o n  * f a b r i c a t i c n  + 
g r a p h i t e  + i r r a d i a t i o n  t E h y s i c a l  P r o p e r t i e s  + p y r o c a r k o n  t 
t h e r m a l  c o n d u c t i v i t y  + x-rays + l a t t i c e  + heat  t reatn;ents  + 
m i c r o s t r u c t u r e  

bd 

. 
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C a t e g o r y  F 
H a s t e l l o y  N a n d  & e l a t E d  A l l c y s  

F A X  62C004 
DeVan JR + E v a n s ( I I 1 )  RB 
C O R R O S I O N  BEHAVIOR O F  REACTOR H A T E L I A L S  I N  FIUCRICE S P l T  

Oak R i d g e  N a t i c n a l  Laberatory, Tenn. 
ORNL-TH-328 ( S e p t .  1962) ,  35 p, 10 f i g ,  12 ref .  

LJ 
0 

RIXTUDES 
* 

T h e  r e p o r t  discusses ( 1 )  c o r r o s i o n  e x p e r i m e n t s  d e a l i n g  w i t h  
f l u o r i d e  s a l t s  i n  s u p p o r t  of t he  CSRE, a n d  ( 2 )  a n a l y t i c a l  
m e t h o d s  e m p l o y e d  t c  i n t e r p r e t  c o r r o s i c n  a n d  E a s s - t r a n E f e r  
b e h a v i c r .  The F r o d u c t s  of c c c r o s i o n  a I E  s o l u t l e  i n  the 
m o l t e n  s a l t ;  a c c o r d i n g l y  p a s s i v a t i o n  is p r e c l u d e d  a n d  
c o r r o s i o n  d e F e n d s  d i rec t ly  on t h e  t h e r m o d y n a m i c  d r i v i n g  
force of t h e  corrosion r e a c t i o n s .  C c P p a t i b i l i t y ,  t h e  re fore ,  
d e m a n d s  s a l t  c c n s t i t u e n t s  t h a t  a r e  n o t  a p p r e c i a t l y  r e d u c e d  
b y  u s e f u l  s t r u c t u r a l  a l l o y s  a n d  c o n t a i n e r  nater ia l s  w h c E e  
c o m g c n e n t s  a r c  near t h e r m o d y s a m i c  e q u i l i b r i u m  w i t h  t h c  s a l t  
medium. U t i l i z i n g  i n f o r m a t i o n  g a i n e d  i r ;  c c r r c s i c n  t e s t i n g  
of ccmmercial a l l o y E  a n d  i n  f u n d a m e n t a l  i n t e r F r e t a t i 0 n . s  of 
t h e  c o r r o s i o n  p r o c e s s ,  CRNL developed a h igh -  E t r e n c j t h  
n i c k e l - b a s e  a l l c y  c c n t a i n i n g  17% Lo, 7 %  Cr, a n d  5% F e .  
S e v e r a l  l o n g - t e r m  corrosion 1Cop-c a n d  i n - g i l e  caFsule tests 
C c F F l e t e d  w i t h  t h i s  a l f c y  d e m o n s t r a t e  t h e  e x c e l l e n t  
cor ros ion  r e s i s t a n c e  t o  f l u o r i d e  s a l t  mixtures a t  h i g h  
t e m F e r a t u r e s .  Thermodynamic methods  a r e  p r e s e n t e d  for 
p r e d i c t i n g  c o r r o s i o n  r a t e s .  R a d i o t r a c e r  s t u d i e s  ccnf irmed 
t h e  cc r rcs icn  model .  Also p c b l i s h e d  a s  pp. 557-579 i n  
C o r r o s i o n  of F e a c t o r  E l a t e r i a l s ,  I A X A ,  V i e n n a ,  1 5 6 2 ,  
Vol. I T .  

a l l o y s  + c o m p a t i b i l i t y  t * C O r r O S i O h  t * d c v e l c E m e o t  + 
t l u o r i d e s  + *Haste l lcy  N + locF t n i c k e l  + fuels + 
t h e r m o d y n a m i c s  + m o l t e n  s a l t s  
OTHZR C A T E G O R I E S :  FBD 

F A X 6  Z O O 0 5  
D e V a n  J H  + E v a n s ( I I 1 )  PB 
C O R B O S I C N  E E N A V I O R  OF REACTOR Pl ATEBIALS IN FLCORJ.DE SALT 

Cak Ridge K a t i o n a l  L a b o r a t o r y ,  Tenn .  
C o r r o s i o n  af  R e a c t o r  Ha te r i a lE ,  101. 11 ( F r o c .  C o n f .  
J u n e  4-8 ,  1962) I A E R ,  V i e n n a ,  p.  557,  23 10 t i g ,  12 ref. 

a l l o y s  + c o m p a t i b i l i t y  + *cor s i o n  t * d e v e l o g & e n t  + 
f l u o r i d e s  + *Haste l lay  N + l ocF  t n i c k e l  t f u e l s  + 
t h e r m o d y n a m i c s  + + m o l t e n  s a l t s  
OTHER CATEGORIES: FBD 

FAX6 900 35 
DeVan J H  
EFFECT GF A L L C Y I N G  ACCITTCNS ON CORROSION B E H A V I O R  OF 

NICKEL-f lOLYBCENUY ALLOYI I N  FUSED F L U C R I I E  C I X ' T U F E S  

M I X T U R E S  

T h i s  Faper c o v e r s  t h e  same mater ia l  a s  OdNL-IH-32e 
( F A X 6 2 C O C 4 )  . 

. 

.. 
b 
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Category F 
H a s t e l l o y  N and A r l a t c d  A l l c y s  

PAX 69 00 35 *C c n  t i  nued * - 
Gak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
ORNL-In-2021 Vcl. 1 (Hay 1969) .  45  p #  1 3  f i g ,  16 ref. 

C o r r o s i o n  p r o p e r t i e s  of n i c k c l - m o l y t d c n u m  a l l c y r  with 
v a r i c u s  s o l i d - s o l u t i o n  z t r e n g  t h e n i n g  a d d i t i o n s  were 
t e s t e d  i n  t h e r m a l  c o n v e c t i o n  l o o ~ s ,  u h i c h  c i r cu la t ed  
salt r i x t u r e s  between  815 a n d  650 d e g  C, T h e  a l l o y s  
c o n t a i n e d  17 t o  20% no a n d  v i r i o u s  p e r c E n t a q e E  cf  Cr, 
A 1 ,  T i ,  1, Fe, Nb, a n d  F. Loops ot  i n d i v i d u a l  a l l o y s  
were e x p o s e d  t o  t h e  s a l t  m i x t u r e  NaF-LiE-KY-UF4 
(11 .2-45 .3-41 .0-2 ,5  mole X )  for 500 a n d  1000 h r .  T h e  
c o r r o s i o n  s u s c e p t i b i l i t y  of a l l o y i n g  a d d i t  i c r s  iscrea zed 
i n  t h i s  c r d e r :  F e ,  Nb, V I  C r ,  W, T i ,  and A l e  
N e t a l l o g r a p h i c  e x a m i n a t i o n s  shoued r e l a t i v e l y  l i g h t  
a t t ack  f c r  a l l  a l l c y s  e x c e p t  t h o s e  c o n t a i n i n g  c o m b i n e d  
a l u m i n u s  a n d  t i t a n i u m  o r  a lura inum a n d  c t m a i u u .  A 
n i c k e l - b a s e  a l l c y  c c o t a i n i n g  17% Eo, 7 %  C r ,  a n d  5% le ,  
d e s i g n a t e d  A a s t e l l o y  N, had  t b r  t e s t  c c n k i n a t i c r  cf 
strength a n d  c c r r o s i o n  r e s i s t a n c e  dmony t h e  c c m ~ o s i t i o n s  
t e s t e d .  

s 

alloys + c o m p a t i b i l i t y  + c o r r c s i o n  + d e v e l o p m e n t  + 
f l u o r i d e s  + f u e l s  + molten salts + E a s t d l o y  N + 1ccF + 
n i c k e l  a l l c y s  + a l l c y  c o E F o s i t i o n  
CTH3R CATEGCFIES: P E E  

FAX69 GO 45 
DeVan J H  
EFFECT OF A L L O Y I N G  A D D I ' I I C X S  CN C C B E C S I C t i  E E H E V I C E  CF 

N I C X E I - P C I Y B C E N U H  ALLOYS IS FUSED PLU0HIL)E f l I X S U H E I  
Oak R i d g e  N a t i c n a l  L a b c r a t c r y ,  Tenn. 
ORNL-Tfl-2021 VOl. 1 (Nay 1969) ,  45  F8 15 ficj, 16 r e t .  

C o r r c s i c r  & r o p e r t i e s  c t  n i cke l - rno lybdcnum a l l o y s  with 
v a r i o u s  s o l i d - s o l u t i o n  s t r e n g t h e n i n q  a d d i t i c c z  h e m  t e s t e d  
i n  t h e r m a l  c o n v e c t i c n  l c o p s ,  i rh i ch  c i r c u l a t e d  s a l t  mixtures 
between  815  a n d  650 deg  C, The a l l o y s  c c n t a i r e d  17 t c  20% 
plc a n d  v a r i c u s  F e r c e n t a g e e  of Cr, A l ,  T i ,  v #  Fe, iic, a n d  W. 
L o o p s  of i n d i v i d u a l  a l l o y s  were Exposed t o  t h e  salt m i x t u r e  
NaF-liF-KF-UF4 ( 1 1 , ~ - 4 5 . + 4 1 . C - S . S  mole Sd) 201 5 C C  a n d  
lCOC h r .  The  c o r r o s i c n  s u s c e p t i b i l i t y  CL alloying 
a d d i t i o n s  i n c r e a s e d  i n  t h i s  order: FE, NB, V, Cr, L, Xi, 
a n d  A l .  f l e t a l l o g r a E h i c  e x a m i n a t i o n s  shoved r e l a t i v e l y  l i g h t  
a t t a c k  for  a l l  a l l o y s  E x c e p t  thosc  c o n t a i n i n g  c c n b i c c d  
a l u n i n u m  a n d  t i t a n i u m  CI  a l u m i n u m  a n d  chromium.  A n i c k e l -  
base a l l o y  c o n t a i n i n g  17% ?lo, 7% C r ,  a n a  5% FE, d e s i q r a t e d  
H a s t e l l o y  N, had t h e  b e s t  c c m b i n a t i o n  of s t r e n g t h  a n d  
c o r r o s i o n  r e s i s t a n c e  among t h c  c c s1os i t i ons  t eE ted .  

c o m p a t i b i l i t y  + c o r r c s i o n  + d e v e l c p m e n t  + t l u o r i d e s  + 
fuels + H a s t e l l o y  N + l o o p  
OTHER CATEGORIES: FBD 

FBA66 0020 Ld 
Accessicn Number FAX630035 t o  FEA660020 
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C a t e g o r y  V 
Has te l l cy  N a n d  R e l a t e d  Alloys 

PBA660020 * C o n t i n u e d *  
McCoy HE 
STUDIES O F  THE C A R B O N  D I S T R I E U T I O N  f N  RASTELLCY N 
Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
ORNL-TH-1353 (Feh.  1966) ,  24 p, 14 Eig, 6 rEf.  

Id . 

A s l ra l l  heat of Has te l lcy  N W,PS p r e p a r e d  i n  which a 
p o r t i o n  of t h e  c a r k o n  atoms w ~ r e  t a g q f d  a s  caxbcn-14 .  ? h e  
resFcnse t c  h e a t  t r e a t m e n t  was s t u d i e d  t o  d e t e r m i n e  
w h e t h e r  the c h a n g e s  i n  m e c h a n i c a l  p raFer t ies  cculd be 
c o r r e l a t e d  w i t h  t h e  o b E e r v e d  i zhanges  i n  t h e  c a r t o n  
d i s t r i b u t i o n .  A l t h o u q h  marked  s e q r e g a t i o n  r e s u l t e d ,  
t h e  c h a n g e s  i n  m e c h a n i c a l  p r o p e r t i e s  d i d  not a p p e a r  
to be re la ted .  A s e c o n d  o t j e s t i v E  was t o  d e t e L r i n e  
w h e t h c r  t h e  r e l a t i v e l y  l a r g e  p r e c i p i t a t e  p a r t i c l e s  
i n  t h i s  a l l o y  were c a r b i d e s .  These F r e c i p i t a t e z ,  i n  
b c t h  the i r  s t r i n g e r  ( l o b - t e m p e r a t u r e )  a n d  l a m e l l a r  
( h i g h - t e m p e r a t u r e )  f o r m s ,  were f c u n d  t o  be a s  l cw i n  
c a r b o n  a s  t h e  n a t r i x  c r  lower.  I t  is h i y o t h e s i z e d  
t h a t  t h e  o t h e r  a l l o y i n g  e l e m o p t s  r e d u c e  t h e  s c l u k i l i t j  
of no lybdenum i n nickel IO t h a t  the F r r c i F i t a t e  is 
b a s i c a l l y  n i c k e l -  mclybdenum i n t e r m e t a l l i c  compounds ,  

*heat. t r e a t m e n t s  t w e l d i n g  t * m e t a l l o g K a p h y  + *I ias te l lcy  N t 
c a r b o n  t i r e c h a n i c a l  € r o p e r t i e s  + * m i c r o s t r u c t u r e  

. 
bj 

FBAh80029 
G e h l b a c h  RE + McCoy HE 
PHASE INSTAEILITY IN HASTELLOY N 
Oak R i d q e  Maticnal L a b o c a t o r y ,  Tenn.  
I n t .  Sym. on S t r u c t u r a l  S t a b i l i t y  i n  S u p e r a l l c y s ,  

S e v e n  S F r i n q s ,  Pa. ,  S e F t .  4-6, 1968,  Vol. 11, pp 346-366,  
A v a i l a b l e  from D r .  J o h n  R a d a v i c h ,  B I N E :  H i g h - T e a F e r a t u c e  
A l l c y s  C c n a i t t e e ,  Yicrcnet L a t o r a t o r i c s ,  k e s t  L d f a y e t t e ,  
m d . ,  2 1  F, 14 fig, 0 re f .  

Though H a s t e l l o y  N is k a s i c a l l y  a solid-scluticc a l l o ) ,  
t h e r a c E e c h a n i c a 1  t r e a t m e n t s  c h a n q e  i ts  m e c h a n i c a l  p r o p e r t i e s  
and m i c r o s t r u c t u r e .  I d e n t i f y i n g  a n d  c h a r a c t e r i z i n q  
p r e c i p i t a t e s  i n v o l v e d  m i c r o s c o p y ,  e x t r a c t i o n  r e E l i c a t  ion, 
x - r a y  d i f f r a c t i o n ,  a n d  e l e c t r c n  groke micrcand l jE i s .  
C h e s i c a l  a n a l y , c i s  b i t h  a m i c r o p r o b e  a t t a c h m e n t  f o r  t h e  
e l e c t r o n  m i c r o s c o p e  a n d  e l e c t r o n  $ i f  f r a c t i o n  weze e P p 1 o y c d  
t o  i d e n t i f y  i n d i v i d u a l  Fartic.Les, a g g l o m e r a t e s ,  a n d  q r a i n -  
b o u n d a r y  films on e x t r a c t i o n  r e F l i c a s  w i t h c u t  interference 
from t h e  mat r ix ,  'Xh microstructure  is c h a r a c t e r i z e d  by 
s t r i n g e r s  of m a s s i v e  r i m a r y  F r e c i p i t a t c s  c f  the Ni3flc3C 
t y p e ,  E x p o s u r e  b e t w e e n  500  apd  1600 dey C p r e c i F a t e s  
p a r t i c l e s  of t h e  Ni2flo4C t y p e  in t h e  q r a i n  b c u n d a r i e s .  
In a i r - m e l t e d  h e a t  w i t h  0.62 Si, t h e  p r e c i F i t a t e 5  a E E  
e n r i c h e d  i n  silicc a n d  a r e  n o t  d i s s o l v e d  a t  h i g h  
t e m p e r a t u r e s  but melt a n d  t r a n s f c r m  t c  a a c n c a r b i d e  p t a s e .  
I n  vacuuui- m e l t e d  h e a t s  w i t h  l o w  s i l i c o n  c o n t e n t s ,  c a r  t i d e s  
g o  i n t o  s o l i d  s o l u t i o n .  T h e  o n l y  F r e c i F i t a t c E  t h a t  f c r m  i n  

A c c e s s i c o  Number Pi3A660020 t o  ,FEA680029 
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C a t e g o r y  F 
H a s t e l l c y  N and R e l a t e d  A l l o y s  bd 

FBA6d 0029 * C o n t i n u e d *  
air-melted a l l o y s  a t  as h i g h  a s  1180 dey C a r e  t h e  
N i 3 ( f l o 8 C r )  3(c# S i )  a n d  N i 2  (!!o,Cr)4 rc8si) t y F e s .  The a a o u n t  
a n d  O e h a v i c r  a r e  h i g h l y  s i l i c o n  d e p e n d e n t ;  t h i s  i s k u r i t y  
s t a b i l i z e s  t h e  p a r t i c l e s ,  T h e  delta-life i n t e r m e t a l l i c  is 
p r o b a b l y  r e s p o n s i b l e  for the i n c r e a s e d  c a b r i t t l e a e o t  a t  h i g h  
a n n e a l i n g  t e m F e r a t u r e s ,  

h e a t  t r e a t m e n t s  t H a s t e l l o y  N t p r e c i p i t a t i c n  + E i c r c r t r u c t e r e  

FBB65C018 
D o n n e l l y  FG 
TUBE P L U G G I N G  I N  THE MOLTEN-SILT REACTCS E X F E F I f l E N T  

Oak R i d g e  N a t i c a a l  L a b o r a t o r y ,  T e n n ,  
CRNL-TH-1023 (Feb. 1965) 11 P8 6 f i g ,  4 ref .  

F R I F A R Y  HEAT E X C H A N G E R  

To r e d u c e  t h e  Eressure d r o p  t h r o u g h  t h e  s h e l l  s i d e  of t h e  
HSRE p r i m a r y  h e a t  e x c h a n g e r ,  it was d e c i d e d  t c  reeove f c u r  
of t h e  o u t e r  U-tubes.  ? h i s  r e q u i r e d  s c a l i n g  t h e  e i g h t  t u b e  
s t u b s  p r o d u c e d .  A p l u g  d e s i g n  a n d  s e a l  w e l d i r g  F r o c e d u r e  
were d e v e l c r e d  t o  a s s u r e  a h i g h - i n t e g r i t y  s e a l  k c t w e e n  t h e  
m o l t e n  f u e l  s a l t  o n  t b r  s h e l l  s i d e  a n a  t h e  c c c l a r t  salt on 
t b e  t u b e  s i d e  cf the h e a t  e x c h a n g e r .  T h e  p l u g s  had  a 
s l i g h t  i n t e r f e r e n c e  f i t  ( 0 , O O O C  t o  C.CCC2 i n , )  K i t h  t h e  
t u b e s  a n d  were m a c h i n e d  f o r  e d g e - w e l d i n g ,  The p l u g  
mater ia l  was H a s t e l l o y  a s  uas t h e  e n t i r e  b e a t  e x c h a n g e r .  
T h e  t u b e  e n d  vas  m a n u a l l y  weldEd t o  the p l u g  w i t h  a g a s  
t u n g s t e n - a r c  tcrcn. The  c o n d i t i o n s  tiere a d j u s t e d  t o  
p r o v i d e  weld metal p e n e t r a t i o n  e q u i v a l e r t  t c  a t  least t h e  
t h i c k n e s s  of t h e  t u b e  u a l l ,  V i s u a l ,  d y e - p e n e t r a n t ,  a n d  
r a d i o g r a p h i c  e x a m i n a t i a n s  of t b e  w e l d s  Gave every 
i n d i c a t i c n  t h a t  h i g h - i n t e g r i t y  r e l d s  h a d  b e e n  made thet 
would  s u c c e s s f u l l y  i s o l a t e  t h r  f u e l  s a l t  frcm the c c o l a n t  
salt d u r i n g  t h e  p l a n n e d  o p e r a t i o n  of t h e  h e a t  e x c h a n g e r .  

f a b r i c a t i o n  + H a s t e l l o y  N t h e a t  e x c b a n s e r s  t %HE t w e l d i n g  
OTHER CATEGCEIES: HCX 

FBB66CO21 
G i l l i l a n d  FG 4 V e n a r d  J T  
ELEVATED TEMPERATURE HECHANICAL F R C E E E T I E S  C F  YELCS IN A 

Oak R i d g e  Nat icnal  L a b o r a t o r y ,  Tenn.  
ORNL-TH-1341 (Jan, 1 9 6 6 ) ,  35 PI  18 f i g ,  6 r e f .  

Ni-Lo-Cr-Fe ALLCY 

T h e  c o n t e n t s  of t h i s  IH a p p e a r  i n  g e l d i n g  J. (K. Y.) 458 
1 0 3 - ~ - 1 1 C - ~  (1966)  liC FBB660022. 

* H a s t e l l o y  h' + * w e l d i n g  + h e a t  t r e a t m e n t s  t C r e e &  + 
d u c t i l i t y  + t e c s i l e  F r c F e r t i e E  
OTHER CATEGOEIES:  FEC 

FBI366C022 
G i l l i l a n d '  SG + V e n a r d  J T  
ELEVATED TEHPERATURE HECHANICAL PBCFERTXES C F  WELCS IN A 

. 

LJ 
A c c e s s i o n  Number FBA6800;9 t o  FBB66CC22 



Paye 79 

C a t e g o r y  F 
H a s t e l l o y  N a n d  R c l a t e d  A l l c y s  

FBB66C022 *C c n t i n u e d *  

Oak R i d g e  N a t i o n a l  L n b c r a t o r y ,  Tenn.  
W e l d i n g  J. (N. Y.) 45,  103-s (Mar. 1966) ,  €! F., l e  f i g ,  6 Kef, 

t h e  a s - w e l d e d  and a n n e a l e d  c o n d i t i o n s  show a q c c d  
c o m k i n a t i c n  of s t r e n g t h  a n d  d u c t i l i t y  from 70  t o  1800 deg E. 
T e n s i l e  p r o p e r t i e s  of t h e s e  ccu iFa re  f a v c r a b l y  w i t h  t h c s e  of 
t h e  base loetal. Stress r e l i e v i n g  a t  1600 deg F for 2 h r  
l o w e r e d  t h e  t e n s i l e  y i e l d  s t c c n q t b .  C r c e F - r u k t n r e  t e s t s  a t  
2200, 1300, a n d  1500 deg F s h o v e d  s i g n i f i c a n t  i m p r o v e m e n t  
i n  s t r e n g t h  a n d  d u c t i l i t y  a t  1300 d e g  F from stress r f l i e r  
i n  h y d r o g e n .  In c r e e p - r u p t u r e  t c b a v i o r ,  b c t h  as-welded a n d  
s t r r s s - r e l i e v e d  s p e c i m e n s  uere a s  g o o d  as t h e  b a s e  m e t a l ,  
t h e  n i l - d u c t i l i t y  t e m p e r a t u r e ,  a s  d e t f r n i n e d  b y  s i m u l a t e d  
h e a t - a f f e c t e d  z o n e  t h e r p a l  cyc l e  t e s t s  uas 23CC d e g  F .  
Reasonable  r e c o v e r y  of m e c h a n i c a l  p r o p e r t i e s  f o l l o w e d  a 
s i m u l a t e d  w e l d i n g  c y c l e  w i t h  a 23GO deg F n a x i n u r  
t e m ~ e r a t u r e .  T h e  c c n t e n t s  of t h i s  p a p e r  also a p p e a r  a s  
C R NI-T M- 13 J 1, 

Lid 
N i  - Eo-Cr -Fe ALLOY 

a T e n s i l e  tes ts  cn t r a n s v e r s e  weld s a m p l e s  of H a s t e l l o y  N i n  

A C- F E E660 0 2 2. 
*Hastelloy N + * w e l d i n g  + h e a t  t r e a t m e n t s  + c r e e p  t 
d u c t i l i t y  + t e n s i l e  p r o p e r t i e s  
OTHER C A T E G O R I E S :  FBC 

F BE5 9 00 40 
HcCoy HE + C a n c n i c o  DA 
PRRIRRACIATICN ANC POSTIRRACIAT ION MECHANICAL PROPERXIES 

O F  HASTELLOY N WELDS 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
O R N L - T H - 2 4 8 3  [Mar. 1969) .  4 3  F, 20 f i g ,  16 ref .  

Welds v e r e  made by t h e  ‘IfG process i n  s c v e r a l  heats  of 
H a s t e l l o y  N. %he n e c h a n i c a l  F r o p e r t i e s  of t r a n s v e r s e  w e l d  
s a m p l e s  a n d  t h e  b a s e  n e t a l  wet€ c c m p a r e d  i n  t e n s i l e  t e s t s  
o v e r  the range cf 7 5  to 1600 d e g  F a n d  i n  creep tests at 
1200 deg F. The a s - f a t r i c a t e d  w e l d s  exhibited l cuer  
f r a c t u r e  strains t h a n  t h e  base metal ander a l l  t e s t  
c o n d i t i o n s ,  b u t  t h e  p r o p e r t i e s  o t  t h e  welds Y E L ~  i m F r c v e d  
m a r k e d l y  b y  p o s t - w e l d  h e a t  treatments.  T h e  p c s t i r r a d i a t i o n  
t e n s i l e  a n d  c r e e p  p r o p E r t i e s  of  t h e  w e l d s  a n d  base Fe ta l  a t  
e l e v a t e d  t e m p e r a t u r e s  uere a b o u t  t h e  same, a l t h o u y h  the 
p r o p e r t i e s  were w i d e l y  d i f f e r e n t  kefore i r r a d i a t i c n .  
M e c h a n i c a l  FroFerties of a l l  s p e c i m e n s  t e s t e d  a r e  t a b u l a t e d  
i n  a n  Appendix .  T h e  same m a t f r i a l ~ w i t h c u t  t h e  a F f e n d i x  is 
p u b l i s h e d  i n  Welding 3. (N. Y o )  48, 203-s-211-s (1969) ,  
AC- F BE69 00 4 1 

I 

* H a s t e l l o y  N + * w e l d i n g  + c g + d u c t i l i t y  t * i r r a d i a t i o n  t 
t e n s i l e  p r o p e r t i e s  
CTHEB CATEGCFIES: F € E  

FBI3 69 CO 4 1 
* 

I 

‘ I  
LJ nccoy HE + C a n o n i c o  EA 

A c c e s s i c n  Number FBB66002i t o  FEE69CC41 
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C a t e g o r y  F 
H a s t e l l o y  N a n d  B c l a t e d  A l l c y s  41 

FBB 6 9 00 9 1 
P R E I R P A D I h T I C N  A N D  POSTIBRACIATION FlECHANICAL PROPERTIES 

Oak R i d g e  National L a b o r a t o r y  8 Tenn.  
Weld ing  J. (N,Y,) 48, 203-s (Ray 1969) # 9 F. 18 f i g ,  16 ref ,  
- T h i s  FaFer p r e s e n t s  t h e  same mater ia l  a s  CELL-TM-2483 

Waste l loy  N + * w e l d i n g  t creep + d u c t i l i t y  t * i r r a d i a t i o n  4 
t e n s i l e  p r c F e r t i e s  
OTHER C A T E G C f i I E S  : F E E  

*C on  t i n u e d *  

OF RASTELLOY N WELDS 

(FBE690040) e x c e p t  t h a t  it d o E s  n c t  i n c l u d e  t h e  a k F e n d i x  
w h i c h  l ists t h e  F r c p r : t i e c t  of a l l  s p e c i m e n s .  

FBB 70 CO 28 
HcCoy HE + G u n k e l  RU t S l a u g h t e r  GM 
TENSILE PROPERTIES OF H A S T E L L C Y  1 YEIDEC AIITEE I 8 6 A E I A T f 0 8  
Gak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
OBNL-Tfi-2858 (AFr, 1970) .  24 7 f i g ,  8 ref. 

F u s i o n  welds  a f f e c t i n g  75% of t h e  CKCSS s e c t i c n  %ere 
made i n  small  t e n s i l e  samples 0 , l I S  i n ,  i n  d i ame te r )  
of H a s t e l l o y  N i r r ad ia t ed  t o  thermal t l u e n c e s  u p  t o  
9-4 x l O ( 2 0 t h )  n e u t r o n s l s q - c m ,  A l l  of  t h e  un i r r ad ia t ed  
samFles and 67% of t h e  i r r a d i a t e d  s a m p l e s  were 
s a t i s f a c t o r i l y  welded Cy a s p e c i a l i z e d  t e c h a i s u e .  S u r f a c e  
c o n t a m i n a t i o n  is  susFected t o  cause t h e  u n s u c c e s s f u l  v e l d s  
i n  t h e  i r r ad ia t ed  samples .  T h e  w c l d e d  i r r a d i a t e d  samrles 
g e n e r a l l y  h a d  as  g o c d  t e n s i l e  p r o p e r t i e s  a t  25 and 65C d e g  C 
as t h e  i r r a d i a t e d  base metal, T h e  weld  metal d e f c r e e d  
a p p r e c i a b l y  a t  650 deg C a n d  made a s i g n i f i c a n t  c o n t r i b u t i o n  
t o  t h e  o v e r a l l  f r a c t u r e  s t r a i n ,  T h e  f r a c t u r e  l o c a t i o n  i n  
t h e  i r r a d i a t e d  s a m p l e s  t e s t e d  a t  €50  de5 C s h i f t e d  f rcm t h e  
w e l d  metal t o  t h e  base metal followinq the p o s t - w e l d  a n n e a l  
of 8 h r  a t  870 d e g  C, P o r o s i t y  n e a r  t b E  f u s i c r  l i n e  of t h e  
i r r a d i a t e d  samFles F r o b a b l y  r e s u l t e d  f r c m  he l iuf f i  k u k b l e s ,  
b u t  t h i s  d i d  n o t  seem t o  a f f e c t  the l o c a t i c n  cf t h e  
f r a c t u r e ,  

u e l d i n g  + i r r a d i a t i o n  + H a s t e l l o y  N d u c t i l i t y  + 
t e n s i l e  GrcFerties 

FBB70003 1 
C c p o l i n a  AG + C a n c o i c c  DA 
THE fiEASUEEMENT O F  R E S I D U B L  STRESSES 
Oak R i d g e  N a t i c n a l  Laboratory, Tenn,  
ORNL-TH-3113 ( C c t .  1970) 32 P #  12 f i g ,  16 r e f .  

A m c d i f i c a t i o n  of t h e  S a c h s  ' b o r i n g - o u t  * m e t h c d  for 
d e t e r m i n i n g  r e s i d u a l  stresses Ferrcits d E t e r t i c a t i c n  of 
t h e  d i s t r i b u t i c n  of stresses a n d  t h e i r  l e v e l s  over e x t r e m e l y  
s h o r t  i n c r e m e n t s  of d i s t a n c e s ,  % h i s  t e c h n i q u e  was used f o r  
m e a s u r i n g  r e s i d u a l  stresses i n  g a s  t u n g s t e n - a r c  w e l d s  made 
in H a s t e l l o y  N, C i r c u l a r  w e l d s  6 i n .  i r  d i a f c e t e r  were 
s i m u l t a n e o u s l y  d e p c s i t e d  on both  f l a t  f aces  of a 1/2- in , -  
t h i c k  p l a t e ,  12 in, i n  d i a m e t e r .  T b e  maxiuun  t a n g e n t i a l  
r e s i d u a l  stress was f c u a d  to  be a b o u t  S C , O C C  F s i  and was 

. 

. 
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FBB70003 1 * C o n t i n u e d *  
&s, 

n o t  F a r t i c u l a r l y  affected b y  e i t h e r  t h e  s h i e l d i n g  qas  or  
h e a t  i n p u t .  Stress r e l i e v i n g  a t  160C d e g  P f c r  4.5 h r  
p r o v e d  t o  b e  t h e  og t imum h e a t  t r e a t m e n t  a n d  r e d u c e d  the 

t h e  maximum r e s i d u a l  r t r e s s  t o  a b o u t  10,000 psi was 
a c h i e v e d  a t  1400 d e q  F a f t e r  6 h r ;  houewer ,  lcwer 
temFeratures e v e n  f c r  times a s  l o n g  a s  100 h r  o n l y  r e d u c e d  
t h e  maximum r e s i d u a l  s tress t y  a t c u t  2 5 % .  

. t a n g e n t i a l  r e s i d u a l  stress t o  a t c u t  5 C O C  p s i .  L c u e r i n g  of 

H a s t e l l o y  N + stress + h e a t  t r e a t m e n t s  t t e s t i n q  

t 

FBC590001 
C a r l s c n  RG 
FATIGUE STUCIES O F  INOR-8 
B a t t e l l e  Ilemorial I n s t i t u t e ,  C o l u m b u s ,  Chio 
BMI-1354 ( J u n e  1 9 5 9 ) ,  16 p, 8 f i g ,  1 r e f .  

T h e  t em~era ture  a n d  f r e g u e n c y  d e p e n d e n c e  of f a t i g u e  
p r o p e r t i e s  of H a s t e l l o y  N were d e t e r e i n r d  by r c t a t i n g -  
bealp f a t i g u e  tests.  Stress-l ifetime d a t a  uere o k t a i n e d  
f o r  t e m p e r a t u r e s  of 1100, 1300,  a n d  1 S C C  F, a c d  cyclic 
f r e q u e n c i e s  of 1 0 0 ,  600 ,  a n d  3000 cpm. T h e  f a t i g u e  
s t r e n g t h  d e c r e a s e d  w i t h  i n c r e a s i n g  t e n F r r a t u i e .  No 
a p p r e c i a b l e  f r e q u e n c y  e f fec t  was f o u n d  up t o  1300 P. 
A t  1500 F, the f a t i g u e  s t r e n g t h s  cf s F e c i m e n s  teE. ted  
600  a n d  3000 cgm were e q u a l ,  w h i l e  t h e  f a t i g u e  s t r e n g t h  
a t  1 C O  cpm was s u b s t a n t i a l l y  lower. A c r i t i c a l  f r e q u e n c y  
is assoc ia t ed  w i t h  each t e m p e r a t u r e ,  a b c v e  w h i c h  f r e q w n c y  
h a s  n o  e f f e c t ,  b u t  b e l c w  k h i c h  f a t i g u e  s t r e n g t h  decreases 
w i t h  d e c r e a s i n g  f r e q u e n c y .  F a t i g u e  s t r e n g t h  k a s  h i g h e r  
f o r  f i n e r  g r a i n e d  material. 

H a s t e l l a y  N t m i c r o s t r u c t u r e  .) f a t i g u e  

F B C 6  1 COO 1 
Swindeman S'rl 
THE ZECHAMICAL PROPERTTES OF INOR-5 
Cak R i d g e  K a t i o n a l  L a b o r a t o r y ,  T e n n ,  
OSNL-2780 ( J a n .  1 9 6 1 ) ,  76 p ,  45 fiy, 20 r e f .  

T e n s i l e ,  creep, a n d  r e l a x a t i o n  t e s t s  meEe k e r f c r a e d  c r  
INOR-8. ( I h i s  is t h e  a l l o y  l a t e r  c a l l e d  Has te l loy  N . )  The 
m e c h a n i c a l  p r o p e r t i e s  a r e  s u m u a r i z e d  a n d  d i s c u s s e d  i n  
r e l a t i c n  t c  t h e  c o m F o s i t i o n ,  m i c r o s t r u c t u r e ,  a n d  
e n v i r o n m e n t ,  The r e s u l t s  i n d i c a t c  t h a t  t h e  n i n i n u m  s t r e n g t h  
p r o F e E t i f s  of INOR-8 a r e  s u f z i c i e n t  t o  p e r m i t  t h e  use of ' 
w o r k a b l e  d e s i g n  stresses u p  t o  13CO d e g  F, a l t h c u g h  c e r t a i n  
a r e a s  are F o i n t e d  c u t  w h e r e  a d d i t i o n a l  i n S o r m a t i G n  is 
des i r ab le .  

H a s t e l l c y  N + c r e e p  + d u c t i l i t y  + h e a t  t reatments  + 
t e n s i l e  p r o p e r t i e s  t a l l o y  compositicn 

* 

FBC64C017 
McCoy NE 
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INFLUENCE OF SEVERAL H E T A Z L U R G I C A L  V A R I A B I E S  C N  THE 

o a k  R i d g e  Na t iona l  L a b o r a t o r y ,  Tenn.  
ORNL-3661 (Bug, 1964) ,  63 p,  35 f i g ,  10 ref .  

TENSILE F S O P E R T I E S  O F  BASTELLOY N 

T h e  t e n s i l e  p r o p e r t i e s  of H a s t e l l o y  L u e r e  m e a s u r e d  a f t e r  
v a r i o u s  h e a t  t r e a t m e n t s ,  One vacuum-mel t ed  a r d  f C U K  a i r -  
m e l t e d  h e a t s  were s t u d i e d .  T h e  vacuum-mel t ed  m a t e r i a l  
e x h i b i t e d  good d u c t i l i t y  a f t e r  a l l  h e a t  t r e a t r e r t s ,  
A n n e a l i n g  t h e  a i r - m e l t e d  material t o  t e m p e r a t u r e s  i n  E x c e s s  
of 2,150 d e g  P s i q n i f i c a n t l y  r e d u c e d  the I s i n i e u r  f r a c t r r e  
s t r a i n .  H o l d i n q  a t  abou t  1600 deg P for a n  e x t e n d e d  Fe r iod  
r e c o v e r e d  t h e  f rac ture  d u c t i l i t y .  A g i n S  i n  t h e  110C tc 
120C deg F r a n g e  material t h a t  h a d  b e e n  p r e v i o u s l y  a n n e a l e d  
a t  2150 d e g  F s i g n i f i c a n t l y  r c d u c c d  t h e  d u c t i l i t y .  T h e s e  
c h a n g e s  i n  d u c t i l i t y  c c c u r r e d  v i t h  v e r y  s m a l l  c h a n g e s  i n  
t e n s i l e  s t r e n g t h .  These e f f e c t s  c a n  t e  e x F l a i n e d  i n  t e E m s  
of t h e  f c r m a t i c n  of a b r i t t l e  g r a i n  b o u n d a r y  l a y e r  a l c n g  
w h i c h  d c r a c k  c a n  p r o p a g a t e  e a s i l y  a t  e l e v a t e d  t e e F e r a t u r e s .  
I n t e r r u p t i n g  t h e  c c n t i n u i t y  of t h i s  l aye r  b y  o v e r a g i n g  01: 
c o l d  w o r k i n g  recovers g o o d  f r a c t u x e  d u c t i l i t y .  ?he 
f c r n a t i o n  of t h i s  layer i s  a s s o c i a t e d  w i t h  t h e  F r e s e n c e  of 
trace a l l o y i n g  e l e m e n t s ,  

H a s t e l l o y  I t heat t r e a t a e n t s  + d u c t i l i t y  + m e t a l l o g r a p h y  + 
t e n s i l e  p r o p e r  ties 

FBC65C017 
V e n a r d  JT 
T E N S I L E  AND CBEEP PROPERTIES CF T N C E - 8  FOR THE MCLTEN-SELT 

P E ACT C E EX F E CC I M E "I! 
O a k  R i d g e  Naticnal L a b o r a t o r y ,  ' Ienn. 
CRNL-TM-1017 (Feb. 1965) ,  2 2  p, 19 f i g ,  6 r e f .  

T e n s i l e  a n d  c r e e F - r u F t u r e  t e s t i n g  has  b e e n  c a r r i e d  o u t  o n  
t h r e e  h e a t s  of H a s t e l l o y  N selected f r c o  t h c s e  used f c r  t h e  
?ISRE. T h e  p r i s a r y  aim Waf t o  col lect  s t r e n g t h  i n f o r m a t i o n  
r e p r e s e n t a t i v e  of t h e  c o n s t r u c t i o n  mater ia l  a r d  t c  corFare 
t h e  d a t a  on these ccmmercial h e a t s  w i t h  t h a t  from e a r l y  
e x p e r i m e n t a l  h e a t s ,  T h e  d a t a  KepCrtEd a r e  u l t i a a t e  t ens i le  

. s t r e n q t h ,  0.2% cff-set y i e l d  s t r e n g t h ,  e l o n g a t i o n ,  a n d  
r e d u c t i o n  i n  a rea  from room t e a p c r a t u r e  t o  982 d e g  c 
(1800 d e q  P) . C r e e € - r u g t u r e  b e h a v i o r  u a s  i n v e s t i g a t e d  a t  
493, 7C4, a n d  816 d e g  C (1100, 1300, a n d  1500 d e g  F). I n  
g e n e r a l ,  t h e  commercial B S R E  c c n s t r u c t i c n  o a t c r i a l  s h c u s  
grea ter  s t r e n g t h  a n d  d u c t i l i t y  t h a n  d i d  ear l ier  b e a t s .  
A d d i t i o n a l  conf idence  in t h e  MSBE d e s i g n  s t r e r g t h  v a l u e s  is  
t b u s  i n  c r d e r .  

* H a s t e l l o y  h' t c r e e p  + d u c t i l i t y  * HSBE + t e n s i l e  F r c F e r t i e r  + 
a l l o y  ccmFosi t ion 

t 

. 

F BD6 9 00 36'  
Koger JW + L i t n a n  AP 
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LJ 

C O H P A T I B I L I T Y  CP HASTELLOY N A N C  CBOLOY 9M YIIH 
NaBF4-NaF-KBP4 (90-4-6 lcole X )  F L O C F C E O H A T E  S A L T  

Cak Ridge National L a b o r a t o r y ,  T e n n .  . ORNL-TM-2490 (Apr .  1 9 6 9 ) ,  4 1  F ,  20 f i g ,  15 ref. 
T h e  c o m p a t i b i l i t y  o f  r e l a t i v e l y  i a r p u r e  (greatEf t h a n  
3000 Fpm i lcFurit ies) NaBF4-NaF-KEF4 (90-4-6 mol€ 3) 
t e s t e d  w i t h  Hastel loy N a n d  Crcloy 9r! waE t e s t e d  i n  
n a t u r a l  c i r c u l a t i c n  1 0 0 ~ s  a t  a maximum t e m p e r a t u r e  
of t C 5  d e g  C w i t h  a temFcrature d i f f e r e n c e  of 1 4 5  d e q  C. 
T h e  C r o l o y  9I4-loop was c o m p l e t e l y  p l u g g e d  a f t e r  144C h r  
a n d  t h e  Hastel loy N l o o €  was t h r e e - q u a r t e r s  p l u g g e d  
a f t e r  8760 h r  (one y e a r ) .  A l l  m a j o r  a l l o y i n g  e l e o e n t r  
mass t ransfer red  a s  t h o  result of n o n s e l e c t i v e  a t t a c k  
by v i r t u e  of t h e  i n i t i a l  o x y g e n  a n d  w a t e r  c c n t a n i c a t i c n  
of t h e  s a l t .  S a t u r a t i c n  c o n c e n t r a t i o n s  of 700 ppm 
Fe a n d  470 ppm Cr u e r e  d e t e r m i n e d  Tor t t e  f l u c r c ~ c r a t ~  
s a l t  a t  4 6 0  de9 C. I n i t i a l l y ,  s o l u b l e  m e t a l  f l u c r i d e  
c o m p o u n d s  f o r m e d  i n  t h e  h o t  leg.  T h o  r e v e r s e  reaction 
in t h e  co ld  l e g  causes  t h e  m e t a l  t o  d e F c s i t  a c d  t c  
d i f f u s e  i n t o  t h e  c c l d  l e g .  This c o n t i n u e s  u n t i l  an 
e q u i l i b r i u m  c o n c e n t r a t i o n  of cne cr mor€ metal fluorides 
i s  r e a c h e d  i n  t h e  s a l t  a t  t h e  c o l d - l e g  t e m p e r a t u r e  
a n d  t h e s e  c o m p o u n d s  s t a r t  d e p o s i t i n g  c r  t h e  e q u i l i b r i c m  
c o n s t a n t  of t h e  r e a c t i o n  c h a n g e s  so much w i t h  t e m p e r a t u r e  
t h a t  t h e  p u r e  metal is d e p o s i t e d .  

*iron a l l c y s  + *Mastellcy N + c o m p a t i b i l i t y  t *corrosion t 
* f l u o r o b o r a t e s  + + i m p u r i t i e s  t mass t r a n s f e r  + s c l u k i l i t y  + 
c o o l a n t s  t thermal c c n v e c t i c n  + m o l t e n  s a l t s  
CTHER CATEGCEIES : GEX 

FREG 500 1 5  
H a r t i n  W R  + i?eir J R  
E F F E C T  OF ELEVATED TEMPERATUBE I R R A D I A T I O N  Ch' THE STt iENGTI3  b N C  

DUCTILITY CF T H E  N I C K E L - E A S I  ALLOY HASTELLOY N 
Oak B i d q e  N a t i c n a l  L a b o r a t o r y ,  l e n n .  
O R N L - T H - 1 0 0 5  (Fab.  1 9 6 5 ) '  1'1 p, 7 f i q ,  17 r e f .  

The c c n t e n t s  of t h i s  I a r e  t h e  same a s  a n  a r t i c l e  w i t h  t h e  
sdae t i t l e  in t h e  A p r i l ,  1 9 6 5  Nuclear  A F F l i c a t i c e s ,  which 
see. 

*Has te l loy  N + d i i c t i l i t y  n s i l e  P r o F e r t i e E  + i r r a d i a t i o r  
OTHFllR CATEGOBIES: FBC 

FBE6 5 00 16 
M a r t i n  WR t Weir J R  
EFPECT OF ELEVATEC TEMPERATURE I R R A C I A I I O N  ON THE SI,REE;GTH AND 

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  

. 
D U C I I L I T Y  OF 'IIiE NICKEL-BASE ALLCY H A S T E L I C Y  N 

* Nucl .  A p p l .  1: 160  (196s) 8 F, 6 f i g .  20 ref.  
T h e  t e n s i l e  p r o p e r t i e s  of H a s t e l l c y  N h a v e  b e e n  d e t e r a i n e d  
a f t c r  i r r a d i a t i c n  a t  6 0 0  deq  : t o  7 x l O ( 2 0 t h )  n/sq-ca: (E 
greater t h a n  1 f l e V )  a n d  9 x l C ( 2 C t h )  n/sq-cm ( t h e r m a l ) .  The 

hpd 
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F B E 6 5  CO 16 *C c n t  i n u e d *  
s t r e n g t h  a n d  d u c t i l i t y  were d e t e r m i n e d  f c r  t h e  r a n g e  20 t o  
900 deq C, T h e  s t r e s s - s t r a i n  r e l a t i o n s h i p  is n o t  a f f e c t e d  
by i r r a d i a t i o n  a t  700 d e g  C. E u c t i l i t y ,  as steaEnred t y  t h e  
t r u e  u n i f c r t n  a n d  f r ac tu re  s t r a i n s ,  is r e d u c e d  for 
d e f o r m a t i o n  t e m p e r a t u r e s  of S O 0  d r g  C a n d  a b c v e .  The  loss 
i n  d u c t i l i t y  r e s u l t s  i n  a r e d u c t i o n  in t h e  true tensile 
s t r e n g t h ,  e s p e c i a l l y  in i n t e r c r a n u l a r  f a i l u r e ,  ~ u c h  a s  low 
s t r a i n  rates a n d  e l e v a t e d  t e m E e r a t u r c .  Eost i r r a d i a t i o n  
a n n e a l i n g  does n o t  i m p r o v e  d u c t i l i t y .  I b e s e  d a t a  a r e  
ccmFatible w i t h  h e l i u m  g e n e r a t i o n  from t h e  (n, a l p h a )  
reac t ion  of b o r o n  a s  the cause of low d u c t i l i t y .  (Also 
p u b l i s h e d  as  ORNL-TI!?-1005.) 

* H a s t e l l o y  I4 + d u c t i l i t y  + * t a s i l e  F r c F e r t i e s  t i r r a d i a t i o r  
OTHER C A T E G O R I E S :  FBC 

W 

FBE6 6 00 19 
M a r t i n  WR t Weir J R  
PCSTT E R A D I A T I O N  C R E E P  A N E  STRESS R U P T U R E  OF HASTELLCY N 
Oak R i d g e  N a t i c n a l  L a b o r a t c r y ,  ' Ienn. 
ORNL-TB-1515 ( J u n e  1966) 31 p#  12 f i g ,  15 r € f .  

The c o n t e n t s  of t h i s  ?€! a re  t h e  same a s  a n  a r t i c l e  
u i t h  t h e  same t i t l e  i n  the March  1967 Nuclear A F F l i C d t i C n S ,  
u h i c h  see. 

*Hastelloy N t *creep i d u c t i l i t y  + i r r a d i a t i c n  i 
m i c r o s t r u c t u r e  
CTBER C A T E G C E I E S  : P E C  

FB I3 67 CO 2 9 
f i l a r t i n  WR + Weir JR 
P O S T I R R A D I A T I O S  CREEP AND STRESS R U F T U E E  O F  H1STELLCY h: 
C a k  I i i d j e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
N u c l .  A p p l .  3, 167 (Har. 1967) , 11 p ,  10 f i g ,  17 ref,  

The c r e e p  d u c t i l i t i e s  of i r r a d i a t e d  H a s t e l l c y  N a t  
650  d e q  C h a v e  b e e n  d e t e r m i n e d  a t  s e v e r a l  n e u t r c n  
e x p o s u r e s .  E l e v a t e d - t e m p e r a t u r e  i r r a d i a t i o n  e m k r i t t l r m e n t  
g r e a t l y  r e d u c e s  t h e  s t r e s s - r u p t u r e  s t r e n q t h  a5 a e a s u r e d  
i n  F c s t i r r a d i a t i o n  u n i a x i a l  stress tests. T h e  reduct  ion 
i n  d u c t i l i t y  t o  v a l u e s  a s  low as C . 4 R  i s  d u e  t c  an 
i r r a d i a t i o n  effect related to  t h e  p r o c e s s  of i n t e r g r a n u l a r  
f r a c t u r e .  I n t e r g r a n u l a r  c r a c k s ,  once f c r m f d ,  ~ r c ~ a g a  te 
w i t h  g r e a t e r  ease i n  t h e  i r r a d i a t e d  a l l o y  as coml;ared 
w i t h  a s a m p l e  e x p o s e d  t o  a l esser  r a d i a t i o n  ~ X F C E U I ~ .  
(Also p u b l i s h e d  a s  C R N I - T H -  15 15.) 

* H a s t e l l o y  N t * c r e e p  t d u c t i l i t y  + i r r a d i a t i c n  t 
m i c r o s t r u c t u r e  
OTHER C A T E G O R I E S :  PBC 

. 

I FBE6 7 00 30 
McCoy HE t Ueir JR 
I P- A P D  EX-REACTCR STRESS-RUPTURE PROPERTIbS OF HASIELLOY N T U B I N G  
Oak R i d g e  P a t i c n a l  Labora tory, Tenn.  

LJ 

A c c e s s i o n  Number FBE650016 t o  FEE670030 
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FBE67003O * C o n t i n u e d *  
ORNL-TM-1906 (Sept, 1 9 6 p ) ,  27 p ,  14 fig, 28 ref. 

The s t r e s s - r u p t u r e  p r o p e r t i e s  of t u o  b e a t s  cf Has t e l l cy  N 
t u b i n q  h a v e  b e e n  d e t e r m i n e d  a t  760  d e q  C i n  t h e  i r rad ia ted  
a n d  u n i r r a d i a t e d  c o n d i t i o n s .  I r r a d i a t i o n  r e d u c e d  t h e  
r u p t u r e  l i f e  a n d  the r u p t u r e  s t r a i n  t o t  E r c d u c e d  no 
detectable effects cn t h e  c r e s p  ra te ,  Small  v a r i a t i o n s  i u  
b e h a v i o r  of t u b u l a r  s p e c i m e n s  t e s t e d  d u r i n g  i r r a d i a t i c n  a n d  
sma l l  r o d  s p e c i m e n s  t e s t e d  a f t e r  i r r a d i a t i o n  a r c  e x p l e i n e d  
o n  t h e  basis of d i f f e r e n c e s  iJt stress s t a t e s  a n d  s i z e 2  cf 
t e s t  s e c t i o n s .  The effects of i r r a d i a t i o n  a r e  r a t i o n a l i z e d  
o n  t h e  basis of t h e  b e h a v i o r  of  h e l i u P  which iz f c r l c e d  i n  
t h e  metal as a r e s u l t  of t h e  r e a c t i o n  02 boron-10 w i t h  
t h e r m a l  n e u t r o n s .  (Also p u b l i s h e d  w i t h  S C B ~  c c n d e n s a  t i c n  i n  
N u c l e a r  A p F l i c a t i o n s  (MSRIS A c c e s s i o n  FEE6ECC25) 

H a s t e l l o y  1 + c r e e p  t d u c t i l i t y  t i r r a d i a t i c n  
OTHER C A T E G O R I E S :  FBC 

FBE6700.31 
McCoy HE 
A N  EVALUATZCN CP THE MOLTEN SALT REJCTOR E X P E B I N E N ' I  

H A S l E L L O Y  N SURVEILLANCE S P E C I i Y E N S  -- F I B S T  G B C U F  
Cak Ridge N a t i o n a l  L a b o r a t o r y , ,  T e n n ,  
ORNL-TH-1997 (Nov,  1 9 6 7 ) ,  57 F, 35 f i g ,  12 ref. 

G i v e s  test r e s u l t s  on t h e  e f f r c t  cf v a r i o u s  v a r i a b l e s  
( teDFera ture ,  s t r a i n  ra te ,  p r e s t r a i n ,  etc. 1 o n  t h e  
t e n s i l e  d u c t i l i t y  of i r r a d i a t e d  and  u n i r r a d i a  t e d  Iiastelloy 
N, S p e c i n e n s  r emoved  frcm t h e  ESEE a f t e r  7623 EMh h a d  b e e n  
a t  645 d e g  C f o r  4800 a n d  a c c u m u l a t e d  1.3 x l O ( 2 3 t h )  
n e u t r c n s / s q - c m  ( thermal) ,  The h i g h - t e m F e r a t u r e  d u c t i l i t y  
was r e d u c e d  s i u i l a r l y  t a  t h a t  o b s e r v e d  for t h e  s a m e  
ma te r i a l s  i n  t h e  ORR i n  h r1 iu .u .  No ccrrcs icn  w a E  o b s e r v e d ,  
b u t  a 1 t o  2 m i l  c a r b o n - r i c h  Layer was n o t e d  uhere specimens 
touched graphite 

*fiSRE + * s u r v e i l l a n c e  + *Hastelloy C t * c o m p a t i b i l i t y  t 
f l u o r i d e s  + creep i c o r r o s i o n  t i r r a d i a t i o n  t 
tensile p r o F e r t i c s  t tensile 

FBEO 8 00 25 
McCoy HE + Weir JR 
STBESS-RUPTURE PROPERTIES 0 IRRADIATED A N D  U N I B H A C T A ' I E D  HA STELLOY N 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
TOBES 

A p p l .  4, 96 (Feb .  1 9 6 8 ) ,  9 p. 6 f i y ,  24 ref, 
T h e  s t r e s s - r u p t u r e  p r o p e r t i e s  of t n o  heats cf H a s t e l l c y  N 
t u b i n g  h a v e  been de te rmined  76C d e g  C i n  t h e  i r radiated 
and  u n i r r a d i a t e d  r e a c t i c n  of o r o n - 1 0  w i t h  t h e r m a l  n e u t r o n s ,  

( R e p o r t e d  in more d e t a i l  i n  ORNL-TM-19C6,) 
H a s t e l l o y  N + c r e e p  * d u c t i l i t y  + i t r a d i a t i o n  
CTHER C A T E G C R I E S :  PEC 

FBE68C026 
McCoy H E  
EFFECTS OF IRRADIATION O N  THE mcrmmxI F R C F E R T I E S  C.E T W O  V A C U U Y -  

Accession Numker EBE670030 t c  FE~680026 
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C a t e g o r y  F 
H a s t e l l c y  N a n d  Belated A l l o y s  

F8E6 8 0026 W o n t  h u e d *  

O a k  R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
OBNL-In-2043 ( J a n ,  1968) ,  43 F #  24 f i g ,  18 ref, 

HELlED HEATS OF HAS'LELLCY N 

T h e  m e c h a n i c a l  behavior of twc vacuum-mel t ed  beats cf 
H a s t e l l o y  N was tested a t  650 a n d  760 d e g  C, T h e  m a t e r i a l  
was s u b j e c t e d  t o  s e v e r a l  t h e r r a l - r e c h a n i c a l  t r e a t a e n t r  a n d  
t h e n  i r r a d i a t e d  a t  650 a n d  763 d e g  C t o  a t h e r m a l  dose of 
2.3 x 10 ( 2 0 t h )  n e u t r o n s / s q - c m .  Tte r e s c l t s  a r e  ccmFa xed 
v i t h  t h o s e  f o r  u n i r r a d i a t e d  s p e c i m e n s  t h a t  u e r e  g i v e n  a 
s imilar  t h e r m a l  treatment. T h e  v a r i o u s  t b e r m a l - r e c h a r i c a l  
treatments had scme r e l a t i v e l y  small  effects on t h e  t c n s i l e  
p r o p e r t i e s  of u n i r r a d i a t e d  m a t e r i a l ,  k u t  t h e  creeg 
p r o F e r t i e s  uere very similar. The p r i m a r y  e f f ec t s  of 
i r r a d i a t i o n  uere r e d u c t i o n s  i n  t h e  c r e e p  r u ~ t u r e  l i f e  a n d  
t h e  r u F t a r e  d u c t i l i t y  i n  b o t h  c r e e p  a n d  t e n s i l e  tests. 
T h e s e  o b s e r v a t i o n s  are e x p l a i n e d  c n  t h e  b a s i E  cf h e l i r n :  
p r o d u c t i c n  i n  t h e  metal b y  the boron-10 ( n ,  a l p h a )  
t r a n s m u t  a t i o n .  

* H a s t e l l o y  N + c r e e p  + d u c t i l i t y  + h e a t  t r e a t m e n t s  + 
t e n s i l e  p r o p e r t i e s  + i r r a d i a t i o n  
OTHER CATEGORIES: FBC 

L J  

FBE69 0034 

A N  EVALUATICN CF THE MOLTEN-SALT REACTOR EXPEBIHEN'I 

Cak Ridge N a t i o n a l  L a k o r a t o r y ,  Tenn .  
ORNL-9M-2359 (Peb. 1969) 8 69 F, 45 f i g ,  22  ref. 

mccoy HE 

HASTELLOY N SUBVEILLANCF SEECIHENS -- S E C C G I :  G F C U E  

Two rods of s t c i n d a r d  H a s t e l l o y  N from tke su rve i l l ance  
p c s i t i o n  o u t s i d e  t h e  coIe vessel e r e  e x p o s e d  t o  n i t r o g e n  
p l u s  2 t o  5% o x y g e n  for l l , O O O  h r ,  The a l l c p  was 
ComFatible v i t h  t h i s  e n v i r o n m e n t ,  s h o w i n g  o n l y  s u p e r f i c i a l  
o x i d a t i o n  a n d  n o  n i t r i d i n g .  These san~les u e x e  e X F C S € d  t o  
a thermal f l u e n c e  cf 1.3 x l O ( 1 9 t h )  n e u t r o n s / s g - c m ,  a n d  b o t h  
t e n s i l e  a n d  creep t e s t s  s b o w e d  s i c j n i t i c a n t  c h a n g e s  in 
m e c h a n i c a l  F r o p e r t i e s ,  r a r t i cu la r ly  t h e  s t r a i n  a t  f r a c t u r e ,  
T h e s e  c h a n g e s  a r e  i n  g o o d  agreement w i t t  t h c s e  ~ C K  e a t e r i a l  
i r r a d i a t e d  i n  h e l i u u  i n  t h e  CBB, Two rods of m o d i f i e d  
H a s t e l l o y  N c o n t a i n i n g  s f f i a l l  a d d i t i c n s  cf t i t a n i u n  a n d  
z i r c c n i u n  frcm t h e  ccre u i t n  a t h e r m a l  f l u e n c e  of 4.1 x 
10 ( 2 0 t h )  n e u t r o n s / s q - c m ,  s h o w e d  s l i g h t l y  i a F r c v e d  
pos t i r r a  d ia  t i o n  mecha n i c a  1 p r o p e r  ties a n d  a c c e p t a k l e  
c o r r o s i o n  r e s i s t a n c c .  

*BSRE + * s u r v e i l l a n c e  + *Hastelloy E 4 *modif ied H a s t e l l o y  I$ + 
* c o m p a t i b i l i t y  + n i t r o g e n  + o x y g e n  + f l u o r i d e s  + cree l  + 
r u p t u r e  + c c r r c s i o n  + i r r a d i a t i o n  + i r r a d i a t i o n  + 
tensile p r o p e r t i e s  + m i c r o s t r u c t u r k  
OTHER CATEGORIES: PCE 

. 
kd FBE6900U4 

PlcCoy HE 

A c c e s s i o n  Numker FBE680026 t o  FEE690044 
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from 1.3 x l O ( 1 9 t h )  t o  9.4 x 10420th) n e u t r o n s / s q - c m .  Two 
heats of m o d i f i e d  H a s t e l l o y  N were i r r a t i a t e d  i r  t h e  ccre t o  
a t h e r m a l  t l u e n c e  cf  5.3 x l O ( 2 0 t h )  n c u t r o n s / s q - c m  O V E C  9769 

Category F 
H a s t e l l o y  N a n d  R e l a t e d  A l l c y s  

- FBE69C044 * C c n t i n u e d *  
hilt 
w VARIATICN CP THE MECHANICAL P R O P E R T I E S  OF I B R A D I A ! I E D  

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
J. Nucl .  Hater, 31, 67 ( d a y  1 9 6 9 ) ,  1 9  p ,  12 f i q ,  44  ref. 

HASTELLOY N C I ' I H  S'XRAIN R A ' I E  

* 

T h e  p o s t i r r a d i a t i o n  m e c h a n i c a l  p r c p e r t i e s  cf Eeveral h e a t s  
of H a s t e l l o y  N, b o t h  vacuum- a n d  a i r - m e l t e d ,  have  been 
m e a s u r e d  a f t e r  e x p o s u r e  t o  t h e r m a l  f l u e n c e s  cf  2 t o  
6 x l C ( 2 C t h )  n e u t r c n s / r q - c n .  A t  s t r a i n  r a t e s  n o r m a l l y  
e n c o u n t e r e d  i n  t e n s i l e  t e s t s ,  t h e  fracture s t r a i c  i s  su i t e  
s e n s i t i v e  t c  s t r a i n  rate i n  t h e  r a n q e  a f  5 C O  tc €50 deg  C. 
A t  € 5 C  deg C a minimum f r ac tu re  s t r a i n  'ids o k s e r v e d  a t  a 
s t r a i n  r 
i n c r e a s e  
g r a d u a l 1  
f rac ture  

a t e  af a p p r o x i m a t e l y  0.1% hour;  t h e  s t r a i n  
d r a p i d l y  n i t h  i n c r e a s i n g  s t r a i n  ra te  a n d  i n c r e a s e d  
y w i t h  d e c r e a s i n g  s t r a i n  r a t e ,  A l t h c u g h  t h e  

s t r a i n s  a t  high s t r a i n  r a t e s  d i f f e r e d  s i g n i f i c a n t l y  
for test t e m p e r a t u r e s  of  650 and  760 d e s  C, t h e  s t r a i c E  were 
t h e  same u n d e r  Cree& c o n d i t i o n s .  A t i t a n i u m - m o d i f i e d  a l l o y  
s h o w e d  i m p r o v e d  t e s i s t a n c e  t o  i r r a d i a t i c n  daaac j f .  
Q u a l i t a t i v e  e x F l a n a t i o n s  a r e  j i v e n  for each of t h e s e  
o b s e r v a t i o n s .  

i r r a d i a t i o n  + H a s t e l l o y  N + mcdir ' ie j  Aas t e l loy  H t 
d u c t i l i t y  + c r e e p  + t e n s i l e  p r o p e r t i e s  t a l l c y  ccmFcs i t i on  
OTHER CATEGORIES: FBC 

P B E7 0 00 27 
RcCoy H E  
A N  E U A L U A T I G N  G F  THE MOLTEN-SALT REBCTOB E X P E R I M E N ! I  H A S l E L L C Y  N 

Cak Bidqe N a t i o n a l  L a b o r a t o r y ,  T e n n .  
ORNL-TH-2647 ( J a n .  1970) 8 88 p, 56 .Eiq, 8 ref. 

SURVEILLANCE SPECIPlENS -- THIRD G F C U E  

We e x a m i n e d  the t h i r d  g r o u p  o f  h a s t c l l c y  N E u r v e i l l a r c e  
s a n g l e s  from t h e  MSHE. S t a n d a r d  H a s t e l l o y  N was e x p o s e d  in 
the core to d t h e r m a l  of 9.4,~ l C , ( 2 O t h )  neutrcrs/sq-ca over 
15 ,2E9  hr a t  650 cteg C a n d  o u t s i d e  t h e  reactor v e s s e l  t o  2.6 
x 1 0 ( 1 9 t h ]  n e u t r o n s l s q - c m  o v e r  20,789 h r  a t  6SO deg C. The 
forrser saruFles were e x p c s e d  t o  t h e  f u e l  s a l t  a n d  t h e  l a t t e r  
t o  n i t r o g e n  F l u s  2 t o  5% oxyqen .  T h e  m a t e r i a l  seemed q u i t @  
c o m p a t i b l e  w i t h  both e n v i r o n m e n t s .  P c s t i r r a d i a t i c n  tes ts  
s b o w e d  t b a t  t h e  f r a c t u r e  s t r a i n  lias reduced at 25 deg C a n d  
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C a t e g o r y  F 
H a s t e l l c y  N a n d  Related A l l o y s  

F9E700027 * C o n t i n u e d *  
OTHER C A T E G O R I E S :  FCE 

FBE7 100 17 
HcCoy  HE + C e h l b a c h  R E  
INFLUENCE C F  TBBACIATZO~ T E H P E R B T U R E  ON THE CBEEP-RUPTURE 

Oak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn ,  
Nucl ,  T e c h n o l .  11, 45 (Hay 1971), 16 p, 17 f i c ,  15 r e f .  

P R O P E R T I E S  O F  H A S T E L L O Y  N 

T b e  v a r i a t i c n  cf t h e  F o e t i r r a d i a  t i o n  c r e e p - r u p t u r e  
p r o p e r t i e s  u i t h  i r r a d i a t i o n  t c m p c r a t u r e  h a s  b e e n  d e t e  rmined  
f o r  a i r -  a n d  vacuum-mel t ed  Hastelloy E. T h e  a i r - m e l t E d  
material was h i g h  in silicon a n d  formed a s t a b l e  carbide of 
t h e  MI6C t y F e ,  The EroFerties of: t h i s  mater ia l  were n o t  
d e p e n d e n t  upon  t h e  i r r a d i a t i o n  t c m p e r a t a r e  c v e r  t h e  r a n g e  
s t u d i e d .  T h e  v a c u u r - m e l t e d  a l l o p s  formed a MZC-type 
c a r b i d e  whose  s i z e  a n d  s r o r p b o l c g y  d e F e n d e d  s a r k e d l y  u l c n  
t h e  i r r a d i a t i o n  t e r F e r a t u r e .  Rhen t h e  c a r b i d e s  were f i n e l y  
d i s p e r s e d  by  i r r a d i a t i o n  a t  a t o u t  6SC d e g  C, t h e  
P o s t i r r a d i a t i o n  F r c k e r t i e s  were e q u i v a l e n t  t o  t h o s e  of t h e  
air-melted araterial. I r r a d i a t i o n  a t  a b c u t  76C d e g  C 
r e s u l t e d  in coarser  d i r F e r s i o n s  of t h e  C2C c a r b i d e  an2 
i n f e r i o r  p o s t i r r a d i a t i o n  p r o p e r t i e s .  

creep + d u c t i l i t y  + Aastellcy N + i r r a d i a t i o n  + 
t h e r m a l  effects + a l l o y  compositicn i r i c r c s t r u c t u r e  + 
c a r b i d e s  
CTHXR CATEGCSIES : FCE 

P B E 7  1 CO 18 
S c C o y  HE 
AI4 E V A L U A T I O N  OF THE ROLTEN-SALS REACTCI; EXEE€IMEIT 

Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  l e n n .  
ORNL-TH-3036  (!!arch 1971). 91 p ,  67 f i g ,  14 rcf .  

H A S T E L L C Y  I SURVEILLANCE SPECY?IENS -- FOURTH G B O U P  

Two h e a t s  of s t a n d a r d  H a s t e l l o y  I were removed  from t h e  
core of the XSRE af te r  22,533 h r  a t  650 d e g  C ,  d t h e r m 1  
f l u e n c e  of 1.5 x lO(21) n e u t r o n s  per square c e n t i m e t e r ,  
and a f a s t  f l u e n c e  ( g r e a t e r  t h a n  50 k e V )  cf 1.1 x lO(Z1) 
n e u t r c n s  Fer s q u a r e  centimeter. The m e c h a n i c a l  Froperties 
h a v e  s y s t e m a t i c a l l y  d e t e r i o r a t e d  uith i n c r e a s i n g  f l u e n c e .  
However, t h e  c h a n g e  in F r o p e r t i e s  is d u e  t c  t t e  C e l i u n  
p r o d u c e d  b y  t h e  E - l G ( n , a l F h a )  Z i - 7  t r a n s m u t a t i o n  a n d  c a n  
be r e d u c e d  by c h a n g e s  i n  c h e m i c a l  c o m F o s i t i c n .  Scme b e a t s  
u i t h  m o d i f i e d  c c m p c s i t i c n  h a v e  b e e n  e x p o s e d  t o  t h e  core of 
the CSRE a n d  show i m p r o v e d  r e s i s t a n c e  t c  i r r a d i a t i o n .  ‘Ihe 
corrcsion of t h e  Has t e l loy  N has b e e n  l a r g e l y  d u e  t o  t h e  
s e l e c t i v e  r e m o v a l  of chron; ium.  The r a t e s  c f  r e n c v a l  a r e  
much a s  F r e d i c t e d  from t h e  m e a s u r e d  d i f f u s i o n  r a t e  of 
chromium.  other s u p e r f i c i a l  s t r u c t u r e  n o d i t i c a t i c n s  have 
been c b s e r v e d ,  b u t  they l i k e l y  r e s u l t  from c a r b i d e  
p r e c i p i t a t i o n  a l o n q  s l i p  k a n d s  t h a t  were f c r a f d  d u r i n q  

. 

A c c e s s i c n  Number PBE700027 t o  FEE7 100 1€ 
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C a t e g o r y  F 
Has te l l cy  N a n d  Related Alloys 

PEE710018 * C o n t i n u e d *  
m a c h i n i n g .  

m o d i f i e d  H a s t e l l o y  N t R S R E  t s u r v e i l l a n c e  + cor ros i cn  t 
c r e e p  + d u c t i l i t y  + f l u o r i d e s  + Hastel loy E + i r r a d i a t i o n  t 
a l l o y  c o m p o s i t i o n  + molten s a l t s  + B i c r c s t r u c t u r e  t 
tensile p r c F e r t i e s  
CTHER CATEGCSIES: PEC + EBC t F C E  

LJ 
. 
- 

I 

. 

fBX64CO15 
T a b o a d a  A 
METALLURGICAL DEVELOPflENIS (I& MSRP EEGGR. BEET,, 7/3 1/64) 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.' 
O R H L - 3 7 0 8  (Nov. 1964) , FF, 330-372, 17 f i g ,  8 r e f .  

R e t a l l u r g i c a l  d e v e l c F m e a t r  i n  s u p p o r t  of t h e  ESIE show t h a t  
H a s t e l l o y  N is s a t i s f a c t o r y .  P h y s i c a l ,  t e n s i l e ,  Cree 1, a n d  
f a t i g u e  F r o p e r t i e s  are g i v e n .  C o m p a t i b i l i t y  is excellent 
w i t h  c i r c u l a t i n g  m o l t e n  f l u o r i d e s ,  g r a p h i t s  i r  u c l t e n  
f l u o r i d e s ,  a n d  a i r  t o  1800 d e g  F, F a b r i c a t i o n  is d e s c r i b e d ,  
i n c l u d i n g  a complex h e a t  e x c h a n g c r .  A n E e a l i f i g  i z  n e e d e d  
a f t e r  cold work, a n d  a t t e n t i o n  t o  c o m p o s i t i o n  is r e q u i r e d  
t o  e n s u r e  w e l d a b i l i t y .  I r r a d i a t i c n  c a u z e s  scEe l c s s  cf  
t ens i le  s t r e n g t h  and d u c t i l i t y .  I n c o n e l - c l a d  g a d o l i n i a -  
a l u m i n a  c o n t r o l  r o d  e l e m e n t s  were f a k r i c a t e d .  

* H a s t e l l o y  N + b r a z i n g  + ceramics t c o m p a t i b i l i t y  + 
c o n t r o l  rods + c o r r o s i o n  t c r e e p  t d e n s i t y  t e u c t i l i t j  t 
e lec t r i ca l  c o n d u c t i v i t y  + e la s t i c i ty  + e r o s i o n  t 
e x p a n s i o n  + f a b r i c a t i o n  t f l u o r i d e s  t g r a p h i t €  + 
heat e x c h a n g e r s  t h e a t  t r e a t m e n t s  + i n c o n e l s  t i r r a d i a t i o n  t 
j o i n t s  + l o o p  + m a c h i n i n g  t m e l t i n g  f c a s t i n g  + 
m e t a l l o g r a F h y  t HSRE + ox ida t ion  + p h y s i c a l  p r o p e r t i e s  t 
p r o c u r e m e n t  t progress r e p o r t  t r a r e  e a r t h s  t reviers + 
s p e c i f i c  b e a t  + s p e c i f i c a t i c n r  4 s u r v e i l l a n c e  t t e s t i n g  t 
t h e r m a l  c o n d u c t i v i t y  4 w e l d i n g  + micrcstructure  + 
tensile FroFert i e s  + fatigue + m o l t e n  s a l t s  
CTHER CATEGCBIES: ACE 

FCC 6 9 GO 46 
Sessions CE + Lundy TS 
DIFFUSION OP TITANIUM IN E O D I F I E D  BASTELLOY Ei 
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn. 
OBNL-TM-2392  ( Jan .  1969).  24 F, 7 f i g ,  13 re f ,  

D i f f u s i o n  c o e f f i c i e n t s  of t i t a n i u m - 4 4  i p  t i t a r i c n - m o d i f i e d  
H a s t e l l o y  N were d e t e r m i n e d  ove r  t h e  r a n g e  E C C  to 
125C d e g  C by s e r i a l  s e c t i o n i n g  k y  l a t h c i n g  c r  y z i n d i r g  a n d  
c o u n t i n g  b y  gamma-sFec t r c scop] r .  The d a t a  ue IE  fitted t c  

3 3 9 0 / 1 i ~ j  s q - c m / s e c  R e s u l t s  Mer€ used t c  F r e d i c t  t h e  
maxircum l o s s  b y  d i f f u s i c n  of t i t a n i u m  from t h e  a l l o y  in a 
t y p i c a l  m o l t e n - s a l t  b r e e d e r  r e a c t c r  a t  300 d e g  C, 
E x p e c t e d  i n c r e a s e s  cf t i t a n i u m  i n  t h e  m c l t e n  salt a r e  no  
more t h a n  5 t o  10 ppm f o r  two g e a r s  cf c p r a t i c t ,  b a s e d  o n  

A c c e s s i c n  Number k'BE710018 to ' F C C 6 Y 0 0 4 E  

D = (15-3 F l u s  O K  n u s  2.2) e x p ( - 7 3 , 0 0 0  p l u s  O K  m i n u s  
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C a t e g o r y  F 
H a s t e l l c y  N a n d  Belated A l l o y s  

FCC69 0048 *Con t i n  u e d *  
a s i P F l i f i e d  d i f f u s i o n  model .  Also p u b l i s h e d  as J. l u c l .  
Hater, 31, 316-22 1969) .  

d i f f u s i o n  + t i t a n i u m  + modif ied Hastelloy N 

FCC69C049 
S e s s i o n s  CE + Lundy TS 
DIFFUSION OF T I ' I A N I [ I f l  IN U O D I F X f i D  HASTEILOY E; 
Cak Ridge K a t i o n a l  L a b o r a t o r y ,  T e n n .  
J, N u c l .  flater. 31, 316 ( J u l y  1969) 8 7 pp 5 f i g ,  13 ref. 

D i f f u s i o n  coeff ic ients  of t i t a n i u m - 4 4  i n  t i t a r i u n -  
m o d i f i e d  Hastel lcy I u e r e  d e t e r m i n e d  over the r a n g e  of 
800 t o  1 2 5 0  deg C t y  s e r i a l  s e c t i c n i n q  b y  l a t k e i n g  c r  
g r i n d i n g  a n d  c c u n t i n g  by g a m m a - s p e c t r o s c o p y .  The d a t a  u e r e  
f i t t e d  to c = (15.3 p l u s  o r  m i n u s  2.2)  rxp(-33#CCC ~ l t s  or 
m i n u s  33GO/R'I) sq-cr i / sec .  B e s u l t s  u e r e  u s e d  t o  p r e d i c t  t h e  
maximum l o s s  by  d i f f u s i o n  of t i t a n i u a  frcm t h e  a l l o y  i n  a 
t y F i c a l  a o l t e n - s a l t  b r e e d e r  r e a c t o r  a t  700 d e g  C .  E x I e c t e d  
increases  of t i t a n i u m  i n  t h e  molten s a l t  are no  more t h a n  
5 to 10 ppm for  two y e a r s  of o ~ e r a t i c n ,  based an a 
s i m p l i f i e d  d i f f  u s i c n  model. Also p u D l i s h e d  a s  CSNL-TC-2392. 

d i f f u s i o n  t t i t a n i u m  + m o d i f i e d  C I a s t e l l o y  N 

FCC 7 0 CO 40 
S e s s i o n s  CE 
INFLUENCE O F  T I ' X A N I U H  O N  THE HIGH-TEIFEEATU6E CEFCFIATICN 

o a k  R i d g e  N a t i o n a l  L n b c r a  t o r y ,  Tenn. 
CRNL-4561 ( J u l y  1970)# 189 p, 44 f i g ,  E E  re f .  

A N D  FRACTURE E E H A V I O R  O F  SOME NICKEL B A S E D  ALLOYS ( IHESIS)  

A d d i n g  0.5% t i t a a i u e  t o  n i c k e l -  12% m o l y t d e n u m - 7 %  
chromium-0.06% c a r b o n  d e c r e a s e d  ttie crec.1: r a t € ,  i r i c r e a s e d  
s t r e s s - r u p t u r e  l i f e  and  d u c t i l i t y .  I n c r e a s i n c j  carDcn f 101 
O . O C 3  t o  C.391 increased r u p t u r e  l i f e  a n d  d e c r e a s e d  c r e e p  
ra te  f o u r  orders  of m a g n i t u d e  a n d  i n c r e a s e d  d u c t i l i t y  
t h r e e f o l d  f o r  v a r i c u s  stresses. f r a c t u r e  a t  bS0 deg C 
c h a n g e d  from i n t e r g r a n u l a r  a t  low c a r t c r  t c  r i x e d  t r a r s -  
a n d  i n t e r g r a n u l a r  a t  h i g h  carbon for s i m i l a r  h e a t  
t r e a t m e n t s .  T n c r e a s i n g  t i t a n i u n !  up t c  1.2% f a v c r e d  
f c r r a t i o n  of a n  HC-type c a r b i d e  d u r i n g  a g i n g  a t  650 a n d  
7 6 0  deq C r a t h e r  t h a n  t h e  R2C t h a t  fcrtz a t  l c v e r  
t i t a n i u m .  A h e a v y  d i s t r i b u t i o n  oi B C  a t  g r a i n  L o u n d a r i e s  
r e s u l t e d  in s u p e r i o r  d u c t i l i t y  i n  b o t h  creep a n d  tensile 
tests, p r e s u m a k l y  ky r e d u c i n q  q r a i n - t c u c d a r y  Ehrarirg a n d  
l i m i t i n g  g r c w t h  of cracks. When a l l o y s  w i t h  1 - 2 9  
t i t a n i u m  were s o l u t i o n  a n n e a l e d  a t  1260 d e q  C a c d  aged, MC 
c a r k i d e s  p r e c i p i t a t e d  on d i s l o c a t i o n s ,  c a u s i n g  q r o u t h  of 
s t a c k i n g  f a u l t s ,  w h i c h  i n c r e a s e d  s t r e n g t h  b u t  i m p a i r e d  
d u c t i l i t y .  Small t i t a n i u m  a d d i t i c n s  imrroved d u c t i l i t y  of 
p u r €  nickel a t  6 0 0  d e y  C. 

*modified H a s t e l l o y  N + * c r e e p  + n i c k e l  + + d u c t i l i t j  t 
*heat  t r e a t n e n t s  + c a r b i d e s  + p r e c i p i t a t i o n  + m i c r o s t r u c t u r e  + 

Accession Nulaher FCC690048 t o  FCC700040 

. 



C a t e g o r y  F 
Hastelloy N and  R f l a t r d  A l l c y s  

FCC 7 0 CO 40  
+ ~ l l o y  c o m p o s i t i o n  
OTHER CATEGORIES: PCA 

*C o n t  i n u e d  * L d  

I FCC7 00044 
S e s s i c n s  CE 
INFLUENCE CF TITANIUM ON THE E I G H - T E t I P E R A T U H E  DEPORMAlION 

AND FRACTURE BEHAVIOR OF SCEE N I C K E L - E A S E f  PLLCYS 
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn.  
S c r i p t a  ?!et. 4, 795 ( O c t .  19701,  4 p ,  1 ref. 

* m o d i f i e d  Has te l loy  N + * c r e e p  + n i c k e l  + * d u c t i l i t y  t 
*heat t r e a t m e n t s  + c a r b i d e s  + p r e c i F i t a t i o n  t 
microstructure + * a l l c y  ccmpos i t ion  

This p u b l i c a t i o n  is a n  a t s t r a c t  o f  r e F G r t  O B N L - 4 5 6 1  
Accession FCC700040) . 

FCC7 100 10 
Sessions CE t S t a n s h u r y  EE 
THERHAL STABILITY OF T I T A N I U M - M O C I F X E D  EASTELLOY N A I  

Cak R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-TH-3321 ( J u l y  1971) .  43 F, 17 f i g ,  19 ref. 

650 and 7 6 0  DEG C 

P a g e  91 

( 8s RFS 

T h e  i n f l u e n c e  o t  s m a l l  t i t a n i u m  a d d i t i c r s  cn the  t he raa l  
s t a b i l i t y  cf Ni-12% Ho-7X Cr-0,0791 C was i n v e s t i g a t e d ,  
The m e c h a n i c a l  p r o p e r t i e s  a t  6 5 0  d e y  C ( tens i le  tests a t  
0 .002 /min  s t r a i n  rate and c reep  tests a t  40,CCC F s i  stress) 
were m e a s u r e d  f o r  four h e a t s  of t h i s  a l l c y  w i t h  t i t a n i u m  
c o n t e n t s  from 0. IS to 1.2%. S o l u t i o n  a n n e a l i n g  
t e m p e r a t u r e s  were 1177 or 126C d e g  C, a t d  s u b E e c u e n t  
p r e c i F i t a t i o n  heat t r e a t m e n t s  ueIe c o n d u c t e d  a t  650 a n 6  
760 d e g  C. T i t a n i u m  i n c r e a s e s  t h e  s t a b i l i t y  cf a c c m l l e x  
B C - t y F e  c a r b i d e ,  A t  l o u  t i t a n i u m  levels the PtC c a r k i d e  is 
s t a b l e  a t  650 deg C b u t  is u n s t a t l e  a t  '260 deg C, w h e r e  a n  
H 2 C - t y p e  c a r b i d e  i s  F r e c i E i t a t e d ,  r e s u l t i n g  i n  i n f e r i o r  
p r o p e r t i e s .  For t h e  h i g h e r  t i t a n i u m  c c r c e n t r a t i c c s  t h e  MC 
c a r b i d e  is s t a b l e  cn a g i n g  a t  7 6 0  d e q  C a n d  resu l t s  i n  
e x c e l l e n t  p r o p e r t i e s  a f t e r  a s o l u t i o n  arnea l  a t  1177 deg C. 
However, hiqh- t i t a  n i u m  a l l o y s  are s i g n i f i c a n t l y  l e s s  
d u c t i l e  it they are  s o l u t i o n  a n n e a l e d  a t  126C d e g  C a f d  
a q e d  a t  e i t h e r  650 c r  7 6 0  deg C. The heat  w i t h  t h e  lowest 
carbon c o n t e n t  (0.04% C) was aiost resistant t c  IrcFerty 
changes cn a q i n g  up t o  10,000 h r  a t  b c t t  E S C  a n d  76C deg C. 

* m o d i f i e d  f I d s t e l l O y  N t *deVelGFIIIent + * : a l l o y  c o m p o s i t i o n  + 
*heat t r e a t i u e n t s  + a g i n q  t c r e e p  + d u c t i $ i t y  + 
microstructure t tensile EroFerties + c a r b i d e s  t 
t h e r m a l  e f f e c t s  

FCD7 1 co 16 
E v a n s ( I T 1 )  6E t K o g e r  JW t CeVan J H  
COHROSIOM IN POLYTHEHllAL IOCP SYSTEMS 111. A SCZZIC-STPTE 

- 
s.1 D I F F U S I C I  MECHANISM MITE ANC KITHOUT L I Q U I D  FILM EFYECTS 

Accessicn Number FCC70004O t o '  F C C 7  100 16 
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C a t e q o r y  F 
Hastellcy N and B e l a t e d  Alloys W 

FCD710016  * C o n t i n u e d *  
O a k  R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn. 
O R N L - 4 5 7 5 ,  Vol. T I  ( J u n e  1971)  74 p, 16  f i g ,  49 ref. 

The c o r r c s i o n  of a l l o y s  e x p o s e d  t o  n o n i s o t h e r f f i a l  
c i r c u l a t i n g  l i g u i d s  is i m p o r t a n t  i n  s y s t e m s  w i t h  l i q u i d  
c o o l a n t s  or c o c l a n t - f u e l  c o m b i n a t i o n s .  Bathematical  
d e s c r i p t i o n s  were d e v e l o p e d  t o  e x F l a i n  t r a n s F c r t  cf 
c o n s t i t u e n t s  of a l l c y s .  This r e p o r t  s p e c i a l i z e s  t o  c a s e s  
i n  w h i c h  s o l i d - s t a t e  d i f f u s i o n  i n  t h e  a l l o y  d c r r i n a t e s  the 
c o r s o s i o n .  E q u a t i o n s  are d e r i v e d  for b o t h  t r a n s i e n t  and  
s t e a d y - s t a t e  cases;  t r a n s i e n t s  axe  n e g l i g i b l e .  
A p p l i c a b i l i t y  is d e s c n z t r a t e d  b y  c o m p a r i s o n  of F r e d i c t e d  
v a l u e s  w i t h  e x p e r i m e n t a l  results for twc s y s t e E h .  The  
f i r s t  i n v o l v e s  h c t - t c - c c l d - z o n e  t r a n s f e r  of n i c k e l  i n  
I n c o n e l  600 pumped l o o p s  c i r c u l a t i n g  s o d i u a .  Ac tua l  
c o r r o s i o n  is much h i g h e r  t h a n  p r e d i c t e d ;  this s u g g e s t s  that 
t h e  t r u e  c o r r o s i o n  r e a c t i o n  o v e r r i d e s  a s l c v  d i f f u s i o r  
p r o c e s s .  The  second s y s t e m  i s  t ransfer  of ch romium i n  
Hastel loy N t h e r m a l  c o n v e c t i o n  l o c p s  w i t h  uclten salt . 
T h r e e  e x a m g l e s  are c o n s i d e r e d ;  ( 1 )  c o r r o s i o n  a t  all p c i n t s ,  
t r a n s f e r  t o  salt o n l y ;  (2 )  h o t - t c - c o l d - z o n e  t r a r s f e r ;  and 
(3)  C C l d - t ~ h O t - Z G n e  t r a n s f e r ,  . E a r l y  C r - 5 1  t r ace r  

e x p e r i m e n t s  ( e x a m p l e  1 )  s u y g e s t  t h a t  s o l i d - s t a t e  d i f f u s i o n  
a p p l i e s  t o  certain m o l t e n - s a l t  s y s t e m s .  

*corrcsion + *n;odels + * d i f f u s i o n  + a n a l y s i s  + 
c o m p u t e r  c o d e s  + c o o l a n t  l o o p s  + f l u o r i d e s  + Hastel lcy N + 
i n c o n e l s  + l i q u i d  metals  + loop + mass t r a n s f e r  + 
mathemat ics  + s o d i u m  + models 
OTHER CATEGORIES:  GCX 

FCEG9 0043 
McCoy HE + Weir JR 
D E V R t C P E E E T  UF A TITANItJM-XOCIFIED EASTELLOY N YIlH 

Gak R i d g e  b a t i o n d l  L a b o r a t o r y ,  T e n n .  
I r r a d i a t i c n  E f f e c t s  i n  S t r u c t c r a l  Alloys f o r  lhermal  a n d  

F a s t  Feactors, ASTH STP 457, A m .  SOC. for T E s t i n g  a r d  
~ ~ a t c r i a l s ,  1969 ,  F. 290,  22 p ,  1 1  f i q ,  19 ref. 

I 3 P R O V E D  BESISTANCE 'IO RBDIA'XXCN CAKAGE 

T h e  effects of n e u t r o n  i r r a d i a t i c n  on t t e  C i g k - t e n p e r a t u r e  
m e c b a n i c a l  r r cp? r t i e s  of Hastelloy N dre generally t h a t  
t h e  c r e e p - r u p t u r e  l i f e  a n d  d u c t i l i t y  a r c  r e d u c e d .  Ine 
d u c t i l i t y  i s  a s t r o r g  f u n c t i o n  of t h e  s t r a i n  r a t e  a n d  shows 
a minimum a t  a minimum c r e e p  r a t €  o f  a t c u t  0.7 %/hour. 
T h e  resistance t o  r a d i a t i o n  damage c a n  be e n h a n c e d  g r r a t l y  
by a d d i n g  t i t a n i u m .  Tbe p o s t i r r a d i a t i c n  c r e e l - r u r t u r e  
d u c t i l i t y  a n d  s t r e n g t h  r i s e  s l i a r p l y  a s  t h e  t i t a n i u m  c c n t e n t  
is i n c r e a s e d  a o o v e  0 . 3 % .  P o s t i r r a d i a t i c n  c i e e E - r u p t u r e  
t e s t s  a t  650 C c n  s F e c i m e n s  i r r a d i a t e d  t o  a t h e r m a l  f l u e n c e  
of 5 x l O ( 2 0 t h )  n e u t r o n s / s q - c n  i n d i c a t e  t h a t  a d u c t i l i t y  
minimum s t i l l  exis ts  a 3  a f u n c t i o n  of s t r a i n  r a t e .  
However ,  t h e  minimum s t r a i n  i3 3 t o  5 %  a s  c c m F a r e d  k i t h  

A c c e s s i c n  Nuaber FCD71001f t o  F C E G 5 G C 4 3  

& 
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C a t e g o r y  F 
H a s t e l l o y  N a n d  R c l a t c d  A l l c y s  

0.5% for t h e  s t a n d a r d  a l l o y .  In-reactcr  c r e e g - r c E t u r e  
t e s t s  i n d i c a t e d  t h e  same i m F r o v e d  p r o p e r t i e s .  

FOE69C043 * C o n t i n u e d *  
&, 
f 

i r r a d i a t i o n  + d u c t i l i t y  t c r e e p  t t l a s t e l l o y  1 + 
m o d i f i e d  H a s t e l l o y  W + a l l a y  c o m p o s i t i o n  

FCE71C004 
McCoy B E  
IPPLUENCE OF T I T A N I U M ,  Z I R C O N I U l ! O  A P D  H A F N I U H  A D C I T I C L S  ON 

THE R E S I S T A N C E  CF MOCIFIEC FASTELLOY N TO I B R A D A ' I I O N  
DAMAGE AT H I G H  TEMPERATURE - E H A S E  I 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-TH-3064 (Jan.  1 9 7 1 ) .  146 117 f i g ,  12 ref, 

The i n f l u e n c e  of s m a l l  a d d i t i a n s  cf T i ,  Z r ,  a i d  Hf c n  the 
mechanical  FroFerties cf a m o d i f i e d  Hastel loy N w i t h  t h e  
n o m i n a l  c o m p o s i t i o n  N1-12% Mo-7% Cr-0.2fA Hn-0.5% C is 
d e s c r i b e d .  T e s t  r e s u l t s  a r e  f r o @  n u m e r c u s ,  snaII,  
l a b c r a t o r y  melts a n d  several 1 0 0 - l b  melts  fro^ commercial 
v e n d o r s .  A d d i t i o n s  of Ti, Zr, a n d  Hf i n p r c v e d  t h e  
p r o F e r t i e s  of t h e  a l l o y  b o t h  u n i r r a d i a t e d  a n d  a f t e r  
i r r a d i a t i o n ,  I r r a d i a t i o n  t e m F c r a t u r e  h a d  a marked effect 
U F O E  the FroFerties of a l l  a l l o y s  i n w e s t i q a t e d ,  G e n e r a l l y ,  
g o o d  p r o p e r t i e s  were o t s e r v e d  whcn t h e  i r r a d i a t i c n  
temFerature was 650  d e g  C or'less a n d  poor when t h e  
t e m p e r a t u r e  was 7 0 0  d e g  C or h i g h e r .  U P  a t t r i b u t e d  t b i s  
l a r g e  e f f ec t  of i r r a d i a t i o n  t e m p e r a t u r e  t o  c o a r s e n i n g  
of t h e  c a r b i d e  s t r u c t u r e  a t  t h e  higher t e m p r a t u r e .  

m o d i f i e d  H a s t e l l o y  N + i r r a d i a t i o n  + microstructure + 
c r e e p  + d u c t i l i t y  ' +  t e n s i l e  p r o p e r t i e s  + a l l o y  c c m r c s i t i o a  
OTHER C A T E G O R I E S :  FCC 

FCX690033 
NcCoy HE + Weir JR + B e a t t y  R L  + C o o k  WH + Rennedy C E  + 

,MATERIALS FOR MOLTEN-SALT REACTORS 
Cak R i d g e  National L a b o r a t o r y ,  T e n n ,  
ORNL-Tr-2511 ( f lay 1969) .  43 F, 13 f i g ,  33 ref. 

The c o n t e n t s  of this TM a r e  t h e  s a m e  as a n  a r t i c l e  
i n  t h e  Feb, 1970 N u c l e a r  A p p l i c a t i o n s ,  which see. 

ES3E + * g r a p h i t e  + H a s t e l l o y  N + * m o d i f i e d  Hastel lcy N * 
alloy comFosi t ion  + p e c h a n i c a l  F r o p e r t i e s  + sealing + 
f l u o r o b o r a t e s  t c o r r o s i o n  * c o m p a t i t i l i t y  + iron allcys + 
*reviews 4 Frogress r e p o r t  
CTHEH CATEGCAXES:  EIX + ECX 

FCX70C020 
LlcCoy HE t E e a t t y  RL + Cook W H  i G e h l k a c h  R E  + Kennedy  CR + 

L i t m a n  AF + G e h l b a c h  R E  + S e s s i o n s  CE + Kcgrr JY 

K o q e r  JU + L i t m a n  AP + S e s s i o n s  CE + Weir JF 
c NE# DEVELCEHENTS IN MATERIALS EOR HOLTEN-SALT REAC'IOB: 

Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn. 
Nucl.  Appl, T e c h ,  8, 156 (Feb. 1970),  1 4  p, 12 f i g ,  34 ref, 

A c c e s s i c n  Number PCE69CO43 t o  ECX7CCC26 
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C a t e g o r y  F 
Hastellop I a n d  R f l a t E d  A l l c y s  gi 

FCX7OCO26 * C o n t i n u e d *  
O p e r a t i n g  e x p e r i e n c e  w i t h  t h e  F l o l t e n - S a l t  Reactcr E x p e r i m e n t  
(EISBE) h a s  d e m c n s t r a t e d  t h e  excellent c o m p a t i k i l i t y  
of t h e  g r a p h i t e - H a s t e l l o y  N - f l u o r i d e  s a l t  s y s t e n  a t  
6 5 0  d e g  C. S e v e r a l  improvements i n  ma te r i a l s  a r e  n e e d e d  
f o r  a m o l t e n - s a l t  C r e e d e r  r e a c t o r  with a b a s i c  E l a n t  
l i f e  c f  30 y e a r s ;  s ~ e c i f i c a l l y ,  (1) Hastelloy I u i t h  
i m p r o v e d  r e s i s t a n c e  t o  e m k r i t t l e m c n t  t y  t h e r r a l  ~ e u t r c n ~ ,  
(2)  g r a p h i t e  w i t h  bet ter  d i m e n s i o n a l  s t a b i l i t y  in a 
f a s t  n e u t r o n  f l u x ,  (3) g r a p h i t e  t h a t  is s e a l e d  to o b t a i n  
v e r y  low surface p e r m e a k i l i t y ,  a n d  (4) a s e c c r d a r y  c o c l a n t  
t h a t  is i n e x p e n s i v e  a n d  h a s  a m e l t i n g  p o i n t  of a b o u t  
400 d e g  C, A b r i e f  d e s c r i p t i o n  is  q i v e n  of wcrk i n  
p r o g r e s s  t o  satisf 1 e a c h  of these r e q u i r e m e n t s ,  S i g n i f i c a n t  
i m p r o v e m e n t s  a r e  b e i n g  made i n  e a c h  a r e a ,  ( ! I b i s  g a g e r  
was a l s o  p u b l i s h e d  as CRNL-T#-2511,) 

t 

HSRE + g r a p h i t e  + H a s t e l l o y  N + m o d i f i e d  Has te l lcy  N + 
a l l o y  composi t ion + m e c h a n i c a l  F rops r t i e s  + s e a l i n g  t 
m o l t e n  s a l t s  + f l n o r o b o r a t e s  + corrcsion + c o r p a t i b i l i t y  + 
i r o n  a l l o y s  + reviews + Frogtess repor t  
CTHER C A T E G C E I E S :  ECX + ECX 

FXX69C047 
McCoy HE 
THE I M O R - E  STORY 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
R e v i e v  (Oak R i d g e  N a t i c n a l  L a b o r a t o r y )  3, 35 ( F a l l  1969)  

15 p, 9 f i q .  
S e m i t e c h n i c a l  language reviews t h e  d e v e l o p m e n t  of 
H a s t e l l o y  N, a n d  descr i tes  the  c u r c e n t  grcgraa t c  i a p x c v e  
i r r a d i a t i o n  s t a b i l i t y ,  S t u d i e s  of c o m p a t i b i l i t y  w i t h  
m o l t e n  t l u o r i d e s ,  o x i d a t i o n  r e s i s t a n c e ,  s t r e n g t h  a n d  
f a b r i c a b i l i t y  l e d  t c  t h e  b a s i c  n i c k e l - b a s e  a l l o y  
c o n t a i n i n g  15-18% No, 6-894 C r ,  5% Fe, 1% Hn, ana  1% S i ,  
ticre r e c e n t  s t u d i e s  of m i c r o s t r u c t u r e  a n d  m e c h d n i c a l  
p r o p e r t i e s  as i n t l u e n c e d  ky i r r a d i a t i o n  s h c w  t h e  need f o r  
r e d u c i n g  s i l i c c r .  a n d  molybdenum a n d  a d d i n g  s m a l l  a m o u n t s  of 
t i t a n i u m ,  h a f n i u m ,  a n d  n i o k i u l c .  

r e v i e w s  + H a s t e l l o y  N + m c d i f i e d  Haf te l loy  E t d e v e l o p m e n t  4 
a l l 0  y c o m p o s i t i o n  
OTHER CATEGORIES: FCX 

Accessicn Number PCX73002b t o  FXX690047 
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Materials O t h e r  t h a n  Haztelloy I and G r a F h i t e  

- 68x3670033 
bil, . 

S t i e g l e r  J O  t Weir J R  
EFFECTS O F  I B R B D I A T I C N  ON f U C T f L I T Y  
Oak R i d g e  Waticnal L a b o r a t o r y ,  Tenn,  
Chap,  11, p, 311 i n  C u c t i l i t y ,  P a p e r s  P r e s e n t E d  a t  a Zee inar  

of t h e  A l s e r i c a n  S o c i e t y  f o r  Metals O c t  14-15, 1967, ASH, 
Metals € a r k ,  Ohio, 1968, 32 p, 19 f i g ,  58 r c f .  

.. 

T h e  m e c h a n i s m s  abd  effects of r a d i a t i o n  damage  t o  m e t e l s  a r e  
p r e s e n t e d ,  w i t h  e m p h a s i s  o n  effects on t e n s i l e  elcnga t i c n .  
D i s F l a c e m e n t  cascades from f a s t  n e u t r o n s  a n d  t r a n s m u t a t i o n  
effects, i n c l u d i n g  t h e  i n t r o d u c t i c n  of C e l i u a ,  a r e  t r e a t e d .  
Hany e x a m p l e s  show effects of several  v a r i a b l e s ,  Most 
r e s u l t s  a r e  shown  for  t y p e  304 s t a i n l e s z  steel, i n c l u d i n g  
t i t a n i u m - m o d i f i e d  material, Some results a r e  g i v e n  fcr 
Hastel loy N, molybdenum, a n d  t u n g s t e n ,  E l e C t K C r ?  a i c r c g r a F h s  
shcw b u b b l e s  a n d  other damage ,  Also p u k l i s h e d  a s  
CRNL-TM-20 19, AC-GAE680028, 

* d u c t i l i t y  t * s t a i n l e s s  steels + H a s t e l l o y  ti t moly tdenum t 
t u n q s t e n  + * i r r a d i a t i o n  + t e n s i l e  p r o p e r t i e s  t m i c r c s t r u c t u r e  
OTHER CATEGORIES: FBE 

. 

GAX680028 
Stieqler JO t Ueir J R  
EPFZCTS CP I R R I ! D I A T T O N  ON CUCTILfTY 
O a k  R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn. 
ORNL-T4-2019 ( J a n .  1968), 55 p, 19 f i g ,  5 8  r e f ,  

T h e  m e c h a n i s m s  a n d  effects  of r a d i a t i o n  d a b a g e  to m e t e l s  a r e  
p r e s e n t e d ,  w i t h  e m p h a s i s  o n  Effects on t e n e i l f  e.lcnga t i cn .  
D i s F l a c e i c e n t  cascades from f a s t  n e u t r o n s  a n d  t r a n s i n u t a t i o n  
effects, i n c l u d i n g  t h e  i n t r o d u c t i o n  of t e l i u r ,  a I e  treated.  
Many e x a r c p l e s  show effects of several v a r i a b l c s ,  Host 
r e s u l t s  a r e  shown for  t y p e  304 s t a i n l e s E  steel, i n c l u d i n g  
t i t a n i u m - m o d i f  i ed  material ,  Some r e s u l t s  a r e  given f c r  
H a s t e l l o y  N, molybdenum, and  t u n g s t e n ,  E l e c t r c r  a i c r c g r a F h s  
show b u b b l e s  and  c t h e r  damage ,  Also p u k l i s h e d  a s  pp, 
311-342 i n  E u c t i l i t y ,  P a p e r s  F r e s e n t e d  a t  a S e a i c a r  of t h e  
A m e r i c a n  Scc ie ty  f c r  Metals C c t  14-15, 1967, fist, J e t a l s  
Park, Chio ,  1968, aC-GAE670032. 

* d u c t i l i t y  t *s ta in less  s teels  + Hastel loy b t moly tdenum + 
t u n g s t e n  t * i r r a d i a t i o n  + t e n s i l e  p r o p e r t i e s  + m i c r c s t r u c t u r e  
OTHER CATEGORIES: FBE 

G A X 7  0 0045 
Koger JW t L i t a a n  AP 
CATASTBOPHIC C C R E C S I O N  O F  TYPE 304  S'IAINLESS ZTEEL IN A 

SYS'IEM CXRCULATTNG F U S E D  S O D I U H  F I U C L C B G E A T E  
Gak Eidqe N a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-It¶-2741 (Jan, 1970). 22 F 8  5 fiq, 12 r e f ,  

A type 304 s t a i n l e s s  s t e e l  l i q u i d  l e v c l  FrcEe c c n t a c t e d  
s o d i u n :  f l u c r c b c r a t e  c o c t a i n i n g  8 mole I s o d i u m  f l u o r i d e  in 
a n  I n c o n e l  600 pump l o o p  a t  c c n s t a n t  t enFera tu res  i n  t h e  
r a n a e  54C t o  6 9 0  d e g  C f o r  192 hr.  T h e  p r o b e  e x h i b i t e d  

A c c e s s i o n  Numker G A X 6 7 0 0 3 3  t c  GAX7CCC45 
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C a t e g o r g  G 
l a t e r i a l s  O t h e r  t h a n  Has rce l loy  N a r d  G r a g h i t e  

GAX 70C045 *C c n t i n u e d *  
h e a v y  a t t a c k ,  e v i d e n c e  f y  s e v e r e  l e a c h i n g  cf c h r c r i u m ,  i r o n ,  
manganese ,  a n d  s i l i c c n  f rcm t h e  a l l oy .  E q u i v a l e n t  u n i f o r m  
a t t a c k  v a s  a b o u t  4 m i l s / d a y .  Corros icn  of the s t a i n l e s s  
s t e c l ,  u h i c h  i s  i n f e r i o r  t o  n i c k e l - b a s e  a l l c y E  i n  f u s e d  
f l u o r i d e s ,  becaEe c a t a s t r c p h i c  i n  t h i s  s y s t e m  d u e  t o  
d iss imi la r -meta l  effects. 

i n c o n e l s  t s t a in l e s s  steels t c o r r o s i o n  + f l u o r o b o r a t e s  + 
l i q u i d  l e v e l  m e a s u r e m e n t  t l o o p  t mciltcn s a l t , c  

G C X 6  10002 
Adamson G C  t C r o u s e  RS t Planly WD 
INTERILI REPORT ON C O R R O S I C N  Blr Z I R C C g I U E - B A S E  FLUC6If ES 
Cak l i i d g e  K a t i o n a l  L a b o r a t o r y ,  Tenn ,  
OBNL-2338 ( J a n .  1 9 6 1 ) ,  60 p #  34 f i g ,  3 ref. 

T h e  m i x t u r e  NaF-ZrF4-UF4 (50-46-4 mole %), was c i r c u l a t e d  
i n  thermal c o n v e c t i c n  lcoFs for  S C O  t o  E O O C  h r  a t  a h c t -  
l e g  t e m p e r a t u r e  of 1500 deg F, I n  I n c o n e l - 6 0 0  l o o p s ,  
s u b s u r f a c e  voids were f o r m e d  t y  s e l e c t i v e  l e a c h i n g  cf 
c h r c s i u m .  After 5 0 0  h r  of o p j r a t i o n  t h e  v o i d s  were f o u n d  
t o  d e p t h s  of a b o u t  10 m i l s ,  a n d  t h e  d e p t h  i n c r e a s e d  a t o u t  
4 m i l s / l C O C  h r ;  T h e  effects .zf time, h o t - l e g  t e m p e r a t u r e ,  
t e m p e r a t u r e  d r o p ,  f l u o r i d e  p u r i t y ,  lccp size a n d  s h a p e ,  and 
i n h i b i t o r s  a n  t h e  d e p t h  of c o r r o s i o n  were s t u d i e d .  T h e  
a t t a c k  was r e d u c e d  u h e n  a portion of t h c  u r a n i u a  waE 
t r i v a l e n t .  A few tests uere carr ied o u t  i n  loops 
c o n s t r u c t e d  from n i c k e l ,  s t a i n l e s s  s t e e l s ,  i r c n ,  Has te l loy  
B, Po lybdennm,  and niobium, A l i m i t e d  a m o u n t  of work was 
dorie o n  I n c o n e l  l oops  c i r c u l a t i n g  a l k a l i - m e t a l - h a s e  
m i x t u r e s  (NaF, L i F ,  KP, UP4) K i t h  p o r t i o n s  of t h e  u r a n i u m  
i n  t h e  t r i v a l e n t  s t a t e .  R e d u c e d  a t t a c k $  W E K ~  f c u n d .  

*corrosion t * f l u o r i d e s  + * i n c o n e l s  t iron + m e t a l l o g r a p h y  + 
molybdenum t t h e r m a l  c o n v e c t i o n  t 1 3 0 ~  + n i c k e l  t 
s t a i n l e s s  s teels t *no l t e r !  s a l t s  t n i o b i u m  

, 

GCXS 8 00 30 
McCoy HE + B c E l r c y  DL 
ELECTFICAZ- RESISTIVITY ANOHALY I N  NICKEL-BASE ALLOY: 
Oak R i d g e  3a t icna l  L a b o r a t o r y ,  Tenn.  
T r a n s .  A S H  (Am, SOC. He ta l s )  61, 7 3 0  (DEc. 1 9 t 8 ) ,  1 2  € 8  

16 f i g ,  17 ref ,  
The electrical r e s i s t i v i t y  of E i g h t  n i c k e l - b a s e  a l l c y s  
c o n t a i n i n g  iron, c h f c m i u m ,  and molybdenum was m e a s u r e d  t o  
1000 C. A l l o y s  w i t b  more t h a n  5C u t  % N i  s h c i e d  a Ea r id  
increase in r e s i s t i v i t y  betueea 400 a n d  6 0 0  C and a 
d e c r e a s i n g  r e s i s t i v i t y  from a k o u t  60C t c  l C C C  C. Fcr 
t h e s e  a l l o y s  t h e  r e s i s t i v i t y  below 600 C c a n  k e  c h a n g e d  by 
a n n e a l i n g  a n d  by c o l d  w o r k i n g .  T h e  r e s i s t i v i t y  cf a l l o y s  
u i t h  less t h a n  50 u t  W Si i n c r e a s e d  u i t h  t e m F e r a t u r e  u i t h  a 
s l o p e  d e c r e a s e  b e t u e e n  400 a n d  6 C C  C. T h e  e t fec ts  cf 
a n n e a l i n g  and  c o l d  w o r k i n g  were r e l a t i v e l y  m i n o r  for t h e s e  

L J  

. 

. 

Accession Num her GAX 7 CC04S t c GCX6eCC3C 
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C a t e g o r y  G 
Materials O t h e r  than H a s t e l l o y  N a c d  G r a l h i t e  

GCX 68 C O  30 *C c n  t i a u e d +  
a l l o y s .  T h e  r e s i s t i v i t y  v a r i a t i o n s  dc not  u n i q u e l y  d e F e n d  
on a n y  one a l l o y i n g  c o n s t i t u e n t  a l t h o u g h  t h e r e  is a weak 
c o r r e l a t i o n  w i t h  t h e  t o t a l  nickel c o a t e a t .  E l e c t r o n  
micrcscoFe results i n d i c a t e  t h a t  t h e s e  c h a n g e s  may he 
a s s o c i a t e d  w i t h  s h o r t - r a n g e  crder. 

electr ical  c o n d u c t i v i t y  + n i c k e l  + i n c o n e l s  + H a s t e l l o y  N + 
h e a  t trea tmen t s 

G D X 6 9  CO42 
Koqer JW + L i t m a n  AP 
COI"lPA?IBILITY OF MOLYBDEbCH-EASE A L L C Y  TZH WITH LIT'EIUM 

FLUCRTDE-EERYLLIUM FLUORICE-THORTUH F L U O B I D E - U R A N T U H  (IV) 
F L U C R I D E  (68-20-11.7-0.3 mole  5) AT 1100 deq C 

Gak  Ridge N a t i o n a l  Labora to ry ,  Tenn. 
ORNL-TH-2724 (Dec. 1969) , 16 E, 2 f i g ,  9 'ref. 

The  I Z M  a l l o y  (So-0.5% Ti-0.08% Zr-0.02% C) s h o w e d  v e r y  
l i t t l e  a t t a c k  by t h e  f u s e d  s a l t  (LiF-BeEl- lhF4-CF4,  
68-20-11.7-C.3 mole X) a t  1100 dey  C for 1 0 1 1  h r .  
C o r r o s i o n  m a n i f e s t e d  i t s e l f  as l e a c h i n g  of t i t a t i u m  a r d  
p o s s i b l y  zirccniule frcm t h e  a l loy .  The  TZM a l l o y  e x p o s e d  
t o  the s a l t  p a r t i a l l y  r e c r y s t a l l i z e d ,  u t i l e  t k a  t e x & o = d  
t o  the v a p o r  d i d  n c t .  T h i s  r e c r y s t a l l i z a t i o n  was 
a t t r i b u t e d  to t h e  r e m o v a l  of t i t a n i u n :  a r d  ziEccs!ium. On 
t h e  b a s i s  cf t h i s  s i n q l e  t e s t  t h e  m a g n i t u d e  a n d  mechan i sm 
of  corrosion i n d i c a t e  no se r ious  kcoklens f c r  lcng-  te  rm 
u s e  o t  TZY i n  t h e  vacuum d i s t i l l a t i o n  p r o c e s s i n s  s c h e m e  
for the K o l t e n  S a l t  Breeder K e a c t c r .  Hcwever, t h e  s t r e n g t h  
p r o F e r t i e s  cf t h e  TZM a l l c y  g o u l d  a p p r o a c h  thcse of 
u n a l l o y e d  molybdenum a s  s a l t  e x p o s u r e  i n c r e a z E d ;  t h i s  is 
n o t  c c n s i d o r e d  a r r c h l e m  now. 

c o m p a t i b i l i t y  t c o r r o s i o n  t moly tdenum t p r c c c s s i n q  + 
d i s t i l l a t i c n  + e q u i p r e n t  t caFsuler  + tSEE + m o l t e n  s a l t s  

G D X 7  10025 
N i c h o l s c n  EL 
CCNCEM'UAI C E S T G N  A N C  CEV ELOPkIENT P R O G R A M  E O H  THE 

Cak B i d y e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORBL-CF-71-7-2 ( J u l y  1 9 7 1 ) ,  4 5  p ,  5 f i g ,  2 4  ref. 

MOLYBDEffUH REDUCTIVE EX'IRAC'IICN efU1EFEKT TEST STPNI: 

R e d u c t i v e  e x t r a c t i o n  reFroccssing of I rc l ten-za l  t b r e e d e r  
rcac tc r  f u e l  r c q u i x e s  t h a t  t h e  f u e l  s a l t  he c o n t a c t e d  w i t h  
m o l t e n  b i s m u t h  c o n t a i n i n g  l i t h i u m  a n d  t t o r i u n  a e t a l s  ( a E  
r e d u c i n g  a g e n t s )  i n  o r d e r  t o  remove p r o t a c t i n i u m  a n d  rare 
e a r t h s  from t h e  f u e l  salt. a i s n u t h  i s  c x t r e n t c l y  c o r r c s i v e  
t o  the  u s u a l  mater ia ls  cf c o n s t r u c t i o n  f o r  n o l t e n  s a l t  
s y s t e m s ,  b u t  molybdenum apFears t o  h a v e  a d e q u a t e  c o r r c s i o n  
r e s i s t a n c e ,  T o  d a t e ,  d i f f i c u l t i e s  i n  t a k r i c a t i c K  of 
molybdenum h a v e  r u l e d  a g a i a s t  its use f o r  vessels for  
e n g i n e e r i n g - s c a l e  e x p e r i m e n t s  k u t  d e v e l c F m e n t  vcrk i n  
p r o g r e s s  i n d i c a t e s  t h a t  e q u i F m e n t  f o r  r e d u c t i v e  e x t r a c t i o n  

A c c e s s i u n  Number G C X 6 8 0 0 3 C  t c  GDX710C25 
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C a t e g o r y  G 
Haterials O t h e r  t h a n  H a s t e l l o y  N a c d  Grazbi te  

GDX710025 * C c n t i n u e d *  
r e p r o c e s s i n g  c a n  now be f a b r i c a t e d  fram t h i s  nateLia1, A 
smal l  F a c k e d  c o l u m n ,  r e ~ r e s e n t a t i ~ e  of a t y p i c a l  e q u i p u e n t  
u n i t  i n  r e d u c t i v e  e x t r a c t i o n  r e F r o c e s s i o g ,  w i l l  be b u i l t  of 
molybdenum a n d  o p e r a t e d  f o r  m e t a l l u r g i c a l  a n d  chemical 
e n g i n e e r i n g  e v a l u a t i o n  i n  a v c r s a t i l e  t c s t  s t a n d  i n  u h i c h  
t h i s  a n d  f u t u r e  lcolybdenum c o m p o n e n t s  may be tested, T h i s  
r e p o r t  d e s c r i b e s  the c o n c e p t u a l  d e s i g n s  of t h c  test s t a n d  
a n d  t c l y b d e n u m  e q u i F u i e n t  a n d  d i s c u s s e s  t h e  f a t r i c a t i o n  a n d  
process d e v e l o p m e n t  vork t h a t  v i 1 1  t e  r e q u i r e d  b e f o r e  t h e  
e q u i F a e n t  can be d e s i g n e d  a n d  built, A b r i e f  summary of t h e  
s t a t e  of t h e  a r t  of molybdenum m e t a l l u r c j y  is a l s c  i n c l u d e d .  

* c o n c e p t u a l  d e s i g n  t * r e d u c t i v e  e x t r a c t i o n  p r o c e s s  t 
* e x t r a c t i o n  c o l u m n s  t *molybdenum + * f a L r i c a t i o n  + 
* b i s m u t h  t m o l t e n  s a l t s  t *test f a c i l i t i e s  t CSBE t 
d e v e l o p m e n t  t p l a n s  t m a t c r i a l s  
OTHER CATEGORIES: LDB 

C F X 6  6 00 23 
T o l s o o  GPI + Taboada A 
A STUDY O F  L E A 1  A N C  LEAD-SALT CORROSION I N  IHEBHAL- 

CONPECTION LOOPS 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
O R N L - T H - 1 4 3 7  (Apr ,  1966) 19 F, 10 fig, 5 ref. 

T h e r m a l - c o n v e c t i o n  l o o p  t e s t s  cf s e v e n  1 s t r u c t a r a l  a l l o y s  
were c p e r a t e d  using c i r c u l a t i n g  molten lead. S c r e e n i n q  
tests i n c l u d e d  c a r b o n  s tee l  k c t i t e r n  9C0 a n d  1 1 C C  d e g  
t y p e  410 s t a i n l e s s  s teel  b e t u e e n  910 a n d  lZ1C deg 
C r o l o y  2-114 u n d e r  b o t h  c o n d i t i o n s ,  and  n i c b i u e  136 
z i r c c n i u m  b e t w e e n  1000 a n d  l4CC dtzg F. I u c  l c o F E  c c n t a i n e d  
surge t a n k s  i n  w h i c h  f l u o r i d e  s a l t s ,  hb-1% Zr a l l o y ,  a n d  
g r a p h i t e  uere p l a c e d  i n  c o n t a c t  w i t h  t h c  l e a d  t c  d e t e r m i n e  
t h e  c c m p a t i b i l i t y  of t h e s e  materials i n  a d i r e c t - c o o l  Ed 
l e a d  s y s t e m .  A l l  of t h e  s t e e l  l c o p s  t e r d e d  t c  [ l u g  i r :  t h e  
c c l d  r e g i o n s  b e c a u s e  d e n t r i t i c  c rys t a l s  of i r o n  a n d  
c h r o m i u m  f o r m e d .  T h e  hot-leg a t t a c k  c c r s i s t e d  cf g e n e r a l  
s u r f a c e  reff ioval ,  w i t h  a f e u  l a r g e  p i t s  e x t e n d i n g  t o  a 
greater d e p t h ,  The N t - 1 %  Z r  a l l o y  shcurd nc n e a s u r a u l e  
a t t ack ;  however, n i c b i u m  c r y s t a l s  uere found  i n  t h e  c c l d  
l e g  of a l o o p  t h a t  o p e r a t e d  5 C C O  h r ,  

c o m p a t i b i l i t y  t * t h e r m 1  c o n v e c t i o n  t *corrosion t *i ron  + 
l i n i n g s  + *lead + l i q u i d  m e t a l s  + *teass t r a n s f e r  t 
s e c o n d a r y  s y s t e m s  t * s t a i n l e , c s  steels t coolants  

GGX670034 
Tolson  GPI t T a b o a d a  A 
MSRE CONTFCL E L E R E N T S :  FlBNUFACTURE, INSPECTION, DRANINGS, 

n % D  SPECIFICATIONS 
Cak R i d g e  National L a b o r a t o r y ,  Tenn. 
Oi3NL-4123 ( J u l y  1967)  53 € 8  8 f i q ,  7 ref. 

The c o n t r o l  e l e m e n t s  for t h e  H o l t c n  S a l t  Rcactcr a re  

U . 

A c c e s s i c n  Number G D X 7 1 0 0 2 5  t o  G G X 6 i C C 3 4  
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C a t e g o r y  G 
Ba ter ia l s  O t h e r  t h a n  H a s t e l l c y  N a r d  G r a F h i t e  

GGX 67 C O  34 *C on t i  nued* 
LJ 
- . 

Gd2C3-Al203 b u s h i n g s  c a n n e d  i p  T n c o n f l .  T h e  r e l c r t  
i n c l u d e s  material  selection a n d  d e v e l o p m e n t  of f a b r i c a t i o n  
methods,  The c a n  was made frcm f u l l y  i r s p e c t e d  I n c c n e l  
c l o s e d  b y  f o u r  TfG welds. The Gd203-Al2C3 b u s h i n g s  were 
made  by  c o n v e n t i o n a l  pressing a n d  s i n t e r i n q  a e t h c d s  a f t e r  a 
s p e c i a l  p r e r e a c t i c o  steF US used .  T h e  b u s h i n g s  were 
q f v e n  t h e r m a l  shock tests, we ighed ,  d i m c n s i c n a l l y  
i n s F e c t e d ,  a n d  g i v e n  a f i n a l  v i s u a l  i n s p e c t i o n  for c h i p s  
o r  cracks. A s - b u i l t  d r a u i n g s ,  s p e c i f  i c a t i c n s ,  arid 
m a n u f a c t u r i n g  F r o c e d u t e E  are i n c l u d e d .  By m e t h c d s  
d e s c r i b e d  i n  t h i s  r e p o r t ,  160 MSRE c c n t r o l  L a d  e l e m e n t s  
were E a n u f a c t u r e d ,  

- 

w e l d i n g  + s p e c i f i c a t i o n s  + r a r e  e a r t h s  + HSPE + 
n i c k e l  a l l o y s  + i n c o n e l s  + * f a b r i c a t i o n  t * c o n t r o l  r o d s  + 
ceramics 

3 

GXX68CC39 
Metzger G E  
SURVEY OF STRUCTURAL B A T E R I A L S  FCR T H E  L O L T E P  SALT 

W r i g h t - P a t t e r s c n  Air Force Base, Chio,  
Nucl. Eng. a n d  D e s i g n ,  Vol. 7, No. 1, ( J a n ,  1 5 6 8 ) .  

EX P E R T H E  KT A t  ( WCS EL) R E  ACTOR 

S u r v e y  o f  metal-base s t I u c t u E 3 1  mater ia l s  for u s e  i n  I G O l t e n  
l e a d  and f l u o r i d e  s a l t s  a t  temFeratures be’tween 5 C O  a r d  
l C O C  d e g  C. The m e c h a n i c a l  F r o p e r t i e s ,  f a b r i c a t i o n  a n d  
c o r r o s i o n  p r o p e r t i e s  a r e  c o n s i d e r e d  w i t h  resFect to the 
Molten S a l t  E x p e r i m e n t a l  YOSEL R c a c t o r  C o n c e F t ,  

* a l l o y  cospcs i t icE + * c c n o e r t e r s  + l e a d  c o o l i n g  + 
corrosion + f a k r i c a t i o n  t m e c h a n i c a l  propertics + 
molten s a l t s  + n i o b i u l c  + t a n t a l u m  

A c c e s s i o n  Number G G X 0 7 C 0 3 4  t o  GlLX6€CC3S 



Paqe 100 

CategoEy H 
lieactor Component  D e v e l o p m e n t  

HIRX70C050 
Ked1 FJ 
FLUID DYNAMIC STUDIES or  THE L O L T E B - S A L T  K E A C T C H  E X E E F I B E N T  

C C E E  
Oak R i d g e  N a t i o n a l  L a b o r a t c r y ,  Tenn, 
ORNL-TH-3229 (Nov, 19, 1970)s  33 p, 16 f i g ,  1 C  ref. 

I n  t h e  MSHE reactor vessel, t l u i d  f u e l  was c i r c u l a t e d  a t  
1200 gpm d o u n  t h r o u q h  a n  a n n u l a r  r e g i c n  a n d  u i  t h r o u g h  1140 
p a s s a g e s  i n  t h e  g r a p h i t e  core. The core d e s i q a  Vas b a s e d  
on p r e l i m i n a r y  t e s t s  i n  a o n e - f i f t h  scale m c d e l ,  f o l l c u e d  
by d e t a i l e d  m e a s u r e m e n t s  w i t h  u a t c r  s o l u t i c n s  i r  a 
ful l -scale  IROCkUF cf t h e  reactor vessel a n d  i a t e r n a l s .  
T h i s  r e p o r t  descrites t h e  models, t h e  t e s t i n g ,  a n d  t h e  
d a t a  f roa  u h i c h  v e l c c i t y ,  p r e s s u r e  d r o p  a n d  f low p a t t e r n s  
are d e d u c e d .  It a l so  d e s c r i t r s  how t h e  iceasurenentz  here 
e x t r a F o l a t e d  t c  m o l t e n  z a l t  a t  1200 d e g  F in t h e  a c t u a l  
reactor. T h e  few o k s e r v a t i o n s  possible i n  t h e  r eac to r  were 
c o n s i s t e n t  w i t h  t h e  F r e d i c t e d  b e h a v i o r .  

cores + d e s i q n  + d e v e l o p m e n t  + flow m e a s u r e m e n t  t 
f l u i d  flow t PSSRE + reactcr vessel + m o d e l s  

HBX620006 
S m i t h  PG 
YATER TEST CEVELCFMENT OF THE FUEL PUflP Foil 'IHE flSRE 
Oak R i d g e  Nat icnal  L a b o r a t c r y ,  Tenn.  
CRNL-TM-79 (rlarch 1962) ,  47 19 f i g ,  6 r e f .  

A v e r t i c a l - s h a f t ,  s u r n F - t y F e  c e n t r i f u g a l  pump w i t h  
overhung i m p e l l e r ,  of c o n v e n t i o n a l  h y d r a u l i c  d e s i g n  was 
s p e c i f i e d  f o r  c i r c u l a t i n g  m o l t e n  s a l t s  i n  the fiSEE. T h i s  
report  d e s c r i b e s  water t es t s  o f  a p r c t c t y p e ,  i n c l u d i n q  
h y d r a u l i c s  a n d  t h e  F e r f c r m a n c e  of a s p r a y  dev ice  for 
s t r i p p i n g  g a s  from t h e  c i r c u l a t i n g  l i q u i d .  

* d e v e l o p m e n t  + *MSRE t * F r o t o t y p e s  + *pumps t c o m p o n e n t s  t 
d e s i g n  + h y d r a u l i c s  + t e s t i n g  
OTHER CATEGORIES: M A B  

HBX670042 
Smith PG 
EXPERIENCE iJI'I" BIGH-TERPERATURE C E N T R I F U G A L  PUfiPS IN 

NUCLEAR R E A C ' I O R S  A N D  'IHEIH AFPLXCA'IICb TC ECLTEE-SAIT 
T H E R f l A L  E E E E C E R  REACTORS 

Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
CRNL-TH-1993 ( S e p t .  1967) 44 p, 12 f i g ,  8 tab, 24 r e f .  

D e s i q n  f e a t u r e s ,  develorment  F r o b l e r a s ,  and o p e r a t i n g  
e x p e r i e n c e  were c o m p i l e d  f o r  l i q u i d - m e t a l -  a c d  
m o l t e n - s a l t - c i r c u i a  t i n g  F u m F s  u s e d  i n  v a r i o u s  n u c l e a r  
reactors  a n d  test f a c i l i t i e s .  T h e  comFilat icn &as  sade t o  
d e t e r m i n e  FrOblem a reas  a n d  select c o m b i n a t i o n s  cf features 
f o r  t h e  pumps r e q u i r e d  t y  e a c h  of t h e  t t r ee  r c l t e n - s a l t  
systems, T h e  s h o r t - s h a f t  pump i s  f a v o r e d  for t h e  
c o o l a n t - s a l t  system b e c a u s e  of r e l i a k i l i t y ,  t h e  l c n g  

w 

Accessicn Number HAX700050 to HEX670042 
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C a t e g o r y  H 
R e a c t G I  Componen t  D e v e l o p m e n t  

H BX6 7 00 4 2 *Cont h u e d *  
LiJ 
. s h a f t  for  f u e l  a n d  b l a n k e t  s a l t  systems b e c a u s e  it p r o v i d e s  

g r e a t e r  t h e r m a l  and r a d i a t i o n  Fro tec t icn  t c  the d r i w e  motor. 
* d e s i g n  + * d e v e l o E m e n t  + * l i q u i d  metals + *molten s a l t s  t 
*pumps + * r e v i e u s  + MSEB + t w o - f l u i d  r e a c t o r  * 

HBX 69 CO 58  
G r i n d e l l  AG R c G l o t h l a n  fK 
CONCEPTUAL SYSTEC! DESIGN DESCBIFTICt4 OF THE SBLT F U N €  TEST 

Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn, 
STABD F C R  THE MOLTEN SALT EREEDER EXPEBXI'IEN'I 

- ORNL-TH-2043 (Aug. 1969) 53 p #  7 f i g ,  9 t a t .  
A s t a n d  i s  r e q u i r e d  t o  test t h e  s a l t  pumps f o r  t h e  Molten 
S a l t  E r e e d e r  E x p e r i m e n t  ( f l S B E ) .  It will be d e , c i g n e d  t c  
a c c c m m c d a t e  FUUIFS h a v i n g  c a p a c i t i e s  r a n r i n g  f Ioa 30CO t c  
700C gFm a n d  o g c r a t i n g  w i t h  s a l t  of s p e c i f i c  g r a v i t i e s  t o  
3.5 a t  d i s c h a r g e  p r e s s u r e s  t o  40C psig and t e n p r a t u r e s  t o  
130C d e g  F n c r a a l l y  a n d  to 1400 d e g  F for  s h o r t  times, B o t h  
the d r i v e - m o t o r  e l e c t r i c a l  S U F F ~ Y  a n d  t t e  beat r e o o v a  1 
system f o r  t h e  loci:  w i l l  be d e s i g n e d  f o r  1500 hF, 
P r e v e n t i v e  m e a s u r e s  t o  p r o t e c t  p e r s o n n e l  a n d  eqt i igmen t from 
t h e  hazardcus effects of a s a l t  l e a k  will be t a k e n ,  

* d e s c r i p t i o n  t *EISEF + *pumps t * t e s t  f a c i l i t i e s  + design t 
d e v e l c p m e a t  + r o l t e n  s a l t s  t p l a n s  + t e s t i n g  

RBX690059 
W i l s o n  LV t G r i n d e l l  AG 
P B E L I L I N A F Y  SYSTEMS C E S I G N  C E S C R T P T I O N  (TITLE r D E S I G N )  OF 

Gak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn.  

THE S A L T  OUMF TEST STANf FOR THE MOLTEN SALT B R E E D E R  
E X P E R Z H E N T  

O R N L - T U - 2 7 8 0  (Dec, 1 9 6 9 ) .  100 P I  f i g s ,  tabs. 
The p r e l i m i n a r y  system d e s i g n  d e s c r i F t i c n  a n d  t h e  T i t l e  I 
design c a l c u l a t i c n s  of t h e  t e s t  stand are presented. 
D e s c r i p t i o n s ,  f u n c t i o n s ,  a n d  d E s i g n  r e q u i r e m e n t 3  f o r  
c o m F c n e n t s  a n d  s u b s y s t e a s  a r e  Frovided, T h e  j r i n c i f l e s  of 
o p e r a t i o n  of t h e  tes t  s t a n d ,  t h e  s a f e t y  p r e c a u t i o n s ,  and  t h e  
m a i n t e n a n c e  p h i l o s o p h y  a r e  d i s c u s s e d ,  The Q u a l i t p A s r u r a n c e  
P r o g r a m  Plan is being E r e p a r e d .  

* d e s c r i p t i o n  + *PISEE + *pumps t * t e s t  f a c i l i t i e s  + 
d e s i g n  t d e v e l c p m e n t  + mcl s a l t s  t F l a n s  t 
q u a l i t y  a s s u r a n c e  

EBX70C012 
S n i t h  F G  
DEVELOPMENT OF FUEL- A N D  C "I-SALT C E N T F I P U G A L  F U E E S  FOB 

Oak  R i d g e  Na t iona l  Laboratory, l e n n .  
CRNL-TM-2987 ( C C t  1970)# 50 p, 18 f i g ,  15 r e f ,  

. 
THE MSRE 

T h e  two s a l t  ~ u a ~ s  i n  t h e  MSRE a re  v e r t i c a l - s h a f t  SUXQF 
p u m p s  w i t h  o v e r h u n g  i m p e l l e r  a n d  c i l - l u b r i c a  t ed  t e a r i a y s .  W 

A c c e s s i o n  Number BBX67C04; t a  iIEX7CCC12 
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Category H 
Reactor Component  D e v e l c F m c n t  

HBX70C012 * C c n t i n u e d *  
T h e  f u e l  pump d e l i v e r s  1200 qprn a n d  the coclan t  &urn€ 800 qpm 
of s a l t  a t  1000 - 1200 deg F. The f u e l  pump is d e s i g n e d  f o r  
remote r e p l a c e m e n t  of t h e  motcr CI: e n t i r e  t c t a r y  e l e m c n t  a n d  
i n c l u d e s  i n  t h e  pumE t a n k  a s F r a y  d e v i c c  f c r  r e n o v i n g  x e n o n  
fron t h e  c i r c u l a t i n g  f u e l ,  A r e p l a c e m e u t  f u e l  Fump w i t h  
larqer t a n k  a n d  l o n g e r  s h a f t  w a s  d e v e l o F e d  b u t  r e v e E  
i n s t a l l e d ,  T h i s  r e F o r t  describes t h e  d e v e l o p m e n t ,  t e s t i n g  
w i t h  m o l t e n  s a l t s  a n d  pe r fo rwaxace  i n  t h e  MSRE, 

. 
c 

* d e v e l o p m e n t  + *PISRE t *FUIDFS t c o m p o n e n t s  t d e s i g n  4 
e x p e r i e n c e  + h y d r a u l i c s  + m a i n t e n a n c e  + molten s a l t s  + 
t e s t i n g  
CTHER C A T E G C B I E S  : MAE 

HCX68 C O  37 
Redl SJ + K c G l o t h l a n  CK 
TUBE VIBRATION IN KSRE PLLIEARF HEAT EXCHANGEB 
Cak Ridge N a t i o n a l  L a k o r a t o r y ,  Tenn. 
ORNL-?M-2C98 ( J a n .  1968) 43 p ,  8 f i g ,  4 t a b ,  16 ref, 

The p r i m a r y  h e a t  e x c h a n g e r  f o r  tbe Mclten S a l t  Reactor 
E x p e r i m e n t  was c c m r l e t e d  i n  1963. P r e o p e r a t i o n a l  t e s t s  uith 
u a t e r  r e v e a l e d  e x c e s s i v e  t u b e  v i b r a t i o n  and h i g h  f l u i d  
p r e s s u r e  d r o p  on t h e  s h e l l  side of t h e  F x c b a n S e r .  
f l o d i f i c a t i o n s  were made t o  correc t  t h e s e  d e f i c i e n c i e s .  From 
J a n u a r y  1965 t h r o u g h  November  1967 t h e  h e a t  e x c k a n g e r  h a s  
o p e r a t e d  f c r  a b c u t  14,OCO hrs i n  m o l t e n  s a l t  w i t h o u t  
i n d i c a t i o n s  of l e a k a g e  o r  c h a n q e  i n  F e r f c r u a r x e .  

* d e s i g n  + * d e v e l c F e e n t  4 * h e a t  e x c h a n g e r s  + *l!SRE t 
e x p e r i e n c e  + h y d r a u l i c s  + t e s t i n g  + v i k r a t i c n  
OTHER C A T E G O R I E S :  N A B  

HCX7 10022 
Bettis CE + C r c w l e y  Y K  + Helms HA + E i c k a l  TU + 

COMPUTER P R O G R A M S  FOR HSBR H E A T  EXCHAh'GEfiS 
Cak R i d g e  E a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-TH-2E15 ( A p r i l  1971), 158 p ,  7 fig, 22 ref, 

Siman-Tov E 4 S t o d d a r t  WC 

T h r e e  proqrams were d e v r l o p e d  t o  make d c s i g n  c a l c u l a t i c n s  
f o r  t h e  b e a t  e x c h a n g e r s  f c r  m o l t e n - s a l t  reactors. Thc  
p r o q r a m s  are: for t h e  p r i m a r y  h e a t  e x c k a n y e r e ,  2 R I f l Z l ;  
f o r  t b e  r e h e a t e r s ,  RE'fEl1; a n d  for t h e  steam g e n e r a t o r -  
s u p e r h e a t e r s ,  S U P E X ,  Each t y F c  c t  e x c h a n g e r  is d e s c r i b e d ,  
t h e  b a s i c  e q u a t i o n s  uEed i n  e a c h  a n a l y s i s  are g i v e n ,  a n d  
t h e  l o g i c  u s e d  in e a c h  p r o g r a m  is d i s c u s s e d  b r i e f l y  i r ;  this 
r e p o r t .  T h e  ~ r c g r a t e  d e v e l o p e d  sere used i n  d e s i g n i n g  t h e  
f o u r  556 Yk! p r i m a r y  e x c h a n g e r s ,  e i g h t  3€.6 MU I e a h e a t f r s ,  
a n d  s i x t e e n  121 BW steam g e n e r a t o r  s u p e r h e a t e r s .  A l l  a r e  
b a s i c a l l y  b a f f l e d  s h e l l  a n d  t u t e  c x c k a n g e r s ;  t h e  s teau 
g e n e r a t o r  s u p e r h e a t e r  is a U-tube ,  U - s h e l l  e x c h a n q e r .  
F l o w  diagrams, lists o t  i n p u t  r e q u i r e d  a n d  c u t p c t  r e c e i v e d ,  
comFlete F rogran !  l i s t i n g s ,  a n d  t h e  n o m e n c l a t u r e  for t h e  

A c c e s s i o n  Number HBX700012 t c  HCX71CC22 

bs- 
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C a t e g o r y  H 
Reactor Component  D€VelCFm€nt 

f HCX7 1 CO 22 *C c n t i n u e d *  
cd 

p r o g r a m s  as w e l l  as e x a r p l e  c G m p u t e r  i n E u t  a n d  c u t p u t  f c r  
t h e  e x c h a n g e r s  d e s c r i b e d  a re  appended,  

* c o m p u t e r  codes i * h e a t  e x c h a n g e r s  t *MSBB i Fr iEary  s a l t  + 
s e c o n d a r y  s a l t s  + steam g e n e r a t o r s  + steam cycle + stress + 
t he rma l  p r o p e r t i e s  + a n a l y s i s  + f l u i d  f l o w  + 
c o n c e F t u a 1  design + d e s i g n  da t a  i expansion i 
s i n g l e - f l u i d  reactors  + f l n o r o b o r a t c s  4 v i t r a t i o n  i 
H a s t e l l o y  N 
OTHER CATEGCRIES: HEX 

- 

c 

a 

H FX 6 2 CO 07 
R i c h a r d s o n  W 
DEVELOPPlENT O F  F R E E Z i i  VALt iE  F C R  USE I& E S R E  
Cak Rihqe N a t i o n a l  L a b o r a t o r y ,  T e n n .  
ORNL-TH-128 (Feb. 1 9 6 2 ) .  24 F ,  13 f i g ,  2 ref. 

E a r l y  i n  t h e  BSRE d e v e l o p m e n t  p r c g r a n !  three t p F e E  of 
d c v i c e s  were tested f o r  b l o c k . i n g  flow i n  s m a l l  salt l i n e s  
b y  f r e e z i n g  a p l u g  i n  a r e s t r i c t e d  s e c t i c n ,  Afte r  1 O C  

a n d  t e s t i n g .  
, t e s t  c y c l e s ,  O n e  d e s i g n  was ctioseti for f u r t h e r  d e v e l o F m e n t  

d e v e l o p m e n t  + freeze valves  t MSRE + p r o t o t y p e s  + 
test  i nq 
OTHER CATEGORIES: HA3 

H I X 6  6 0026 
H i t c h  BP + Ross BG + H c D u f f i e  HF 
TESTS OF VARIOUS P A R T I C L E  FXLTEBS FOH REMOVAL O F  O I L  BISTS 

Cak  R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
ORNL-TM-1623 ( S e g t .  1966) 27 F ,  9 f i g ,  3 tab,  

A N D  HYDROCARBON VAPOH 

V a r i o u s  f i l t e r  a n d  a d s o r t e n t  reaterials kere exa a i n e d  f c r  
p o s s i b l e  use i n  t h e  r e a a v a l  O E  o i l  mists a n d  h y d r o c a r k o n  
vapors. A controlled flow of oil was icjected i n t o  a heated 
nickel r eac t ion  v e s s e l  t o  c a u s e  v a p o r i z a t i o n  arid some 
c r a c k i n g  of t h e  o i l .  Helium E l c w i n g  t h r c u g h  t h e  reacticri 
vessel c a r r i e d  t h e  c i l  m i s t  a.3d h i d r o c a r b o n  vapor  t h r c u g h  a 
f i l t e r  system, F i l t e r  e f f e c t i v e n c s s  was d e t e r o i n e d  by the 
u s e  of a c c m b i n a t i c n  of felted metal t i t e rs  a n d  ceralaic 
f i b e r s  i n  a c o n f i g u r a t i o n  p r o p o s e d  fcr use i n  t h e  ?ISBE. 
G r a n u l a t e d  c h a r c o a l  removed h y d r o c a r b o n  v a p o r s  (C -6  a n d  
above) i n  a manner  c o n s i s t e n t  v i t h  t b c  E s t a b l i s h e d  
a d s c r F t i c n  i s c t h e r m s  f c r  t h i s  material. 

* d e v e l o p m e n t  + * f i l t e r s  + *off-gas :;ystems i a d s o r I ; t i c r !  + 
charcca l  i c o m F c n e n t s  + f i l t r a t i o n  hydrocarbons + 
mater ia l s  + mists + BSRE + t e s t i n g  

H X X 6 4  C O  19 
Scott D 
COPIPONEIT DEVELOPHENI I N  S U P P C B i  OF BS6E ( E A R ' I  OF MSE€ 

. 
u SEEIANN EEOG REPT 7/31/64)  

A c c e s s i o n  Number H C X 7 l C O f S  t o  HPX64CClC 
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C a t e g o r y  H 
Reactcr ComFonen t Development 

HXXS 4 00 19 *Con t i n u  ed* 
Oak R i d g e  Nat icna l  L a b o r a t o r y ,  'Ienn. 
O R N L - 3 7 0 8  (Nov. 19641, p p  167-190, 24 f i g .  

D e V € l o F B e D t  a n d  o p e r a t i c n  of p r o t o t y p e  u n i t s  for e v a l u a t i o n  
of p e r f o r m a n c e  and  m a i n t a i n a t i l i t y  a r e  d e s c r i b e d  i n  t h i s  
pape r .  I n c l u d e d  are t h e  core h y d r a u l i c  mockul;, t h e  h c a t  
e x c h a n g e r  h y d r a u l i c  tests, e l e c t r i c  heaters ,  freeze f l a n g e e ,  
freeze v a l v e s ,  c o n t r c l  r o d s  a n d  drives, a n d  t h e  fuel 
sampler-en r i c h e r .  

coraponents  t d e v e l o F P e n t  t main tenance  t ESEE t 
p r o t o t y p e s  t t e s t i n g  
OTHER CATEGORIES: HAD 

A c c e s s i c n  Number IIXX640019 t o  HXX640019  
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Category I 
Reactor D o s i g n  

I A86 5 00 24 
A l e x a n d e r  LG + Car ter  WL + C r a v e n  CIJ t J a n n e y  CB + 

LJ 
- 

Van W i n k l e  R 
HOLTEN-SAL? CONVERTER REACTOR -- D E S I G I  STUCY A N C  CCST 

ESTIHATES F O E  A 1000-BWE STATION - 
Oak R i d g e  N a t i c n a l  Laboratory, l e n n ,  
ORNL-Tf4-1060 ( S e p t .  1965),  348 p, 45 f i g ,  112 ref. 

I n  19C1-1962 a s t u d y  was made of a m o l t e n - s a l t  c o n v e r t e r  
reactor b a s e d  on t e c h n o l o g y  to t e  d e m c n z t r a t e d  ir! the NSBR. 
The c c n c e F t u a 1  d e s i g n  is a o n e - f l u i d  reac tc r  h i t h  
c y l i n d r i c a l  C J r a F h i t e  m o d e r a t o g  e l e m e n t s  i n  d 2 0 - f t  reactor 
v e s s e l ,  T e n  c u  f t  of s a l t  (of  2 5 C O  cu f t )  is r e u c v e d  
d a i l y  for r e c o v e r y  a n d  r e c y c l e  of u r a n i u m  i n  a c e n t r a l  
p l a n t  s e r v i n g  many s u c h  r eac to r s ,  W i t h  h i g h 1 1  E n r i c h e d  
U-235 f e e d  t h e  e q u i l i b r i u m  c o n v e r s i o n  ratio is  0.90, 
E s t i m a t e d  p o w e r  costs e n c o u r a g e  c c n t i n u r d  e f f c r t  c n  
malte D- sa 1 t t eac  t O K E  . 

* c o n c e p t u a l  d e s i g n  t * c o n v e r t e r s  4 * c o s t s  t 
t r e c d i n q  Ferformance 4 d e s i g n  data  + e c o n o m i c s  + 
f luor inat ion  + M S E P  t p l a n s  

. 
hi 

IAA66C030 
K a s t e n  E R  + Bettis ES + Eauman f3F t C a r t e r  UL + 

S U M A A 6 Y  OF flOLTEN-SALT BREECER REACTOR CESIGN STUDIES 
O a k  R i d g e  N a t i o n a l  Labcratory,  ' lenn.  
CONP-66-524 (Proc. 2nd  I n t ,  T h o r i u m  F u r l  C y c l e  SymFcEiue, 

G a t l i n b u r q ,  Y a y  3-6, 1 9 6 6 ) ,  PF. 41-63, 7 i i g ,  4 ref. 

Mcncnald W B  + R c b e r t s c n  RC + W e s t s i k  JH 

T h i s  p a p e r  d i s c u s s e s  m o l t e n - s a l t  r e a c t o r  t e c b t c l c g y  a rd 
p r e s e n t s  a c o n c e F t u a l  d e E i y n ,  b r e e d i n q  p r f o r m a n c e ,  a n d  
cos t  e s t i m a t e s  for  a t w o - r e g i o n ,  t w o - f l u i d  MSBP with 
q r a F h i t e  tubes i n  t h e  core. ( A  more d e t a i l e d  p r e s e n t a t i o n  
i s  i n  CFiNL-3996, IA8660C25.) 

* c o n c e p t u a l  d e s i g n  + * H S B R  + *tuo-fluid reactor + 
b r e e d i n q  p e r f o r m a n c e  t c a p i t a l  costs  + economics t 
flowsheets + p r o c e s s i n g  t p r o t a c t i n . i u m  t t hc r iua :  

fABh7C043  
B r i q q s  f iB 
EFFEC'IS OF I R R A D I A T I O N  ON THE S E R V I C E  LIFE CF THE 

Oak Ridge N a t i c n a l  Labcra tor 
AN5 T r a n s .  l O ( l ) ,  ( J u n e  19671, pp.  166-167. 

MOLTE ti-S A LT F E A C T  0 Ei EX F ER Ifl LNT 

Tberrral a e u t r o n  i r r a d i a t i o n  a d v e r s e l y  a f r e c t s  the 
h i g h - t e m p e r a t u r e  s t r e s s - r u p t u r e  l i f e  ok t h e  H a z t e l l c y  t h a t  
was u s e d  i n  t h e  RSRE An a l l o w a n c e  was made i n  t h e  d e s i g n  
for d a m a g i n g  ef tects  irradiation, b u t  t b e  nuch b e t t e r  
u n d e r s t a n d i n q  cf t h e  fects,  o b t a i n e d  d u r i n g  t h e  years t h e  
reactor  vas being built, indicated t t a t  the a l l c u a n c e  m i g h t  
n o t . b e  s u f f i c i e n t  and t h a t  t h e  s e r v i c e  l i fe  of t h e  r e a c t o r  
s h o u l d  be r e e v a l u a t e d ,  Concluded t h a t  t h e  r eac tc r  ve h s e l  

A c c e s s i c n  Number I A A 6 5 0 0 2 4  t o  'IAi(670C43 



P a g e  106  

C a t e g o r y  I 
Reactor D e s i g n  

I AB670043 *Con t i n u e n *  
w o u l d  h a v e  a minilnus service l i f e  of 2 O , O O c  h r .  

* a n a l y s i s  t * H a s t e l l o y  N + *MSBE + * o p e r a t i o n  + 
* r a d i a t i o n  damage  + *streEs r u p t u r e  t d e s i g n  t l i m i t s  t 
p l a n s  + . r e a c t o r  v e s s e l  
OTHER CATEGCRIES: Y A A  

IAC 6 6 CO24 
K a s t e n  F R  t Bettis ES + Eauman HF t C a r t e r  #L + 

SUPlMAFY CE RCLTEN-SALT EBPECER BEACTOB DESIGN STUDIES 
O a k  R i d g e  N a t i o n a l  Laboratory,  Tenn. 
ORNL-TM-1467 (March 1966), 3 1  p #  7 f i g ,  1 1  takles,  U ref. 

ElcDcnald WB 4 R c b e r t s o n  RC t Y e s t E i k  JH 

A p r e l i m i n a r y  r e p o r t  cn t h e  c o n c e p t u a l  design s t u d i e s  of a 
t u o - f l u i d  t w o - r e g i o n  m o l t e n - s a l t  t he raca l -  b r e e d e r  x e a c  tor 
p o w e r  s t a t i c n  cf 1000 t l k ( e )  c a p a c i t y .  A much more d e t a i l e d  
r e p o r t  on t h e  same s t u d i e s  was s u t s e q u e m t l y  ~nklished a =  
OflNL-3996, HSRIS access ion  IAc'660025, u h i c h  see. 

*HS!3R * * c o n c e p t u a l  d e s i g n  + *perforsance t * € o v e r  C C E ~ I  + 
r e a c t c r s  + c o n t a i n m e n t  * structures + m o l t e n  s a l t s  t 
p r o c e s s i n g  + n e u t r o n  physics + * t w o - f l u i d  t fac tor  

i 

IAC6 6 CC2S 
Kasten PR + E e t t i s  ES t R o k e r t s o n  RC 
DESIGN STUDIES OF l O O O - f l U ( e )  ECLTEB-SALT B E i E E I E R  SEECTCES 
Cak  Ridge B a t i o n a l  L a b o r a t o r y ,  Tenn. 
ORNL-3996 (Aug. l 966) ,  150 F, 4 3  f i g ,  5 2  t a b l e s ,  3C ref. 

D e s i g n  a n d  e v a l u a t i c n  s t u d i e s  were made of a t u c - r e q i c n  
m o l t e n - s a l t  t h e r m a l - b r e e d e r  r e a c t c r  u b i c b  use5 f u e l  a td 
b l a n k e t  s a l t s  separated by t h e  u a l l s  of g r a p h i t e  t u b i n g ,  
u h i c h  a c t s  as  t h e  m o d e r a t o r ,  A c c o l a n t  s a l t  t r ac sCcr t s  the 
h e a t  froE t h e  p r i m a r y  h e a t  e x c h a n g e r s  t o  steam g e n e r a t o r s  
a n d  r e h e a t e r s .  T h e  r e f e r e n c e  d e s i g n  f u c l  s a l t  iE 
Lip-BeP2-UF4 168.3-31.2-0.5 mole 'R) , t h e  b l a n k e t  salt is 
LiF-ThF4-EeP2 (71.0-27.C-2.0 mclf R ) ,  a c d  the c c c l a n t  s a l t  
is Nap-NaBF4 (61.1-38.9 mole X ) .  O n - s i t e  fuel r e c y c l c  
p r o c e s s i n q  was assumed, w i t h  f l u c r i d e  v o l a t i l i t y  a n d  
vacuum d i , s t i l l a t i o n  e m F l o y e d  f c r  the  f u e l  s a l t  a n d  d i r e c t  
p t o t a c t i n i u w r e E c v a 1  F r c c e s s i n g  used for t h e  t l a n k e t  s a l t .  
E s t i m a t e d  power cost  is a t o u t  5.7 mills/kUhr, the s p c i f i c  
i u v e c t c r y  a b o u t  0.7 k g / E Y ( e ) ,  t h e  f u e l  d o u b l i n g  time a b o u t  
13 yrs a n d  t h e  e s t i m a t e d  f u e l - c y c l e  c c s t  is 0.35 n i l l z / k W h r ,  
G e n e r a l  f l o w s h e e t s  a n d  c o n c e p t u a l  d e s i g n s  for t h e  reactor ,  
p r imary  heat e x c h a n g e r s ,  s a l t  c i r c u l a t i c g  F U E F E  and steam 

are a l s o  g i v e n .  Several a l t e r n a t e  d e s i g n s  a r e  t t i e f l y  
d e s c r i b e d :  (a) a m o d i f i e d  p r i u i a r y  h e a t  e x c h a n g e r  d e s i q n ;  
(b) a s y s t e l t  u s i n g  580 d e y  F r a t h e r  t h a n  7 C C  d e g  F 

f e e d w a t e r ;  (c) a m o d u l a r  c o n c e p t  u s i n g  f c u r  s a a l l  reactors  
ra ther  t h a n  o n e  l a r g e  r eac to r ;  (a) an MEBB c g e r a t i n g  t i t h o u t  
P a  r e l c o v a l  i n  t h e  c h e m i c a l  F r o c e s s i n g  p l a n t ;  ( e )  a c o n c e p t  

g e n e r a t o r s  a r e  F r e s e n t e d .  Cos t  a n d  Ferfortrasce estimates - 

. 
u 
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C a t e g o r y  I 
Re a c t o r  Design 

i n  w h i c h  t h e  fuel s a l t  is cooled ky d i r e c t  c c a t a c t  w i t h  
c i r c u l a t i n g  m o l t e n  lead ; ( f )  a s i n g l e - s t r e a m  c o r e - b r e c d e r  
w i t h  direct P a  r e m o v a l ;  t g )  a l e a d - c o o l e d  reactcr  w i t h c u t  
q r a p b i t e  moderator c p e r a t i n g  i n  t h e  i n t e r m e d i a t e - t o - f  a s t  
r a n g e  (10 t o  20 k e v ) ,  a n d  (b), a S r a F h i t e - m o d e r a t e d  s i n g l e -  
r e g i c n ,  s i n g l e - f l u i d  c o n v e r t e r  reactor, 

* t v o - f l u i d  reactor + *HSER + + c o n c e p t u a l  d e s i c n  + 
* p e r f c r m a n c e  + + p o w e r  c o s t s  + * c a p i t a l  e q u i p m e n t  + 
* n e u t r o n  p h y s i c s  + reac tors  + Fumps t 
heat  e x c h a n g e r s  + steam g e n e r a t o r s  + s t e a m  s p r t e l t s  + 
off-gas s y s t e m s  + f u e l s  t b l a n k e t  i coo lan t s  + 
p h y s i c a l  p r o p e r t i e s  + b r e e d i n g  p e r f c r m a n c e  + 
f u e l  cycle c a s t s  + p r o t a c t i n i u m  t l e a d  + c o n v e r t e r s  t 
coo l ing  

I A C  6 6 0 0 2 5 + C o n t i n u e d  * LJ 
- . 

IAC70CO47 
R o b e r t s o n  RC + Erigqs B E  + S m i t h  OL + B c t t i s  ES 
TWO-FZUTD HOLTEN-SALT BREEDER REACTCE C E S I G h  STUEY (STATUS 

Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn ,  
GRIL-4528 (Aug. 1970), 80 p ,  44 f i g ,  30  t a t l e s ,  4 5  r e f ,  

AS SF J A N U A R Y  I ,  1968). 

The J a n u a r y  1, 1968 s t a t u s  of t h e  c o n c e F t u a 1  d e s i g n  s t u d y  of 
a 1 C O C  M W ( e )  HSBR F c u e r  s t a t ion  e m p l o y i n g  s e p a r a t e  f u e l  a n d  
b l a n k e t  salts i n  t h e  r e a c t o r  is r c E y o r t e l .  The r e q u i c e E e n t s  
f c r  B a s t e l l o y  N, t h e  g r a p h i t e  m o d e r a t o r  a n d  r e f l ec to r ,  a n d  
for t h e  f iss i le ,  f e r t i l e  a n d  h € a t - t r a n s F o r t  s a l t s  axe 
d i s c u s s e d  and t h e  ~ r c p e  rties of t h e  a v a i l a b l e  m a t e r i a l s  a r e  
t a b u l a t e d ,  T h e  s e l e c t e d  f u e l  s a l t  is  LiF-BeF2-UF4 
(68,5-31,3-0.2 mole %) # t h e  b l a n k e t  s a l t  is LiF- lhF4-EeE2  
(11-27-2 mole %) a n d  the coolant s a l t  is NaEF4-NaF 
(92-8 mole W), (The l i t h i u m  is separated Li -5 . )  C c n c e F t u a l  
d e s i g n s  a r e  p r e s e n t e d  f c r  t h e  reactors, pumps, p r i m a r y  h e a t  
e x c h a n g e r s ,  d r a i n  tanks a n d  s t e a i e q e n e r a t i c q  e q u i E m e n  t, 
F l o u s h e e t s  a r e  g i v e a  f a r  t h e  'aain systems, b u t  t h e  o f f - q a s ,  
a f  t e r h e a t  removal, f u e l - p r o c e s s i n g ,  a n d  s t e a r - g c w e r  s )stems 
a r e  d e s c r i b e d  c n l y  i n  s u f f i c i e n  d e t a i l  to  i n d i c a t e  
f e a s i b i l i t y  a n d  t o  es t imate  c c s t s ,  The r e f e r e n c e  d e s i g n ,  
u i t b  a p c u e r  d e n s i t y  of 2 0  k w / l i t e r  a n d  a n  e s t i m a t e d  
g r a p h i t e  l i f e  of 8 y e a r s ,  has a k r e e d i n c  r a t i c  c f  1.06, 
a s p e c i f i c  p o w e r  of 1.77 M R ( t ) / k q ,  a n d  a f u e l  y i e l d  of 
4 , 0 7 % / y e a r .  The d i m e n s i o n s  of t b c  f c u r  r eac t c r  vessels a r e  
a b o u t  14 f t  D x 20 f t  h h. The  es t imated  c c c s t r u c t i c n  c o s t  
of t h e  power  s t a t i o n  is b o u t  §141/kW (1958 p r i c e s )  a n d ,  
based  on  14 .71  f i x e d  ch ges a n d  60% F l a n t  f ac t c r ,  t h e  

e s t i m a t e d  f u e l - c y c l c  cost is 0.7 H i l l s / k W b .  
* t v o - f l u i d  reactor t *PISBR + * c o n c e p t u a l  d e s i g n  + 

* n e u t r o n  p h y s i c s  t reactors t c o n t r c l  rcds t d r a i n  t a r k s  + 
b e a t  e x c h a n g e r s  + s t r u c t u r e s  t steam g e n e r a t o r s  + pumFs + 

s e s t i m t e d  power  F r c d u c t i o n  c o s t  is a b o u t  4 m i l l s / k k ' h ,  The 

* *perf ormance t *power costs + t c a p i  t a l  e q u i p m e n t  t 

LJ 
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Category I 
Be ac to r  Ces i g n 

I A C 7 0  C047 *C c n t  i n u e d *  
steam s y s t e m s  t off-gas s y s t e m s  + c o n t a i n m e n t  t r c l t e c  sa l t s  t 
coo lan t s  + F h y s i c a l  F r o p e r t i e s  t g r a p h i t e  + n e u t r o n  f l u x  t 
b r e e d i n g  p e r f o r m a n c e  t fission p r o d u c t s  t noble  Pe ta l s  t 
f u e l  c y c l e  c o s t s  + a f t e r h e a t  

I AC7 0 00 5 1 
B e t t i s  ES + R o b e r t s o n  RC 
THE DESIGN AND PLRFOEHANCE FEATURES OF A SINGLE-FLUID 

Oak R i d g e  R a t i o n a l  L a b o r a t o r y ,  T e n n ,  
N u c l .  A p p l ,  Tech ,  8, 190 (Feb, 19701, 18 p, 9 f i g ,  5 ref. 

A c o n c e p t u a l  d e s i g n  h a s  k e e n  load€ of a s i n g l e - f  l a i d  IC00 
a @ ( € )  MSBR power  s t a t i o n .  T h e  reactor  v e s s e l  is 22 f t  
i n  diam x 20 f t  h i g h ,  of f i a s t o l l o g  N ,  w i t h  g r a F h i t e  
m c d e r a t o r  a n d  reflector. T h e  f u r l  is U-233 c a r r i e d  it a 
LiF-BeF2-ThF4 o c i x t u r e  which  is m o l t e n  akove  930 d e g  F, 
U i t h  c o n t i n u o u s  c h e m i c a l  p r o c e s s i n g  t c  i s o l a t e  Frctac t i n i u m  
a n d  KeBove f i s s i o n  E r o d t c t s ,  c o n v e r s i o n  of t h o r i u m  to U - 2 3 3  
e x c e e d s  f i s s i le  b u r n u p .  T h e  e s t i t a t e d  f u e l  y i e l d  i s  3-3s 
per year. The e s t i e a t e d  c o n s t r u c t i o n  cast of the station 
i s  c o m p a r a b l e  t o  P U P  t o t a l  c o n s t r u c t i c n  costs .  ?he p c u e r  
p r o d u c t i c n  C o s t #  i n c l u d i n g  f uel-cycle and q r a p h i t e  
r e p l a c e m e n t  costs, w i t h  p r i v a t e  u t i l i t y  f i n a n c i c g ,  i s  
e s t i a ; a t e d  t o  b e  less t h a n  t h a t  f o r  p r e s e n t - d a y  l i g h t - w a t e r  
reactors, l a r g e l y  d u e  t o  t h e  low fue l -cyc le  c c s t  and h i g h  
p l a n t  t h e r m a l  e f f i c i e n c y ,  After some e n g i n e e r i n g  
d e v e l o p m e n t ,  s u c h  a p l a n t  a p p e a r s  f e a s i t l e  a n d  g rac t ica l .  
( C o a F a n i c n  F a p e r s  i n  t h e  same issue d i s c u s s  t h e  s t a t u s  of 
material d e v e l o p m e n t ,  f u e l  p r o c e s s i n g ,  a n d  E c t e n t i a l  cf 
t h e  MSBR c c n c e F t . )  

MOL'IEN-SALT BREEDER REACTOR 

* W B R  + * c o n c e p t u a l  design t * p e r f o r m a n c e  + * E G W E K  ccs t+  t 
* c a p i t a l  e g u i p a e n t  + *materials t * p r o c e s s i n g  t 
* f u e l  c y c l e  cos t s  + p l a n t  + r e a c t o r s  + 
hea t  c x c h a n q e r s  t p u a p  + cff-gas systems t 
steam systems t m a i n t e n a n c e  

SAC7 1 CO 13 
R o b e r t s o n  SC ( e d i t o r )  
COICEPTUBL D E S I G Y  STUDY O F  A S I N G L E - F L U I D  ECLTLh-SALT 

B R E E D E B  SEACTCB 
Oak R i d g e  N a t i o n a l  L a b c r a  t o r y ,  Tenn.  
OENL-4541 (Feb. 1 9 7 1 ) #  194 9 9  f i g ,  6 2  t a k l € S ,  125 r e f ,  

C o n c e F t u a l  d e s i g n  cf a 1000-LW (e) molten-salt  t h e r m a l  
b r e e d e r  reactor power s t a t i o n  i n d i c a t e s  t h a t  such a p l a n t  
i s  t e c h n i c a l l y  t e a s i t l e  a n d  econcn ica l ly  a t t r a c t i v e ,  T h e  
p l a n t  o p e r a t e s  on t h e  9 h  - U-233 cycle, u s i n g  a fuel s a l t  
of t h e  c o m p o s i t i o n  -Li€-EeF2-TbF4-UF4 (31,7-16.C-12,G-CD3 
mole %). T h e  s a l t  i s  Fumped t h r o u g h  a 2 2 - f t  d i am x 2C f t  
h i g h  g r a p h i t e - m o d e r a t e d  a n d  reflected r e a c t o r  v e s s e l  a n d  
t h e r !  t h r c u g h  p r i m a r y  h e a t  e x c h a n g e r s  where i t  is cooled  

W 

iJ 
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C a t e g o r y  1: 
Re a c t  or C es i q n 

I A C 7  1 CO 13 * C o n t i n u e d *  
LiJ 
r' from 1300  d e q  F t o  1050 d e g  F. T h e  cc fe  q r a E h l t e  i s  

r e p l a c e d  b y  remote n a i n t e n a n c e  p r o c e d u r e s  a t  4-yr 
i n t e r v a l s .  T h e  c h i e f  m a t e r i a l  o f  c o a s t r u c t i c L  f c r  the s a l t  
s y s t e m s  is Has te l l cy  N i m F r o v s d  b y  a d d i t i v e s  t o  i n c r e a s e  
t h e  r e s i s t a n c e  t o  i r r a d i a t i o n  damage. I r i t i u n ,  Xe a n d  Kr 
a r e  rsFarged  from t h e  c i r c u l a t i n g  f u e l  s a l t  by h e l i u m  
b u b b l e s .  An off-gas sys tem r e m o v ~ s  t k e  f i s s i c n - K r o d u c t E  
f o r  s t o r a g e  a n d  decay  a n d  recycles t h e  helium. P 1-qFm 
side stream of f u e l  s a l t  is c c n t i n u c u E l y  F K C C E S E ~ ~  t o  
remcve Pa-233, reccver t h e  b r a d  U-233, and t o  a d j u s t  t h e  
f i s s i le  c o n t e n t .  Heat is t r a n s p o r t e d  frcm t h e  f c u r  p r i a a r y  
h e a t  e x c h a n g e r s  by a c i r c u l a t i n g  c o o l a n t  s a l t ,  EaEF4-LaE 
(92-8 mole %), t o  steam g e n e r a t o r s  a n d  r e h e a t e r s  s u F p 1 y i n g  
a 3500 p s i a  1000 deg F/lOOO d e g  F steam t u r b i n e ,  The 
s p e c i f i c  i n v e n t o r y  of t h e  p l a p t  is  1.5 kg fissile/MW(e), 
t h e  b r e e d i n g  r a t i o  is 1.06 a n d  t h e  a n n u a l  y i e l d  i s  a b c u t  
3.3%. T h e  n e t  t h e r m a l  e f f i c i e n c y  is  443, a n d  t h e  
e s t i m a t e d  c a p i t a l  cos t  is a t o u t  t h e  same a s  f c r  a 
l i g h t - r a t e r  n u c l e a r  power s t a t i o n .  T h e  f u e l - c y c l e  cost is 
a b o u t  0.8 m i l l s / k W h r ,  E l o w s h e e t s  a n d  ccnce~tual d e s i g n s  of 
t h e  It'a jcr c o a p c n e n t E  a r e  F r e s e n t e d .  Cost ana p e r f o r m a n c e  
estimates a s e  t a b u l a t e d ,  T h e  p r i n c i r a l  d e s i g c  
u n c e r t a i n t i e s  are in areas of t r i t i u m  c o n f i n e m e c t ,  
f Uel-Salt p r o c e s s i n g ,  g r a p h i t e  a n d  Hastcllcy N bcha vi c K  
u n d e r  i r r a d i a t i o n ,  s u i t a b i l i t y  o t  coolant s a l t ,  m a i n t c a a n c e  
p r o c e d u r e s ,  a n d  t h e  b e h a v i o r  o f  f i s s i c n - p r c d u c t  
particulates. 

*MSSR + * c o n c e p t u a l  d e s i g n  + * p e r f o r m a n c e  t 41ower ccs ts  + 
* c a p i t a l  e q u i p n e n t  + coo lan t s  t p h y s i c a l  p r o p e r t i e s  t 
g r a p h i t e  + H a s t e l l o y  N + r e a c t o r s  + cores  t c c n t r c l  ccds t 
d r a i n  t a n k s  + h e a t  e x c h a n g e r s  t structures t knmps + 
steam q e n e r a t o r s  + steam systems + c f f - s a s  s y s t e n s  + 
c o n t a i n m e c t  + n e u t r c r  f l u x  + F r c c e s s i n g  + 
breeding p e r f o r m a n c e  t f i s s i o n  p r o d u c t s  t n c b l e  n e t a l s  + 
f u e l  c y c l e  costs  t a f t e r h e a t  + b u b b l e s  + g a s  s e p a r a t i o n  + 
h e l i t i n ;  + m a i n t e n a n c e  + c o n t r o l  + i n s t r u m e n t a t i o n  + 
f r e e z e  valves t sites t h e a t  g e n e r a t i o n  

- 

IAC710014 
R o b e r t s o n  RC 
ESTIMATED CCST OF A C C I N G  A THIRC S A L T - C I R C U L A I T N G  SYS'IEM 

Cak E i d q e  R a t i o n a l  L a b o r a t o r y ,  
FOR C O H P R O L L I N G  I R I ' I I U H  M I G E A T I C B  TH T H E  lOOO-&:Sd (e) CSBB 

ORNL-IPi-342E [ J u l y  1 9 7 1 ) .  2 6  F 
3 C o n t r o l l i n q  t r i t i u m  m i g r a t i c n  t o  t h e  stEam s y s t e a  of t h e  

100C-?IW[e) reference d e s i g n  $ISBE power  s t a t i o n  t y  
i n t e r p o s i n g  a KN03-NaNOZ-NaN03 s a l t - c i r c u l a t i r g  syste  II t o  
cheirically t r a p  t h e  tritium would a d d  a t a u t  3 t 3  millicn t o  
t h e  t o t a l  of 8206 m i l l i o n  nou c s t i m a t c d  a s  t b s  cczt of t h e  
reference F l a n t  i f  Has te l loy  N i s  u s e d  to contair: t h e  

. 
I 
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C a t e g o r y  1 
Reactor D e s i g n  

LiP-BeF2 s a l t  e s F l o y e d  t o  t r a n s p o r t  h e a t  from t h e  f u e l  
s a l t  to t h e  n i t r a t e - n i t r i t e  s a l t ,  a n d  akout  $ 1 C  u i l l i c n  i f  
I n c o l c y  cou ld  b e  u s e d .  The major e x p e n s e s  a s soc ia t ed  w i t h  
t h e  modification are t h e  costs of t h e  a d d i t i c r a l  h e a t  
e x c b a n g e r s  ( $ 9  m i l l i c n )  8 t h e  a d d i t i o n a l  pumps ($5 m i l l i o n ) ,  
and t h e  LiF-BeF2 i n v e n t o r y  (64.8 r i l l i o a ) .  S c u e  cf t h e  
e x p e n s e  is cffset  b y  e l i m i n a t i o n  of some e y u i F m G n t  frcm t h e  
feedwater s y s t e m  ($2 m i l l i o n ) ,  t h r o u g h  use of less 
e x p e n s i v e  ma te r i a l s  i n  t h c  steam c j e n e r a t c r s  arid r e h e a  t e rs  
( a b c u t  $2 P i l l i o n ) ,  a n d  t h r o u g h  a n  i m p r o v e d  t h e r m a l  
e f f i c i e n c y  of t h e  p l a n t  ( u o r t h  a t c u t  81 m i l l i c n ) .  I n  
a d d i t i c o  t o  a c t i n g  a s  a n  e f f e c t i v e  t r i t i u m  t r a p  t h e  t h i r d  
c i r c u l a t i n g  s y s t e m  wou ld  s i m F l i f y  s t a r t u F  a n d  c F e r a t i c n  of 
t h e  B S B R .  A S i E F l i f i e d  f l o w s h e e t  for t h e  m o d i f i e d  p l a n t ,  
a cel l  l a y o u t  s h o w i n g  l o c a t i o n  of the ncw e q u i ~ n e t t ,  
p h y s i c a l  F rcFer t ies  of t h e  f l u i d s ,  d e s i g n  d a t a  a n d  cost 
estilaates for t h e  new a n d  m o d i f i e d  e q u i l m e n t  a r e  F r e s e n t e d .  

IAC710014 * C o n t i n u e d *  

*FISdR + * t r i t i u m  i * c a F i t a l  ccsts t c o n c e p t u a l  d e s i g n  + 
l o o p  + c o o l a n t s  + h e a t  e x c h a n g e r s  t FUICFS t Fcwer c c s t s  + 
fuel cycle c o s t s  + steam s y s t e m s  

I AD7 0 00 5 2 
Ret t i s  ES + Rauman HF 
BOLTER-SAXT CCMVEBTER REACTORS 
Oak B i d q e  Na t i cna l  Laboratory,  l e n n .  
Power Engrg .  Vol. 7 4  No. 8 ,  42 (Auq 197C) 3 F, 2 f i q ,  

DeV€lCFEt€nt of r a p i d  f u e l - s a l t  p r o c e s s i n q  a n d  l c n g e r - l i v e d  
g r a p h i t e  is n e e d e d  Lefote m o l t e n - s a l t  b r e e d e r  r eac t c r  Fcwer 
s t a t i c n s  a r e  b u i l t ,  T h e  m o l t e n - s a l t  c o n v e r t e r  r e a c t o r ,  
h o u e v e r ,  is g e n e r a l l y  w i t h i n  p r e s c n t  t e c h n c l c g y ;  t h e  
g r a F h i t e  would l a s t  t h e  lifetime of t h e  p l a n t  a n d  t h e  
o c c a s i o n a l  f u e l  p r o c e s s i n g  wou ld  i n v c l v r  c n l y  t h e  
w e l l - F r o v c n  f l u o r i d e  v c l a t i l i t y  process. T h e  breeding 
r a t i o  u o u l d  De a b o u t  0.e4, b u t  t h e  fuel-cycle c c s t  world be 
o n l y  abou t  C . 8  r i l l E / k u h  and t h e  c o n s t r u c t i o n  c o s t s  a r e  
e x p e c t e d  t o  he a t t r a c t i v e l y  lcw. T h e  r e a c t c r  d e s i g n  
r e c e i v i n g  t h e  most s t u d y  is t h e  t y p e  used s u c c e s s f u l l y  i n  
t h e  HSBE: a vessel f i l l e d  w i t h  r r f l c c t c r  d n d  i r c d e r a t c r  
q r a F b i t e  b a v i n q  s a l t  flcw p a s s a g e s  f o r m e d  b y  grooves i n  
t h e  faces of t h e  p i e c e s .  A F e t k l e - t E d  t y p e  c f  ccnver te r  
reac tor  has a s t r u c t u r e  t h a t  e a s i l y  a c c o m m o d a t e s  
d i m e n s i o n a l  c h a n g e s  i n  t h e  g r a F h i t e  a n d  the Ehages a r c  
e c o n o m i c a l .  t o  s a n u f a c t u r e ,  b u t  t h e  s a l t - t o - g r a p h i t e  r a t i o  
i n  the core is h i g h c r  t h a n  d e s i r e d .  Ihcrmal  r eac to r s  
o p e r a t i n g  on t h e  Th - U-233 cycle are more e f f i c i e n t  t h a n  
t h o s e  u s i n g  t h e  U-238 - Pu-239 cyc le ,  b u t  P u  ca r  be uEed 
e f f i c i e n t l y  f c r  s t a r t u F  a n d  makeup f u e l .  C o n s t r u c t i o n  of 
a m o l t e n - s a l t  c o n v e r t e r  r eac tc r  w c u l d  l e a d  t c  lcr-ccst 
power i n  t h e  n e a r  term, p r o v i d e  a m a r k e t  f o r  t h e  Fu 
p r o d u c e d  i n  l i g h t - w a t e r  r e a c t o r s ,  a n d  g i v e  i a I e t u s  t o  

W 
L 

. 
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d e v e l o F m e n t  of t h e  I c o l t e n - s a l  t b r e e d e r  reac tor  which  w i l l  
be n e e d e d  t o  a s s u r e  low cost  ~ o v ~ . r  i n  t t e  f u t u r e ,  

z 

* c o n c e p t u a l  d e s i q n  + * p e r f o r m a n c e  + HSEF + E S F E  + 
* * f u e l  c y c l e  c o s t s  + *mate r i a l s  t p l u t o n i u m  t * c o n v e r t e r s  

7 

TAE70C059 
fic W h e rt e r J E 
MOLTEN SAL3 BREEDER EXPERIHENI DESIGN EASES 
Cak R i d q e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
ORNL-?tl-3177 (NOv. 1970) ,  54 F, 15 f i g ,  12 ref. 

The d e s i g n  b a s e s  f o r  t h e  MSBE arc based cri i a f c r a a t i c r  from 
t h e  R S R E  a n d  t h e  r e f e r e n c e  E l a n t  d e s i g n  of a 1CCC Mli(e) 
s i n g l e - f l u i d  MSBR. C a l c u l a t i o n s  i n d i c a t e  t h a t  a 150 CiJ 
( t h e r m a l )  reactor  i s  a r e a s o n a t l e  size t b a t  uee ts  t h e  
p r o j e c t  cbject ives  f c r  t h e  HSBE, The p r i m a r y  salt for  t h e  
H S B E  c o n t a i n s  both t h e  f i s s i l e  (0-233) a n d  t h e  f e r t i l e  ('Ih) 
mate r i a l .  The  h e a t  g e n e r a t e d  i n  t he  p r i m a r y  s y s t e m  is 
t r a n s f e r r e d  by a s e c o n d a r y  s a l t  lcoF t o  t h e  steaa 
g e n e r a t o r s .  P r a w i e i c n E  a r e  made in t h e  ISEk core t o  F e r m i t  
e x p o s u r e  of r e m o v a k l e  g r a p h i t e  s a R p l e s  a t  c c n d i t i c n s  
s i m i l a r  t c  t h o s e  e x p c t e d  i n  t h e  ESB6. The p u m p  a n d  h e a t  
e x c h a n g e r s  in t h e  H S E E  a r e  s i m i l a r  t c  tkose Frc lc sed  f o r  
the PISBR. 

c o n c e p t u a l  d e s i g n  + d e s i g n  + desiqn c r i t e r i a  t 
d e s i g n  d a t a  + g r a F h i t e  t i r r a d i a t i o n  * materials  t e s t i n g  t 
MSBE + MSEE + reac tors  t test facilities 

IAF 67 co 4 7 
T a u b e  H + r i e l ca r sk i  Y + P o t u r a j - G u t n i a k  S t Koualrv A 
NE# B O I L I N G  SALT FAS? BREEDER REACTCF CCNCEFTS 
Inst, of luc lear  R e s e a r c h ,  Marsaw, P c l a n d  
Nuc l .  E n g r q .  a n d  D e s i g n  5 ( 1 9 6 7 ) ,  pp. 109-1 12, 1 f i g ,  30 r e f .  

Use of m o l t e n  c h l o r i d e s  in h o a o g f n e o u s - c c r e  fast breeder 
reac tc rs  i s  e n v i s i c n e d ,  I n  t h e  SAWA r eac to r  c o n c e p t  t h e  
core is f i l l e d  w i t h  a m o l t e n  m i x t u r e  cf 
NaC1-BlC13-UGl3-PuCl3. Heat is r emoved  by b o i l i n g  i n  t h e  
core, p r o d u c i n g  A 1 C 1 3  por. l h c  W A R S  c c n c e F t  u E e s  U C 1 3  
a n d  PuC13 i n  a a i x t u c  f N a C l  a n d  K C 1 ,  w i t h  t o i l i n g  
m e r c u r y  r e m o v i n g  the h e a t .  

* b o i l i n g  + *cores + * c c n c e F t u a l  d e s i g n  + *reactors  + 
b r e e d i n g  p e r f o r i n a n c e  + c h l o r i d e s  .) f a s t  n c u t r c n s  + 
f o r e i p  t m e r c u r y  + r o l t e u  s a l t s  

I AF6 7 004 8 
T a u b e  M + K c w a l e v  A + P o t u r a j - G u t n i a k  S + t i e l c a r s k i  I! 
K C N Z E F T I O N  DER SALZS IEDEREAKTOREN SAUA U N D  IiAHS 
I n s t ,  of N u c l e a r  R e s e a r c h ,  Warsaw, E o l a n d  - K e r n e n e r g i e  10 ( 1 9 6 7 ) ,  pp .  184-186, 12 ref, 

F a s t  breeder reactcrs w i t h  h o E o g e n e o u s  cores cf molten LJ c h l o r i d e s  are n o t  i m p o s s i t l e :  t w c  c c n c c p t s  have b e e n  
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e n v i s i o n e d .  I n  t h e  SAiiA reactor c o n c e p t  t h e  core is f i l l e d  
w i t h  a molten m i x t u r e  of NaCl-A1C13-UCl?PuC13, Heat i s  
removed  by  b o i l i n g  i n  t h e  core, p r o d u c i n g  A1C13 v a p o r .  
T h e  WARS c o n c e p t  u s e s  UC13 a n d  PuC13 in a a i x t u r e  of 
Mac1 a n d  KC1, u i t h  b o i l i n g  m e r c u r y  r e m o v i n g  t h e  h e a t ,  
( T h i s  art icle,  i n  t ie rman,  i s  v e r y  s i m i l a r  t o  o n e  i n  
E n g l i s h :  IAF670047, )  

*boiling + *cores t * c o n c e F t u a l  d e s i g n  t *reactors + 
b r e e d i n g  p e r f o r m a n c e  + c h l o r i d e s  + f a s t  n c u t r c n s  + 
f o r e i s n  t lcercury + roclten E a l t s  

1 AF69 00 14 
P e r r y  A M  
A H I G H - Y I F L C  RCLTEN-SALT EURST REACTOR 
Oak B i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn. 
P r o c e e d i n g s  of t h e  N a t i o n a l  T o p i c a l  f i e r t i n g  OE F a s t  B u r s t  

Reactors ,  A l b u q u e r g u e ,  N. Flex,, J a n ,  28-30, 1969, 
Conf-690102,  387, 15 p ,  11 f i g ,  3 ref.  

A p u l s e d  m o l t e n - s a l t  reactor  a p p e a r s  caFable o f  p r o d u c i n g  
neutrcn fluences of 10 (16th) nvt in n e u t r o n - i r r a d i a t i c n  
spec imens  i n  s i n g l e  k u r s t s  w i t h  w i d t h s  cf less t h a n  1 Bisec, 
A r e a c t o r  d e s i g n  i s  p r e s e n t e d  r h i c h  a c h i e v e s  t h e s e  q o e l s ,  
u s i n g  as f u e l  l i t h i u m - u r a n i u m  f l u o r i d e  (73-27 ltcle 'R) 
eutectic s a l t .  N e u t r o n i c ,  m e c h a n i c a l ,  a n d  h y d r a u l i c  
a n a l y s e s  of t h e  r eac to r  a r e  d i s c u s s e d .  

+molten s a l t s  + *reactors + n e u t r o n  spec t ra  + 
n u c l e a r  a n a l y s i s  + n e u t r o n  f l u e n c e  + * m a t e r i a l s  t e s t i c g  + 
* i r r a d i a t i o n  t f u e l s  t e x c u r s i o n s  + n e u t r o n  s o u r c e s  t 
n e u t r o n  p h y s i c s  + d e s c r i p t i o n  t * c o n c c F t u a l  d c s i q n  t 
ex p e r  ime n t + f a  s t n e  u t  r c n E 

IBA710005 
T a l l a c k s o n  JR 
THERWAL RACIATICN TRANSFER O F  AFTER H E A l  IN a E B H  H E A f  

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
ORNL-TH-3145 (March 1971) ,  108 'p, 43 f i g ,  28 ref. 

EXC H A N G  ER S 

About  40 p e r c e n t  of t h e  n o k l e - m e t a l  fissioc F r c d c c t s  a re  
e x F e c t e d  t c  d e F o s i t  cn metal su r faces  i n  t h e  fuel  loo^ of a n  
MSR, p r e d o m i n a n t l y  i n  t h e  h e a t  e x c h a n g e r s .  T h e  r c r e a l  means  
of a f t e r h e a t  r e m o v a l  is c o n t i n u e d  c i r c u l a t i o n  of t h e  salts, 
b u t  t h e  d e s i g n  m u s t  p e r m i t  a f t e r f e a t  r e a o v a l  f r c t  t h e  h e a t  
e x c h a n q e r s  e n t i r e l y  b y  r a d i a t i v e  h e a t  t r a n s f e r  w i t h o u t  
c o m p r o m i s i n g  c o n t  a inacen t .  S t e a d y - s t  a t e  te B pe ra t u  re p I o f i l e s  
i n  5 ' r e f e r e n c e  d e s i g n '  h e a t  e x c h a n g e r s  r a n g i n g  i n  s i z e  from 
9 4  P i i r ( t )  t o  565 M W ( t )  uere c o t ~ u t e d ,  T h e  t r a t s i e n t s  
f o l l o v i n g  a d r a i n  uere e s t i m a t e d  for t h e  l a r q e s t  a n d  
smallest  h e a t  e x c h a n g e r s ,  T h c  maximua temEeratures, 
o c c u r r i n g  3 t o  4 h r s  a f t e r  s h u t d o u n ,  v e r e  e s t i m a t e d  t c  ke 
a b o u t  2100  d e g  F a n d  1 8 0 0  d e q  F in t h e  E65-1lM a c d  94-rP  
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u n i t s  r e s p e c t i v e l y ,  The  ca l cu la t ed  t e m l e r a t u r e s  a r e  
b e l i e v e d  to be c o n s e r v a t i v e l y  h i g h ,  E l s i n a t i c n  cf cae of 
t h e  two cu ter  s h e l l s  frcm t h e  ' r e f e r e n c e  d e s i g n '  e x c h e n g e r s  
u o u l d  r e d u c e  s t e a d y - s t a t e  t e m p e r a t u r e s  t y  2 C C  deg F t c  300 
d e 9  F. It is c c n c l u d e d  t h a t  MSER h e a t  exchangers w i t h  
r a t i n g s  of 5 0 0  - 60C f l k i ( t )  c a n  ke d e s i g n e d  t c  a c c c m a o d a t e  
s a f e l y  t h i s  worst  c a s e  a f t e r h e a t  s i t u a t i o n .  

* 

a c c i d e n t s  + a f t e r h e a t  + c c o l i n g  + design + 
r a d i a t i o n  h e a t i n g  + heat e x c h a n g e r s  + b c a t  t r a n s f e r  + MSBE + 
MSBR + n o t l e  metals 
GTHER CATEGCSIES : HCX 

IB867C039 
(Staff  R e p o r t )  
DESIGN STUDY Of A HEAT-EXCHANGE SPSYEt PO5 C N E  PISEL 

Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn ,  
CHNL-TU-1545 (Sapt. 1967),  2 0 1  p, 9 f i q ,  12 t a b ,  4C re t .  

CO KCE €T 

A s y s t e m  is d e s c r i b e d  which  uses f i v e  t j p e s  of h e a t  
e x c h a n g e r s  to t r a n s f e r  t b e  h e a t  g e n e r a t e d  in tbe reactcr 
ccre o f  one concept  of a 1000 E M ( e )  E S E E  t o  t h e  
s u p e r c r i t i c a l  s team n e e d e d  t o  d r i v e  a t u r b i n e  f c r  t h e  
q e n s r a t i c n  cf e lec t r ica l  Fower. The two inajor d e s i g n  
a p p r o a c h e s  reported h e r €  are f o r  flow circui ts  i n  which  heat 
is t r ans fe r r ed  fron: t h e  m a l t e n  core f u e l  a n d  f e r t i l e  
b l a n k e t  salts t o  t h e  m o l t e n  c s o l a n t  salt a n d  theD t c  the 
s u p e r c r i t i c a l  f l u i d ,  % h e  Case-A system i n v o l v e s  r e l a t i v e l y  
h i g h  fuel- a n d  b l a n k e t - s a l t  F r e s s u r e s  i n  t h e  r eac t c r  core. 
T h e s e  F r e s z u r e s  are r e d u c e d  i n  the Case-E system by 
r e v e r s a l  of t h e  flows of t h e  f u e l  a n d  h l a n k e t  s a l t s  t h r c u g h  
t h e  r e a c t o r  core a n d  t h e  r e s p e c t i v e  Lumps a n d  exchangers, 
u h i l e  t h e  o p e r a t i n g  p r e s s u r e s  o f  the c o c l a n t - s a l t  system 
are raised above t h c s e  i n  the Case-A s y s t e m ,  The criteria 
u s e d ,  a s s u m p t i o n s  made, r e l a t i c n s h i F s  E u F l c y e d ,  and t h e  
r e s u l t s  c b t a i n e d  i n  t h e  design f o r  each of the f i v e  t y p e s  of 
e x c h a n g e r s  u s e d  in t h e s e  cases a r c  r e F c r t e d .  The r e s c l t i n g  
d e s i g n  for t h e  Case-8 h e a  t - e x c h a n g e  systen; a n d  t h e  
e x c h a n g e r s  a p p e a r s  t o  ke t h e  ncst workakle Gnf, 

* d e s i g n  + * h e a t  e x c h a n q e r z  + *ateam, g e n e r a t o r s  + 
* t w o - f l u i d  reactor + b l a n k e t  + c o r n p c n e n t s  + c c r p u t e r  c c d e s  + 
molten s a l t s  + HSBR + steam cycle 
CTHEEI CATEGCRIES : I E C  

IBY71C015 
P raas  A €  
A NEid APPROACH TO TIiE DESIG EAB G E N E 6 A T C E S  I C E  

Oak R i d g e  Nat icnal  L a b o r a t o r y ,  S e n n ,  
ORNL-TM-2953 (June 1 9 7 1 ) ,  69 p, 25 f i g ,  20 ref. 

EOLTEN SAIT EEACTOR POWER . 
A new t y F e  of steam g e n e r a t o r  h a s  b e e n  d e v i s e d  t o  meet t h e  
s p e c i a l  r e q u i r e m e n t s  of h i q h - t e e ~ e r a t u r c  l i q u i d - a e t a l  and 
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m o l t e n - s a l t  reactor s y z t e m s ,  T h e  bas i c  d e s i q n  c o n c e p t  is 
s u c h  t h a t  b o i l i n g  h e a t  t r a n s f e r  i n s t a t i f i t i e z  a n d  t h e i r  
a t t e n d a n t  severe t h e r m a l  streEses are a v o i d e d  e v e n  f o r  a 
t e m p e r a t u r e  d i f f e r e n c e  of as m u c h  a s  1 O C O  d e g  F h e t w e e n  t h e  
f e e d u a t e r  and  t h e  h i g h -  tewFerature l i q u i d ,  t h u s  g i v i n s  good 
c o n t r o l  c h a r a c t e r i s t i c s  e v e n  u n d f r  s t a r t u p  c c c d i t i o o s .  
T h i s  is a c c o m p l i s h e d  by e m p l o g i n g  a v e r t i c a l  r e e n t r y  t u k e  
g e o m e t r y  w i t h  t h e  f e e d w a t e r  e n t e r i n g  t h r  b c t t c n  cf t h e  
i n n e r  small d i a m e t e r  t u b e  ( a p F r o x i m a t e l y  1/4 in. d i a m )  
t h r o u g h  w h i c h  it f lows  u p w a r d  u n t i l  E v a r o r a t e d  t c  d r y r e s s .  
The s l i g h t l y  s u F e r h e a t e d  steam e m e r g i n g  from t h e  t o p  cf t h e  
small  c e n t r a l  t u b e  then flows t a c k  dcwnward t b r c a g h  t h e  
a n n u l u s  b e t u e e n  the c e n t r a l  t u b e  a n d  t h e  ou te r  t u & ,  A 
p o r t i o n  of t h e  h e a t  t r a n s f e r r e d  f rom t h E  hiqh-teayera  ture  
l i q u i d  t c  t h e  s u p e r h e a t e d  steam i n  t h e  a n n u l u s  is i n  t u r n  
t r a n s f e r r e d  t o  t h e  water t o i l i n g  i n  t h e  c e n t r a l  tube.  
D e s i g n  s t u d i e s  i n d i c a t e  t h a t  t h i s  t y p e  of koi ler  n o t  o n l y  
a v o i d s  t h e r m a l  stress a n d  salt f r e e z i n g  F r c b l e u z  b u t  i t  
a l s c  q i v e s  a relatiwely c o m p a c t  a n d  i n e x p e n s i v e  
c o n s t r u c t i o n .  F u r t b e r ,  it a p F e a r s  t c  rcake F c r s i b l e  d 
simFle p l a n t  c c n t r c l  s y s t e m  k i t h  e x c e p t i o n a l l y  good p l a n t  
r e s p o n s e  t o  c h a n g e s  i n  l o a d  demand, 

* s t e a r  g e n e r a t o r s  + * d e s i g n  + steam systems + c o n t r o l  

1 bD6 8 00 36 
P e e t l c s  FN 
R E H O V A L  OF X E N C I - 1 3 5  FROfl  CIRCULATING FUEL SALT OF 'IHE 3SBR 

BY 8ASS TRANSFER TO H E L I U H  BUBBLES 
Cak Ridqe N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORHL-TH-2245  ( J u l y  1968) .  33 E, 8 f i g ,  2 tab,  21 ref. 

I 

Removal  of d i s s o l v e d  x e n o n - 1 3 5  t y  mass t r a n s f e r  t c  helium 
b u b t l e s  c f f e r s  a n  a t t r a c t i v e  m e a n s  of c c n t r o l l i n g  t h e  
x e n o n - 1 3 5  p o i s o n  l e v e l  i n  m o l t e n  s a l t  b r e e d e r  r factcrL.  To 
p r o v i d e  n e c e s s a r y  e n g i n e e r i n g  i n f o r m a t i o n  for e v a l u a t i o n  of 
t h e  p r o p o s e d  m e t h o d ,  the e x i s t i n g  d a t a  c n  r a t e s  cf  fass 
t r a n s f e r  t o  gas b u b b l e s  bere r e v i e w e d .  f ia ther  e x t e n s i v e  
l i t e r a t u r e  r e f e r e n c e s  p o i n t  t o  r e l i a l l e  e q u a t i c c s  f c c  
p r e d i c t i o n  of P a s s  t r a n s f e r  r a t e s  to s i n g l e  k u t k l e s  r i s i n g  
i n  s t a t i o n a r y  l i q u i d s  u n d e r  tCc  two e x t r e m e  cases of a rigid 
bubble i n t e r f a c e  a n d  cf a p e r f e c t l y  mobile b u t b l e  i o t c r f a c e .  
I n  g e n e r a l ,  e x p e r i m e n t a l  d a t a  a r e  a v a i l a b l e  w t i c h  s u F I c r t  
t hese  ~ r e d i c t i c n s ,  Nc r e l i a b l e  c r i t e r i c n  t o r  p r e d i c t i n g  t h e  
t r a n s i t i o n  from o n e  t y p e  t e h a v i o r  t c  a n c t h e r  is a v a i l a b l e ,  

* k u b b l e s  + *mass t ransfer  + + x e n o n  + a n a l y s i s  + d a t a  t 
d e s i g n  + models + MSER + r e v i e w s  
OTHER CATEGORIES: H E X  ~ 

ii . 

. 
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JAA710009 
Chang SI 
A SYSTEfiATIC PROCEDURE F O R  D E T B R E I N I K G  SYSTEM F A F A f l I T E F S  EY 

Oak R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
ORNL-TM-3311 (May 1971), 97 p, 8 f i g ,  19 re f .  

PERFGGMANCE INDEX MINIP! IZAT10N (THESIS) 

A method  was d e v e l o F e d  for d e t e r m i n i n g  opt imum c o n t r o l  
s y s t e m  p a r a m e t e r s  by performance i n d c x  r i n i a i z a  t i c n .  The 
c c n t r c l l e r  Faramters  a F p e a r i n g  in a m a t h e m a t i c a l  model of 
the s y s t e m  are o p t i m i z e d  ky a d j u s t i n g  tkem i n  such a Banner  
as t o  Einimize c e r t a i n  integral m e a s u r e s  of t h e  d i f f e r e n c e  
b e t w e e n  t h e  a c t u a l  and  d e s i ' r e d  o u t p u t  resFcnse.  I h e  
B i n i E i z a t i o n  is performed a c c o r d i n g  t o  a n  o p t i m i z a t i o n  
s c h e m e  known as the s t e e p e s t  d e s c e n t  F r c c e d u r f  hy a 
c o m p u t e r  code written f c r  t h e  IBK-360. T h e  t e c h n i q u e s  were 
used t o  solve s e v e r a l  p r o t l e l a s  i n  o r d e r  t o  d e a c a z t r a t e  t h e  
v a l i d i t y  a n d  p r a c t i c a l i t y  of the m e t h o d s  The Froblees  
i n c l u d e d  c o n t r o l  p a r a m e t e r  o p t i m i z a t i c n  f o r  a n i a e t e e t t h  
order model of t h e  H o l t e n  S a l t  B r e e d e r  Feactor. The 
m e t h o d  e a s i l y  f o u n d  the op t imum c c n t r c l l e r  p a r a a e t e r s  f c r  
t h i s  s y s t e m  i n  o n l y  5 m i n u t e s  of c o m p u t e r  time. 

c o n t r o l  + d e s i g n  + MSER + c o m p u t e r  codes 

JAB69 CO 18 
S i d e s  WH 
HSDS CONTROL STUDIES 
cak R i d y e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-TU-2489 ( d u n e ,  1969) 43 5 ,  16 f i g ,  7 ref. 

A p r e l i m i n a r y  s t u d y  was made of  the d y n a m i c s  a n d  c o n t x c l  
of a l O O C  Hu(e), s i c g l e - f l u i d  tSEE b y  an a n a l o g  c o m p u t e r  
s i m u l a t i o n .  An a b b r e v i a t e d ,  l u m F e d - F a r a m e t e r  B c d e l  
was u s e d .  The c o n t r o l  system i n c l u d e d  a steam t e m p e r a t u r e  
c o n t r o l l e r  a n d  a s i m p l i f i e d  v e r s i c n  o f  t h e  RSHE r e a c t c r  
temFerature control system. The r e s u l t s  of the study 
i n d i c a t e  a n e e d  for a v a r i a b l e  s p e e d ,  s e c o n d a r y - s a l t  
p u m ~  f o r  clcse c o n t r o l  of t h e  steam t e m p e r a t u r e .  C u r i n g  

i n  d e s i g n i n g  t h e  c c n t r o l  s y s t e m  i f  freezing or o v e r h e a t i n g  
of t h e  s a l t s  is t o  Le a v o i d e d .  

I severe t r a n s i e n t s ,  c o n s i d e r a k l e  c a r e  r u s t  be taker, 

*ESEfR 4 *contrcl + *dynaacic c h a r a c t e r i s t i c s  + * s i m u l a t i o n  + 
a n a l o g  s y s t e m s  t a n a l y s i s  t t e h a v i o r  t c o m p u t e r s  t 
e x c u r s i o n s  t i n s t r u m e n t a t i c n  + @ a n t  + s t a b i l i t y  + s y s t e m s  
CTHEB CATEGCRIES:  ECX 

JAB70C017 
S i d e s  1JH 
CONTROL STUDIES OF A 1000-I4 
Cak R i d g e  National L a b o r a t o r y ,  Tenn.  
ORNL-TH-2927 (Hay, 1970) 46 p, 16 f i g ,  7 ref. 

P r e l i a i n a r y  s t u d i e s  of the d y n a m i c s  a n d  c o n t r o l  of 
a 1000-Kw (e), s i n g l e - f l u i d  H S B R  uerf c o c t i n u e d .  P r e v i c u s  

Accessica Number JAA710009 t o  JEa7000 17 
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JAB700017 * C o n t i n u e d *  
s t u d i e s  were refor ted  i n  CRNL-T#-2489, RSBE C o n t r o l  
S t u d i e s ,  W, H. S i d e s ,  Jr.  An a n a l o g  s i u u l a t i c a  cf 
a n  e x p a n d e d  l u E F e d - y a r a a e t e r  m o d e l  vas u s e d .  S t e a m  
t e m F e r a t u r e  c o n t r o l  was a c c o m p l i s h e d  b y  a p p l y i n g  t h e  
load demand signal d i r e c t l y  t o  t h e  reac tor  c u t l e t  
temFeratute c o n t r o l l e r  as well a s  t o  t h e  steam g e n e r a t o r s .  

*flSBR + * c o n t r o l  t * d y n a m i c  c h a r a c t e r i s t i c s  t * s i t u l a t i c n  + 
a n a l o g  s y s t e m s  + a n a l y s i E  + b e h a v i o r  t c o m p u t e r s  + 
e x c u r s i o n s  t i n s t r u m e n t a t i o n  + p l a n t  t s t a t i l i t y  t z y z t e m s  
OTHER CATEGORIES: B C X  

JAB7 1 00 08 
S i d e s  WH 
RSBR COkTSCL S T U D I E S :  A N A L O G  SIMULATION PROGRAM 
Oak R i d g e  N a t i c n a l  Laboratory,  l e n n ,  
OBNL-TH-3102 (Hay 1 9 7 l ) ,  29 p, 8 fig, 6 r e f ,  

A c  analog c o m p u t e r  s i m u l a t i o n  of t h e  p r c y o s e d  1 C C C - F I W  MSEE 
w3s d e v i s e d  a n d  p r e l i m i n a r y  s t u d i e s  uerf  rcade cf d y r i a s i c s  
and c c n t r o l ,  T h i s  r e p o r t  descritcs the r e a c t c r  F l a n t  
m o d e l  and the computer s i m u l a t i o n .  The analog simulation 
of the p l a n t  consisted of a l u m p e d - p a r a n e t e r  heat t r a  Lsfer 
model fo r  t h e  ccre, p r i m a r y  h e a t  e x c h a i i g e r ,  a n d  steam 
g e n e r a t o r ;  a two-delaycd-neutrcn-qrou& nodel cf t h e  
c i r c u l a t i n g - f  u e l  n u c l e a  I k i n e t i c s  w i t h  t e m p e r a t u r e  
r e a c t i v i t y  f e e d b a c k s ;  a n d  t h e  e x t e r n a l  c o n t r c l  system. So 
t h a t  t h e  mode l  u o u l d  h a v e  the maximum d y n a m i c  r a n g e ,  t h e  
s y s t e m  d i f f e r e n t i a l  e q u a t i o n s  were n e t  l i n e a r i z e d ,  a n d  a s  
a result t h e '  mcdel u a s  s e o e r e l y  l i m i t e d  s p a t i a l l y  t o  
m i n i m i z e  t h e  number  of e q u a t i o n s .  I n  a t d i t i c r ,  the 
F r e s s u r e  i n  t h e  water side of t h e  steam g e n e r a t o r ,  as well 
a s  i n  t h e  rest of t h e  p l a n t ,  a n d  t h e  p h y s i c a l  F r c F e r t i e s  of 
t h e  s a l t s  a n d  water were t a k e n  t o  be time i n v a r i a n t ,  T h e  
t e m p e r a t u r e  ot t h e  f e e d u a t e r  t o  t h e  s team s e ~ ~ r a t c r s  has 
a l s c  h e l d  c o n s t a n t .  R e s u l t s  and c o n c l u s i o n s  are  g i v e n  i n  
CBHL-TM-2927 ( R S R I S  a c c e s s i o n  JAB700C 1 7 ) .  

MSBR + c o n t r o l  + s i r u l a t i c n  + d y n a m i c  c h a r a c t e r i s t i c s  t 
analog s y s t e m s  + c o m p u t e r s  
OTHER CATEGORIES: JBX 

JCX690019 
C l a r k  FH + B u r k e  OW 
D Y N A H I C  ANALYSTS OP A SALT S U P E R C R I T I C A L  HA'IEfi  H E A T  

Cak Ridge  R a t i o n a l  L a b o r a t o r y ,  T e n o ,  
O R N L - T f i - 2 4 0 5  (Jan. 1969) .  42 F, 24 f i g ,  6 t a b l e s ,  3 ref. 

EXCHANGEB A N D  THROPILE [SED YITH ESEE 

A l i n e a r i z e d ,  coarse s p a c e  mesh a c d e l  cf a 
s a l t - s u p e r c r i t i c a l  v a t e r  hea t  e x c h a n g e r  a n d  t h e  d o w n s t r e a m  
t h r o t t l e  was s i m u l a t e d  on a n a l c g  ComFutcrs, l h e  eftects on 
c e r t a i n  c u t p u t  q u a n t i t i e s  of c h a n g e s  in c e r t a i n  i n p u t  
q u a n t i t i e s  were n o t e d ,  The o u t F u t  q u a n t i t i e E  Yere 

hs . 
a 
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JCX6 9 00 19 * C o n t i n u e d *  
W 
A h e a t - e x c h a n g e r  water o u t l e t  t e m p e r a t u r e  a n d  p r e s s u r e ,  salt 

o u t l e t  t e m p e r a t u r e ,  a n d  e n t h a l p y  c u t f u t .  T h e  i n & u t  
q u a n t i t i e s  were hea t - e x c h a n g e r  water i n l e t  t e m p e r a t u r  c a n d  

t h r o t t l e  s e t t i n g ,  C h a n g e s  were s t u d i e d  o n l y  a r o u n d  d e s i g n  
s t e a d y  s t a t e ,  

* p r e s s u r e ,  s a l t  i n l e t  t e m p e r a t u r e ,  s a l t  u e l c c i t y ,  a n d  

* h e a t  e x c h a n g e r s  t a n a l y s i s  t d y n a m i c  cha rac t e r i s t i c s  + 
c o m p u t e r s  + steam s y s t e m s  + f e e d t a c k  t BSBB + a n a l c g  S y E t e r e r  + 
m a t h e m a t i c s  + s t a b i l i t y  t models + coolants + h e a t  t r a n s f e r  t 
s e c o n d a r y  s a l t s  + s e c o n d a r y  s y s t e m s  i s i m u l a t i o n  
CTHER C A T E G C B X E S :  J A E  

i 

J OX67 CO 37 
R u s s e l l  JA t Knowles  CG 
DESCRXPTIOH OF FACILITY H A D I A ' I I C N  A K D  CCNTAt416ATICN SYSTEHS 

Oak R i d q e  National L a b c r a  t o ry ,  Tenn. 
ORNL-TR-1127 (Fiev. 1)  ( A u g u s t  1967),  53 p. 7 f i g .  

I N S T A f L E I l  I N  THE YOLTEN-SALT REACTOR EXPEBIHEN'I BLDG. 7503 

A r a d i a t i o n  m o n i t o r i n g  system c o n t i n u o u s l y  a n d  
a u t o m a t i c a l l y  d e t e r m i n e s  t h e  c o n d i t i o n s  i n  t h e  s n t i r e  
f a c i l i t y  a n d  r e c o r d 2  t h i s  i n f o r m a t i o n  a t  a c e n t r a l  control 
p a n e l .  When preset v a l u e s  a r c  e x c e e d e d ,  a u d i b l e  a n d  
v i s u a l  alarms i n s i d e  a n d  o u t s i d e  of t h e  b u i l d i n g  area a r e  
a c t u a t e d .  Eeta-Gamma c o n s t a n t  a i r  monitcrs scucd c a u t i o n  
alarms a t  1 0 0  c c u n t s / m i n  a n d  h i g h  l e v e l  a larms a t  400C 
c o u n t s / m i n .  T h e  gamma m o n i t r o n s  s o u n d  t e l l s  a t  7.5 tuF/hr, 
B u i l d i n q  e v a c u a t i o n  alarmE are a c t u a t e d  from c o i n c i d e c c e  
m o d u l e s .  T h i s  r e p o r t  descr ibes  t h e  s y s t e m  a n d  t r i e f l y  
d i s c u s s e s  o p e r a t i n q  e x p e r i e n c e .  An e a r l i e r  v e r s i c n  of  
t h i s  d o c u m e n t  was i s s u e d  i n  Mag 1965. 

* e n v i r o n m e n t  t * i n s t r u m e n t a t i o n  t *PISRE t 
* r a d i a t i o n  m e a s u r e m e n t  t c o n t a m i n a t i o n  t m o n i t o r s  + 
s a i n p l i n q  + s t a c k  + of f -gas  s y s t e m s  
OTHER CATEGORIES:  HAC 

JDX69 00 6 0 
Bauman, CD 
FISSICN-PHCCUCT MCNITORIING IN H I G H - T E P I P E H A T U R E  GAS-COCLED 

REACTORS 
Cak B i d g e  R a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-'IM-2791 (I)eC. 1969) # 33 f ,  5 f i g ,  1 t a b ,  41  ref.  

The r e p o r t  p r o p o s e s  t h e  d e v e l o p E € n t  c f  an  i n s t r c u e n t a  t i c n  
s y s t e a  c a p a b l e  of i d e n t i f y i n g  a n d  m e a s u r i n g  t h e  a c c u m u l a t i o n  
of f i s s i o n  p r o d u c t s  i n  h i y h - t e E F c r a t u r e  g a s - c c c l e d  t eac  tor  
(HTGR) c o o l a n t  looc  c i r c u i t s  and l o o p  c o m p o n e n t s .  f i s c u s s e d  
i s  t h e  a p p l i c a b i l i t y  of i o n i z a t i c n  c h a m k e r s ,  keta a n d  gamma 
spectrometers, c h a r g e d - r i  re p r e c i p i t a t o r s ,  C e r e n k o v  
detectors, f i l t e r s ,  d i f f u s i o n  t u l e s ,  t h e r m a l  g r a d i e n t  t u b e s ,  
d e p c s i t i c n  t u b e s ,  a n d  i m p a c t o r s  a s  p l a t e o u t  m o n i t o r s .  It 
is recommended t h a t  t h e  d e p o s i t i c n - t u k e  a n d  
g a m a a - s p e c t r o m e t e r  systems b e  f u r t h e r  d e v e l o p e d  a s  component 
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3 DX 69 CO 60 *C c n  t i nued* 
p l a t e o u t  m o n i t o r s  a n d  t e s t ed  f irst  i n  a b i g b - t e E F e r a t I 2 K e  gas 
l o o f  a n d  t h e n  i n  reactor s e r v i c e .  

* 

* d e v e l o p m e n t  t * f i s s i o n  p r o d u c t s  + + i n s t r u m e n  t a t  icn t 
*off-gas s y s t e n s  + c a m F o n e n t s  + c o o l a n t  l o o p s  t HTGf t 
p l a n s  t t e s t i n g  + m o n i t o r s  
OTRER CATEGORIES: I B D  

. 

JEX6 5 00 2 0 
E n g e l  J R  
APPLTCATTCE OF Ah'  ON-LINE CfGITAL COMPU'IER 4 0  A B E A C l O R  

Cak B i d y e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
A N S  T r a n s .  8 ( 2 ) ,  (196S) ,  EF. 585-586,  

EXP ER It4 EN T 

T h e  PISRE u s e s  a n  o n - l i n e  d i g i t a l  comFutcr f c r  a c q u i r i r g  a n d  
a n a l y z i n q  data.  273 a n a l o g  p r o c e s s  s i q n a l s  a r e  s c a n n r d  
e v e r y  5 sec, T h e s e  a r e  s t o r e d  on m a g n e t i c  t a l e  every 
10 min. Alarms a re  t a k e n  from 171 s i g n a l s .  A number of 
c a l c u l a t i o n s  u s i n g  c u r r e n t  r eac tc r  d a t a  arc F f r f c r m e d  
p e r i c d i c a l l y  a n d  o n  demand. Summaries ot  t h e  c a l c u l a t i o n s  
are recorded by typewriters. The BunksE-Ramc Mcdel-340 
c o m p u t e r  c a n  S U F F ~ Y  da ta  fo r  processing by other computers. 

*data a c q u i s i t i o n  s y s t e m s  + * MSBf + c c m p u t e r r  + 
d a t a  p o c e s s i n g  + i n s t r u m e n t a t i o n  * o p e r a t i o n  + p l a n s  
OTHER CATEGORIES: HAC 

J F X6 6 00 27 

CLOSED-CIECUIT TELEVISION VIEWING I N  MAINTENANCE O F  

Oak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn.  
ANS Trans. 9 ( 2 ) ,  (1966).  FF. 530-531, 

aoore R L  

RADIOAC'IXVE SYS'IEPIS AT C R N L  

D i s c u s s e s  t h e  d e v e l o p m e n t  of t e l e v i s i c n  camera E y E t e w 5  f o r  
v i e w i n g  remote m a i n t e n a n c e  o i ; e r a t i o n s  a t  teactoEs. ( 4  
l a t e r ,  more d e t a i l e d  r e f e r e n c e  a n  this s u b j e c t  is 
JAC €7C03€ .) 

d e s c r i p t i o n  + e q u i p m e n t  + MSRE + remote maintenance + 
v i e w i c q  d e v i c e s  
CTHER CATEGCRIES: K E A  '+ MEE 

J FX67 C036 
Hoore R L  
CLOSED-CIRCUIT TELEVISION VIEliIEG T E  EAIIGTELAECE C F  

Oak R i d g e  Na t i caa l  Laboratory,  Tenn ,  
R A D I O A C T I V E  SYSTEMS AT O R N L  

CRNL-Til-2032 ( N o v .  1967),  13 p, 7 f i g .  
This r e p c r t  d i s c u s s e s  fac tors  a f f e c t i n q  the ilse of 
c l o s e d - c i r c u i t  t e l e v i s i o n  i n  r a d i c a c t i v c  s y s t e a s ,  t h e t  
de sc r ibes  e q u i r l r e n t  u s e d  for c l o s e d - c i r c u i t  t e l e v i s i o n  
v i e w i n q  a t  t h e  Homogeneous Reactor  Test  and a t  t h e  IISfiE. 
The r e s u l t s  cf a r a d i a t i o n  test of a m i n i a t u r e ,  

. 

f 

W 
A c c e s s i o n  Number JDX69C06C t o  JPX63CC36 
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Category J 
I n s t r u m e n t a t i o n  and Controls  

J FX 67 C O  3 6 

* i n s t r u m e n t a t i c n  t *RSRE t *remote maintenance  t 
v i e w i n g  d e v i c e s  + equipment + g l a s s  t maintenance  + 

CTHER CATEGCEiTES: K E A  

*C on t i nued+ 
u 

r a d i a t i o n - r e s i s t a n t  t e l e v i s i o n  camera a r e  a l s c  Exesented.  

* manipula tcrs  t o y t i c s  t i n - F i l e  tests 

7 

A c c e s s i c n  N umber JF X67 003 6 to J EX6700 36 
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C a t e g o r y  R 
Operation a n d  E a i n t e n a n c e  

KBB690006 
Holz PP 
P E A S I E I L I T Y  S T U C Y  OF BEHOTE CUTTING ANJC W E L D I N G  EO3 XtiCLEAR 

Oak B i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
OHNL-Ttl-2712 (Nov. 1969) .  53 F, 13 f i g ,  2 1  ref. 

PLANT MAINTENANCE 

Remote c u t t i n g  a n d  w e l d i n g  are p c t e n t i a l l y  v a l u a k l e  
i n  t h e  maintenance cf r a d i o a c t i v e  p o r t i o n s  of r e a c t o r s ,  
p a r t i c u l a r l y  i f  t h e  s y s t e m  is d e s i g n e d  t o  e x l l c i t  
these t e c h n i q u e s .  C R N L  has s t a r t e d  t o  a d a p t  an o r b i t a l  
c u t - a n d - v e l d  s y s t e m  ( d e v e l o p E d  f c r  t h e  Air F c t c e )  t c  
p e r a i t  c c s p l e t e l y  xemote uork a p F l i c a t i o n s .  This  r e p o r t  
d e s c r i b e s  f a c t o r s  i n v o l w e d  i n  r a d i o a c t i v e  s y s t e r  
maintenance, sumuiarizes some p r e v i o u s  work on remote 
a a i n t e n a n c e  d e v e l o p m e n t ,  a n d  e x p l a i n s  hcw the autcmated 
o r b i t a l  c u t t i n g  a n d  m e l d i n g  m a c h i n e r y  system may o v e r c o m e  
p r o b l e m s  t h a t  h a v e  t e e n  e n c o u n t e r c d  in nuclear r e p i r  uork. 
P r o g r e s s  of t h e  O R N L  study i s  s u B m a r i z e d ,  i n c l u d i n g  
d e s c r i p t i o n s  of t h e  p r o t o t y p e  e q u i p m e n t  a n d  t t e  tesults of 
m a c h i n i n g  and  welding tests, The r e p o r t  d e s c r i t e s  
additional requirements  for development t o  F r c v i d e  f u l l y  
rcmcte oFera t icns  and c c n t r o l s  and proposes a l c n q  ranqe 
program for d e v e l o p m e n t  of a comFlete system f c r  r a d i c a c t i v e  
system e g u i F m e a t  r e r l a c e m e n t  by c u t t i n g  a n d  w e l d i n g .  

* m a i n t e n a n c e  + *reactors + *rEmote w r l d i n g  + c u t t i c s  t c c l s  + 
d e v e l o p m e n t  

. 

. 

Accessica Number KBB690006 t o  KEF2690006 
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C a t e g o r y  L 
F u e l  P r e p a r a t i o n  a n d  E r o c e s s i n g  

L A X 6  9 00 10 
C h a n d l e r  JCI t B o l t  SE 
PREPAEATICN CP ENRICHING SALT (LITHIUH-7 UBANIOfl-133 

ki 
- a 

TETRAFLUORIDE) FOR REFUELING THE C C L T E N  S A L 1  R E A C S C 6  
Cak i i i d q e  B a t i o n a l  L a b o r a t o r y ,  Tenn * 

ORNL-4371 ( B a r c h  1969) ,  7 2  F, 24 f i g ,  6 r e f ,  
The Molten S a l t  Reactor E x p e r i m e n t  h a s  been r e f u e l e d  
w i t h  a n  e n r i c h i n g  s a l t  c o n c e n t r a t e .  I t s  p r e g a r a t i o n  
i n  a s h i e l d e d  c a l l  cf t h e  Thor ium-Uran ium E e c y c l e  F a c i l i t y  
a t  CRKL was r e q u i r e d  b e c a u s e  o f  t h e  h i g t  u r a n i u n - 2 3 2  
c o n t e n t  (222 FFm) cf the uranium-233.  P t w o - s t e p  p r o c e s s  
was u s e d  i n  w h i c h  the  u r a n i u e  o x i d e  was r e d u c e d  tc 
u r a n i u m  d i c x i d e  ky t r e a t m e n t  u i t b  hydroGen  a n d  c c n v e r t e d  
t o  u r a n i n o  t e t r a f  l a c r i d e  by h y d r o f l u o r i n a t i o n .  L i t h i u m  
f l u o r i d e  was a d d e d  a n d  the e u t e c t i c  was formed by fusing 
t h o  c o m p o n e n t s .  The eutectic tias p u r i f i e d  by t r e a t m e n t  
w i t h  h y d r o g e n ,  w h i c h  r e d u c e d  t h e  corrcsicn E r c d c c t s  
t c  a e t a l  a n d  s u b s e q u e n t l y  a l l o w e d  t h e i r  r e m o v a l  h y  
f i l t r a t i o n .  The y u a l i t y  of t h e  p r o d u c t  was well u i t h i n  
t h e  r e q u i r e m e n t s  e s t a b l i s h e d  t o r  t h e  PSEE. T h e  fuel 
c o n c e n t r a t e ,  c o n t a i n i n g  3 9  kg cf u r a n i u l r  (91 ,4X  
u r a n i u m - 2 3 3 ) ,  was F a c k a g e d  i n  n i n e  c o n t a i n e r s  of v a r i o u s  
s i z e s  (0,s t o  7 kq of u r a n i u m )  f G r  a d d i t i o c  t c  t h e  r e a c t o r  
fuel d r a i n  t a n k  a n d  i n  45 e n r i c h m e n t  c a l s u l e s ,  e a c h  
c o n t a i n i n g  96 4 of Graaium, f o r  a d d i t i o n  t o  t h e  tow1 cf t h e  
f u e l  c i r c u l a t i n g  pump. The t u ~ l  was s h i p p e d  i n  s h i e l d e d  
c a r r i e r s  t o  t h e  HSHE t o  a c c o m m o d a t e  t h e  r e a c t o r  e n r i c h m e n t  
s c h e d u l e .  

* f u e l  p r e F a r a t i o n  + *uran ium-233  + c o r r o s i o n  p r o d u c t s  + 
f i l t r a t i o n  t f l u o r i d e s  + h y d r o t l u o r i n a t i o n  + kydrcgen  + 
l i t h i u m  f l u c r i d e  t MERE + uran ium-232  
CTHEB CATEGCEIES : HCC 

L A X ' I O C O  13 

U a A N I U M - 2 3 3 - B E A R I N G  $ALP FHEFARBTICM FCR THE L S R E  
C h a n d l e r  JP! + P o l t  SE 

Cak Ridge Na t iona l  Labora to ry ,  Tenb.  
N u c l e a r  A p p l i c a t i o n s  a n d  f e c h n o l o g y ,  Dec. 1970, 16 p, 5 fig, 

T h e  HSSRE has been r e f u e l e d  with a n  e n r i c h i n g  s a l t  
c o n c e n t r a t e ,  l i t h i u m - 7  f l u o r i d e  - u r a n i u ~ 2 3 3  t e t r a f l t c r i . d e  
(73-27  mcle %) . S i x t y - t h r e e  k i l o g r a m s  cf t h i s  was  prcpared 
i n  a s h i e l d e d  cel l  i n  t h e  T h o r i u I c - U r a n i u a  Recycle F a c i l i t y  
a t  O a k  R i d g e  Na t iona l  L a b o r a t o r y .  T h e  p r e p a r a t i o n  p r o c e s s  
involved r e d u c i n g  u r a n i u m  t r i c x i d c  t o  u r a n i u a  d i c x i . d e  by 
k r e a t m e n t  w i t h  h p d r c g e n ,  c o n v e r t i n g  t h e  u r a n i u m  d i o x i d e  to 
u r a n i u m  t e t r a f l u o r i d e  by h y d r o f l u c r i n a t i c n ,  a r d  f u s i n g  t h e  
u r a c i u m  te t raf  l u c r i d e  k i t h  l i t h i u m  f l u o r i d e .  Its 
p r e p a r a t i o n  i n  a s h i e l d e d  c e l l  vas r e q u i r e d  b c c a u s e  of t h e  
h i g h  u ran ium-232  c c n t e n t  (222 ppm) of t h e  u r a n i u m .  The 
p r o d u c t  s a l t ,  c o n t a i n i n g  39 k g  cf u r a n i u n !  (91 ,4X  
u r a n i u m - 2 3 3 )  was lcw i n  ox ide  c o n t e n t  ( E O  ppm) a n d  t h c  

2 ref .  

A c c e s s i o n  Number LAX690010 t o  LPX700013 
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C a t e g o r y  L 
F u e l  P r e p a r a t i o n  and  F r o c e s s i n g  

LJ 
LAX700013 * C o n t i n u e d *  

c o n c e n t r a t i o n  cf t h e  c o r r o s i o n  p r o d u c t s ,  ch romium,  i r c n ,  a n d  
n i c k e l ,  v a s  m i n i m a l  a t  less t h a n  (2.5% t c t a l .  ( A b s t r a c t o r ' s  
n o t e :  T h i s  work v a s  reCorted i n  CRNL-4371, See 
LGX6900100.) 

* 

* f u e l  p r e & a r a t i o n  + +MSRE + * u r a n i u a - 2 3 3  t 
c o r r o s i o n  p r o d u c t s  + h y d r c f l u o r i n a t i o n  t l i t h i u m  f l u o r i d e  t 
r e d u c t i o n  + u r a n i u m - 2 3 2  
OTHER CATEGORIES: MCD 

LAX7 100 19 
S h a f f e r  J H  
PBEPAEATICN A N C  H A N D L X N G  O F  SALT P I I I T U R E S  FOR THE 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn .  
OBNL-4616 ( J a n ,  1 9 7 1 ) ,  4 1  F, 30 f i g ,  35 ref. 

MOLIEN-SALT REACTOR EXPERIFEld'I  

A m o l t e n  m i x t u u r e  of L i E ,  B e F 2 ,  Z r F 4 ,  a r d  UF4 EEKved a 6  t h e  
c i r c u l a t i n g  f u e l  f c r  t h e  ? i o l t e n - S a l t  R e a c t o r  E x p e r i m e c t ,  
Its s e c o n d a r y  c o o l a n t  f c r  t r a n s f e r r i n g  h e a t  t c  a n  
air-cooled r a d i a t o r  vas  a m o l t e n  t i x t u r e  of ard BcF2. 
A t h i r d  mixture t h a t  uaE c h e m i c a l l y  i d e n t i c a l  t o  t h e  
c o o l a n t  m i x t u r e  was u s e d  i n  p l a c e  of t h e  f u e l  f c r  
p r e n u c l e a r  c F e r a t i c n s  arid s u b s e q u e n t l y  t o  f l u s h  t h e  
reactor core a f t e r  a f u e l  d r a i n .  A F F r o r i m a t e l y  2 6 , O O C  I b  
of these  f u s e d  f l u c r i d e  mixtures  xere p r e p a r e d  from 
c o m p o n e n t  f l u o r i d e  s a l t s  a n d  l o a d e d  i n t c  t h e  reac tor  
f a c i l i t y  b y  ORNL's Reactor C h 2 m i s t r y  C i v i s i o n ,  T e c h n i q u e s  
for h a n d l i n g  m o l t e n  f l u o r i d e s  a n d  t k i r  F r c d u c t i c r :  E r c c e s s  
f cr  a t t a i o i n q  h i g h  c h e m i c a l  F c r i t y  uere d e v e l o p e d  and 
a p p l i e d  s i m u l t a n e o u s l y  with t h e  d € V € l G F E € n t  cf  t h e  
m o l t e n - s a l t  n u c l e a r  reac tor  c o n c e p t .  The p l a n s  a n d  
o p e r a t i o n s  w h i c h  u e r e  p a r t  of t h c  f u e l i r g  cf t h e  flSRE are 
d e s c r i b e d .  

*a01 ten s a l t s  + * p r o c u r e m e n t  + * p r o d u c t  i o n  t 
h y d r o f l u o r i n a t i c n  + HSRE t l o a d i n g  + b e r y l l i u m  f l u o r i d e  t 
l i t h i u m  f l u o r i d e  + u r a n i u m  f l u o r i d e s  t s i r c c n i u n ;  f l u c r i d e  

LBX 6 8  C027 
H a i l e n  J C  t C a t h e r s  G I  
F L U O R I N A T I O N  O F  PALLING DROPLETS CP C C I T E l  F L U C R I C P  SILT AS 

b MEAES CF R E C C V E R I N G  U R A N I U X  A N I )  PLU'IONIUCI 
O a k  R i d g e  N a t i o n a l  Labcra tory ,  l e n n ,  
ORNL-4224 (November 1968) 2 1  P# 7 r i q ,  10 r c f ,  

A f l u c r i c a t i o a  me thcd  i n  u h i c n  m o l t e n - f l u o r i d e  d r o p l e t s  fall 
c o u n t e r c u r r e n t l y  t h r o u g h  f l u o c i n r  was d e v i s e d  f c r  t h e  
r e c c v e r y  of u r a n i u m  and F l u t o n i u m  from m o l t e n  f l u o r i d e  
s a l t s .  A d v a n t a g e s  o v e r  m e t h o d s  i n  w h i c h  f l o c r i n e  i s  
b u b b l e d  t b r c u g h  t h e  s a l t  a r e :  (1) h i g h e r  r e m o v a l  r a t e s  for 
b o t h  u r a n i u m  a n d  p l u t o n i u m ,  4 2 )  1 c v f r  c c r r c s i c n  ra tes  s i n c e  
t h e  m o l t e n  s a l t  d c e s  n c t  c o n t a c t  t h e  v e s s e l  u a l l ,  
(3) p o s s i b i l i t y  of c o n t i n u o u s  o p e r a t i o a ,  a n d  (4 )  tmin ina l  
c o r r c s i c n - F r o d u c t  c c n t a e i n a t i m  of t h e  f l u c r i a a t e d  s a l t ,  

Accessicn Number LAX710013 t o  LEX680027 

. 

W 



Page 123  

C a t e g o r y  L 
F u e l  P r e p a r a t i o n  a n d  1Frocessin.q 

,. LBX680027 * C o n t i n u e d +  
E x p e r i m e n t a l  e q u i p r e n t  uas d e v e l o p e d ,  and small-scale 
f l u o r i n a t i o n s  were made u s i n g  severa l  s a l t  s c l u t i c n s .  From 
t h i s  d a t a  i t  was ca l cu la t ed  t h a t ,  b y  u s i n g  a 5 - f t - l o n g  
f l u o r i n a t i o n  c o l u m n  at 650 deg C ,  99.9% cf t h e  u r a n i u t  c a n  
be removed from 1 0 0 - m i c r o n - d i a m e t e r  d r o g l e t s  cf F35BR fuel, 
W i t h  an  1 1 - f t - l c n g  tower a t  640 deg C, 99% of t h e  p l u t o n i u m  
c a n  be removed from 1 0 0 - m i c r o n - d i a m e t e r  d r C g 1 e t S  of s a l t .  I n  
s i m i l a r  exFeriments u s i n g  s a l t  d r o p l e t s  c o n t a i n i n g  
p r o t a c t i n i u m - 2 3 1 ,  no  p r o t a c t i n i u m  was f l u o r i n a t c d ,  e v e n  a t  
temEeratures a s  h i g h  a s  6 1 3  dey C. 

- 

* c o l u m n s  + * f l u o r i n a t i o n  + cor ros ion  + c o r r c s i c n  &Kcducts + 
m o l t e n  s a l t s  + MSBR + F l u t o n i u m  + p r o t a c t i n i u m  + u r a n i u m  

1 

. 

LCA6700 14 
McNeese L E  
C O N S T C E R A T I C N S  C F  LOW PRESSURE C I S T I L L A T I O N  AND I ' IS  

A P P L I C A T I O N  TO PBOCESSING CF IOL'IE8-SALT ESEEDEE 
R A A C T C H  FUELS 

Oak B i d q e  Na t iona l  L a b o r a t o r y ,  Tenn.  
CRNL-Ttl-1730 (March  1967), 46 p, 12 f i g ,  1C r c f .  

D i s t i l l a t i c n  a t  low pressure bas e x a m i n e d  as a method 
f o r  r e m o v i n q  rare e a r t h  f l u o r i d e s  f r c m  t h e  f u e l  Etrean 
of an M S B R .  I t  was c o n c l u d e d  t h a t  d i s t i l l a t i o n  a l l o u s  
a d e q u a t e  rare e a r t h  f l u o r i d e  r e m o v a l  w i t h  t h e  s i a u l t a r e c u s  
r c c c w e r y  cf mcre t h a n  99.56 of the f u e l  s a l t .  
C h a r a c t e r i s t i e s  of e q u i l i t r i u m  a n d  m c l e c u l a r  d i s t i l l a  t i c n  
were n o t e d  a n d  exFres s i cns  f o r  t h e  r e l a t i v e  v o l a t i l i t y  of 
rare  e a r t h  f l u o r i d e s  uere d e r i v e d  f o r  these tyFer  of 
d i s t i l l a t i c n .  E x F r e s s i o n s  f o r  t h e  s e p a r a t i o n  p o t e n t i a l  of 
s e v e r a l  modes of d i s t i l l a t i o n  w e r e  d e r i v e d  a n d  reForted  r a re  
e a r t h  f l u o r i d e  re la t ive v c l a t i l i t i e s  were shown t o  allow a 
great  d e a l  of l a t i t u d e  i n  s t i l l  d e s i g n  a n d  c g e r a t i o r a l  mode, 
It uas c o n c l u d e d  t h a t  a single c p n t a c t  s t a g e  such as a well 

. m i x e d  liquid p o o l  p r o v i d e s  a d e q u a t e  r a r c  e a r t t  f l u o r i d e  
removal and t h a t  r e c t i f i c a t i o n  i s  n o t  r e q u i r e d .  The t u i l d u p  
of rarc  e a r t h  f l u o r i d e s  a t  t h e  v a F o r i z a t i o n  s u r f a c e  vas 
s h o w n  t o  s e r i o u s l y  r e d u c e  t h o  e f f e c t i v e n e s s  of a 
d i s t i l l a t i o n  s y s t e m ,  L i q u i d  c i r c u l a t i c n  was s b c u r .  t c  te a n  
e f f e c t i v e  means f e r  & r e v e n t i n g  this b u i l d u p .  

* d i s t i l l a t i o n  t *molten s a l t s  + f u e l s  + HSBH + rare e a r t h s  + 
v o l a t i l i t y  

l C A 6  80098 
H i g h t c u c r  J R  t McNeese LE 
M E A S U R E H E B T  OF T H F  R E L A T I V E  VOLATILITIES OF F L U O R I D E S  OF 

CERIUM, L A N T H A N U Y ,  P R A E S O D Y L I U M ,  ICECCPMIUE,  S A E ! A E I U E ,  
EiJRCPIUEI, E A R L D M ,  S T R O N T I U E I ,  YTRIUf l ,  A N D  ZTBCO8ILtiM I N  
H T X T U R E S  OF LITHIlJ! l -FLUCRIDE A N D  E E E Y I L I U ! ! - F L U C E I I E  c 

Oak R i d g e '  Na t iona l  L a b o r a t o r y ,  Tenn.  
ORNL-T!I-ZUS@ (Jan.  1968, 43 p,  8 f i q ,  9 ref. 

One s t e p  i n  p r o c e s s i n g  the f u e l  s t r e a P  c t  a s t c l t en -  

A c c e s s i c n  Number LBX680327 t o  L C A 6 8 0 0 0 8  
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LCA68 00 08 *Con t i n  u e d *  
s a l t  breeder reac tor  i s  r e m o v s l  of rare e a r t h  f i s s i o n  
p r o d u c t  f l i i o r i d e s  from t h e  l i t h i u a  f l u c r i d e - b e r y l l i u m  
f l u c r i d e  carrier s a l t  b p  low p r e s s u r e  d i s t i l l a t i o n ,  
For d e s i g n i n g  t h e  d i s t i l l a t i o n  system W E  h a v e  s e a E u r e d  
r e l a t i v e  v c l a t i l i t i e s  of t h e  f l u o r i d e s  of c e r i u m ,  l a n t h a n u m ,  
p r a e s o d y m i u m ,  neodymium, s a m a r i u m ,  e u r c f i u r ,  tarium, 

f l u o r i d e ,  t h e  major c o m p o n e n t .  !Ihe m e a s u r e m e r t E  were 
made u s i n g  a recircula t i n g  e q u i l i b r i u m  s t i l l  o p e r a t e d  
a t  1000 d e g  C a n d  a t  p r e s s u r e  f r o m  0.5 t o  1.5 ma E r c t r y .  
Errcrs from several sources &ere e s t i m a t e d  a n d  shown 
t o  b e  s m a l l .  

i s t r c n t i u u ,  y t r i u m ,  and z i r c o n i u m  k i t h  r e s p e c t  t o  l i t h i u m  

* d i s t i l l a t i c n  + *rare e a r t h s  + b e r y l l i u m  f l u o r i d e  t 
I e q u i l i b r i u m  t f i s s i o n  p r o d u c t s  t l i t h i u m  f l u o r i d e  t 

m e a s u r e m e n t  + MSBR t p r o c e s s i n g  + v a l a t i l i t y  

S m i t h  FJ + F e r r i s  LM + ThcmFacn C I  
L I Q U T C - V A E C F  E C U I L I B R I A  I N  LITHIUH F L U O R I D E - B E R Y L L I C H  

I 

I 
I LCA6 9 00 37 

P L U O P I D E  A N D  L I ' I H I  U M  PLCCRIDE-BESYILIUH I L U C B I C E - T H C 6 I U  PI 
F L U C R I D E  SYSTEMS 

Oak R i d g e  N a t i c n a l  Laboratory,  I e n n .  
CHNL-4415 ( J u n e ,  1969)  18 p, 4 f i g ,  2 1  ref. 

L i q u i d - v a p c r  e q u i l i b r i u m  d a t a  for  s e v e r a l  l i t h i u m  f l u c r i d e -  
b e r y l l i u m  f l u o r i d e  a n d  l i t h i u m  f l u o r i d e - b e r y l l i u r  t l u c r i d e -  
t h o r i u n !  f l u c r i d e  systems were o t t a i n o d  t y  t h e  t r a f i s p r a t i o n  
m e t h c d  o v e r  t h e  t empra ture  r i n g e  of 900 t o  1050 d e g  C, 
R e l a t i v e  v o l a t i l i t i s ,  E f f e c t i v e  a c t i v i t y  cceff icients, a n d  
a F F a r e n t  p a r t i a l  F r e e s o r e s  a r e  t a b u l a t e d  for t h e  major 
c o m p o n e n t s ,  a s  w e l l  as for s c l u t e s  s u c h  as u r a n i u a  
t E t  ra f l u o r i d e  , z i r c  c n i  urn te t r3f 1 u o r i d e ,  c a e s i u m  f f u o r  ide ,  
r u b i d i u m  f l u o r i d e ,  a n d  scme r a r e e a r t h  f l u c r i d e s .  I h  e 
v a l u e s  a r e  i n  reascnable a g r e a m e n t  w i t h  t h o s e  r e p o r t e d  i n  
the l i t e r a t u r e .  R e s u l t s  of t h i s  s t u d y  shoiv t t a t  
d i s t i l l a t i c n  may nct be f e a s i b l e  as a p r i m a r y  s e p a r a t i o n s  
m e t h o d  i n  t h e  p r o c e s s i n g  or s i n g l e - f l u i d  PISBR fuels. 

* e q u i l i b r i u a  t * v c l a t i l i t y  t b e r y l l i u m  t l u o r i d e  t 
d i s t i l l a t i o n  + l i t h i u m  f l u o r i d e  t M S B B  + rare ea r ths  + 
s e p a r a t i o n s  + t h o r i u l r  f l u c r i d e s  

LCB680007 
C a r t e r  HL + L i n d a u e r  R B  + HcNeese L E  
D E S X G E  CP AE; ENGINEERING-SCALE, VACUUH DISTILLATION 

Cak R i d g e  K a t i o n a l  L a b o r a t o r y ,  Tenn .  
EXPERIHENI FOR HOLZEN-SALT REACTCfi FUEL 

ORNL-"4-2213 ( N O V ,  1 9 6 8 ) ,  133 p ,  43 f i g ,  14 ref. 
E x p e r i m e n t a l  e q u i p m e n t  h a s  t e E n  d e s i g n f a  t c r  a n  e n g i n e e r i n g -  
s c a l e  d e u o n s t r a t i o n  cf v a c u u m  d i s t i l l a t i o n  of m o l t e n -  
salt reactor f u e l .  The  d i s t i l l a t i o n  is car r ied  o u t  
a t  a b o u t  1000 d e g  C a n d  1 - m m  mercury t c  s e f a r a t e  c a r r i e r  

A c c e s s i c n  Number lCA660008 t o  L C E 6 E O C C 7  
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LCB680007 * C o n t i n u e d *  
s a l t  f r o a  less vola  t i le  f i s s i o n  p r o d u c t s ,  p r i m a r i l y  
t h e  rare  e a r t h s ,  Tbe e x p e r i Q e n t  i s  d e s i g n e d  fcr e i t h e r  
c c n t i n u o u s  s a l t  f e e d ' i n g  or f a r  b a t c h w i s e  o p e r a t i o n .  
S a m p l i n q  of t h e  d i s t i l l a t e  f u r n i s h e s  d a t a  c n  t h e  S e E a r a t i o n  
betwcen s a l t  a n d  f i E s i . c n  Froducts  as a f u n c t i c n  of 
still bottoms c o n c e n t r a t i o n ,  T h e  e q u i F n e n t  c c n s i s t s  
of a 48-liter f e e d  t a n k ,  a 1 2 - l i t e r  still, a 10-in. diam x - 5 1 - i n .  c o n d e n s e r ,  a 4 8 - l i t e r  r e c e i v e r ,  F l u s  a s s c c i a t e d  
temFerature, ~ r e s s u r e  a n d  level c o n t r o l  i n s t r u m e n t a t i c n .  
A l l  v e s s e l s  a n d  part s  c a n t a c t e d  by m o l t e n  s a l t  a r e  
made of H a s t e l l o y  N. The u n i t  is h e a t e d  b y  ske11- 
t y p e ,  ceramic h e a t e r s .  About 903 of t h e  e x p e r i m e n t a l  
p r o q r a m  v i l l  be  d e v o t e d  t o  n o n r a d i o a c t i v e  c p e r a t i c n  
u s i n q  m i x t u r e s  of l i t h i u m ,  b e r y l l i u m ,  z i r c o n i u m ,  a n d  
selected r a r e  e a r t h  f l u o r i d e s .  T h e  e x F e r i m e n t  v i l l  
b e  c c n c l u d e d  b y  d i s t i l l i n g  a 48-liter b a t c h  of uran iu I s -  
free s p e n t  fuel from t h e  MSRE, 

* d i s t i l l a t i c 0  t * a o l t e n  s a l t s  + b e r y l l i u m  f l u o r i d e  + 
I ias te l loy  N + l i t h i u m  f l u o r i d e  + MSRE t r a r e  earths t 
z i r c o a i u m  f l u o r i d e  

LCB7 100 07 
Hightower J R  t XcNeese LE 
LCW-FBESSUBL DISTILLATION O F  MOLTEN F L U O R I D E  M I X T U R E S :  

Cak Eidge  G a t i o n a l  Laboratory, T e n n ,  
ORNL-4434 (January 1 9 7 1 ) ,  52 F ,  16 f i g ,  10 ref. 

N O N R A D I O A C T I V E  TESTS F O R  THE MSRE DISTIIIATICN E X E E F I f l E N T  

E q u i p s e n t  b u i l t  t o  d e m o n s t r a t e  t h c  lcw- EressuLe 
d i s t i l l a t i c n  of a 48-l i ter  b a t c h  of i r r a d i a t e ?  fuel s a l t  
from t h e  HSRE c o n s i s t e d  of a feed t a n k ,  a 1 2 - l i t e r ,  ore- 
staqe  s t i l l  r e s e r v c i r ,  a c o n d e n s e r ,  and a c o n d e n s a t e  
r e c e i v e r ,  T h e  e q u i p m e n t  vas t e s t e d  i n  196e b y  F r c c e s s i n g  
s i x  4 6 - l i t e r  batches of nonradioactive I i P - E e F 2 - Z r L 4 - h d E 3  
(65-30-5-0.3 mole W )  a t  1000 deq C. A d i s t i l l a t i c n  r a t e  
of 1.5 cu-ft of s a l t  ~ e r  d a y  Fer s q u a r e  roo t  of 
v d p o r i z a t i o n  s u r t a c e  wdz a c h i e v e d  i n  t h e  n o n r a d i o a c t i v e  
tests. E v i d e n c e s  of c o n c m t r a t i o n  g o l a r i z a t i c n  a n d  j o x  
e n t r a i n m e n t  v e z e  ncted i n  some runs b u t  n o t  i n  o t h e r s .  
A u t o m a t i c  o p e r a t i o n  was e a s i l y  m a i n t a i n e d  in E a c h  r u n ,  
a l t h o u g h  c e r t a i n  d c f i c i  n c i e s  i n  t h e  l i q u i d - l e v e l  n e a s u r i n g  
d e v i c e s  were n o t e d .  C o n d e n s a t i o n  cf v o l a t i l e  s a l t  
c o m F c n e n t s  i n  t h e  v a c u u u  l i n e s  a n d  metal d e p o s i t i o n  i n  t h e  
feed line t o  the sti l l  ~ o t  a r c  proklecs  n e e d i c g  f u r t h e r  
a t t e n t i o n .  T h e s e  resuXts showed t h a t  u s e  of d i s t i l l a t i o n  
i n  P S E H  f u e l  s a l t  p r o c e s s i n g  is f e a s i t l e  and  t h a t  t h e  tes t  
e q u i r m e n t  was sa t i s f ac to ry  for u s e  w i t h  r a d i o a c t i v e  
mater ia l  from t h e  MSRE. 

d i s t i l l a t i c n  + e n t r a i a o e n t  + f l u o r i d e s  + p r o c e s s i n g  + 
m o l t e n  s a l t s  + rare e a r t h s  + l i q u i d  l e v e l  m e a s u r e B e r t  t 
k e r y l l i u m  f l u o r i d e  + l i t h i u m  f l u o r i d e  + zirconium f l u c r i d e  t 

Accessicxt Number LCB680007 . t o  L C B 7  IO007 

http://fiEsi.cn


F a g e .  1 2 6  

C a t e g o r y  L 
F u e l  P r e p a r a t i o n  a n d  E r o c e s s i n g  

XCB710007 * C o n t i n u e d *  
P l S R E  + se ra ra t ions  + t e s t i n g  

LCC7 100 24 
H i g h t c v e r  JR + PlcNeese LE + H a n n a f o r d  EA + C o c h r a n  FC 
LCW PEESSUEE D1STTLLATION.OF A PORTION OF THE FUEL C A R R I E R  

S A L T  FROB THE MOLTEN SALT BEACTOR E X F E R I C E E ' I  
C a k  f r idge  Nat ional  L a k o r a t o r y ,  Tena .  
ORNL-4577 ( A u g u s t  1 9 7 1 ) ,  56 17 f i g ,  10 ref. 

H i g h - t e m p e r a t u r e  l o w - p r e s s u r e  d i s t i l l a t i c n  cf i r r a d i a  ted 
HSRE f u e l  c a r r i e r  s a l t  uas d e m o n s t r a t e d ,  T w e l v e  l i t e r s  of 
t h i s  s a l t  was d i s t i l l e d  i n  23 b r  v i t h  s t i l l  y c t  tcmpratures  
of 4CC-980 deg  C a n d  c c n d e n s e r  p r e s s u r e s  of 0.1-0.8 tcrr ,  
E leven  c o n d e n s a t e  samples  t a k e n  d u r i n g  t h e  K U ~  ueIe a r a l y z e d  
f o r  L i ,  B e ,  Zr, CS-137, ZB-95, CE-144, E?l-147, EU-155, 
Y-91, SR-30, a n d  SR-89, E f f e c t i v e  r e l a t i v e  v c l a t i l i t i e s ,  
v i t b  resEect t c  L i F ,  f c r  B e  and Z r  a g r e e d  w i t h  values 
measured p r e v i c u s l y ,  E f f e c t i v e  r e l a t ive  v o l a t i l i t i e s  for 
t h e  s l i g h t l y  v o l a t i l e  m a t e r i a l s  Ce, Y ,  a n d  S r  uefe  much 
h i g h e r  t h a n  p r e v i o u s l y  m e a s u r e d  va lues .  The h i g h  v a l u e s  
a re  b e l i e v e d  to tie the resu l t  of samFle c c n t a u i t a t i ' c n ,  
a l t h c u g h  c o n c e n t r a t i c n  F o l a r i z a t i o n  may nave also b e e n  a 
c o n t r i b u t o r .  The e f f e c t i v e  r e l a t i v e  v c l a t i l i t y  fcr c$-137  
was o n l y  20%,  C K  less, cr  p r e v i o u s l y  m e a s u r e d  v a l u e ;  no 
e x p l a n a t i o n  of t h i s  d i s c r e p a n c y  is a v a i l a b l e ,  P l t h c u s h  t h e  
effective r e l a t i v e  v o l a t i l i t i e s  f o r  the l a n t h a n i d e s  ticre 
h i g h e r  t h a n  a n t i c i F a t e d ,  t h e  v a l u e s  o b s e r v e d  would  s t i l l  
allow a d e q u a t e  r e c o v e r y  of LiF-7  trom waste  s a l t  s t reams b y  
d is t i  l l a  t i c a ,  

* d i s t i l l a t i o n  + * e x p e r i e n c e  t *molten s a l t s  t *MSRE + 
k e r y l l i u m  f l u o r i d e  + cesium + e n t r a i n m e n t  t f l u o r i d e s  + 
p r o c e s s i n g  + r a r e  e a r t h s  + l i q u i d  l e v e l  measurement + 
l i t h i u m  f l u o r i d e  + zirccriium f l u o r i d e  t s e p a r a t i o n s  + 
o p e r a t i o n  t v o l a t i l i t y  
OTHER CJTEGORIES:  LIX 

LDA690012 
F e r r i s  LY 
SCME ASPECTS OF THE THEBYOCYNAMICS OF THE EX'IRAC'IION CF 

U 8 A M I O R 8  T H O R I O M ,  A N I i  R A R E  E A R T H S  FhCL HCLTEN L I T E I U K  
F L U C R I D E - E E R Y L L I U M  FLUOKICE INTO L I Q U I D  L I T H I U M - B I ~ M t ' X € 3  
SOLUTIONS 

Cak Ridge t i a t i o n a l  L a b o r a t o r y ,  T e n n .  
O P N L - 9 t l - 2 4 @ 6  (March 1969) 8 17 p I  18 ref, 

E x p r e s s i o n s  f o r  t h e  e q u i l i k r i u m  a i s t r i b u t i c n  cf uranicm, 
t h o r i u m ,  l a n t h a n u m ,  and o t h e r  s o l u t e s  b e t w e e n  l i t h i u m  
f l u o r i d e - b e r  y l l i u m  f l u o r i d e  s c l u  t i o n s  d nd l i t h i u m - b i s  muth 
s o l u t i o n s  a t  600 t o  700 d e g  C uerc  c a l c u l a t e d ,  u ~ i n g  
t b e r t c d y c a m i c  d a t a  frcm t h e  l i terature .  T h e  results 
o b t a i n e d  e x p e r i m e n t a l l y  for u r a n i u m  were i n  K E a s c n a b l ~  
good a g r e e m e n t  u i t h  t h e  ca lcu la ted  v a l u e s .  However, 
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t h e  results for t h o r i u m  a n d  l a n t h a n u a  r e f l e c t  the h i g h  
d e g r e e  of u n c e r t a i n t y  t h a t  exists i n  t h e  a v a i l a t l e  
t h e r m o d y n a m i c  d a t a  for these . s o l u t e s ,  It is CCEClUded, 

e x t r a c t a b i l i t y  of t h e  v a r i o u s  s o l u t e s  c a n  be c b t a i n e d  
o n l y  b y  e x p e r i e e n t a l  means. 

b e r y l l i u m  f l u o r i d e  + b i s m u t h  + d i s t r i k u t i o n  t e q u i l i b r i u m  + 
l i t h i u m  t l i t h i u m  f l u c r i d e  t rare e a r t h s  + t h o r i u m  + 
u r a n i u m  t * r e d u c t i v e  e x t r a c t i o n  process  + * d e s i g n  d a t a  
OTHER CATEGORIES: CBX 
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&i 
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- t h e r e f o r e ,  t h a t  an a c c u r a t e  m e a s u r e  of t h e  r e l a t i v e  

IDA6 9 00 13 
M a i l e n  J C  + F e r r i s  LN + Ncgueira ED 
ESTIMATE CF THE SCLUBILITY OF PROTACTINXUM IN L I Q U I D  EISHUOTH 
Oak R i d g e  Nat icnal  L a b o r a t o r y ,  Tenn .  
Inorq, 'Mucl. Chem. Letters, 5 (1969) p~ 869-8?2#  E ref. 

The s o l u b i l i t y  cf F r c t a c t i n i u a t  i n  b i s m u t h  was d e t e r m i n e d  t o  
be a b o u t  1200 ppm a t  500 d e g  2.  9he method u s e d  was t h e  
e x t  rac t icn  cf ro t ac t i  n i  um f ram l i t h i u m - b e r y l l i u m  f l u o r i d e  
i n t o  b i s m u t h  a t  600 d e g  C u n d e r  c c n d i t i c n s  s u c h  t h a t  t h e  
d o n c e n t r a t i c n s  of c t h e r  metals i n  b i s m u t h  was v e r y  low a n d  
t h a n  c o o l i n q  to 500 d e g  C a n d  s a a F l i n r j ,  

s o l u b i l i t y  + F r o t a c t i n i u m  + b i s m u t h  *+ m o l t e n  s a l t s  

L O A 6 9  0038 
D a h l k e  0 t Gans W t K n a c k e  0 + M u l l + r  F 
DTSSCCIATICN PFESSURE OF tISRUTH IN THE SYSTEIY: 

T e c h  n isc h e n  Ho ch sch u le, A ac h e n  a n d  .( e r n  for sc b u nq sa n la ge 

2. M e t a l l k . ,  h O ( 5 )  I19691 pp. 464-4El2, 5 f i g ,  8 r e f .  

BTSRUTN-THOR 1 UH 

J u l i c h ,  Germany 

ORNL- t r-22 1 8 
The d i s s o c i a t i o n  pressure of k i s n u t b  i n  the system 
b i s m u t h - t h o r i u i n  was d e t e r m i n e 3  u s i n g  t h e  e f f u s i c a  laethcd due 
t c  K n u d s s n  b e t w e e n  600 a n d  1410 d e g  C, I s o t h e r m a l  
d i s s o c i a t i o n  curves a n d  x - r a y  d i a s r a m s  cc r robc ra t ed  t h e  
c o m F c u n d s  t b o r i u E  d i b i s m u t h i d t ?  arid t r i t h o r i u m  
t e t r a b i s r n u t h i . d e  which dc n o t  forffi s o l i d  s o l u t i c z s .  The 
s u p F o s e d  compound d i t h o r i u m  b .Lsmuth ide  b a s  n o t  f o u n d  u s i n g  
m e a s u r e m e n t s  of t h e  p a r t i a l  Fcessure. 

* b i s m u t h  * t h o r i u a  + r e d u c t i v e  e x t r x t i o n  p r o c e s s  
CTHER CBTECCRIES: CEX 

L D A 7 0 C O 1 4  

THE SOLUBILITY OF THORIUU IN L I I ( ; U I D  EISLUTH 
Cak Ridge S a t i o n a l  Laboratory, T e n n ,  

i S c n i l l i n g  CE 4 Ferris LH 

. J o u r n a l  of t h e  L e s s C o m m o n  llletals, 20 (1970) FP. 150-159, 
1 f i g ,  12 ref. W The s o l u b i l i t y  of t h o r i u m  i n  v i s m u t h  was d e t e r m i n e d  over t h e  

A c c e s s i o n  Number L D A 6 9 0 0  1 2  t o  L D A 7 C C C  14 
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t e m p e r a t u r e  r a n g e  450 - 900 d e g r e e s  C, u s i n g  a f i l t r a t i c n  
t e c h n i q u e .  Data o b t a i n e d  u s i n g  m i l d  steel e q u i F m e n t  can be 
r e p r e s e n t e d  by t h e  e x p r e s s i o n :  l e g  S ( F F ~  T h )  = 7 . 7 C R E  - 
3 8 5 2 / T ( d e g  K) . S c ) v e t a l  d a t a  p o i n t s  were o b t a i n e d  u s i n g  
molybdenum a p p a r a t u s .  'These v a l u e s  are i n  g c c d  aqreement 
w i t h  t h o s e  d e t e r m i n e d  i n  m i l d  s t e c l .  

* s o l u t i l i t y  + t h c r i u l r  + b i s m u t h  + f i l t r a t i o n  + * d a t a  

LDA7000 15 

HUTUAL INTEEACTICES OF T H O R I U f l ,  N I C K E L  A N D  B I S l U ' X H  IN 
S m i t h  FJ + F e r r i s  LEI 

Th-Ni-Bi S O L U I I O N S  
Cak E i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
J. I n c r j .  N u c l .  Chen; .  32 (1970)  p p  2363-2868 ,  2 f i g ,  8 ref. 

T h o r i u m  a n d  n i c k e l ,  d i s s o l v e d  in l i q u i d  b i s l o u t h ,  were f c u n d  
t c  interact w i t h  e a c h  c t h e r  a n d  w i t h  t h e  s o l v e n t  t o  fcrm a 
s o l i d  t e r n a r y  compound cf t n e  a p p a r e n t  c o m p o s i t i o n  t h c r i u n t -  
n i c k e l - 2  b i s m u t h .  T h i s  i n t e r a c t i c n  was s t u d i e d  a t  50 d e g  
i n t c r v a l s ,  c v e r  the temrerature r a n g e  of 550-700 d e g  C. A t  
each t e a p e r a t u r e  s t u d i e d ,  t h e  joint sclubility cf t h o r i u m  
and n i c k e l  c o u l d  be exEressed as  a mole f r a c t i o n  p r o d u c t .  
S = mole f r a c t i o n  t h o r i u m  x role f r a c t i c n  E i c k e l ,  Ihe 
v a r i a t i o n  cf the s c l u b i l i t y  w i t h  t e m p e r a t u r e  c a n  te 
e x p r e s s e d  a s  log S = 1. 115 - Ci971T (deg K) . Ihe s t a n d a r d  
f r e e  e n e r g y  cf f c r m t i . c n  cf ' I h E i Z P i  u a s  e s t i m a t e d  to te  
- 5 1  k c a l p o l e  a t  65C d e g  C. 

* s o L u k i l i t y  + t h o r i u a  + n i c k e l  + L i s m u t h  + * d a t a  
OTHER CITEGORIES: CBX 

L D A 7  00046 
Fer r i s  iM + V a i l c n  J C  + L a w r e n c e  JJ  + S m i t h  P; + 

E Q U I L I B S I U M  DIS'I3IBU'IIO~ CF ACTINI3E A B C  L A h T E A N I C E  ELEMENTS 
BET'JSEEti f!OLTEN F L U C B I D E  SALTS A N C  L I Q U I D  B1,EMU'IH $OLCTZONE 

Oak R i d g e  Na t i cna l  Lahora tory, l e n n .  
3. I n o r j a n i c  Nucl.  Chem, 32, (1970) pp. 201+i0358 S f i g ,  

N o q u e i r a  EL 

21 r e f .  
The e q u i l i h r i u m  d i s t r i t u t i o n s  cf s e v e r a l  a c t i n i d e  a n d  
l a n t h a n i d e  e l e u e n t r  b e t r e e n  l i q u i d  b i s m u t h  s o l u t i o n s  and a 
v a r i e t y  of l i t n i u m  f l u o r i d e c c n t a i n i n s  r c l t e r  f l u c r i d e  salts 
weft' d e t e r m i n e d  b e t r e e n  503 a n d  700 d e g  C. A t .  each 
t e m p e r a t u r e ,  t h e  d i s t r i t u t i e n  c o e f f i c i e i t s  (ncle frac t i c n  i n  
b i s a u t h  Fhase d i v i d e d  by mole f r a c t i o n  i n  s a l t )  o k e y e d  t h e  
r e l a t i o n s h i p  C = (CnLi)K ( 1 s t )  i n  w h i c h  L is  the v a l e n c e  of 
t h e  element i n  t h e  salt p h a s e .  C v e r  t h e  rdnge of c o u C i t i o n s  
i n v e s t i g a t e d ,  t h o r i u m ,  p r o t a c t i n i u m  a c d  z i r c c r i t n  e x i s t e d  a s  
t e t r a v a l e n t  s p e c i e s  i n  t h o  s a l t ;  u r a n i u E ,  c e F t u c i u m ,  
p l u  t c n i u  E, a me r ic i u u c u r i  urn, c a l i f  o r  n i um , 1 a n t  h a nu m, a n d  
neodymium u e r e  t r i v a l e n t ;  a n d  e u r c p i u a  E a s  d i v a l e n t ,  The 
d i s t r i b u t i c n  b e h a v i c r  cf each element was a f f e c t e d  ky salt 

A c c e s s i o n  Number LDA7CCO14 t c  LCA7CCC46 
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c o m p o s i t i o n  a n d  t e m p e r a t u r e ,  V a l u e s  cf log  K ( 1 s t )  i n c r e a s e d  
r e g u l a r l y  w i t h  d e c r e a s i p g  t e m ~ e r a t u r e .  Wi th  l i t h i u m  
f l u o r i d e - b e r y l l i u m  f l u o r i d e - t h o r i u m  f l u c r i d e  (74- 16-1 2 
mole X) . a s  t h e  s a l t  F h a s e ,  the  v a l u e s  of log KSlzt) a t  
600  d e q  C f c r  t h e  t r i v a l e n t  a c t i n i d e  e l e m e n t s  v a r i e d  
s y s t e m a t i c a l l y  w i t h  atomic n u m t e r ,  a n d  passed t h r c u g h  a 
miniEum near 2 = 96 (curium).  

P 

* d i s t r i b u t i o n  t a c t i n i d e s  + t e r y l l i u f f i  f l u o r i d c  t b i s n u t h  t 
l i t h i u m  f l u o r i d e  + p r o t a c t i n i u m  f l u o r i d e s  t r a r e  e a r t h s  t 
t h o r i u m  f l u o r i d e s  + z i r c o n i u m  f l u o r i d e  

. 
h, 

LGX650002 
BcNeese LE t S c o t t  CC 
RECONSTITUTION OF RSR FUEL BY R E D U C I N G  U B A E I U t  

O a k  R i d q e  Na t iona l  L a b o r a t o r y ,  T e n n  
OBNL-TM-1051 (March 11, 1965) ,  15 p, 5 f i q ,  7 r e f  

HEXAFLUCRIDE GAS TO URANIUM TETRAFLUORIDE IN A MOL'IEN SAL1 

The di rec t  r e d u c t i o n  cf u r a n i u m  h e x a f l u o r i d e  to u r a n i u m  
t e t r a f l u o r i d e  in a m o l t e n  s a l t  is p r o p c s e d  a s  a step 
i n  t h e  p u r i f i c a t i o n  of f u e l  s a l t  from a molteri s a l t  
reactor. T h i s  s t e p  w o u l d  r e p l a c e  t h e  c c n v e n t i c t a l  
m e t t c d  of r e d u c t i o n  i n  v h i c h  u r a n i u m  h e x o f f u o r i d e  is 
r e d u c e d  t o  u r a n i u m  t e t r a f l u o r i d e   over in a hydrcgen-  
f l u c r i n e  flame. R e d u c t i o n  of t h e  u r a n i u m  h e x a f l u o r i d e  
i n  a m o l t e n  s a l t  w i l l  r f s u l t  i n  a s b c r t e r  and a c s e  
d i r e c t  F r c c e s s  f o r  f u e l  . s a l t  p u r i f i c a t i o n ,  The r e d u c t i o n  
is  to be effected i n  two  s t e p s  w b i c h  c o n s i s t  cf a b s c r r t i o n  
of u r a n i u m  h e x a f l u o r i d e  i n t o  a molten s a l t  c o n t a i n i n g  
u r a n i u m  t e t r a f l u o r i d e  a n d  of r e d u c t i c 0  c f  t h e  r e s u l t i r g  
i n t e r m e d i a t e  f l u o r i d e s  t o  u r a n i u m  t e t r a f luo r ide  u i t h  
h y d r o g e n .  E x p e r i m e n t a l  d a t a  on  the  a k s c r p t i c r  steF 
afe  F r e s e n t e d  a n d  i n f o r m a t i o n  c a n c e r n i n g  t h e  r e d u c t i o n  

. of i n t e r m e d i a t e  fluorides is ccnsidercd, 
* h y d r c g e n  t l r e d u c t i c n  t a b s o r F t i o n  t c h e m i c a l  r e a c t i o n s  + 
f l u o r i n e  t molten s a l t s  t h y d r o g e n  t u r a n i u a  f l u c r i d e s  

L HX69 CO 1 1 
L i n d a u e r  SE + M c G l o t h l a n  CK 
D E S I G N .  CONSTRUCTIObI,  A N D  TES'IIkG CP A I A R G E  FCLTEb*SELT 

Oak R i d g e  N a t i o n a l  L a b o r a  to 
ORNL-Tfl -2478 (March 1 9 6 9 ) ,  9 f i q ,  12 re f .  

FIIZTEE 

T h e  M o l t e n  S a l t  React m e n t  u s e s  m i x t u r e s  of f l u o r i d e  
s a l t s  a s  f u e l ,  R o u t i n €  on-s i te  Frocessinq cf tkesc 
molten s a l t s  r e s u l t s  i n  f o r m a t i o n  of c o r r o s i o n  F r o d u c t s ,  
T h i s  report  d e s c r i b e s  d e v e l o p m e n t ,  d e s i c n ,  ~ c t s t r u c  t i c o ,  
i n s t a l l a t i c n ,  a n d  t e s t i n g  of a l arge  salt f i l t e r  to remove 
t h e s e  corrosion p r o d u c t s .  T h e  f i l t e r  i E  d e s i g n e d  t c  
r e m o v e  a F p r o x i E a t e l y  15 k i l o g r a m s  of corrosion F r o d u c t s  
from 9000 kilograms of f l u s h  a n d  f u e l  s a l t  a t  a temFerature 

Accessicn Number LDA700046 t o  IHX6900 11 
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*fi l ters + *HSftE + c o n s t r u c t i o n  + c c r r c s i c n  F r c d u c t s  + 
d e s i q n  + d e v e l c p m e n t  t f l u o r i d e s  t t e s t i n g  

LIX650023 
L i n d a u e r  RB 
MSRE CESXGN A N C  OFERATIONS REPORT, PAB'I VII, FUEL HANCLING 

Oak Bidge N a t i o n a l  L a b o r a t o r y ,  Tenn ,  
O R N L - T R - 9 C 3  (May 1965) ,  96 F, 20 fig, 8 ref, 

of 12GO d e g  P. 

A N D  P R O C E S S I N G  P L A N T  

The on-si te  p l a n t  is d e s i g n e d  t o  remove c x i d e z  frcm t h e  
salts by t r e a t m e n t  s i t h  H2-HF m i x t u r e s  a n d  u r a n i u m  a s  UE6 
by t r e a t m e n t  w i t h  f l u o r i n e .  The  repcr t  i n c l u d e s  Flaiit 
d e s c r i p t i o n ,  safety a n a l y s e s ,  and p r o c e d u r e s  . ( A  rev i s i o n  
c o v e r i n q  c h a n g e s  i n  e q u i F m e n t  a n d  plans, i s s u e d  i n  1 9 f 7 ,  
is f i l e d  a s  LIA670013.) 

+tSSRE + * F r o c e s s i n g  + e q u i g m e n t  + f l o w s h e e t s  + 
f l u o r i n a t i o n  + h y d r o g e n  + h y d r o g e n  CCDFCUndS + o F e r a t i c n  + 
oxides + F l a n s  t F l a n t  t s a f e t y  
GTHER CATEGCBIES: M A A  

L I x b 7  co 13 
L i n d a u e r  E E  
MSRE DESIGN A N D  O P E R A T I O N S  BEFORT,  FART V I 1 8  F U Z L  H A L I L I N G  

Oak R i d q e  N a t i c n a l  Laboratory,  Tenn 
CRNL-TH-907 R e v i s e d  (CeC. 1967), 6 5  F, 19 f i g ,  7 ref. 

AND FRCCESSIKG PLANT 

F l o u s h e e t s  a n d  e q u i p m e n t  for the ESBE F u e l  F r o c e s s i n y  
P l a n t  a r e  d e s c r i b e d .  The p l a n t  i s  d e s i c n e d  t c  t e i ccve  
o x i d e s  from t h e  f l u s h  a n d  f u e l  salts t y  t r e a t n e r t  
w i t h  h y d r c y e w h y d r c g e n  f l u o r i d e  gas m i x t u r e s  a n d  t o  
r e c o v e r  u r a n i u m  by f l u o r i n a t i o n .  C o n s e c u e n c e s  cf t h e  
maximum c r e d i b l e  a c c i d e n t  a re  d e s c r i b e d  i n  a d d i t i o n  
t o  t h e  e x p e c t e d  r a d i a t i o n  l e v e l s  d u r i n g  p r c c e s s i n g .  

*HSRE + * F r o c e s s i n y  + a c c i d e n t s  + e q u i p m e n t  + f lowshee t s  + 
f l u a r i n a t i o n  + hydrogen + h y d r o g e n  c c m p c u n d s  t o F e r a t i c n  + 
F l a n t  + s a f e t y  t uras iunc  
OTHER CATEGCRIES: HAA 

L IX69C008 
L i n d a u e r  SE 
PROCESSING OF THE MSRE FLESH AND S U E 1  SALTS 
c ~ K  Ridge R a t i o n a l  L a b o r a t o r y ,  Tenn ,  
OBNL-PH-2278 (Aug, 1 9 6 9 ) ,  75 F #  25 f i g ,  1 2  ref, 

T h e  ESSE F u e l  P r o c e s s i n g  P l a n t ,  s b a k e d c w n  tes ts  cf 
eyu ip f f i en t  and  F r o c e d u r e s ,  a n d  the u r a n i u m  r e c o v e r y  
o p e r a t i o n  a r e  d e s c r i t e d .  T h e  MSRE f l u s l  and f u e l  s a l t  
b a t c h e s  were f l u c r i n a t e d  to  r e c o v e r  6 .5  a n d  2-16 kg 
of u r a n i u m ,  r e s p e c t i v e l y .  Known losses d u r i n g  F r c c e s s i n q  
Yere less than 0.1%. G K O S S  b e t a  a n d  gamma d e c o n t a m i n a t i o n  

c 

W 
B c c e s s i o n  Nurnker LHX69CQ11 t c  LTX690008 
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f a c t o r s  of 1.2 x 1 0 1 9 t h )  a n d  E 0 6  x 1 G I 8 t h )  wete c b t a i r e d .  
C o r r o s i o n  a v e r a g e d  a b o u t  0. 1 m i l / h r ,  The corrosion 
p r o d u c t  f l u o r i d e s  u e r e  r e d u c e d  a n d  f i l t e r e d  t c  C r c v i d e  

c o n t a E i n a n t s  t h a n  t h e  o r i g i n a l  carrier sa l t .  
*nSRE + * p r o c e s s i n g  t c o r r o s i o n  + d e c o n t a m i n a t i o n  t 
f i l t r a t i o n  + f l u o r i n a t i o n  t losses t o p e f a t i o n  + p l a n t  t 
u r a n i u m  
OTHER CATEGORIES: MCD . 

s 

- a c a r r i e r  s a l t  h a v i n g  a lower c o n c e n t r a t i o n  cf netallic 

LIX6 9 0009 
C h a n d l e r  JPI t L i n d a u e r  RB 
PHEPARATICE A N C  PliOCESSINE O F  H S B E  F U E L  
Oak R i d q e  N a t i o n a l  L a b o r a t o r y ,  Tenn,  
CONF-6908 1 ( A u g u s t  1 9 6 9 ) ,  Symposium on B e p r c c c s s i n g  cf 

N u c l e a r  F u e l s ,  Nuclear M e t a l l u r g y  Volume 15, A m e s ,  l o u a ,  
A u g u s t  25-27,  1969 ,  pp. 97-120, 8 f i g ,  4 r e i .  

The HSRE h a s  b e e n  r e f u e l e d  w i t h  an e n r i c h i n g  s a l t  
c o n c e n t r a t e ,  l i t h i  u p 7  f 1 u o r i d e - u r a n i u m - 2 3  3 t e t r a f l u o r i d e  
(73-27 mole X ) ,  w h i c h  w a s  p r e p a t E d  i n  a s h i e l d e d  cel l  i n  t h e  

Thor ium-  U r a n i u i e  Recycle F a c i l i t y  at C f i b L .  T h e  p r e p a r a t i o n  
p r o c e s s  i n v o l v e d  r e d u c i n g  u r a n i u s :  t r i c x i d e  (u ran ium-232  
c o n t e n t ,  2 2 2  FEU!) t c  u r a n i u m  d i o x i d e  by t r e a t m e n t  with 
h y d r o g e n ,  c o n v e r t i n g  t h e  d i o x i d e  t o  t e t r a f  l u c r i d e  by 
h y d r c f l u c r i n a t i o n ,  a n d  f u s i n g  t h e  t e t r a f l u c r i d e  s i t h  
l i t h i u l o - 7  f l u o r i d e .  f h e  o r i g i n a l  tSRE f u e l  s a l t ,  w h i c h  
c o n t a i n e d  220  kg  of u r a n i u m  (35% u r a n i u n - 2 3 5 ) ,  was 
f l u c r i n a  t e d  t o  v o l a  t i l ine t h e  u r a n i u m  a s  the h e x a f l u o r i d e  
w h i c h  was a b s o r b e d  on  sodiuoc  f l u c r i d e .  The u r a r i u m  was 
d e c c n t a m i n a t e d  from f i s s i c n  p r o d u c t s  by a f a c t o r  of almost 
ten t o  the n i n t h ,  F l u o r i n e  u t i l i z a t i c n  a v e r a q e d  39%. 
Corrcsion p r o d u c t s  uere removed from t h e  b a r r e n  ca r r i e r  s a l t  
b y  reduction and filtraticn. Corrosicn rates  f c r  surfaces 
expcsed t o  f l u c r i n e  d u r i n g  f l u o r i n a t i o n  a v e r a g e d  0.1 i c i l / h r  
for 4 3  h o u r s .  

* f u e l  p r e F a r a t i o n  + *!ISHE t r o c e s s i n g  + d e c o n t a m i n a t i c n  + 
f i l t r a t i o n  + h y d r o f l u o r i n a t i o n  t h y d r o g e n  + l i t h i u m  f l u o r i d e  t 
r e d u c t i o n  + s o d i u m  f l u o r i d e  u r a n i u m  f l u o r i d e s  
OTHER CATEGORIES: LAX + LCD 

LJX6 6 0006 
Scot t  CD Car te r  WL 
PHELI E1 N A E Y  DESIGN STUDY OF UOUS FLUORINBSION- 

VAC UUH-  D T S T I  LL AT10 N SY S IE E N E E A T I h G  EU'EL P N I  
i FBRTIIE STBEAHS IN A HSER 

oak R i d g e  l a t i o n a l  L a b o r a  to 
CRNL-3791 ( J a n .  1966),  1 2 3  p,  3 1  f i g ,  J9 r e f ,  . A p r e l i m i n a r y  d e s i q n  and engineering e v a l u a t i o n  is mate 

of  a c o n c e p t u a l  p l a n t  f o r  t r e a t i n g  t h e  f u e l  a n d  f e r t i l e  
s t reams cf a 1000 flbE MSBR. The  r e q u i r e m e n t s  dre to 
r e c o v e r  u n b u r n e d  f u e l  a n d  f u s c d  s a l t s  frcm t h e  fuel 

i 
Accessicn Nitmber LIX690008 t o  LJX660CC€ 
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C a t e g o r y  L 
F u e l  P r e F a r a t i o n  a n d  F r o c e s s i n g  

LJX660006 * C o n t i n u e d *  
stream a n d  t h e  b red  u r a o i u m  a n d  f u s e d  s a l t s  from t h e  
f e r t i l e  stream, C e c o n t a a i n a t i c n  m u s t  be suff icieot 
f o r  a t t r a c t i v e  b r e e d i n g ,  P l a n t  c a p a c i t y  is 15 c u  f t / d a y  
of f u e l  s a l t  a n d  1 0 5  c u  f t / d a y  of f e r t i l e  s a l t ,  T h e  
f u e l  stream is  F u r i f i e d  b y  f l u o r i n a t i o n  and d i s t i l l a t i c n .  
V o l a t i l e  f i s s i o n  F r c d u c t  f l u o r i d e s  are  removed  ky s o r g t i o n  
on sodium f l u o r i d e ,  The f e r t i l e  stream is f l u c r i n a t e d  
t o  re lcove  b r e d  u r a n i u m  s u f f i c i e n t l y  f a s t  t o  k e e p  a 
low c o n c e n t r a t i o n  in t h e  k l a n k e t .  Tfe c h i e f  c c x l u s i c n s  
of t b i s  s t u d y  are  t h a t  t h i s  p r o c e s s  c a n  be e n g i n e e r e d  
w i t h  a n o r m a l  a m o u n t  of d e v e l o F m e n t  work a n d  t h a t  
i n t e g r a t i o n  of the F r o c e s s i n g  a n d  r eac to r  f a c i l i t i e s  is of  
p r i m a r y  i m p o r t a n c e  i n  l o w e r i n g  t h e  p r c c e s s i n q  c c s t ,  'Jhe 
c c s t  of t h e  F r c c e s s i n g  p l a n t  c o n t r i b u t e s  a b o u t  0.2 mil/kwh 
to t h e  f u e l  c y c l e  cost ,  

* d e s i g n  t *IYSBR + * p r o c e s s i n g  t b l a n k e t  + costs + 
d e c o n t a m i n a t i o n  + d i s t i 1 l a t i . c n  + f l u o r i n a t i o n  + 
f u e l  c y c l e  c o s t s  + s o d i u m  f l u o r i d e  + u r a n i u s  + 
* t w o -  f l u i d  reactcr 

I JX6 6 0032 
W h a t l e y  Y E  + Carter  WL + l i n d a u e r  R B  + CcNeese L E  + 

Scot t  CC t Hightouer JR 

HOLTEE-SALT E E E E C E R  R E A C T O R S  
E N G I N E E R I N G  DEVELOPHENT GE O N - S I T E  F R C C E S S I I G  FOF 

O a k  R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
CONF-66-524 ( P r o c .  2nd  I n t ,  Thorium F u e l  C y c l c  S y m ~ c s i u a ,  

G a t l i n b u r g ,  Bay 3-6, 1 9 6 6 ) ,  pp. 653-669, 9 f i g ,  4 ref. 
A p r o c e s s i n g  scheme is d e s c r i t e d  for a t w o - f l u i d  HSBR, 
T h e  f u e l  s t r ean  is f l u o r i n a t e d  t o  recover u r a n i u m  a n d  
d i s t i l l e d  t o  r e c o v e r  l i t h i u m .  T h e  k l a n k e t  s a l t  { L i F - I h F 4 )  
is f l u o r i n a t e d  t c  r e c o v e r  bred U-233. 

* c o n c e p t u a l  d e s i g n  + * d i s t i l l a t i o n  + * f l u o r i n a t i c n  + 
* p r o c e s s i n g  + c o s t s  + f l c w s h e e t s  + xeol ten  s a l t s  + MEBR + 
t hor i u m 

1 3 x 6 7 0 0 3 2  
C a r t e r  OL + w h a t l e y  hI? 
F U E L  A N C  ELANKET E R O C E S S I N G  C E Y  ELOPHEN'I FOR MOLTEN SAX3 

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
BREEDER REACTORS 

OBNL-!IM-IE52 ( J u n e  1967) 52 p #  10 f i g #  13 ref,  
This d o c u m e n t  d e s c r i b e s  t h e  f u e l  a n d  t l a n k e t  IrccesseE f o r  
t h e  t w o - f l u i d  #SBR, g i v i n g  t h e  1967 s t a t u s  of t h e  
t e c h n o l o g y  a n d  o u t l i n i n g  the n e e d e d  d e v c l o F m e c t ,  I t  is 
c o n c l u d e d  t h a t  t h e  F r i n c i F a l  n e e d s  a r e  t o  d e v e l o p  t h e  
vacuum d i s t i l l a t i o n  a n d  p r o t a c t i n i u m  r e n c v a l  cFe ra t io r s ,  
u h i c h  h a v e  b e e n  d e m c n s t f a t e d  i n  t h e  l a b c r a t o r y  t u t  o o t  o n  
a n  e n g i n e e r i n g  s ca l e ,  A p r o g r a m  t o  d e v c l o F  c c r t i c u c u l .  
f l u c r i d e  v o l a t i l i t y  , li q u i d - p h a s e  r e d u c t i o n - r e c o n s t i t u t i o n ,  
i anproved  x e n o n  c o n t r o l ,  a n d  s ~ e c . i a l  i n s t r u a e n t a t i c n  s h o u l d  

A c c e s s i c n  Number LJX660006 t o  LJX670032 
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C a t e q o r y  L 
Fuel P r e p a r a t i o n  $and E r o c e s s i n g  

L JX67 0032 * C o n t i n u e d *  
B, 
- . also be a major d e v e l c F m e n t a 1  e f f o r t .  Bn e s t i m a t e  of 

manpower a n d  c o s t  for d e v e l o F i n g  MSBR f u e l  a n d  f e r t i l e  
processes i n d i c a t e s  t h a t  i t  w i l l  r e q u i r e  2 8 8  m a n y e a r s  of 
e f f o r t  o v e r  a 6 - y e a r  p e r i o d  a t  a t o t a l  c o s t  cf a b c u t  - 
1s,oco, C O G .  

* d e v e l o p m e n t  t *MSER t * p r o c e s s i n q  + b l a n k e t  t c c s t z  + 
d i s t i l l a t i c n  t f u e l s  + p r c t a c t i n i u m  + t w o - t l u i d  r e a c t o r  

LKX6 20003 
C a r t e r  U L  + M i l f o r d  B P  + 5 t o c k d a l e  EG 
D E S I G B  STUCTES A N D  COST ESTIMATES OF THO F L U O E I D E  

Cak Eidge f a t i o n a l  L a b o r a t o r y ,  Tenn .  
V O L A T I L I T Y  PLANTS 

ORNL-IN-522 ( O c t o  10, 1962) ,  81 p ,  25 f i g ,  16 ref 
S t u d i e s  are made for  1.2 cu f t / d a y  a n d  12 cu f t / d a y  p l a n t s  
p r o c e s s i n q  f u e l  f r c E  a 1000-HUE o n e - r e g i o n  f u s e d  s a l t  
c o n v e r t e r  reactor .  Two c o n d i t i o n s  were c o n s i d e r e d  
for the smaller p l a n t :  (1) r e t e n t i c n  c f  the baste 
s a l t  f c r  ~ r o t a c t i n i u m - 2 3 3  doc,iy and r e c o v e r y  ky a s e c o n d  
f l u o r i n a t i o n  a n d  ( 2 )  d i s c a r d  cf a l l  ~ r o t a c t i n i u n - 2 3 3  
a s  waste a f t e r  t h e  f i r s t  f l u o r i n a t i o n .  The  l a r q e r  p l a n t  
was c o n s i d e r e d  o n l y  for  t h e  c a s e  cf F x o t a c t i n i u r  d e c a l  
a n d  r e c o v e r y .  W i t h  & r o t a c t i n i u m  r:EcovEcy, t h e  c a F i t a 1 .  
c o s t  is $25,750,000 f o r  the l a r g e r  p l a n t  a n d  912,556,COO 
for t h e  s m a l l e r  p l a n t .  O p e r a t i n g  c o s t  is  82,i'41,COC f c r  
t h e  l a r g e r  p l a c t  a n d  $l81C3,0OC for t h e  smal le r  p l a n t .  
W i t h  p r o t a c t i n i u m  d i s c a r d  the c a K i t a l  c c s t  is L 108188,000 
f o r  t h e  s u a l l e r  F l a n t .  P r o c e s s i n g  ccns is t s  of f l u o r i  ra t i o n ,  
a b s c r p i c n  on s o d i u r  f l u o r i d e ,  c o n d e n s a t i o n  i n  cold 
t r a p s ,  r e d u c t i o n  i n  a h y d r o g e n - f  l u o r i n e  flatfie, d i s s c l c t i c n  
i n  makeuF s a l t  a n d  recycle t o  t h e  reactor ,  

* c a p i t a l  cos t s  + * c o n v e r t e r s  t * o p e r a t i n g  c c s t s  + * F r c c e s s i r g  + 
a t s o r F t i o n  + d e s i g n  + r c c l t e n  salts * p r o t a c t i n i u m  + reactors + 
sodium f l u o r i d e  + v o l a t i l i t y  
OTHER CATEGOSIES: LJX 

I 
L R X 7  000 30 
McNeese L E  
E N G I N E E E X N G  DEVELOPMENT S T U C I E S  FOR MOLTEN-SALT BBEEDER 

REBCTOH P R O C E S S I N G  NO. 1 
Cak R i d g e  P a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-TM-3053 [Novo 1 9 7 0 ) ,  85 9 f i q .  24 ref. 

Severa l  o p e r a t  i ons  ass c i a t e d  w i t h  WSBR p r c c e s s i c g  a r c  u n d e r  
s t u d y .  T h i s  r eFc r t  describes: 11) a recent ly  c o m p l e t e d  
f a c i l i t y  f o r  s e m i - c o n t i n u o u s  e n g i n e e r i n y  e x p e r i m e n t s  m- 
r e d u c t i v e  e x t r a c t i o n ,  (2 )  e x p e r i m e n t s  r E l a t e d  t c  t h e  
d e v f f c E m e n t  cf e l ec t ro ly t i c  cells for u s e  with m o l t e n  s a l t  
a n d  b i s m u t h ,  (3)  c o n s i d e r a t i o n  of s e l e c t i v e  c r y s t a l l i z a t i o n  
of thorium b i s m u t h i d e  f Lom b i s m u t h - t h o r i u m - r a r e  e a r t h  
s o l u t i o n s  as a m e a n s  €or s e p a r a t i n g  t h c r i u n  f r c n  t h e  Iare 

A c c e s s i c n  Number LJX6'7003; t o  LKX700C3C 
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C a t e g o r y  I 
Fuel P r e p a r a t i o n  a n d  P r o c e s s i n g  u 

LKX7OCO30 * C c n t i n u e d *  
e a r t h s ,  a n d  (4) a computer cclde t h a t  c a l c u l a t e s  t h e  n u c l e a r ,  
c h e m i c a l ,  a n d  F h y s i c a l  Erocesses o c c u r r i n g  i n  t h e  f u e l  
stream of a n  HSEB. T h i s  work was c a r r i c d  o u t  i a  t h e  
C h e m i c a l  T e c h n c l o g y  D i v i s i o n  d u r i n g  t h e  p e r i o d  Cctoker 
t h r o u g h  Cecem ber  1968. 

- 
r 

*developmeat + *process ing  t W S B R  + b i s m u t h  + 
c o m p u t e r  c o d e s  + c o n t a c t o r s  + e l e c t r o l y s i s  + r a re  e a r t h s  + 
r e d u c t i v e  e x t r a c t i c n  Frccess + t h o r i u m  

LKX7 1 0 0 0  1 
McNeese LE 
R N G I N E E I ? I Z G  DEVELOFHENT STUETES FOF MOLTEN-SAL2 B#EEDEB 

Oak Ridge X a t i o n a l  L a b o r a t o r y ,  T e n t .  
ORNL-TH-3137 (Jan. 1971)  1 0 2  50 f i g ,  5 ref. 

REACTOR PROCESSING No. 2 

S e v e r a l  o p e r a t  ions a s soc ia t ee  u i t h  MSBR F r c c e s s i o q  a r e  u n d e r  
s t u d y .  T h i s  r e F c r t  describes ( 1 )  a p r o p o s e d  r e d u c t i v e -  
e x t r a c t i o n  f l o w s h e e t  for a s i n g l e  f l u i d  MSE6, (2 )  mat r r i a l -  
b a l a n c e  c a l c u l a t i o n s  t h a t  shcw t he  e f f e c t s  c f  t h e  reDccval 
times for z irccnium,  a l k a l i  @ e t a i s  and a l k a l i n e  e a r t h s ,  
e u r o p i u m ,  a n d  p r o t a c t i n i u m  o n  r e a c t o r  p e r t c r E a n c e  a n d  t h a t  
i n d i c a t e  t h e  m a g n i t u d e s  of the h e a t  g e n e r a t i o n  a n d  mass 
f l o w  a s s o c i a t e d  w i t h  the r e a c t o r  o f f - g a s ,  (3) ca lcu la ted  
r e s u l t s  s h o w i n q  t h e  s teady-state  p e r f o r m a n c e  of a 
p r o t a c t i n i u m  i s o l a t i o n  s y s t c a ,  (4) a n  e v a l u a t i c r :  cf the use 
of t h e  p r o t a c t i n i u m  i s o l a t i o n  system t o  l i a i t  t h e  u r a n i u m  
c o n c e n t r a t i o n  i n  t h e  t l a n k e t  cf a s i n g l e - f l u i d  flSBR, (5) 
c a l c u l a t i c n s  t o  F r e d i c t  the steady-state  p e r f o r m a n c e  of a 
ra re-ear th  removal s y s t e m  k a s c d  o n  r e d u c t i v e  E X  t r a c t i c n ,  ( 6 )  
p r e l i m i n a r y  t e s t i n g  of t h e  s e m i c o n t i n u o u s  r e d u c t i v e -  
e x t r a c t i o n  f a c i l i t y ,  (7)  e x p e r i m e n t s  r e l a t e d  t o  t h e  
d e v e l c F m e n t  cf e lec t ro ly t ic  c e l l s  for u s e  w i t h  molten s a l t  
a n d  b i s m u t h ,  a n d  ( 8 )  i n s t a l l a t i o n  o t  e q u i p n e o t  a t  the EISRE 
f c r  d e m o n s t r a t i n g  lcw-Fressure d i s t i l l a t i o n  of molten s a l t  
u s i n g  i r r a d i a t e d  f l S E E  f u e l  c a r r i e r  s a l t .  % h i s  rcrk was 
c a r r i e d  c u t  b y  t h e  C h e m i c a l  T e c h n o l o g y  f i v i s i c n  d u r i n g  t h e  
p e r i o d  J a n u a r y  - 5 a r c h  1969. 

* d e v e l o F m e n t  + * p r o c e s s i n g  4 *HSBR + b i s m u t h  + e l e c t r o l y s i s  + 
heat g e n e r a t i o n  + M S & E  + p r o t a c t i n i u m  + rdre Earths + 
r e d u c t i v e  e x t r a c t i c n  Frccess + z i r c o n i u m  

LXX660031 
B l a n k e n s h i p  FF 
CHEHICAL SEFARATIONS IN MOLTEN FLUORIDES 
Oak R i d g e  N a t i c n a l  Labcratorp,  Tenn. 
CCNP-660524 (Proc. 2nd I n t .  T h o r i u m  Fuel C y c l e  Symycsicu, 

G a t l i n b U r g ,  May 3-68 1 9 6 6 )  # pp. 647-652,  8 ref .  
There are s e v e r a l  f a v o r a k l e  r e a c t i o n s  i r  mcltcn f l u c r i d e  ! 

systems t h a t  u c u l d  yermit r a p i d  r e m o v a l  of f i s s i o n  p r c d u c t s .  
Xenon a n d  k r y p t o n  are o n l y  s l i g h t l y  s c l u k l e  a r d  t ransfer  
i n t c  a n y  qas p h a s e .  Iodine can be  removed  by s p a r g i n s  w i t h  

LJ 

A c c e s s i o n  Number LKX7CCO30 tc LXX660031 
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Category 1 
F u e l  P r e p a r a t i o n  a n d  P r o c e s s i n g  

a m i x t u r e  of 82 a n d  HF. Bare E a r t h s  cafi be seFarated b y  
d i s t i l l a t i c n ,  by r e d u c t i c n  t o  i n s o l u b l e  i n t e r m e t a l l i c  
b e r y l l i d e s  i n  the s a l t ,  or t y  r e d u c t i o n  a n d  e x t r a c t i o r :  i n t o  
m o l t e n  L i - B i  a l l o y s ,  P r o t a c t i n i u m  c a n  h e  r emoved  b y  o x i d e  
p r e c i p i t a t i o n .  

L X X  66 C O  3 1 *C c n t i  nued* 
ad 
i 

.D 

* c h e m i s t r y  + * f i s s i o n  Frcducts t * m o l t e n  s a l t s  + 
* s e p a r a t i o n s  + b e r y l l i u m  t c h e m i c a l  r e a c t i o n s  + 
d i s t i l l a t i c n  + e x p e r i m e n t  + i c d i n e  t ox ides  + p r o c e s s i n q  t 
p r o t a c t i n i u m  + rare e a r t h s  + r e d u c t i v e  e x t r a c t i o n  l r c c e s s  

L X X  70 c029 
W h a t l e y  M E  t RcNeese L E  t Carter UL + Ferris LM + 

E N G L N E E E X W G  DEVELOPMENT OF THE MSBR FUEL RECYCLE 
Oak R i d g e  N a t i o n a l  L a b c r a t o r y ,  Tenn.  
Nucl,  Appl.  Tech .  8 ,  170 (Feb. 1970), 9 y, f f i g ,  re f .  

Nicholscn EL 

The BSBR b e i n g  d e v e l o p e d  a t  C S S L  r e q u i r e s  c o n t i n u o u s  
p r o c e s s i n g  of the f u e l  s a l t ,  l i t h i u m  f l u c r i d e - b e r y l l i c m  
f l u c r i d e - t h o r i u m  f l u o r i d e  (72-16-12 mole I) c o n t a i n i n s  
a p p r o x i m a t e l y  0.3 mole X uran ium-233  t e t r a f l u c r i d e .  T h e  
r e a c t c r  a n d  ~ r o c e s s i n q  F l a n t  are p l a n n e d  as an i n t e g r a l  
s y s t e m .  The main f u n c t i o n s  c f  t h c  F r c c e s s i n g  L l a c t  w i l l  b e  
t c  i s c l a t e  ~ r o t a c t i c i u m - 2 3 3  from t h e  n e u t r o n  f l u x  a n d  t o  
r e m o v e  the ra re-ear th  f i s s i o n  p r c d u c t s .  The nethcd b e i r i g  
d e v c l c F e d  i n v o l v e s  t h e  s e l e c t i v e  c h e m i c a l  r e d u c t i o n  of t h e  
v a r i o u s  c o m p o n e n t s  i n t o  l i q u i d  k i s m u t h  s o l u t i c n r  a t  
a p p r o x i m a t e l y  600 d e g  C, u t i l i z i n g  m u l t i s t a g e  c o u n t e r -  
c u r r e n t  e x t r a c t i o n .  P r o t a c t i n i u m ,  w h i c h  i s  e a s i l y  
s e p a r a t e d  frcm u r a n i u m ,  t h o r i u m ,  a n d  the rare e a r t h s ,  u o u l d  
be t r a p p e d  i n  the s a l t  F h a s e  i n  a s t o r a g e  tank l c c a t e d  
b e t w e e n  two e x t r a c t i c n  c o n t a c t o r s  a n d  a l l o v e d  t o  decay t o  
uranium-233.  Fiare e a r t h s  w o u l d  ke s i a i l a r l y  E e F a r a t e d  from 
thorium; h c u e v e r  t h i s  o p r a t i S n  w i l l  b e  more d i f f i c u l t  
because t h e  s e p a r a t i o n  f a c t o r s  a r e  l o v e r .  E l e c t r c l y t i c  
c e l l s  would  b e  u s e d  t o  i n t r o d u c e  r e d u c t a n t  i n t o  t h e  b i s m u t h  
p h a s e  a t  t h e  c a t h o d e  a n d  to r e t u r n  e x t r a c t e d  nater ia l z  t o  
t h e  salt Fhase a t  t h e  a n o d e .  

* d e v e l o p m e n t  + * e n g i n e e r i n g  t *?lSBH + *processinq + 
t i s m u t h  + c h e m i c a l  r e a c t i c n E  + e x t r a c t i o n  c o l u m n s  + 
f i s s i o n  p r o d u c t s  + f l o v s h e e t s  + f u e l  cyc le  4 ro l t en  s a l t s  + 
MSBR t p r c c e s s i n j  t s e w r a t i o n s  + 
r e d u c t i v e  e x t r a c t i o n  process 
OTHER CATEGORIES: LDX 

L X X 7  10021 
IlcNeese LE . 
E N G I N E E R I N G  DEVELCPMENT STIICIES FOR H S E R  PROCESSING Nc, 3 
Oak Ridge Naticnal Labcra tory ,  T e n n ,  
CHNL-TM-3138 (May 1971), 97 p, 35 rig, 13 r e f ,  

* 

. 
T h i s  r e p c r t  d e s c r i b e s  f 1) c a l c u l a t e d  s t e a d y - s t a t e  
p e r f o r m a n c e  of a p r o t a c t i n i u m  i s c l a t i c n  s y f t e a  f c r  

LJ 
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LXX7 10021 * C o n t i n u e d * .  
reac tors  f u e l e d  w i t h  u r a n i u m  or p l u t o n i u m ;  (2 )  m a t e r i a l -  
b a l a n c e  c a l c u l a t i o n s  s h o v i n g  t h e  E f f e c t  of fissicn F r c d u c t  
r e m c v a l  times c n  reactcr p e r f o r m a n c e ;  (3) e x p e r i m e n t s  o n  
r e d u c t i v e  e x t r a c t i o n  i n  a m i l d - s t e e l  f l c w - t h r c u g h  
f a c i l i t y ;  (4) a s i m u l a t i o n  of a flow c o n t r o l  s y s t e m  for t h e  
s e m i c o n t  i n u o u s  r e d u c t i v e  e x t r a c t  i c n  sys tern; (5) d e v e l  c g m e n t  
of e l e c t r o l y t i c  c e l l s  f e r  use b i t h  m o l t e n  s a l t  a n d  b i s m u t h ;  
(6)  a n  a n a l y s i s  of t h e  t r a n s f e r  cf m a t e r i a l s  i n  

e l e c t r o l y t i c  cells; (7) m e a s u r e m e n t  of a x i a l  d i s p e r s i c n  in 
p a c k e d  c o l u m n s  u s i n g  irnmiscikle l i g u i d s  h a v i n g  l a r g e  
d e n s i t y  d i f f e r e n c e s ;  ( 8 )  c a l c u l a t e d  h e a t  g e n e r a t i o n  r a t e s  
a n d  t e m p e r a t u r e s  i n  a p r o t a c t i n i u a  e x t r a c t i c n  cclumn; a n d  
(9) lcw- Fressure d i s t i l l a t i c n  of i r r a d i a t e d  MSEE fuel 
carrier s a l t .  

* d i s t i l l a t i c n  + * p r o c e s s i n g  + * p r o t a c t i n i u m  + 
+ r e d u c t i v e  extraction p r o c e s s  + t i s w t k  + e l e c t r c l y E i c  + 
e x t r a c t i c n  c o l u m n s  t f i s s i o n  Froducts t h e a t  g e n e r a t i o n  + 
m o l t e n  s a l t s  + HSRE + p l u t o n i u m  t u r a n i u m  
OTHER CATEGORIES: LDX + LCC 

LXX710026 
lYIcNeese L E  
E N G I N E E R I N G  D E V E L C P N E N T  STUCIES FOR RSBR PROCESSING NG. 4 
Oak R i d g e  N a t i o n a l  L a b c r a  tory, Tenn.  
ORNL-TH-3139 (Aug. 1971), 124 p, G7 f i g ,  16 r e f .  

This r e p c r t  describes (1) e x F e r i r n e n t s  on t h e  h y d r o d y n a m i c s  
of p a c k e d  c o l u m n  o p e r a t i o n ,  c a r r i e d  o u t  i n  a a i l d - s t e e l  
r e d u c t i v e  ex t rac t ic r !  f a c i l i t j ,  ( 2 )  measurePent  cf a x i a l  
d i s F e r s i o n  i n  F a c k e d  c o l u m n s  i n  u h i c h  immiscitle f l u i 6 s  
l e a v i n g  l a r g e  d e n s i t y  d i f f e r e n c e s  a r e  f l c w i n g  
ccuntercur ren t ly ,  (3) a s i a p l i t i e d  methcd for e s t i m a t i n g  
t h e  effect of a x i a l  d i s p e r s i o n  o n  c c u n t e r c u r r e n t  c o l u n n  
p e r f c r e a n c e ,  (4) estimates of t h e  effect  of a x i a l  d i s F e r s i o n  
i n  p a c k e d  c o l u m n  c o n t a c t o r s  used for MSEB F r c c e r r i n g ,  
( 5 )  m e a s u r e m e n t s  of a x i a l  d i s p e r s i o n  c o e f f i c i e n t s  in an 
open b u b b l e  c o l u m n ,  (6) e x p e r i m e n t s  r e l a t ed  t o  t h e  
d e v e l o p m e n t  of e lec t ro ly t i c  c e l l s  f o r  use w i t h  n c l t e n  s a l t  
a n d  b i s m u t h ,  (7) t h e  d e s i g n  a n d  i n s t a l l a t i o n  of t h e  P l o u  
E lec t ro ly t i c  C e l l  F a c i l i t y ,  (8 )  the c a l i k r a t i c n  cf a n  
o r i f i c e - h e a d  F c t  f l c u m e t e r  €or u s e  u i t h  t h e  Flolp 
E l e c t r o l y t i c  C e l l  F a c i l i t y ,  ( 9 )  t h e  a e v e l o p m e n t  of an  
i n d u c t i o n  t y p e  of t i s m u t h - s a l t  i n t e r f a c e  d r t e c t c r ,  a n d  
(10) c a l c u l a t i c n s  r e q a r d i n g  t h e  removal of ThE4 from 
m o l t e n - s a l t  streams t y  r e d u c t i v e  e x t r a c t i o n .  

* e x t r a c t i c n  c o l u m n s  + * p r c c e s E i n g  t b i s m u t h  + dispersion 4 

e l e c t r o l y s i s  t flow measurement + l i q u i d  level m E a s u r e a e n t  t 
molter s a l t s  + r e d u c t i v e  e x t r a c t i o n  p r o c e s s  t 
t h o r i u m  f l u o r i d e s  

t 

? 
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HAC 6 8 C O  3 4 
T a l l a c k s o n  JR 
NUCLEAR A N D  PROCEES INSTROMEMTATICN -- FABT IIA, MSEE 

LJ 
i 

D E S I G N  A h i f  O F E R A T I C N S  EEPORT - Oak R i d q e  Na t i cna l  L n b o r a  tory, Tenn. 
ORNL-TM-729 ( F e b .  1968),  397 p, 180 f i g ,  1 C 2  ref.  

T h e  f i r s t  p a r t  of t h i s  d o c u m e n t  g i v e s  a g e n e r a l  d e s c r i p t i o n  
of t .he  ent i re  MSRE i n s t r u m e n t a t i o n  a n d  c c n t r c l  system 
i n c l u d i n g  c c n t r o l  of a u x i l i a r y  e q u i p m e n t  and t h e  i n s t r u m e n t  
p o w e r  s y s t e m .  C o n s i d e r a t i o n s  w h i c h  i n f l u e n c e d  t h e  d e r i q n  
a r e  a l s o  d i s c u s s e d  a n d  t h e  p h y s i c a l  l a y c u t  of t h e  
i n s t r u m e n t a t i o n  s y s t e m  is d s s c r i t e d .  The s e c c n d  Fast  i s  
a d e t a i l e d  d e s c r i p t i o n  cf t h e  s a f e t y  i n s t r u m e n t a t i o n  and  
n u c l e a r  con t ro l  s y s t e m s .  I n c l u d c d  a r e  n e u t r c r  i n s t r u n e n t s ,  
s a f e t y  c i rcui ts ,  c c n t r c l - r o d  system, a n d  t h e  h e a t  load 
c o n t r o l .  Also d e s c r i b e d  a r e  t h e  i n s t r u u e n t s  a n d  
i n t e r c o n n e c t i o n s  of t h e  r a d i a t i o n  a n d  c o n t a m i n a t i o n  
m o n i t o r i n g  s y s t e m ,  process r a d i a t i o n  l o c a i t c r s ,  a n d  the 
d a t a  l o g g e r - c o e F u t e r  syz te rn .  

* d e s i g n  + * d e s i g n  c r i t e r i a  t * i n s t r u m € n t a t i c n  + * I S R E  + 
* r a d i a t i o n  m e a s u r e m e n t  + *safety + c o m p u t e r s  t c o n t r o l  + 
control rods + c o n t r o l - r o d  d r i v e s  .+ 
d a t a  a c g u i s i t i c n  s y s t e m s  + electr ical  circuits t 
h e a l t h  p h y s i c s  t monitors + o f f - g a s  s y s t e m s  
OTHER CATEGORIES: JBX 

HAD6 9 0004 
G a b k a r d  CH 
D E S I G N  A N C  CONSTRUCT I O N  O F  CORE IRi3ACIATION-Sl?ECI!!IEN AHBAY 

Gak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
OBNL-TM-2743 (Dec. 22,  1969) 23 p ,  7 f i g ,  0 ref. 

FOR MSRE R U N S  19 a r d  2 0  

A new S E E  core s p e c i m e n  a c r d y  was  d e s i c n e d  ar.d f a b r i c a t e d  
t c  reglace the t y p e  cf E e t a l l u r g i c a l  surveillance specimen 
a r ray  t h a t  was u s e d  in t h e  lYSRE t h r o u g h  Hun If. ? h e  
main p u r F o s e  of t h e . n e r a  a r ray  i s  t o  measure t h e  c a p t u r e -  
t o - a b s o r p t i o n  r a t i o  of u r a n i u a - 2 3 3  and t o  d e t e r n i c e  
the effects of salt v e l o c i t y ,  t u r l u l e n c c ,  a n d  surface 
f i n i s h  on t h e  d e F o s i t i o n  of f i s s i o n  p r o d u c t s  on g r a p h i t e  
a n d  o n  Hastel loy N. Two a d d i t i o n a l  t e s t  S F E C ~ E ~ E S  
were i n c l u d e d ,  cne cf F y r o l y t i c  g r a p h i t e  to d e t e r m i n e  
i f  t h e r e  is p e r m e a t i o  of f u e l  salt c r  its c c r s t i t u e n t s  
i n t c  t h e  g r a F h i t e  and o n e  of I ias te l loy B to e x p o s e  a 
series of e l e c t r o n  m i  ope screens i r  a t r a F I e d  
qas Fccket. 

? *:MSRE + * i r r a d i a t i o n  t d e s i  f a t r i c a t i o n  + * u r a n i u n - 2 3 3  + 
cross s e c t i o n s  + f i s e i c n  ~r s t a d s o r p t i o n  4 g r a p h i t e  t 
*Hastelloy ti t s u r v e i l l a n c e  r o c a r k c n  t i n t r u s i c r  - OTHER C A T E G O R I E S :  HBX 

k.i M A X 6 5 0 0 1 9  
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R o b e r t s o n  RC 
BSBE DESIGN ANI:  OPERATIONS REPORT, P A R T  I, DEECRIPTION OF 

Cak Rbdge N a t i o n a l  L a b o r a t o r y ,  Tenn.  
OiiNL-TH-728 (Jan. 1365), 567 112 f i g ,  61 t a b l e s ,  176 ref. 

REACTOR DESIGN 

This r e p o r t  is o n e  of a s e r i e s  d r s c r i k i r g  t h e  PISRE. Xhe 
reac tc r  a n d  o t h e r  a a j c r  c c m p o n e n t s  a n d  s y s t e m s  are  fully 
d e s c r i b e d  and d e t a i l e d  f l o w s h e e t s  s h o w  p r o c e s s  d a t a  a n d  
i n s t r u m e n t a t i o n  for  b o t b  the lcain a n d  a a x i l i a r y  systens. 
T h e  f u e l  s a l t  was LiF-BeF2-ZrPY-UP4 and t h e  cco lan t  s a l t  
u s e d  t o  t r a n s p o r t  h e a t  front t b e  p r i m a r y  h e a t  e x c h a n g e r  t o  
t h e  a i r - c o o l e d  r a d i a t o r  ( h e a t  sink) was LiE-EeF2. 
A l l  p a r t s  of t h e  s y s t e m s  i n  c c n t a c t  u i t h  t h e  s a l t s  were 
f a b r i c a t e d  of s t a n d a r d  Ras t e l loy  h, C p e r a t i r l g  t e m p e r a t u r e s  
f o r  t h e  f u e l  s a l t  were 1175 d e g  F to 1225  deg P, a n d  for  
t h e  coolan t  s a l t  were 1025 d e g  F t o  1100 deq F. A d r e i n  
t a n k ,  cooled by b o i l i n g  wa te r  i o  t h i r n k l c s ,  was used  t c  
s t o r e  t h e  f u e l  s a l t .  Xhe s i t e  f a c i l i t i e s ,  b u i l d i n g  
services, c o n t a i n m e n t  c e l l s  a n d  cther StructuIeE,  and t h e  
varicus reac tcr  s y s t e m  e l e c t r i c a l  circuits, are also 
d e s c r i b e d .  ( N u c l e a r  c a l c u l a t i c n s ,  o p c r a t i c n a  1 frcced C ~ e 6 ,  
p e r f c r m a n c e  d a t a ,  a n d  m a i n t e n a n c e  a s p e c t s  are y i v e n  i n  
c o m p a n i o n  r e p o r t s  ORNL-TH-729, 7 3 ~ ,  751, 732.8 7 3 3 ,  9 O E ,  
9c9, 910, a n d  911.) 

*MSRE + * d e s i g n  + reactors * h e a t  e x c h a n g e r s  t F U E F E  t 
o f f - g a s  s y s t e m s  + d r a i n  t a n k s  t g r a p h i t e  t Haste l loy  N t 
p r o c e s s i n g  + m o l t e n  s a l t s  t e x p e r i m e n t  + 
t e m p e r a t u r e  E e a s u r e m e n t  + t h e r m a l  s h i e l d  + absorhers + 
electr ical  c i r c u i t s  + freeze v a l v e s  + 
l i q u i d  l e v e l  m e a s u r e w n t  + s a n p l i n g  + f l o w s h e e t s  t 
i n s t r u m e n t a t i o n  + m a i n t e n a n c e  
OTHER CATEGORIES: IAB 

MBX640003 
tlcDona1d wt3 
PSSRE DESIGN A N C  CCNSTRUCTION (PAST 0 %  flISBP SEMIANN PRCG 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-3708 (tiov. 1964) ,  FL. 22-82, 4Q f i g .  

REPORT 7/31 /69)  

T h i s  p a p e r  g i v e s  a b r i e f  d e s c r i p t i o n  of t h e  !!SEE d e s i s n  a n d  
c o n s i d e r a b l e  d e t a i l  ( i n c l u d i n g  35 p h c t c c r a E h s )  cf c c a I o n e n t  
f a b r i c a t i o n  a n d  i n s t a l l a t i o n ,  which was n e a r i n g  completion 
a t  t h e  time of w r i t i n q  i n  A u g u s t ,  1964. 

* c o n s t r u c t i c n  + *MSRE t c c m F o n e n t z  + d e s c r i p t i o n  t 
f a b r i c a t i o n  + p r o g r e s s  r e p o r t  
OTHER CATEGORIES: N A B  

. 

? 

HBX700002 1 

Wekster BH 
QUALITY-ASSURANCE PRACTICES IN CONSTRUCTION A N D  &IAIN!IENANCE OF THE 
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PlBX700002 + C o n t i n u e d *  

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
O R N L - T H - 2 9 9 9  ( J u n e  197C) .  106 p ,  4 f i g .  

LJ 
MOLTEN- SALT REACTOR E X P E R I  fl E NT 5 

The E S R E  uas b u i l t  a t  ORNL t o  dertc s t r a t e  t h e  k r a c t i c a l i t y  
of t h e  m o l t e n - s a l t  reactor c a n c e g t .  S i t e  c o n s t r u c t i o n  a n d  
i n s t a l l a t i o n  of a u x i l i a r y  sys t ems  v e c c  t y  c u t s i d e  
c o n t r a c t o r s ,  w h i l e  t h e  Frimary reactor s y s t e m s  were 
i n s t a l l e d  by ORNL forces. C e s i g n ,  Frocurercent, 
c o n s t r u c t i o n ,  a n d  m a i n t e n a n c e  followed $ S H E  codes, O R h L  
practices, a n d  s p e c i a l  p r o c e d u r e s  d e v c l c p e d  f c r  t h e  MZRE by 
t h e  ORNL Reactor D i o i s i c n  g r o u p  p r i m a r i l y  r e s p o n s i b l e  f o r  
q u a l i t y  a s s u r a n c e .  T h i s  r e p o r t  d e s c r i t r s  t h e  Frcgram, t h e  
Froklems t h a t  were e n c c u n t e r e d ,  a n d  t h e  l e s sons  t h a t  Yere 
l e a r n e d .  F o u r  y e a r s  of r e l i a k l e  o p e r a t i o n  cf t h e  H S R E  
p r o v e d  t h e  success cf t h e  q u a l i t y - a s s u r a n c e  p rogram.  

*PISRE + q u a l i t y  a s s u r a n c e  + c o n s t r u c t i o n  + i n E F e c t i c n  + 
m a i n t e n a n c e  + F r c c e d u r e s  + t e s t i n g  + w e l d i n g  
GTHER C A T E G C E I E S  : HEX 

MCA 6 6 C O O  1 
Guyruon R H  t H a u b e n r e i c h  PN t E n g e l  J R  
lllSRB DESIGN A N D  OPERATIONS R E E O R T  PART XI, TEST E R C G R E M  
Cak E i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenm. 
O3NL-TM-911 (Nov. 1966)  84  p ,  0 fiq, 2 ref. 

T h e  test p r o g r a m  for o p e r a t i c n  of t h e  MSiiE w i t h  U-235 f u e l  
is d i v i d e d  i n t c  4 major Fhases: p r e c r i t i c a l  t e s t i n g ,  
i n i t i a l  c r i t i ca l  m e a s u r e m e n t s ;  l ow-power  i u e a s u r e m e u t s ,  a n d  
reac tor  c a p a b i l i t y  i n v e s t i g a t i o n s .  W i t k i n  each Fbase 
i n d i v i d u a l  tests axe b r i e f l y  d e s c r i b e d  t o  d e f i n e  t h e  
o b j e c t i v e s  a n d  g e n e r a l  p r o c e d u r e s  t o  k~ f o l l c u e d ,  I n t e r n a l  
T e s t  Memcs a r e  i d e n t i f i e d  wh ich  c o n t a i n  d e t a i l e d  p r o c c d u r e s  
a n d  c h e c k  lists u s e d  i n  p e r f o r s i n 5  t h e  t e s t s .  

*3SRE t * F l a n s  + * t e s t i n q  + *cporat ion + primary system + 
s e c o n d a r y  s y s t e m s  + c o n t a i n m e n t  + c c s p c n e n t s  + e x p e r i n e c t  + 
s u r v e i l l a F c e  + F r o c e d u r e s  
CTHER CATEGCRIES: K A E  

?I CA 6 8 C O  04 
E n q e l  J E  
YSi iB  DESIGN A N D  O P E R A T I O N S  REEOFiT, FBRT X I - A ,  TEST E E C G b A H  

Oak R i d q e  N a t i c n a l  L a b o r a t o r y ,  Tenn. 
OHNL-TM-2304 ( S e p t .  1 9 6 8 ) ,  18 p, 1 f i g ,  9 r e f .  

YCH U E A 6 I U H - 2 3 3  OPERATION 

General  Flans f o r  c g e r a t i n g  t h e  LSRE w i t h  u r a n i u m - 2 3 3  
fuel are o u t l i n e d .  The  e q u i p m e n t  a n d  FroccEdure f cr  
l c s d i n g  h i g h l y  r a d i o a c t i v e  u r a n i u u - 2 3 2  a r e  d e E c r i b e d .  
E x p e r i n e n t  ~ l a n s  i n c l u d e  m e a s u r e m e n t  of t h e  i n i t i a l  c r i t i c a l  

f u e l  c o n c e n t r a t i o n  a n d  Fower c o e f f i c i e n t s  of r e a c t i v i t y ,  
power c a l i b r a t i o n ,  c o n t r o l - s y s t e m  t e s t s ,  a n d  d y i a a i c s  
tests. c o n t i n u e d  reactcr  o p e r a t i o n  will p e r m i t  s t u d y  

* l o n d i n q ,  c o n t r o l - r o d  c a l i b r a t i o n ,  e v a l u a t i c n  cf temp ra ture, 

ai 
A c c e s s i o n  Numher MBX70CCC2 t o  MCA6t30004 



P a g e  140  

Category !I 
BSRE W 

flCA6SOOO4 * C o n t i n u e d *  
of  the  r e a c t i v i t y  b e h a v i o r ,  n o i s e  a n a l y s i s ,  m e a s u r e m e n t  
of t h e  c a p t u r e - t o - f i s s i o n  r a t i c  fcr u r a c i u n  233, a n d  
a d d i t i o n a l  i n v e s t i g a t i o n  cf salt, u r a n i u m ,  f i s s i o n -  
p r o d u c t ,  a n d  m a t e r i a l s  L e h a v i o r .  

*MSRE + * F l a n s  + * u r a n i u m - 2 3 3  t * o p e r a t i o n  + 
d y n a m i c  charac te r i s t ics  + f u e l s  + s t a b i l i t y  + 
r e a c t i v i t y  t * s u r v e i l l a n c e  t * l o a d i n g  t c r i t i c a l i t y  + 
* e x p e r i m e n t  + c h e m i s t r y  t materials + f i s s i o n  p r o d u c t s  + 
n u c l e a r  a n a l y s i s  
OTHER CATEGORIES: KAB 

RC 56 5 00 2 1 
Smith AN 
NSRE C E S I G N  A N I :  0PE:RATIONS REPORT8 PART I X 8  SAFE'IY 

PaOCEDURES A N D  Ef iERGENCP E I A N S  
Oak E i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
O B N L - T H - 9 C S  ( J u n e  1965).  46 F, 16 f i g ,  3 ref. 

C o n t a i n s  b r i e f  d e s c r i p t i o n  o t  k a s i c   lac, e l e e r g e n c y  
p h i l c s o p h y ,  o r g a n i z a t i o n  a n d  r e s p o n s i k i l i t i e s  8 e m e r g e n c y  
procedures, d e s c r i p t i o n  of possible l o c a l  e m e r g e n c i e s  a n d  
p l a n s  of a c t i o n ,  a n d  h a c k s r o u n d  i n f o r o a t i o n .  

H S B E  + O F e r a t i c n  + F l a n s  + Frocedures  + s a f e t i  

RCB6 5 00 22 
Guymon tiH 
!ISRE CESIGK A N C  OPERATIONS 8kPORT,  PAHZ V I I I ,  O P E H A I I N G  

Cak  R i d g e  N a t i o n a l  L a b o r a t o r y ,  T c n n ,  
PROCEDnHES (VOX,. I) 

O B N L - I M - g C B  ( V C l .  I) # (Dec, 1965) # 478 PO 
C o n t a i n s  b r i e f  t r a i n i n g  m a t e r i a l ,  descriFticc cf a u x i l i a r y  
s y s t e E s  ( e l ec t r i ca l ,  six, water, v e n t i l a t i o n ,  etc.) # 

a n d  c o a p l e t e  s t a r t u p  c h e c k  list f c r  eack s y s t c ~ ,  
f l S I R  i O F E r a t i c n  + OFeratcrs + Frocedures + s t a r t u p  

MCB66 0029 
Guymon RH 
H S R E  C E S I G N  A N C  OPERATIONS REPORT. p a r t  VIII, OPERATING 

Cak Ridge t i a t i o n a l  L a b o r a t o r y  
PROCEDURES (VOL IT) 

ORNL-25-908 ( V C l  11) ( J a n .  1966) # 539 PO 
C o n t a i n s  p r o c e d u r e s  for reac tc r  s t a r t u ~ ,  f u e l  s a u ~ l i n g ,  
i n s t r u m e n t .  c a l i b r a t i o n  and h e a t  b a l a n c e s ,  r e s p o n s e  to 
u n u s u a l  o p e r a t i n g  c c n d i t i o n s ,  r o u t i n e  o k s e r v a t i c n s ,  
reactor s h u t d o w n ,  s h u t d o w n  o p ~ r a t i o n s ,  u a i n . t e c a r c e .  
I n c l u d e s  c h e c k l i s t s  for v a r i o u s  o p e r a t i o n s .  

lrSRE + o p e r a t i o n  + p l a n s  + p r o c e d u r e s  

Guymon EiH + H a u h e n r e i c h  PN 
MCt369COE4 

O P E R A ' I I Y G  SAFETY LIl41'IS FCR THE R S R E  

f 

L' 
A c c e s s i o n  Number B C A 6 8 C O C 4  t o  HCEhSGC54 
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Category M 
PISRE; 

MCR69COSL) * C c n t i n u e d *  

ORNL-TM-733 ( 3 r d  r e v i s i o n )  ( J u l y  1Y69)u  1 1  p. 

LJ 
f Cak I i i d y e  h ' a t i o n a l  L a b o r a t o r y ,  T e n c .  

- t h e  o g e r a t i n g  c o n d i t i o n s  of t h e  FSRE, It c o v e r s  a l l  items 
T h i s  d o c u m e n t  p r e s c r i b e s  limits f c r  p a r a e c e t e r d  d e E c r i b i n g  

d i r e c t l y  r e l a t e d  t o  t h e  h e a l t h  a n d  s a f e t y  cf t h e  F u b l i c .  
S e l e c t e d  items a f f e c t i n g  o n 1 1  the s a f e t y  of t h e  o p e r a t o r s  
a n d  t h e  p r o t e c t i o n  of the E x l e r i r e n t  a q a i n r t  d i s a b l i n g  
a c c i d e n t s  are also i n c l u d e d .  Ear l ie r  e d i t i o n s  were 
i s s u e d  i n  A p r i l  1965, August 1965, a n d  Zep tep ibe r  1966. 

*MSRE + * G F e r a t i o n  + * s a f e t y  limits t p r o c e d u r e s  + s a f e t y  
CTHER CATEGCRIES: K A R  

. 
i 

BCt371C012 
Guymon RH 
MSRE PROCEDURES For? T H E  PERXCD BETWEEN EXAEILLTICF E N 1  

O a k  R i d g e  N a t i c n a l  Labcra to ry ,  Tenn.  
CBNL-TH-3253 (Peb. 1 9 7 1 ) 8  4 1  P8 3 f i g ,  9 r e f .  

ULTIMBTE C I S F G S A L  (PHASE ITX O E  CECOMMISSION PROGRAM) 

T h i s  d o c u m e n t  d e s c r i b e s  t h e  c o n d i t i o n  of the ES€E a n d  
s p e c i f i e s  p r o c e d u r e s  t o  ke f o l l o u c d  a f  t cr  t h e  
p c s t - c p e r a t i o n  e x a m i n a t i o n s  a n d  before t h e  u l t i m a t e  
d i s p o s a l  of t h e  f i s s i l e  a n d  r a d i o d c t i v €  mater ia l  i n  the 
r eac to r .  T h e  f u e l  s a l t  w i l l  be k e p t  f r o z e n  in t h e  s e a l e d  
d r a i n  t a n k s ,  uithin s e c o n d a r y  c o a t a i n m e r t  uhcse c n l y  
o p e n i n g  is t h r o u g h  f i l t e r s  to a s t a c k .  S u r v e i l l a n c e  w i l l  
c o n s i s t  of remote m o n i t o r i n g  a n d  d a i l y  v is i ts  by 11-10 F l a n t  
p e r s c n n e l .  Perscnnel access w i l l  b e  c o n t r o l l e d  k y  the 
s e c u r i t y  fence a r o u n d  t h e  reac tor  b u i l d i n g ,  The XSBE 
P r o c e d u r e s  s p e c i f y  r e m e d i a l  a c t i o n s  for a b n o r m a l  
c o n d i t i o n s .  Also s p e c i f i e d  a r e  FEOcfdUKeS a n d  
r f s F o n s i b i l i t i e s  f c r  m a i n t e n a n c e ,  m o d i f i c a t i o n s ,  a n d  
removal of surplus e q u i p m e n t .  

MSRE + prccedures + storage + s u r v e . i l l a n c e  + 
a d i n i n i s t r a t i o n  + c o n t a i n m e n t  * f l o w s h e e t s  + a a i n t e n a n c e  + 
o p e r a t i c n  t Flans + t e s t i n g  

PlCC660005 
B a l l  SJ 
SIMIJLATCRS FCR TIiAINING HGLTEN-SALT REACTOR EXPEHIMEN'I 

Cak R i d g e  N a t i o n a l  Laboratory, T e n n ,  
O8NL-TM-1445 ( A p r ,  5, 1 9 6 6 )  8 25 p ,  11 f i g ,  4 K e f .  

OP E R A TO R S 

Two o n - s i t e  reactor k i n e t i c s  s i m u l a t o r s  were d e v e l o p e d  
f o r  t r a i n i n g  oFera t c r s  cf t h e  E o l t e n - S a l t  r eac to r  
E x p e r i m e n t  ( U S R E )  in n u c l e a r  , ; t a r t u p  a n d  p c u e r - J e v e l  
o p e r a t i n g  F r o c e d u r e s .  B o t h  s /mulators  fere s e t  u p  
o n  g e n e r a l  p u r p o s e ,  portakle 2 l e c t r o n i c  Asscciates, Inc . ,  
TR-10 ana log  computers a n d  we:€ c c n n e c t e d  t c  the reactcr 
c c n t r c l  and i n s t r u P e n t a  t i o n  s y s t e n ,  T h e  t r a i n i n g  
program was s u c c e s s f u l l y  comp LetEd. A l ~ o ,  the Ieac t o r  

Accession Number MCB690054 t o  ECCOC0005 
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C a t e g o r y  H 
BSRE 

KC66 0005 * C o n t i n u e d *  
c c n t r o l  a n d  i n s t r u f f i e n t a t i o n  system, t h e  o p e r a t i n g  
p r o c e d u r e s ,  a n d  t h e  r o d  a n d  r a d i a t o r - d o c r  d r i v e E  uefe 
c h e c k e d  o u t ,  S c e e  E i a o r  m o d i f i c a t i o n s  uere made to 
t h e  s y s t e m  a s  a r e s u l t  of t h e  e x F e r i c n c e  w i t h  these 
s i m u l a t o r s ,  

a n a l o g  s y s t e m s  + *flSRE t * t r a i n i n g  t s i r u l a t i c n  t 
* o p e r a t o r s  4 s t a r t u p  + t e s t i n g  

HCC670044 
Guymon R H  
HSRE -- T b A I N I N G ,  PREPARATION FOR O P E R A T I O N  AND O P E B A ' I I N G  

TECHNIQUES 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
S u p p l .  t o  A N S  T r a n s  ( l o ) ,  C o n f .  o n  Reactor Cp. Expo 

( J u l y  1967) ,  p. 35, 
Thrce p e r i c d s  cf t r a i n i n g  were g i v e n :  I n i t i a l  ( s y s t e a  
f a m i l i a r i t y  p r i c r  ' t c  c h e c k o u t ) ,  Erecritical ( E  s imulator 
vas h o o k e d  t o  a c t u a l  cont ro ls  a n d  i n s t r m e n t  r e a d c u t s ) ,  a n d  
Pre-Fcwr  (more s i t u l a t c r  nork, o p e r a t i o n  of pouer s y s t e m s ) ,  
O p e r a t i o n s  p r o c e d u r e s  and practices a r e  alsc d i s c u s s e t j .  

HSBE + o p e r a t o r s  + Frocedures  t t r a i n i n q  

8CD680010 
H a u b e n r e i c b  PY + E n g e l  JR 
R E C E N T  E X E E R I E N C E  WITH T H E  ~ O L T E N - S A L T  R E A C T O B  E X P E R I E E N T  
Oak Ridse  N a t i c n a l  L a b c r a  t o r y ,  'Lenn. 
Summary of p a p e r  p r e s e n t e d  a t  ANS W i n t c r  n e e t i n q ,  

d a s h i n g t o n  D, C.  Ncv. 10-15, 1968, A L S  T r a n s a c t i o n s  11 (2) 

O p e r a t i n q  e x p e r i e n c e  w i t h  0-235 iue1 i n  t h e  aSEE is 
d e s c r i b e d .  Prom i n i t i a l  c r i t i c a l i t y  i n  J u n e  1, 1965 t o  
Harch 19E8, t h e  rcactcr v a s  c r i t i ca l  11,515 h r  a n d  
g e n e r a t e d  9005 e q u i v a l e n t  fu'll-L:cwer bouts cf e r e r g y  a t  
p c v e r  l e v e l s  t c  d X r .  The shu tdGwn i n  March 1 9 € €  uas t c  
perrcit c h a n g e o v e r  t c  0-233 fue l .  C p e r a t i o n  w i t h  U-235 
d e m o n s t r a t e d  s y s t e m  r e l i a k i l i t y  a n d  r a t c r i a l s  ccn:Fa t i k i l i t p .  
I n f c r n a t i c n  uas c o l l e c t e d  on f i s s i o n - p r o d u c t  t e h a v i o r ,  
n u c l e a r  c h a r a c t e r i s t i c s ,  a n d  r e a c t i v i t y  b e h a v i c t .  O p e r a t i n g  
d i f f i c u l t i e s  uere assoc ia ted  r i t h  a v e r y  s m a l l  o i l  l e e k  i n  
t h e  f u e l  c i r c u l a t i n g  pump, t h e  f u e l  SaltCler, a i r - l i n e  
d i s c c a n e c t s ,  a n d  s e c o n d a r y  c o o l i n g  blowers. Some remote- 
m a i n t e n a n c e  t e c h n i q u e s  uere d E m o n s t r a t e d .  (A c c c v e n i e n t  
s u m a a r y  of MSHE c F e r a t i n g  e x p e r i e n c e  t h r o u g h  J u n e  1 9 6 s  is 
p u b l i s h e d  i n  Nuc l ,  I p p l ,  Tech. 8 ,  118 (Feb. 1970).  S e e  
MCD70000 1. ) 

619,  1 

*MSRE t l o p e r a t i c n  + *exlerience + * u r a n i u m - 2 3 5  + 
r e a c t i v i t y  + c o m p o n e n t s  + f i s s i o n  F r o d u c t s  + f u e l s  t 
r a r e  gases + m a i n t e n a n c e  
CTHER CATIGCBIES:  K A E  

BCIl69C017 

- 

A c c e s s i o n  Nulmber BCC6611OC5 t o  #CD69CC17 
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C a t e g o r y  8 
BSRE 

HCD69C017 * C c n t i n u e d *  
Enge l  JR t H a u k e n r e i c h  PN 
OPERA'XION O F  THE MOLTEN SALT EEACTCB EXEERIHEBT WITH U-233 

O a k  R i d g e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
Summary of p a p e r  p r e s e n t e d  a t  AMS C o n f e r e n c e  cn R e a C t C K  

O p e r a t i o q  E x F e r i e n c e ,  Sas J u a n ,  Fuerto Rico, O c t ,  1-3, 
1969, AtiS T r a n s a c t i o n s ,  12 ( S u p p l ) ,  10, 2 p ,  3 ref, 

b 
i 

FUEZ 

T h e  ISRE was oFera t e d  f cr  3000 e q u i v a l e n t  f u l l - p o w e r  h o u r s  
from S e p t e m b e r ,  1968 t h r o u g h  S e p t e m b e r ,  1969 w i t h  U-233 
f u e l ,  S t a t i c  a n d  d y n a m i c  c h a a c t e r i s t i c s  of t h e  reactcr were 
e s s e n t i a l l y  a s  F r e d i c t e d .  S p e c i a l  f u e l  samples were t a k e n  
t o  e v a l u a t e  U-233 i n t e g r a l  crcss-section r a t i c s  i n  a n  #SR 
s p e c t r u m .  E x p e r i m e n t s  w r e  c o n d u c t e d  t o  measure c o v e r - g a s  
e n t r a i n m e n t  i n  t h e  f u e l  l o o p  a n d  i ts  e f f e c t  or fissior- 
F r o d u c  t st r i p p i n g  . F i s s i  cn -p rod  u c t  d i s t r i  bu t i o n  was 
s t u d i e d  w i t h  a remote gamma-ray s p e c t r o r e t e r ,  $sal1 a m o u n t s  
of F l u t o n i u l c  f l u c r i d e  were a d d e d  to t h e  f u e l .  E u e l  
c h e m i s t r y  and mater ia ls  c o m p a t i b i l i t y  s t u d i e s  c c n t i n u e d  t o  
s h c u  g o o d  s y s t e m  b e h a v i c r .  ( E r e p r i n t s  of the f u l l  p a F e r  
(25 p, 8 fig, 14 ref)  a r e  a v a i l a t l e  frog t h e  a u t h c r s :  
s imi l a r  Icaterial i s  F r e s e n t e d  i n  N u c l .  Appl .  Tech ,  8, 118 

- s ( F e k .  1970) , See ?SCD700001,) 
*!!SEE + *cFeration + * e x p e r i e n c e  t f u e l s  t * u r a n i u ~ - 2 3 3  + 
* p l u t c n i u n  t * n u c l e a r  a n a l y s i s  t d y n a m i c  character is t ics  i 

c o r r o s i o n  + qalcma spectrclsetry + i n e r t  gases  4 n o b l e  metals t 
rare gases + c o n t r o l  r o d s  + pumps t o f f - g a s  systelcs + b e l i u r  t 
a r q o n  t c c v e r  gas t void f r a c t i o n s  

n r e a c t i v i t y  t f i s s i o n  p r o d u c t s  t b u t k l e s  t crofs  secticns t 

7 CTHER C A T E G C R I E S :  K A B  

PlCD69C055 

MOLTEN- SALT RE ACTO2 PROGRESS 
H a u b e n r e i c h  .EN 

Cak. Ridge h ' a t i o n a l  L a b o r a t o r y ,  Tenn .  
N u c l .  E n g r g .  I n t ,  Vol. 1 4 ,  No. 1 5 5  ( A p r i l  1969) ,  

pp. 325-329,  3 f i g .  
T h i s  a r t i c l e  t c u c h e r  e f l y  o n  earl ier MS5 t e c b n o l o g y  
d e v e l o p m e n t ,  t h e n  d e s c r i b e s  t h e  MSRE a n d  i t s  c p e r a t i n g  
e x p e r i e n c e .  (A Dose r e c e n t ,  l e n g t h i e r  p a p e r  a l o n g  t h e  
same lities is  i n  t h e  F e t .  1970 Mucl,  A p ~ l .  Tech . )  

* e x p e r i e n c e  + +MSRE + n t d e s i g n  + MSRP t 
s t a r t u p  
CTHER CATEGCRIES : K A E  

MCDG90062 
Blumberg  E + D y e r  FF + flout 
MSHE USES R E H O S E  G A M M A  SPECTRCHETRY FCR FXSSICN F B C Z U C T  

Oak R i d q e  N a t i o n a l  Labora to ry ,  Tenn. 
* DE F CSIT IC I STUDIES 

A c c e s s i o n  Number FCD69C017 t o  R C C 6 9 C C t 2  
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C a t e g o r y  I! 
HSB6 

flCD 6 9 CO 62 *C o n t  i nu e d  * 
Describes a d a p t a t i o n  of gamma r a y  s p e c t r o s c o F y  and renote  
h a n d l i n g  t c  i n v e s t i g a t e  f i s s i o n  p r o d u c t  b e h a v i o r  i n  
i n a c c e s s i b l e  p o r t i o n s  of MSRE s y s t e m ,  E n a b l e d  study cf 
d e p c s i t i o n  of f i s s i c n  F r o d u c t s  on metal surfaces of t h e  
s y s t e m  u h e r e  h e a t  r e m o v a l  is of F a r t i c u l a r  i m p r t a n c e ,  
E q u i f a e n t  c o n s i s t e d  of G E t L i )  d i o d e  de tec tor  p l a c e d  a t  t h e  
e x i t  of a o n & e i q h t h - i n c h  t y  12-in,-long afer ture  and a 
400-c b a n n e l  a n a l y z e  r. 

* d e s i g n  + *gamma s p e c t r o m e t r y  + *tlSIiE 4 a n a l y s i s  + 
d e p o s i t i o n  + e x p e r i e n c e  + f i s s i o n  p r c d u c t s  + c p e r a t i c r  + 
remotc m a i n t e n a n c e  
OTHER CATEGCRIES: J C X  + PICE 

MCD7CCOC 1 
H a u b e n r e i c h  PN + E n g e l  JR 
EXPERIENCE WITH THE MOLTEE-SALT REACTCCI E X F E B f M E K T  
Cak I i i dge  h ' a t i o n a l  L a b o r a t o r y ,  Tenn.  
Nucl .  A p p l .  T e c h ,  8: 118  (1970) 19 p, 6 f i g ,  16 ref. 

T h e  ESRE is a n  8 - B w t t b )  r e a c t o r  i n  w h i c t  m c l t e n  f l u c r i d e  
salt a t  1200 deqrees F c i rcu la tes  t h r o u g h  a core of 
g r a p h i t e  bars, Its p u r p o s e  was t o  demccstrate  t h e  
p r a c t i c a l i t y  of k e y  f e a t u r e s  of m o l t e n - s a l t  p o w e r  
reactors, O p e r a t i o n  w i t h  U-235 i n  t h e  f u e l  s a l t  amcumted 
t o  9 O C O  e q u i v a l e n t  f u l l - p o w e r  h o u r s  b e t s e e n  J u n e  1965 
a n d  March 1968, A t  t h e  e n d  of a 15-rocnth d e m c n z t r a t i c n  
of r e l i a b i l i t y  t h e  reactor was s h u t  down a n d  the C- 
2 3 5  was s t r i F p e d  from the s a l t  i n  o n - s i t e  f l u o r i n a t i o n  
e q u i p m e n t ,  U-233 was a d d e d  t o  t h e  s a l t  a n d  a f e r a t i c n  
was r e s u r e d  i n  Octcber 1968. C v e r  2500 EFFH has b e e n  
p r o d u c e d  u i t h  U-233 t h r o u g h  J u l y  1969, The .  H4,CRE has 
s h o u n  t h a t  s a l t  h a n d l i n g  i n  a n  o y e r a t i n q  reactor is 
q u i t e  p r a c t i c a l ,  t h e  s a l t  c h e m i s t r y  is u e l l - t E : h a v e d ,  
t h e r e  is p r a c t i c a l l y  n o  c o r r o s i o n ,  t h e  n u c l e a r  
c h a r a c t e r i s t i c s  a r e  v e r y  c lose  t o  p r e d i c t i o n s ,  a n d  t h e  
s y s t e n :  is d y n a m i c a l l y  s t ab le .  C o n t a i n m e n t  of f i s s i o n  
p r o d u c t s  h a s  been  e x c e l l e n t ,  c o m F c n e n t  F e r f c r a a n c e  
h a s  b e e n  good, a n d  a c a i n t e n a n c e  of r a d i o a c t i v e  c c m p o n e n t s  
h a s  b e e n  a c c o m p l i s h e d  safely a n d  w i t h o u t  unreascnable 
d e l a y .  

* e x p e r i e n c e  + WSRE + * m a i n t e n a n c e  * * o F e r a t i c n  + ccffiycnentz + 
d e s c r i p t i c n  + f l u c r i o a t i c n  4 F e r f o r m a n c e  + r e a c t i v i t y  + 
r e l i a b i l i t y  
OTHER CATEGORIES: KAB t GEC 

PlDAG20001 
E n q e l  JR + H a u k e n r e i c h  PN 
TEHPESATUGES IN THE MSRE CORE CURING STEADY-SIATE POAER 

Cak R i d q e  R a t i o n a l  L a b o r a t o r y ,  Tenn. 
O R N L - T 4 - 3 7 8  ( N O V O  5, 1962) 5 8  p ,  14 fig, 8 ref, 

OPERA T I O N  

bd 
. 

t 

. 
t 

Accession Numaker HCD690062 t c  BCA620001 
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C a t e g o r y  B 
MSRE 

MDA620001 *Ccnt  i n u e d *  
L d  
- 

O v e r a l l  f u e l  a n d  g r a p h i t e  temFerature d i s t r i b u t i c n s  were 
c a l c u l a t e d  f o r  a d e t a i l e d  h y d r a u l i c  a n d  n u c l e a r  
r e p r e s e n t a t i o n  of t h e  MSRP f u e l e d  w i t h  k i g h l y  e r r i c h e d  
u r a n i u m -  235, l l h e s e  t e m p r a  ture d i s t r i b u t i o n s  were 
importance a n d  v o l u m e  w e i g h t e d  t o  o b t a i n  n u c l e a r  a n d  k u l k  
mean t e m F e r a t u r e s  f c r  b c t h  mater ia l s .  A t  t h e  d e s i g n  F o u e r  
l e v e l  of 10 Mw, w i t h  t h e  r e a c t o r  i n l e t  a n d  o u t l e t  
temFeratures a t  1175 d e g  P a n d  1225 d e g  F, r e s p e c t i v e l y ,  t h e  
n u c l e a r  mean fuel t e m p e r a t u r e  is 1213 d c g  F. 'Ibe b u l k  
a v e r a g e  t e m p e r a t u r e  of t h e  fue l  i n  t h e  reactor vessel 
( e x c l u d i n g  t h e  v o l u t e )  is 1198 d c q  F. For tbe saEe 
c o n d i t i o n s  a n d  w i t h  no f u e l  p e r m e a t i o n ,  t h e  g r a p h i t e  n u c l e a r  
a n d  b u l k  mean t e m p e r a t u r e s  arc 1257 d e g  F a n d  1226 d e q  F, 
r e s F e c t i v e l y ,  F u e l  F e r m e a t i o n  of 2% of t h e  g r a p h i t e  vo lume  
raises t h e s e  v a l u e s  to 1264 d e g  F a n d  1231 d e s  F, 
r e s ~ e c t i v e l y .  P o w e r  c o e f f i c i e n t s  of r e a c t i v i t y  a r e  
c a l c u l a t e d  under v a r i o u s  a s s u m F t i o n s  of s y s t e m  t e m p e r a t u r e  
c o n t r o l .  

* a n a l y s i s  t *MSRE + *cares t *reac t iv i ty  t f l u i d  flow + 
heat g e n e r a t i o n  + n e u t r o n  f l u x  t n u c l e a r  a n a l y s i s  + 
* t h e r a a l  e f f e c t s  + c a l c u l a t i o n s  

5 '  

7 

MDA620002 
Prince BE + E n g e l  JR 
TEMPERATURE A N C  R E A C T I V I T Y  C O E F F I C I E N T  A V E t i A G I N G  I N  'IHE M S R E  
Oak R i d q e  N a t i c n a l  Labcra t o r y ,  Tenn.  
CRNL-TM-379 ( O c t .  15, 1962) 26 p, 6 f i g ,  5 r e f .  

Use is made of t h e  c o n c e F t  of ' n u c l e a r  a v e r a g e  t e m p e r a t u r e '  
t o  relate t h e  s p a t i a l  t e m p e r a t u r e  prcfiles i n  f u e l  a n d  
g r a F h i t e  a t t a i n e d  d u r i n g  h i g h  power o p e r a t i o n  of t h e  CSRE 
t o  t h e  n e u t r o n  m u l t i p l i c a t i o n  c o n s t a n t ,  B a s e d  CT: t w c - g r o u p  
p e r t u r b a t i o n  t h e c r y ,  t e m p e r a t u r e  r e i g h t i n g  f u n c t i o n s  for 
fuel and graphite are d e r i v e d ,  frcm w h i c h  the nuclear 
a v e r a g e  t e m p r a t u r e s  may be c a l c u l a t e d .  S i m i l a r l y ,  
i m p o r t a n c e - a v e r a g e d  t e m p e r a t u r c  c o e f f i c i e n t s  c f  r e a c t i v i t y  
are  d e f i n e d .  The v a l u e s  of t h e  coefficieuts c a l c u l a t r d  for 
t h e  E S R E  were - 4 . 4  x l O I - s t h )  d e g  F f c r  t h e  fuel and -7.3 x 
1 0 ( - 5 t h )  for t h e  y r a F h i t e ,  These v a l u e s  refer t o  a rcactor 
f u e l e d  v i t h  s a l t  u h i c h  does nct  c c n t a i n  t h c r i c E .  T h e 1  lvere 
a b o u t  5% l a r g e r  t h a n  t h e  v a l u e s  o t t a i n e d  frcm a cne-region, 
h o m c g e n e c u s  reactor model, t h u s  r e f l e c t i n g  t h e  v a r i a t i o n  i n  
t h e  f u e l  v o l u m e  f r a c t i o n  t h r o u g h c u t  t h e  r e a c t c r  a n d  t h e  
e f f c c t  of t h e  c c n t r c l  rod  t h i m b l e s  o n  t h e  f l u x  proti lrs .  

*MSBE + * n u c l e a r  a n a l y s i s  + r f a c t i v i t y  t * t h E r m a l  e f f e c t s  + 
a o d e l s  + n e u t r c n  p h y s i c s  + c a l c u l a t i c n s  + m e t h o d s  
CTHEB CATEGCEIES:  EEX i 

- M DA 6 3CO02 
B a u b e n r e i c h  E N  
INHERENT NEUTRON SOURCE IE; CLEAk MSFE FUEZ SAIT h*, 

A c c e s s i o n  Number M D A 6 2 G O O  1 t c  n E A 6 3 C C C 2  
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C a t e q o r y  fl 
HSRE W 

NDA 63 CO 0 2  * c o n t i n u e d *  
Cak R i d g e  E a t i o n d l  L a b o r a t o r y ,  Tenn .  
ORNL-TM-611 (Aug. 1 9 6 3 ) ,  17 € 8  6 ref. 

A l p h a  p a r t i c l e s  from u r a n i u m  i n t e r a c t  u i t h  b e r y l l i u l r ,  a n d  
f l u c r i n e  t c  p r c d u c e  'an i n h e r e n t  s o u r c e  of n e u t r o n s  i n  t h e  
PISRE f u e l  s a l t .  The s p o n t a n e o u s  f i s s i c r .  s c u x c e  i r  
r e l a t i v e l y  i n s i g n i f i c a n t .  C a l c u l a t i o n s  are d e s c r i b e d  
v h i c h  p r e d i c t  a n  i n b e r e n t  source of 3 t c  5 x l C ( 5 t h )  
n e u t r o n s l s e c  i n  t h e  2 5  c u  f t  of s a l t  i n  t h e  M Z F E  core. 

c a l c u l a t i o n s  + MSRE + n e u t r o n  sou rces  + f u e l s  + 
m o l t e n  s a l t s  

MDB 6 4 C O O  1 
E n g e l  JR + H a u b e n r e i c h  PN t P r i n c e  E E  
HSHE NEUTRON SOURCE REQUIRE#EKTS 
Cak Ridge N a t i o n a l  L a b o r a t o r y .  Tenn, 
O R N L - T H - 9 3 5  ( S e p t ,  1 9 6 4 ) .  37 F, 11 f i g ,  6 ref, 

T h e  a l p h a - n  s o u r c e  i n h e r e n t  i n  t h e  u r a n i u m - 2 3 5  f u e l  s a l t  
meets a l l  t h e  safety r e q u i r e m e n t s  for a n e u t r o n  source i n  
t h e  !!SEE. S u b c r i t i c a l  tlux d i s t r i b u t i o n s  were c a l c u l a t e d  
to d e t e r m i n e  t h e  c c P b i n a t i o n  cf e x t e r n a l  s o u r c e  s trensth  
a n d  detector s e n s i t i v i t y  r e q u i r e d  f o r  m c n i t c r i n g  the 
r e a c t i v i t y .  I f  more s e n s i t i w  detectors t h a n  t h e  s e r v o -  
d r i v e n  f i s s i o n  c h a m b e r s  a r e  i n s t a l l e d  i n  t h e  i n s t r u o e r t  
s h a f t  t o  m o n i t o r  t h e  f i l l i n g  c p e r a t i o n ,  t h e  c a l c u l a t i o n s  
i n d i c a t e  t h a t  t h e  r e q u i r e d  s c u r c e  s t r f n r t h  c a r  be r e d c c e d  
f r o a  4 x l O ( 7 t h )  n/ ,cec t o  7 P l O ( 6 t h )  n l s e c ,  An a n t i m o n y -  
b e r y l l i u m  s o u r c e  w i t h  a n  i n i t i a l  s t r e c g t h  c f  4 x l O ( 8 t h )  
n / s f c  would s t i l l  F r o d u c e  7 x l C ( 6 t h )  n / s e c  o n e  y e a r  a f t e r  
i n s t a l l a t i o n .  A b s t r a c t o r ' s  n c t e :  T ~ E  e x t e r n a l  E c u r c E  
u l t i m a t e l y  s e l e c t e d  for use i n  HSRE was a m e r i c i u u - c u r i u m -  
ber  y 11 i u  o . 

* c a l c u l a t i o n s  + * n e u t r o n  s o u r c e s  + W S R E  t s a f e t y  + 
n e u t r o n  f l u x  + n u c l e a r  a n a l y s i s  

? 

EDA640002 
E n g e l  J 3  + P r i n c e  BE 
CRITICALITY FACTCRS IN HSRE F U E L  S T O B A G E  A N D  CRAIN lANKS 
O a k  R i d g e  M a t i c n a l  Labcra tcry, Tenn. 
ORNL-TM-759 ( S e p t .  19641, 18 p, 3 fig, 2 r e f .  

C a l c u l a t i o n s  i n d i c a t e  t h a t  t h e r e  is n o  d a n q e r  i n  t h e  f u e l  
s t o r a g e  or d r a i n  t a n k s  w i t h  u r a n i u m - 2 3 5  f u e l  E a l t  of rcrmal 
c c n c e n t r a t i o n  e v e n  i f  t h e  s a l t  i s  f r o z e n  and cooled t o  
20  deg C a n d  t h e  t a n k  is s u t r n e r q e d  i n  w a t e r ,  E r c v i d e d  t h e  
uranium r e m a i n s  e v e n l y  d i s p e r s e d  i n  the s a l t .  I f  
s e g r e g a t i o n  of t h e  u r a n i u m  o c c u r s  d u r i a s  f r e e z i c g  acd a l l  
t h e  u r a n i u m  a c c u m u l a t e s  i n  a r e g i o n  n e a r  t h e  c e n t e r  o f  a 
t a n k ,  c r i t i c a l i t y  v i 1 1  o c c u r  a t  Z C  deg C f c r  c c n c e n t r a t i o n s  

the s a l t  m o l t e n  or ky d i v i d i n g  t b e  f u e l  c h a r g e  a u c n g  tuc; o r  
more t a n k s  befcre i t  i s  a l l o u e d  t o  freeze. 

f a c t o r s  of 4 o r  more. C r i t i c a l i t y  c a n  ke a v o i d e d  by k e e p i n g  f 

W 
* c a l c u l a t i o n s  + * c r i t i c a l i t y  t * f r e e z i n < ;  + *fuels + 

A c c e s s i c n  Number H D A 6 3 C O C I  t o  E L A 6 4 C C C 2  



Category  M 
MSRE 

- * BDA640002 * C o n t i n u e d *  
u r a n i u h - 2 3 5  + * d r a i n  t a n k s  + e t o r a y a  t d e n s i t y  + 
p h a s e  e q u i l i b r i a  + *MSRE t n u c l e a r  a n a l y s i s  
OTHER CATEGORIES: BGX 
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I 

MDA640006 
H a u h e n r e i c h  PN t E n g e l  JR + P r i n c e  EE + C l a i b o r n e  H C  
HS3E DESIGN ANI! OPERATIONS REPORT PART 111 -- NUCLEAR ANALYfIS 
Oak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
O B N L - T I 9 - 7 3 C  (Feb, 1 9 6 4 ) ,  199 P I  63 f i g ,  52 ref ,  

E a r l y  c a l c u l a t i o n s  of e f f e c t s  of  core s i z e  a n d  fuel- 
t o - g r a p h i t e  r a t i o  h a d  d e t e r m i n e d  t h e  c o f e  d e s i g n ,  T h i s  
r e p o r t  describes t h e  c a l c u l a t e d  n u c l e a r  c h a r a c t e r i s t i c s  
of t h e  CISRE u i t h  3 f u e l  c o m p o F i t i o n s ,  Cne h a d  t h o r i u a  
a n d  h i g h l y  e n r i c h e d  U-235; a Second, h i s h l y  e r r i c h e d  
U-235 a n d  nc t h o r i u 9 ;  a n d  a t h i r d ,  353 e n r i c h e d  U-235 a n d  
n o  t h o r i u m ,  a l l  i n  a carr ier  salt of l i t b i u l e ,  b e r y l l i c m  
a n d  z i r c o a i n m  f l u o r i d e s .  Calculated q u a n t i t i e s  i n c l u d e  
c r i t i ca l  l o a d i n g s ,  f l u x e s  t e m p e r a t u r e  d i s t r i t u t i o n s ,  
t e m p e r a t u r e  c o e f f i c i e n t s ,  d e l a y e d  n e u t r c n  e f fec  t E ,  
c c n t r c l  rod w o r t h ,  d y n a m i c s ,  r n d  n e u t r o n  s o u r c e s .  

*MSRE + * n u c l e a r  a n a l y s i s  + c o n t r c l  rods + c r i t i c a l i t y  + 
d e l a y e d  n c u t r o n s  + h e a t  g e n e r a t i o n  k n e u t r o n  f l u x  t 
r e a c t i v i t y  + s h i e l d i n g  
OTHER C A T E G O R I E S :  B B X  + BCX 

fiDA640007 
B e a l l  SE + H a u b e n r e i c h  PN + L i n d a u e c  RE + T a l l a c k s o n  J E  
PISRE C E S I G N  A N I :  CFERATIONS REPORT, P A R T  V -- B E A C ' I O R  

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n .  
SAFETY A N A L Y S I S  REPORT 

O R N L - I f l - 7 3 2  (Aug- 1 9 6 4 ) ,  300 F, 109 fig. 50 ref, 
The B S R E  is d e s c r i b e d  v i t h  e m p h a s i s  c n  c c m F c n e n t  design, 
i n s t r u m e n t a t i o n  and C O ~ ~ L O ~ S ,  site, layout, and c o n t a i n m e n t .  
Plans and staff f o r  s t a r t u p  a i d  o p e r a t i o n  are o u t l i n e e ,  
T h r e e  d i f f e r e n t  f u e l  composi t icns  a n d  a ~ c w e r  level 

c o n c e i v a b l y  c o u l d  c a u s e  d a  g f  a r e  a n a l y z e d  a r d  i t  is 
c c n c l u d e d  t h a t  n o n e  c o u l d  b r e a c h  t h e  c o n t a i n m e n t .  T h e  
s e c o n d a r y  c o n t a i n m e n t  d c s i q n  is shown  t c  be a d e q u a t e  e v e n  i f  
a l l  the fuel were = F i l l e d  i n  the cel l ,  

- of 10 M u  were c o n s i d e r e d ,  u c l e a r  i n c i d e n t s  t h a t  

* a n a l y s i s  t +PISRE + * s a f e t y  c c i d e n t s  + c o n t a i n a e r t  + 
control + i n s t r u a e n t a t i c n  
CTHER C A T E G C R I E S :  E G X  + JE 

HDA65C001 
Ball SJ + K e r l i n  TW 
S T A B I L I T Y  A N A L Y S I S  O F  THE MOL'XEN-SALT FEACTCE E X E E f i I M E H T  
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  T e n n .  
O H N L - f M - 1 0 7 G  (Dec, 1 9 6 5 ) .  80 F q  23 iig, 20 ref. 

. 
A d e t a i l e d  a n a l y s i s  shows t h a t  t h e  M c l t e n - S a l t  rteactor 
E x b r r i m e n t  is i n h e r e n t l y  s t a b l e  u i t h  u r a n i u m - 2 3 5  fuel. 

A c c e s s i o n  Number H D A 6 4 0 0 0 2  t o  HI8650001 
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Category  IJ 
HSRE 

HDA650001 * C o n t i n u e d *  
I t  has s l u g g i s h  t r a c s i e n t  r e E p o n s e  a t  low power ,  b u t  
t h i s  creates no s a f e t y  or o p c r a t i c n a l  ~ r o b l e r r s .  The  
s t u d y  i n c l u d e d  ana lys i s  of the t r a n s i e n t  r e s p o n s e ,  
f r e q u e n c e  r e s p o n s e ,  a n d  p o l e  c o n f  i q u r a t i o n .  I h e  ef fec ts  
of c b a n g e s  i n  t h e  B a t h e m a t i c a l  model for t h e  s y s t e m  
a n d  in t h e  c h a r a c t e r i s t i c  p a r a m e t e r s  were s t u d i e d .  
A s y s t e m a t i c  a n a l y s i s  was a l e o  made t o  f i n d  t h e  set 
of parameters, w i t h i n  t h e  e s t i m a t e d  u n c e r t a i n t y  r a n g e  
of t h e  d e s i g n  v a l u e s ,  t h a t  g i v e s  t h e  l e a s t  s t a b l e  c o n d i t i o n .  
The s y s t e m  u a s  f o u n d  t o  t e  i r h e r e n t l y  s table  f c r  t h i s  
c o n d i t i o n ,  a s  well as f e r  t h e  d e s i g n  c o n d i t i o n .  C o m p z r i s o n s  
are made w i t h  p r e v i o u s  m o d e l s  w h i c h  u n d c r e s t i i a t e d  
s t a b i l i t y .  R e a s c n E  a r e  y i v e n  t o  e x p l a i n  t h e  increase 
i n  s t a b i l i t y  w i t h  i n c r e a s i n g  power l e v e l .  

W S R E  + + s t a b i l i t y  + * d y n a m i c  character is t ics  t * u r a n i u m - 2 3 5  + 
analysis t nuclear  a n a l y s i s  c a l c u l a t i c n s  + * m o d e l s  
OTHER CATEGORIES: BCX 

HDA660003 
Prince BE 
PERICC PIEASUREMENTS ON THE NOLTEN SALT REACTOR EXPERIflENT 
DURING FUEL CIRCULATION: 'ZHECRY ARD EXEEEiItEET 
Cak Ridge B a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORNL-TH-1026 ( O c t ,  1 9 6 6 ) ,  36 F, 8 f i g ,  10 ref, 

A t h e o r y  of p e r i o d  d e p e n d e n c e  c n  t h e  f u e l  c i r c u l a t i c n  i s  
developed from t h e  g e n e r a 1  s E a c e - d e p e n d e n t  r eac to r  k i n e t i c s  
e q u a t i o n s .  A p r o c e d u r e  f o r  c o s p u t e r  c v a l u a t i c n  cf t h e  
r e s u l t i n g  i n h o u r -  t y p  e g u a t i c n  i s  p r e s e n t e d ,  t o g e t h e r  
w i t h  n u m e r i c a l  r e s u l t s  r e l a t i n g  t h e  r e a c t i v i t y  t c  t h e  
o t s e r v e d  a s y m p t o t i c  p e r i o d ,  both k i t h  t h e  f u e l  c i r c u l a t i n g  
a n d  uith i t  s t a t i o n a r y .  T h e  c a l c u l a t e d  reac t iv i ty  
d i f f e r e n c e  b e t w e e n  t h e  t i m e - i n d e p e n d e n t  f l u x  c o n d i t i o n s  f o r  
t h e  n o n c i r c u l a t i n g  a n d  t h e  c i r c u l a t i n s  f u e l  s t a t e s  is i n  
c l o s e  agreement w i t h  t h e  v a l u e  i n f e r r e d  from t h e  &RE rod 
c a l i b r a t i o n  e x p e r i m e n t s ,  Hod-kumk p e r i c d  measureaentr made 
u i t h  t h e  f u e l  c i r c u l a t i n g  uese c o n v e r t e d  t o  d i f f e r e n t i a l  r o d  
w o r t h  by use of t h i s  model .  These r e s u l t s  ~ I E  c c r p a r e d  v i t h  
s imilar r o d  s e n s i t i v i t y  m e a s u r e m e n t s  made w i t h  t h e  f u e l  
s t a t i o n a r y .  T h e  r o d  s e n s i t i v i t i e s  m e a s u r e d  u n d e r  t h e z e  two 
c c n d i t i o n s  a g r e e  f a v o r a b l y ,  h i t h i n  t h e  l i m i t s  of p r e c i s i o n  
of t h e  p e r i o d  m e a s u r e m e n t s .  Due t o  t h e  p r c b l e l t  cf 
m a i n t a i n i n g  a d e q u a t e  g r e c i s i o n ,  h o w e v e r ,  t h e  p e r i o d - r o d  
s e n s i t i v i t y  m e a s u r e m e n t s  p r o v i d e  a l e s s  c o n c l u E i v e  t e z t  of 
t h e  theoret ical  mode l  t h a n  t h e  r e a c t i v i t y  d i f f e r e n c e  Le tween  
t h e  t i m e - i n d e p e n d e n t  flux c o n d i t i a n s .  

* a n a l y s i s  + * c i r c u l a t i c n  + + d y n a m i c s  tests + * e x p e r i m e n t  + 
*MSRE t c o n t r o l  rods + c r i t i c a l i t y  d e l a y e d  reutrcris + 
e x p e r i e n c e  + mcdels + r e a c t i v i t y  + s t a r t u p  + u r a n i u m - 2 3 5  
CTHER CATEGCFIES: ECX + HEC 

If DA 6 6 COO4 

A c c e s s i o n  Number H D A 6 f C O C  1 t o  HICA66CCC4 
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MSRE 

PIDA66C004 * C c n t i n u e d *  
E n q e l  JR t H a u b e n r e i c h  PN t E a 1 1  SJ 
ANALYSIS OF F I L t I N G  RCCIDElJllS IN USEE 
Cak R i d g e  National L a b o r a t o r y ,  T e n n  
O R N L - I N - 4 9 7  (Aug. 1 9 6 6 ) ,  41  p 1  14 f i g ,  2 ref, 

LJ 
- . 

e 

Whenever  t h e  USBE is s h u t  down, t h e  f u e l  salt i s  d ra i r ed  
froE t h e  ccre, Then ,  d u r i n q  3 n o r m a l  s t a r t u p ,  t h e  
g r a p h i t e  a n d  t h e  f u e l  a r e  p r e h e a t e d  a n d  t h e  c c n t r c l  
reds a r e  F c s i t i o n e d  so t h a t  t h e  reactor r e m a i n s  s u b c r i t i c a l  
w h i l e  i t  is b e i n q  f i l l e d .  C e r t a i n  a b n c r m a l  circuEStances 
c o u l d  r e s u l t  i n  c r i t i c a l i t y  a n d  a p o w e r  e x c u r s i o n  
i n  t h e  p a r t i a l l y  f i l l e d  core. V a r i c u s  r c s t u l a t f d  
i n c i d e n t s  were s u r v e y e d  a n d  t h e  worse case  uds a n a l y z c d  
i n  d e t a i l .  This c a s e  i n v o l v e d  s f l e c t i v r  f r e e z i r g  
i n  t h e  d r a i n  t a n k s  t o  c c n c e n t f a t e  t h e  u r a n i u m  in t h e  
m o l t e n  s a l t  f r a c t i o n .  P h y s i c a l  r e s t r i c t ions  cn t h e  
f i l l  r a t e  and safety a c t i o n s  o f  c o n t r o l  rods a n d  g a s  
c o n t r o l  v a l v e s  l i m i t e d  t h e  c a l c u l a t e d  Fcwer a n d  t e inpra ture  

be p r e v e n t e d .  A b s t r a c t o r ' s  n o t e :  It was s u b E e c j u e n t l p  
shoun t h a t  t h e  d e g r e e  cf u r a n i u m  c o n c e n t r a t i o n  r e q u i r c d  
for a s e r i o u s  f i l l i n g  a c c i d e n t  c a n n o t  kti a t t a i n e d  b y  
p a r t i a l  f r e e z i n g  of t h e  s a l t .  P r o t e c t i v e  c i r c u i t s  
and  a d m i n i s t r a t i v e  p r o c e d u r e s  t o  F r e v e n t  a b n c r r a l  f i l l s  
were r e t a i n e d .  

. e x c u r s i o n s  sc t h a t  a n y  damage  to t h e  r e a c t o r  would  

*MSRE t * a c c i d e n t s  * * a n a l y s i s  + * f c e e z i n g  t rxcu r s i c r s  t 
* s i m u l a t i c n  + *nuclear a n a l y s i s  
CTHER CATEGCHIES: EGX 

MDA 6 7 CO 3)! 
M a u b e n r e i c h  EN 
SAFETY ASPECTS OF THE HSRE 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn.  
N u c l ,  Safety V c l ,  8 Sc. 3 (1967) p p .  226-235, 2 r i g ,  12 ref. 

F l u i d - f u e l  and s o l i d - f u e l  r e a c t o r s ,  a l t t o u y b  z i g i l a  f in 
u l t i m a t e  c o n t a i n m e n t  r e q u i r e a e a t s ,  d i f f e r  i n  t h e  k i n d 2  of 
a c c i d e n t s  that can c a u s e  s y s t ~ n :  damaqe.  ScEe t l u i d  fuels 
ace  s u s c e p t i b l e  t c  s e g r e g a t i o n ,  a n d  f i l l i n g  a c c i d e n t s  are 
more l i k e l y ,  b u t  a f t e r h e a t  is  more e a s i l y  b a n d l e d .  The  
s u r v i v i n g  f l u i d - f u e l  concept, t h e  m o l t e n - s a l t  r eac to r ,  is 
b e i n g  d e v e l o p e d  i n t o  a t h e r m a l  treeder. Tbe !ISRE" i n  wh ich  
molten f l u o r i d e  salts c i r cu la t e  a t  1200 d e q  F, is a s t e p  i n  
t h a t  d e v e l o p m e n t .  S a f e t y  a n a l y s e s  a n d  E x p e r i e n c e  h a v e  
shoun t h e  PISBE t o  b e  safe, an3 no ser ious  protlems a r c  

- e x p e c t e d  i n  d e s i g n i n g  s a f e  l n o l t e n - s a l t  t r e e d e r  Ieac tors, 
* a c c i d e n t s  + *MSRE + * r e v i e u s  t * s a f e t y  t a f t e r h e a t  t 
a n a l y s i s  + c o n t a i n m e n t  + e x p e r i e n c e  
OTHER CATEGORIES: BGX - 
MDA6 30040' 
K e d 1  i3J + H c u t z e e l  A 

A c c e s s i o n  Number HDA660C04 t o  HCA670040 
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HSRE 

@IDA670040 * C o n t i n u e d *  
DEVELOPHEN'I OF A MODEL PCR C C C P U T I N G  XE-135 M I G E A T I C N  I N  

Oak R i d q e  N a t i o n a l  Labora to ry ,  Tenn. 
ORNL-4069 ( J u n e ,  1967), 77 p, 2 2  fig, 3 t a b ,  2 1  r e f .  

TffE HSRE 

T h e  r e p o r t  d e a l s  Frimarily w i t h  d e v e l o p i n g  a mode l  f o r  
c o m p u t i n g  t h e  m i g r a t i o n  of Xe-135 i n  t h e  MSRE a r d  w i t h  
e x p e r i m e n t s  c o n d u c t e d  t c  e s t a b l i s h  t h e  model.  Z! 
p r e o p e r a t i o n a l  e x p e r i m e n t  v a s  r u n  in t h e  MSRE w i t h  Kr-85 
t racer ,  a n d  o a n y  of t h e  g a s - t r a n s F o r t  c o n s t a n t s  were 
i n f e r r e d  from t h e  r e s u l t s ,  E q u i v a l e n t  t r a n s F c r t  c o n s t a n t s  
f o r  c a l c u l a t i n g  t h e  Xe-135 m i g r a t i o n  q a v e  a p o i s o n i n g  of 
a b o u t  1.4% u i t h o u t  c i r c u l a t i n g  t u f k l e s  a n d  well belcw 1% 
u i t h  b u b b l e s .  P r e l i m i n a r y  m e a s u r e m e n t s  made on t h e  c r i t i c a l  
reactor show x e n o n  p o i s o n i n g  of C.3 t o  C.4X. S i n c e  
p h y s i c a l  m e a s u r e m e n t s  c c n t i r m  t h a t  t h e r e  are  t u k k l e s  i n  t h e  
s y s t e m ,  t h e  c o n c l u s i o n  is d r a w n  t b a t  t h e  CcnFu ta t ion  a o d o l ,  
t h e  k r y p t o n  e x p e r i m e n t ,  a n d  reactor o p e r a t i o n  ag ree ,  

* a n a l y s i s  + *mass t r a n s f e r  + * m o d e l s  t *HSRE t *xenca  + 
c o m p u t e r  c o d e s  + d i f f u s i c n  t g r a p h i t e  + k r y p t o n  
OTHER CATEGORIES: BFX + I88 

W 

i 

tlDA67 004 1 
Ked1  RJ 
A HODEL PCR CCEPUTING THE BIGRATION OF VERY SHORT LIVED 

C a k  Ridge N a t i o n a l  L a b o r a t o r y ,  Tenrr, 
N O B L E  G A S E S  IN30 HSRE GRAPHITE 

ORNL-TH-lElO ( J u l y  1967). 26 F,  4 f i g ,  1 t a b ,  6 ref .  
A model describing t h e  m i g r a t i c n  c f  v e r y  s b c r t - l i v e d  r c b l e  
g a s e s  f r c m  t h e  f u e l  s a l t  t o  t h e  g r a p h i t e  i n  t h e  ESRE CORE 
was d e v e l o p e d .  Prom the m i q r a t i o n  r a t e ,  t h e  Bedel c o n F u t e s  
( u i t h  c e r t a i n  l i m i t a t i o n s )  t h e  d a u g h  t e r - p r o d u c t  d i s  tr i t u t i o n  
i n  g r a p h i t e  as a f u n c t i o n  of r e a c t o r  c ~ r r a t i c c a l  h i s t c r y ,  
N o b l e - g a s  d a u g h t e r - F r c d v c t  c o n c e n t r a t i o n s  ( P A - 1 4 C ,  CE-141 8 

SR-E9, a n d  Y-91) v e r e  m e a s u r e d  i n  g r a F h i t e  sanFler  renioved 
from t h e  H S R E  core a f t e r  780C SWhr of Fcue t  c r e r a t i c n .  
C o n c e n t r a t i c n s  of t h e s e  i s o t o p e s  c o m p u t e d  w i t h  t h i s  model 
c o m p a r e  favorably v i t h  m e a s u r e d  v a l u e s .  

* a n a l y s i s  + * e x p e r i e n c e  + * f i s s i o n  p r o d u c t s  + * g r a p h i t e  t 
*mass t r a n s f e r  + W S R E  + c o m p u t e r  c o d e s  + d i f f u s i c n  t 
k r y p t c n  + E c l t e n  s a l t s  + xenon 
CTHER CATEGCEiIES: IEA 

H DA 68 COO3 
H a u b e n r e i c h  F N  + E n q e l  J R  + G a b t a r d  CH + Guymcn R H  t 
P r i n c e  BE 
CSRE C E S I G N  A N C  O€ERATIONS REPORT PAHT V-A,  SAFETY ANALYSIS 
OF OPERATION YITH U-233 
Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn,  
ORNL-Stl-2111 (Feb .  1568), 80 F. 24 f i g ,  36 ref, 

T h i s  r e p o r t  p r e s e n t s  d a t a  a n d  z n a l y s e s  t t a t  s u r l c r t  bd 
A c c e s s i c n  Number MDA670040 t o  !!LA680003 
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C a t e g o r y  M 
MS RE 

- . ?IDA68 000 3 *Con t i n  ued* 
t h e  c o n c l u s i c n  t h a t  i t  i s  s a f e  t o  l o a d  and o p e r a t e  t h e  
MSRE w i t h  u ran ium-233 .  I t  summarizes p e r t i n e r t  € ? X F e r l e h C € ?  
w i t k  t h e  MSRE a n d  n e w  i n f o r m a t i o n  o n  mater ia l s  t h r o u q b  
December ,  1967. P r o c e d u r e s  f c r  FKOdUCiIIg, h a r d l i n g  
a n d  l c a d i n q  e n r i c h i t q  s a l t  are  d e s c r i b e d  a n d  t h e i r  
s a f e t y  assessed. T h e  n u c l e a r  c h a r a c t e r  is t ics  cf tho 
r e a c t o r  w i t h  0-233 f u e l  a r e  p r e s e n t e d  a n d  the p o s s i b i l i t y  
of b r e a c h  of t h e  p r i m a r y  c o n t a i n a e n t  d u r  t c  c r e d i b l e  
n u c l e a r  i n c i d e n t s  i z  r e e x a m i n e d  t a k i n g  i n t o  a c c o u n t  
t h e  d i f f e r e n t  d y n a m i c s  c h a r a c t e r s i t i c s ,  the a c t i c n  
of t h e  safety s y s t e m  and  t h e  condition of the salt 
s y s t e m  a f t e r  two y e a r s  o t  o p e r a t i c n ,  

- 

* a n a l y s i s  + * M S R E  + * s a f e t y  + * u r a n i u m - 2 3 3  t c o n t a i n m e n t  t 
d y n a m i c  charac te r i s t ics  + e n g i n e e r e d  s a t e g u a r d s  t e x c u r s i c n z  + 
f u e l  E r e p a r a t i o n  + Has tc l loy  N t l o a d i n g  + r a d i a t i o n  damage + 
react i v i  t y 
OTHER C A T E G O R I E S :  BGX 

- . 

CDRti90001 
S t e f f y  RC 
INHERENT h E U T R C N  S O U R C E  IN MSRE WIFH CLEAN 0-233 FUEL 
Oak R i d g e  Nat icna l  L a b c r a t o r y ,  Tenn.  
GRNL-'It4-2€85 (Aug. 10 ,  1969) 2 2 p ,  2 t i q ,  1 1  ref. 

After a b o u t  t h r e e  years of n u c l e a r  o F E r a t i c n ,  the  MSRE 
f u e l ,  e n r i c h e d  0-235, was r e p l a c e d  v i t h  a U-233 f u e l  
m i x t u r e .  J n  t h i s  new m i x t u r e  t h e r e  a r e  c j u a n t i t i e s  
of U-232, U-233, and U-234. Each of these, along v i t h  
t h e  0-232 d e c a y  c h a i n ,  is a s t r c n g  a l p h a  e n i t t e r  a n d  
i n t c x a c t s  w i t h  f l u c r i n e ,  b e r y l l i u m ,  a n d  l i t h i u m  t o  
p r o d u c e  n e u t r o n s .  This r i c u t r c n  scarce is t i i r e - d e p n d e n t  
because cf t h e  b u i l t l u E  cf U-232 d a u g h t e r s ,  a n d  a t  t h e  
time of r a a c h i n q  c r i t i c a l i t y  G i t h  t h e  U-233 tuc l ,  t h e  
n e u t r c n  source i n  the MSRE coze  was a b o u t  4 x l O ( i 3 t h )  
n e u t r o n / s e c ,  p r i m a r i l y  rom t h e  rcacticns Be9 ( A l F h a , N ) C  12 
a n d  P19 (A l E h a ,  M) Na 22. Alpha-N r e a c t i o n s  w i t h  l i t h i u n  
w i l l  p r o d u c e  less than 3 x 1 0 4 6 t h )  n e u t r o n s / s e c .  
S p o n t a n e o u s  fission w i l l  p r o d u c e  less t t a n  I C  ( 2 r d )  
n e u  t r c n s l s e c  . 

*t!SRE + * n e u t r o n  soutces  i * f u e l s  t + u r a n i u r - ; 3 3  + 
* u r a n i u ~ 2 3 2  + d e c a y  + b e r y l l i u m  + f l u o r i n e  + l i t h i u m  t 
c a l c u l a t i o n s  

MDAti9C002 
Ste f f  y RC Wood PJ 
THEORETICAL D Y N A Y I C  ANALYSIS CF T H E  MSFE IrJlTtl U-233 FUEL 
Cak R i d g e  N a t i o n a l  L n k o r a t o t y t  Tenn ,  
OdNL-TM-2571 (July, 1969) 42 E, 17 f i q ,  1 1  r e f b  

- 

A s t u d y  u n d e r t a k e n  t o  c h a r a c t e r i z e  t h e  d y n a m i c s  of t h e  
U-233 f u e l e d  NSHE p r i o r  t o  o p e r a t i o n  r e v e a l e d  that  
t h e  s y s t e m  is i n h o E e n t l y  a s y m p t o t i c a l l y  s t a b l e  a t  all 
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MDA6 9 0002 *Con t i n  ued* 
p o w e r  l e v e l s  a b o v e  zero. T h e  m o t i v a t i o n  fo r  t h e s e  
s t u d i e s  was t h e  e x p e c t e d  d i f f e r e n c e  t t t b e e n  t k e  MSRE 
d y n a m i c  r e s F c n s e  w i t h  U-233 f u e l  a n d  w i t h  U-235 f u e l  
b e c a u s e  of t h e  smaller  d e l a y e d - n e u t r c a  f r a c t i c n  cf 
U-233. An e x i s t i n g  s y s t e o  model, p r e v i o u s l y  v e r i f i e d  
for n-235 f u e l ,  was m o d i f i e d  f o r  u s e  i n  t h i s  ucrk.  
T h e  reactor s y s t e m  r e q c n s e  t o  r e a c t i v i t y  p e r t u r k a t i o n s  
i s  r a p i d  a n d  n o n o s c i l l a t o r y  a t  h i q h  pcwef ,  a n d  i t  b e c c m e s  
s l u g g i s h  a n d  o s c i l l a t o r y  a t  lcuer p o w e r s .  These 
charac te r i s t ics  were d e t e r m i n e d  t y  t h r e c  metbcds: 
(1 )  t r a n s i e n t - r e s p c n s e  a n a l y s e s ,  i n c l u d i n g  a c h e c k  of 
t h e  v a l i d i t y  o t  t h e  l i n e a r  model ,  ( 2 )  a f r e q u e n c y - r e s l c n s c  
a n d  s e n s i t i v i t y  s t u d y ,  (3) s t a b i l i t y  a n a l y s e s ,  k o t h  
by i n s p e c t i o n  of t h e  s y s t e m  e i y e n v a l u e s  a n d  aFkl ica  t i c n  
of t h e  r e c e n t l y  d e v e l o p d ,  m o d i f i e d  E i k h a i l o v  c r i t e r i c n .  

* K R E  + *dynamic  c h a r a c t e r i s t i c s  + * s t a k i l i t y  + * a c d e l s  + 
*uraniuff i -233 + f u e l s  t n u c l e a r  a n a l y s i s  t r e a c t i v i t y  t 
d e l a y e d  n e u t r o n s  + c o m p u t e r  codes t m i x i n g  t c a l c u l a t i c n s  t 
met hods 
CTHEA CATEGCFILS: @CX 

MDA 69  G O  0 5 
Eurkc? Cil + C l a r k  FH 
ANALYSIS CF T H A N S I E N T S  IiJ THE ESRE SYSTEd WITH U h A H I U P - 2 3 3  

Oak R i d q e  Naticnal L a b o r a t o r y ,  l e n n .  
CRNL-4397 ( J u n e  1969),  47 p,  19 f i g ,  4 ref.  

F1JF.I 

The uran ium-233  f u e l e d  YSRE system u a s  s i m u l a t e d  o n  
t h e  CFNL a n a l o g  c o m p u t e r ,  T h e  s i f f i u l a t e d  s y s t e a  t a s  
u s e d  t c  e v a l u a t e  t h e  e x i s t i n g  MSRE c c n t r c l  a n d  s a f e t y  
s y s t e e s  when u s e d  cn t h e  u ran ium-233  f u e l e d  s y s t e m .  
T h e  p e r t i n e n t  r e s u l t s  a n d  c o n c l u s i o n s  were a s  f c l l o h s :  
11) T h e  s a f e t y  s y s t e m  w i l l  l i m i t  t h e  ' s t a r t u p  a c c i d e n t '  
so t h a t  t h e  p e a k  power u i l l  t e  1 C C  kw. (2)  A q u a c t i t i  
of uran ium-233  s u f f i c i e n t  t o  cause a r e a c t i v i t y  c h n n g c  
of a p p r o x i m a t e l y  - 1 4  d e l t a  K/K when F r e c i p i t a t e d  c u t  
of the  f u e l  a t  scffie F c i n t  i n  t h e  s y s t e m  e x t e r n a l  to 
t h e  core c o u l d  be suept h a c k  in tc  t h e  ccre  i n  a c c n c e x t r a t e d  
f o r a  w i t h o u t  c a u s i n g  excessive Core damdge. (3)  The 
e x i s t i n g  c o n t r o l l e r  w i l l  c o n t  t o 1  the u r a n i u a -  2 3 3  f u e l e d  
s y s t e n  i n  a s t a b l e  Icanner ;  h o r e v e r ,  a n  i n c r e a s e d  v e l o c i t y  
f e e d b a c k  g a i n  r i l l  Le r e q u i r e d .  

a n a l y s i s  + d y n a m i c  c h a r a c t e r i s t i c s  + c o m p u t e r s  + f e e d k a c k  t 
HS2E t a n a l o g  s y s t e n s  + s t a b i l i t y  + m a t h e m a t i c s  + a o d e l s  t 
s imula t ion  + c o n t r o l  + r e a c t i v i t y  I. s a f e t y  + s t a r t u i  + 
h e a t  t r a n s f e r  + c c n t r c l  r c d s  + uran ium-233  t a c c i d e n t s  t 
c o n t r o l - r o d  d r i v e s  t d e l a y e d  n e u t r o n s  + d y n a m i c s  tests t 
e x c u r s i c n s  + k i n e t i c  e q u a t i o n s  

PIDA79000G 
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Ulrich WC 
A N  EXTENDED HYCRAULIC MOCEL O F  T H E  MSRE CIRCULATING F U E L  

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  T e n n ,  
ORNL-TM-3C03 ( J u n e  1970) 5 3  p ,  6 f i g ,  14 ref, 

l-id 
1 

SY SIEi’l (‘IHESIS) - 
The h y d r a u l i c  p o r t i o n  of a c o r n t i n e d  h y d r a u l i c - n e u t r c n i c  
ma the ra t i ca l  m c d e l  f o r  d e t e r m i n i n g  t h e  e f f ec t s  of 
h e l i u m  gas e n t r a i n e d  i n  tnt c i r c u l a t i n g  f u e l  s a l t  
of t h e  M S R E  o n  t h e  n e u t r o n  f l u x - t o - p r e s s u r e  f r e q u e n c y  
r e s p o n s e  was e x t e n d e d  t o  i n c l u d e  e f f e c t E  due t c  t h e  
fuel FumF a n d  h e l i u p  c c v e r - g a s  system. By c o m p a r i n g  
t h e  c o m p u t e d  r e s u l t s  w i t h  e x p e r i m e n t a l  d a t a ,  i t  uas 
c c n c l u d e d  t h a t  p r e s s u r e  p e r t u r b a t i o n s  i n t r o d u c e d  by 
t h e  f u e l  pump were t h e  ma in  s c u r c e  of tke n a t u r a l l y  
o c c u r r i n g  n e u t r o n  flux f l u c t u a t i o n s  i n  t h e  f r e q u e n c y  
ranqe of one t o  a f e u  cycles Fer s e c c a d ,  f t  was a l E o  
n o t E d  t h a t  t h e  a r F l i t u d e  of t h e  n e u t r o n  flux-to-pressure 
f r e q u e n c y - r e s p o n s e  f u n c t i o n  was  d i r e c t l y  F r a p c r t i c n a l  
t c  t h e  p r e s s u r e  i n  t h e  f u e l - p u m p  b o w l ;  h o w e v e r ,  f u r t h e r  
work w i l l  be r e q u i r e d  te fore  comFletely s a t i s f a c t c r y  
r e s u l t s  are  o b t a i n e d  frcm t h e  e x t e n d e d  model ,  
R e c o m m e n d a t i o n s  a r e  p r o p o s e d .  w h i c h  s h c u l d  ~ r c u e  u s e f u l  in 
f u t u r e  m c d e l i n g  of s imi l a r  h y d r a u l i c  s y s t e m s ,  

*EISBE t * m o d e l s  + * h y d r a u l i c s  t * d y n a m i c  c h a r a c t e r i s t i c s  + 
* m e d s u r e m e n t  t r e a c t i v i t y  t computer  codes + h y d r o d y n a m i c s  + 
p r i m a r y  s y s t e m  t n u c l e a r  a n a l y s i s  t c o v e r  g a s  + c a l c u l a t i c n s  
OTHER CATEGORIES: MDC 

MDA7 0 00 07 
B e l l  HJ 
CALCrJLB’rEC RACICACTIVITY OF M S R E  F U E L  SALT 
O a k  Ei i d q e  Naticnal  L a b o r a t o r y ,  ‘Ienn, 
CRNL-TM-2970 (May 1970) 2 1  p, 0 f i q ,  8 ref, 1 2  t a b l e s ,  

C a l c u l a t i o n s  h a v e  been made of t h e  i n v e n t o r y  a n d  
r a d i o a c t i v i t y  of t h c  fission F r c d u c t s  a r d  t r a r s u r a n i u r  
i s c t o p c s  Frescnt i n  t EISRE ; f u e l  s a l t ,  T h e  c a l c u l a t i o n s  
i n c l u d e d  o p e r a t i o n  wi k o t h  U-235 a n d  ti-233 f u e l s ,  
the e f f e c t  of s t r i F F i n g  of n o b l e  gases, a n d  f l u c r i n a t i o n  
of t h e  f u e l  s a l t  a f t e r  t h e  period of 1)-235 cyera t ion ,  
R e s u l t s  a r e  p r e s e n t e d  which  g i v e  t h e  i n v e n t o r y  a n d  
r a d i o a c t i v i t y  of i n d i v i d u a l  i s c t o p s  i n  t h e  s a l t  u p  
t o  J a n u a r y  1, 1975. R f  ter  s torage  for 5 y e a r s ,  t h e  
gamraa-ray s h i e l d i n g  r e q u i r e d  , f c r  S h i F F i r g  f u e l  is 
d e t c : f a i n e d  by t h a l i u m - 2 G 8  a n d  n e u t r o n s  froin u r a n i u m - 2 3 2  
d a u g h t e r s  p r o d u c e  t h e  t r o l l i n g  r a d i a t i o n  dc re  t h r o r g h  
a l ead  s h i e l d .  

- 

*MSRE + * f i s s i o n  p r o d u c t s  + *isotopes  t s t c r a g e  4 f u e l s  + 
* d e c a y  + u r a n i u m - 2 3 5  + u r a n i u m - 2 3 3  t uranium-;32  t d i s p o s a l  + 
p r o c e s s i n g  t s h i e l d i n g  t * i n v e n t o r i e s  + rare cases t 
r a d i o a c t i v i t y  + c a l c u l a t i c n s  

. 
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flDA700032 * C o n t i n u e d *  
R o b i n s o n  JC 
A N A L Y T I C A L  D E T E B H I N A T I O N  O F  THE NEUTRON FLUX-90-PREESCRE 

FREQUENCY: APPLICATION T O  ! M E  BCLTEG-SALT FEACTCF 
EX PER IME'6T 

Oak R i d q e  N a t i o n a l  Laboratory,  ' ienn. 
N U C l o  S C i .  a n d  Eng. 42(3), 382-396 (l?eCemb€K 197C). 1s F, 

7 f i g ,  2 t a b l e s ,  18 ref. 
T h e  n e u t r o n  f l u x - t o - p r e s s u r e  f r c g u e n c y  r e s L c a s e  f o r  d 
m o l t e n - s a l t - f u e l e d  r eac to r  w i t h  a s m a l l  a m c u n t  cf g a s  
e n t r a i n e d  i n  t h e  m c l t e n  s a l t  uas d e t e r m i n e d  a n a l y t i c a l l y .  
The o n e - d i m e n s i o n a l  c o n s e r v a t i o n  c g u a t i c n s  d e E c I i b i n g  the 
flow cf t h e  c o E F r e E E i b l e  m o l t e n - s a l t  g a s  m i x t u r e  a n d  t h e  
o n e - g r o u p  n e u t r o n  d i f f u s i o n  e q u a t i o n s  i lcze wti t ten  i n  t h e  
l i n e a r i z e d  p e r t u r b e d  f cxm, a n d  L a p l a c e  t r a n s f o r m a t i o n  i n  
time was p e r f o r m e d .  The c o u p l e d  set cf e y u a t i c r s  d e s c r i b i n g  
t h e  c c n s e r v a t i c n  c f  mass f o r  t h e  m o l t e n  s a l t ,  c c n s e r v e t i o n  
of mass for  t h e  gas, a n d  c o n s e r v a t i o n  o f  a c n e c t u a  f c r  t h e  
s a l t - g a s  E i x t u r e  ( t h e  h y d r a u l i c  e q u a t i o n s )  v a s  s o l v e d  ky 
e n p l o y i n y  matrix e x p o n e n t i a l  t G c b n i q u e s ,  The r f r a i n i r g  
e q u a t i o n s  were s c l v e d  b y  more c o n v e n t i o n a l  scheuies. I h e  
mat r ix  e x p o n e n t i a l  t e c h n i q u e  was selected t o  c t t a i n  a 
s o l u t i o n  for  t h e  h y d r a u l i c  e q u a t i o n s  CVCT the t e c h n i q c e s  
n c r a a l l y  en .F loyed  ( n o d a l  o r  rncdal )  for s t a b i l i t y  s t u d i e s  i n  
b o i l i n g  water s y s t e m s  kccause t h e  v a l i d i t y  o f  the s c l c t i o n  
is i n d e p e n d e n t  cf t h e  f r e q u e n c y  of i n t e r e s t ,  a n d  t h e  t o t a l  
n u m b e r  of s i m u l t a n e o u s  e g u a t i c n s  r e q u i r e d  t c  be E c l v e d  f o r  
a p p l i c a t i c n  cf b o u n d a r y  c o u d i t i o n s  ( c l o s i n g  t h e  flow ldop) 
is small. R e s u l t s  from t h e  c o m p u t e d  n e c t r c n  f l u x - t c -  
F r e s s u r e  f r e g u e n c y  resFon=e f o r  t h e  molten-salt-f  u e l e d  
reactor u n d e r  s t u d y  show t h a t  t h c  s h a F E  of t h e  n c d u l u s  of 
t h e  f r e q u e n c y  r e s F c n s e  f c r  f r e q u e n c i e s  b e l o w  1 t o  2 
c y c l e s / s e c  is i n d e p e n d e n t  of t he  v o i d  f r a c t i c r :  (vclume 
f r a c t i o n  c c c u p i e d  by t h e  gas) ,  a n d  t h e  m a q n i t u d e  of t h e  
m o d u l u s  of t h e  f r e q u e n c y  r e s ~ o n s ~  is F r c F o r t i c n a l  t c  t h e  
v o i d  f r a c t i c n .  T h e r e f c r e ,  h e  c o n c l u d e  t h a t  t h e  a m o u n t  of 
v o i d  i n  t h e  s y s t e m  c a n  te i n t e r r e d  t y  c c l c F a r i r q  t h e  
a n a l y t i c a l  f r e q u e n c y  r e E p o n s c  k i t h  a n  e x p e r i m e n t a l  
f r e q u e n c y  r e s p o n s e .  ( T h i s  c o n c l u s i o n  was v e r i f i e d  a n d  i s  
r e p c r t e d  i n  the f o l l c v i n q  p a p e r . )  

MSKE + b u b b l e s  + d y n a m i c  c h a r a c t e r i s t i c s  + ncise a n a l y s i s  t 
v o i d  f r a c t i c n s  

HDA7lC003 
K e r l i n  TW + P a l l  SJ + Steffy RC 
THEORETICAL DYEIABICS A N A L Y S I S  CF THE HCLTEh-S EXT E E P C T C f .  

EX FER1 MELT 
Oak R i d g e  Na t i cna l  Labora t cry ,  Tenn.  
N u c l e a r  T e c h n o l o q y ,  Feb. 1971, 15 p, 24 fig, 12 ref.  

The d y n a m i c  c h a r a c t e r i s t i c s  of t h e  @S5E u e r e  c a l c u l a t e d  f o r  
o p e r a t i o n  w i t h  U-235 and IJ-232 f u e l s .  Ihe a r a l y s i s  

t 
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kd 
r . i n c l u d e d  c a l c u l a t i o n  of t h e  t r a n s i e n t  r e s p o n s e  for 

r e a c t i v i t y  p e r t u r b a t i o n s ,  f r e q u e n c y  r e s g o n s e  * G I  reac t i v i  t y  
p e r t u r b a t i o n s ,  s t a b i l i t y  a n d  s e n s i t i v i t y  to p a r a m e t e r  

* v a r i a t i o n s ,  The c a l c u l a t i o n s  showed t h a t  t h e  eysten 
5 dynaffiic b e h a v i c r  is s a t i s f a c t o r y  f o r  b o t h  fuel l o a d i n g s .  

HSRE + d y n a m i c  character is t ics  t f e r d t a c k  t 
k i n e t i c  e q u a t i o n s  + s i m u l a t i o n  + s t a b i l i t y  

HDB7 000 0 3 
Gabbard CH 
REACTCR PCWER HEASUREMENT A N C  R E A T  T R A N S F E R  PERFORHBNCE I N  

Oak Bidge N a t i o n a l  L a b o r a t o r y ,  T e n n e s s e e  
O R N L - I M - 3 C 0 2  (May 1370)  32 p, 6 f i g ,  16 ref. 

THE HOL'IEN S A L T  REACTOR EXFEHII'IENT 

T h e  o p e r a t i n g  power of t h e  HSBE a s  d e t e z m i c e d  b y  a 
h e a t  b a l a n c e  on t h e  fuel a n d  c o o l a n t  s a l t  s y s t e m s ,  

, was 8.0 MU. C h a n g e s  i n  t h e  i s o t o p i c  c o a p o s i t i o n  of 
u r a n i u m  a n d  p l u t o n i u m  i n  t h e  f u e l  salt i n d i c a t e d  a 
p o w e r  lower b y  a b o u t  7 - 10%. A t t e m p t s  t o  r e s o l v e  t h i s  
d i s c r e p a n c y  h a v e  been i n c o n c l u s i v e .  'Ihc c c o l a n t  s a l t  
f low r a t e  was f o u n d  t o  b e  t h e  o n l y  p o t e n t i a l  source 
of s i g n i f i c a n t  error in t h e  h e a t  t a l a n c c .  A c a l i b r a t i o n  
c h e c k  of t h e  i n s t r u a e n t s  i s  p l a n n e d ,  T h e  h e a t - r e m o v a l  
c a p a b i l i t i e s  o f  t h e  f u e l - s a l t  t c  c o o l a n t - s a l t  h e a t  
e x c h a n g e r  a n d  c o o l a n t - s a l t  t c  a i r  r a d i a t o r  were telow 
t h e  p r e d i c t i o n s  of the o r i g i n a l  design c a l c u l a t i c n s .  
I n  t h e  case cf t h e  Frilpary h e a t  e x c h a n g e r ,  t h e  c v e r e s t i m a t e  
was d u e  t o  t h e  u s e  of e r r o n e o u s ,  e s t l E a t e d  FCysica l  
p r o F e r t y  da ta .  I n  t h e  case of t h e  r a d i a t o r ,  t h e  
o v e r e s t i m a t e  i n  t h e  d e s i g n  was only p a r t i a l l y  e x y l a i n e d  b y  
the  inprcFer s e l e c t i o n  cf a n  a i r  * f i l m *  t e m p e r a t u r e .  There 
w t i s  n o  decrease i n  h e a t  . t r a n s f e r  c a p a k i l i t y  cf the t u c  h e a t  
exchangers Over more t h a n  3 years of operation. 

*MSRE + *heat b a l a n c e  t * h e a t  t r a n s f e r  t + b e a t  e x c b a n g e r s  t 
m o l t e n  s a l t s  t * p e r f o r m a n c e  t * c p e r ' a t i o n  t r e a c t o r s  + 
* e x p e r i e n c e  t *flow m e a s u r e m e n t  + i s o t o F e s  t a n a l y s i s  t 
* t h e r n a l  F c v e r  t c o m p o n e n t s  t r e v i e w s  + d e s i q n  + d e s i q n  d a t a  t 
p h y s i c a l  p r o p e r t i e s  t t h e r m a  r o p e r t i e s  + i n s t r u s e r . t a t i o c  t 
s p e c i f i c  h e a t  t h e a t  balamco 

MDb7 0 00 3 3 
R o k i n s o n  JC + Fry D N  
EXPSRIRENTAL NEUTRON FLUX-T ESSUHE FREQUENCY RESPONSE F O B  

THE B O L 2 E N - S A L T  HEAC'IOR EXFERTMENT:  C E T E E C I E A T I C &  C E  V C I I  - . FRACT'IOE IN FUEL S A L T  
Oak R i d g e  Nat iona l  L a b a r a  tory, Tenn ,  
Nucl.  Sci. a n d  Eng. 4 2 ( 3 ) ,  397-405 (Dec. 197C),  5 F, IC L i g ,  . 1 t a b l e ,  1 4  ref. 

Small p r e s s u r e  p e r t u r b a t i o n s  were i n t r c d u c e d  i n t c  t h e  
p r i l r a r y  f u e l  pump bowl of t h e  MSRE o g e r a t i n g  a t  i ts  n c m i n a l  
p o w e r  of 8 MW(th). The e x p e r i m e n t a l  n e u t r o n  flux-to- 
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MDB7000 3 3 *Con t i n  ued* 
p r e s s u r e  f r e q u e n c y  r e s x o n s e  was then o b t a i n e d  from a cross- 
power  a n d  a u t o - p o w e r  s p e c t r a l  d e n s i t y  a r a l y s i E  cf t h e  
r e s u l t i n g  s i q n a l s  from a n e u t r o n - s e n s i t i v e  i o n i z a t i o n  
c h a m b e r  a n d  a pressure t r a n s d u c e r .  By c a m F a x i n g  t h e  
f r e q u e n c y  d e F e n d e n c e  of t h e  e x p e r i m e n t a l  f r e q u e n c y  response 
d e t e r m i n e d  for t h e  reactor  o p e r a t i n g  a t  Fouer w i t h  t h e  
f r e g u e n c y  r e s p o n s e  d e t e r m i n e d  from a n a l y s i s  of m a t h e n o t i c a l  
m o d e l s ,  t h e  s e l e c t i o n  of t h e  B I C ~ E  a p F r o F r i a t e  bcundarl  
c c n d i t i c n  set from a c h c i c e  of two p o s s i b l e  b o u n d a r y  
c o n d i t i o n  se ts  was p o s s i t l c ,  T h e n  t h e  a n a l y t i c a l  frecjuency 
r e s F c n s e  was f i t t e d  by t h e  l e a s t - s q u a r e s  methGd t o  t h e  
e x p e r i m e n t a l  f r e q u e n c y  r e s p o n s e  t o  o f t a i n  t h e  vc id  f r a c t i o n  
i n  t h e  mclten s a l t  f u e l ,  A v o i d  f r a c t i o n  of 0.€1 p l u s  or 
m i n u s  0.0441 H a s  d e t e r m i n e d  frcm t h e  f r e q u e n c y  response; t h i s  
v a l u e  c o r r F a r e s  f avc rab ly  w i t h  a v a l u e  of 0 .6  p l u s  or a i n u s  
0.13 d e t e r m i n e d  by  c t h e r  t e c h n i q u e s .  C o n c l u s i o n s  are t h a t  
t h e  a n a l y t i c a l  m o d e l  l e a d s  t o  a c c e p t a b l e  results f o r  t h e  
n e u t r c n  f l u x -  tc- grezsure  f r e q u e n c y  r e s p o n s e  a n d  t h a t  
p r o p e r l y  d e s i g n e d  d y n a m i c  t e s t s  i n v o l v i n g  sma 11 r e a c t i v i t y  
p e r t u r b a t i c n s  ( i n t r c d u c e d  b y  means other t h a n  r c d  m o t i o n )  
c a n  be  u s e d  t o  e x t r a c t  s p e c i f i c  n u c l e a r  p a r a m e t e r s  f o x  a 
n u c l e a r  s y s t e m  o F e r a t i o n  a t  pouer, 

MSRE + b u b b l e s  + d y n a m i c  c h a r a c t e r i s t i c s  t d y E a m i c s  tes ts  + 
m e a s u r e m e n t  t noise a n a l y r i z  + v o i d  f r a c t i o n s  
CTHER C A T E G C R I E S :  ?4CE 

HDB7 1C002 
K e r l i n  TW + Ea11 SJ + S t e f f y  RC + E u c k n e r  HR 
EXPERIENCES WITH DPNAPlIC IES' I ING iYETHODS AT T H E  ECLTEI-SALT 

O a k  R i d q e  N a t i o n a l  Laboratory , l e n n .  
N u c l e a r  T e c h n o l o g y ,  Feb. 1971, 15 p, 1s f i g ,  13 r e f ,  

REACTCR EX PEKTBENT 

A s e r i e s  of r e a c t i v i t y - t o - p o w e r  f r e q u e n c y  r e s p o n s e  
m e a s u r e m e n t s  v a s  made o n  t h e  2 l c l t e n - S d l  t Heactcr E x ~ e t i m e n t .  
T h i s  was d o n e  for 0-233 a n d  U-235 f u e l s ,  f o r  a r a n g e  c f  
o p e r a t i n g  p o w e r  l e v e l s ,  a t  s e v e r a l  F c i n t s  i n  t h e  system 
o p e r a t i n q  h i s t c r y ,  a n d  f o r  several d i f f e r e n t  tes t  
p r o c e d u r e s ,  A c o m p a r i s o n  of e x g x r i m e n t a l  reEults w i t h  
p r i c r  t h e c r e t i c a l  p r e d i c t i o n s  c o n f i r m e d  t h e  v a l i d i t y  cf the 
t h e o r e t i c a l  p r e d i c t i o n s .  T h e  t e s t  E r a g r a m  i c c l u d e d  
m e a s u r e m e n t s  u s i n g  the Eseudorandom b i n a r y  s e q u e n c e ,  
p s e u d o r a n d o m  t e r n a r y  s e q u e n c e ,  n - s e q u e n c e ,  a n d  t h e  
m u l t i f r e q u e n c y  b i n a r y  s e q u e n c e ,  

MSHE t d y n a m i c  character is t ics  * d y n a m i c s  t e s t s  t f e e d b a c k  + 
n o i s e  a n a l y s i s  + s t a b i l i t y  t e x F e r i e n c e  
CTHER CATEGCRFES : H C C  

M DC6 6 COO2 
Kerlin TW'+ Ea11 SJ 
E X P E R I M E N T A L  D Y N A H I C  ANALYSIS OF THE BCITEL-SALT SEECTCS 
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Oak R i d q e  N a t i c a a l  Labcratory,  Tenn. 
ORNL-Tf4-1647 ( C c t .  13, 1966) ,  58 p, 29 f i g ,  2 5  r e f .  

w 
- . 

EX P E R I M E  HT 

D y n a m i c s  t e s t s  were FerfOKmed o n  t h e  u r a n i u m - 2 3 5  f u e l e d  
H S R E  fo r  the full canye of o p e r a t i n g  poker levels t c  
d e t e r m i n e  t h e  F c u e r - t o - r e a c t i v i t y  f r e q u e n c y  r e s p o n s e .  
T h r e e  t y p e s  of i n p u t  d i s t u r t a n c f s  Y ~ K E  u s e d :  t h e  p s e c d c -  
randcm b i n a r y  r eac t iv i ty  i n p u t ,  t h e  pulse r e a c t i v i t y  
i n p u t ,  a n d  t h e  s t e p  r e a c t i v i t y  i n p u t .  Ihe f r e q u e n c y  
r € s F c n s e  of t h e  u n c c n t r c l l e d  reactor s y s t e m  d i s p l a y e d  
r e s o n a n t  b e h a v i o r  i n  w h i c h  t h e  f r e q u e n c y  of c s c i l l a t i c n  
a n d  t h e  d a t ~ i n q  i n c r e a s e d  w i t h  i n c r e a s i n y  souer l e v e l .  
M e a s u r e d  p e r i o d s  of n a t u r a l  o s c i l l a t i c n  r a n q e d  f rcm 
t h i r t y  m i n u t e s  a t  75  Kk; t o  two m i n u t e s  a t  7.5 lY3. These 
o s c i 1 l a t i o n s  were l i g h t l y  damged a t  I c u  ~ o w e r ,  t c t  E t t O n g l y  
dauiFed a t  h i g h e r  pcrer .  The  m e a s u r e d  r e s u l t s  g e n e r a l l y  
were in good a q r e e r n e n t  w i t h  p r r d i c t i c n s .  I h e  uair!  
c o n c l u s i c n  is t h a t  t h e  system h a s  n o  o p e r a t i o n a l  s t a b i l i t y  
p r o b l e m s  and t h a t  t h e  d y n a m i c  c h d r a c t e r i s t i c s  a r e  
e s s e n t i a l l y  a s  F r e d i c t e d .  

- 

*MSRE t * d y n a m i c s  tes ts  t * d y n a m i c  c h a r a c t e r i r t i c s  + 
* e x p e r i m e n t  t measurement + + s t a b i l i t y  + t e s t i n g  + 
r e a c t i v i t y  + t h e r m a l  power  + p r o c e d u r e s  + a n a l y s i s  + a e t h c d E  
OTHER CATEGORIES: UCX 

if'3Ch 7 000 1 
E n g e l  Jli + ?rincc B E  
THE REACTIVITY E A L A N C E  IN THE MSHE 
O a k  Ridqe Nat i cna l  Laboratcry,  T e n n e s s e e  
CDNL-TM-1796 (Ear. 10, 1967) 54 p, 16 f i q ,  15 ref. 

E x p c r i e n c e  w i t h  a r e a c t i v i t y  b a l a n c e  c a l c u l a t i o n  is 
d e s c r i b e d  for a p p r o x i m a t e l y  1 y e a r  of M E R E  Fever  c p e r a t i c n  
w i t b  uranium-235 fuel. C o m p u t a t i o n s  were performed every 
5 m i n u t e s  by a n  o n - l i n e  d i g i t a l  CcmFuter. R e z u l t s  
u e c e  used i n i t i a l l y  t o  e v a l u a t e  xenon  poisonioq i n  

, t h e  reac tor  a n d  s u k s e g u c n t l y  , t c  l r c n i t c r  for a rcna lous  
r e a c t i v i t y  c h a n g e s .  S e n s i t i v i t y  for d e t e c t i n g  s h o r t -  
term c h a n q e s  i n  fuel c o m p o s i t i c n  is 1 C  times g r e a t e r  
t h a n  chemical a n a l y s i s .  No s i g n i f i c a n t  Long- t e rm 
d r i f t  i n  r e a c t i v i t y  is o t s e r v e d  a t  z e r c  ~ , c ~ e r  u i t h  
nc x e n c n  present. A more d e t a i l e d  a n a  c o m p r e h e n s i v e  
r e p o r t  of t h o  t h e o r e t i c a l  b a s e  a n d  t h e  E n t i r e  exkerierce 
Y it t urd nium-235 f o e l  * p r e s e n t e d  i n  C F h L - U b 7 4 ,  a c c e s s i o n  
number  MIX7 10006. 

*tQSRE + * r e a c t i v i t y  t * e x F e r i e n c e  t *xenon  + 
* n u c l e a r  a n a l y s i s  + o p e r a t i o n  + d a t a  prccessinq t b u b b l e s  + 
c o n t r c l  rcds  + ra re  e a r t h , c  + m o d e l s  + fission p r o d u c t s  + 
fuels + u r a n i u m - 2 3 5  
OTHER CATEGORIES: BBX 

ifDC67 0002 

s 
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flDC670002 * C o n t i n u e d *  
E n q e l  JB + P r i n c e  BE 
THE REACTIVITY B A L A N C E  IN TRE ESRE 
Oak R i d g e  rJationa.1 L a b o r a t o r y ,  Tenn ,  
Abstract of p a p e r  p r e s e n t e d  a t  t h e  T h i r t e e a t h  A n n u a l  f l e e t i n g  

of t h e  B g e r i c a n  N u c l e a r  Soc ie ty ,  S a n  Ciego, C a l i f . ,  
J u n e  11-15, 1967, A m e r i c a n  N u c l e a r  S o c i e t y  l r a n s a c t i c n s  
1 0 ( 1 ) *  337 

E x p e r i e n c e  w i t h  a r e a c t i v i t y  t a l a n c e  c a l c u l a t i c r  is 
d e s c r i b e d  for a p p r c x i m a t e l y  1 year of WSEE p o w e r  o p e r a t i o n  
w i t h  u r a n i u m - 2 3 5  f u e l ,  This a k s t r a c t  {and Frepriot  
of F a p e r )  i s  a s y n c g s i s  of O B N I - T E - 1 7 9 6 ,  same t i t l e ,  
a c c e s s i o n  number  HEC670001. 

* H S R E  + * r e a c t i v i t y  t * e x p r i e n c e  4 + x e n o n  t 
* n u c l e a r  a n a l y s i s  4 o p e r a t i o n  t da ta  p r o c e s s i n g  t L u h k l e s  t 
C o n t r o l  r o d s  + rare e a r t h s  t models + f i s s i c n  F r c d u c t s  t 
f u e l s  t u r a n i u n - 2 3 5  

L9 

, 

HDC6 8 0092 
P r i n c e  BE + Bal l  SJ t Engel JR + H a u b e n r e i c h  E N  t K e r l i n  TU 
ZERO-FOWES FHYSXCS E X P E R I M E N T S  ON TEE MOLTEN-SAL2 R E A C T O R  
EXPER 18 EN '1 
C a k  Ridge National L a b o r a t o r y ,  Tenn.  
ORNL-4233 ( F e b ,  1968) .  6 0  F, 24 f i g ,  2 5  ref, 

This r e p o r t  d e s c r i k e s  t he  t e c h n i q u e s  a n d  E e s u J t s  cf 
a F r c g r a r  of e x p e r i t e n t r  d e s i g n e d  t o  m e a s u r e  t h e  impor tan t  
n e u t r o n i c  c h a r a c t e r i s t i c s  of t h e  XSRE, u n d e r  c c c d i t i c r s  
of n e g l i g i b l e  n u c l e a r  h e a t  g e n e r a t i o n .  The p r o g r a m  
i n c l u d e s  the i n i t i a l  c r i t i c a l  U-235 l o a d i n g ,  t h e  c o n t r o l -  
r o d  c a l i b r a t i c n  ( F e r i o d - d i f f e r e n t i a l  w o r t h  and r o d  
d r o p - i n t e g r a l  w o r t h  m e a s u r e m e n t s ) ,  d e t e r m i n a t i c c s  of 
the r e a c t i v i t y  loss d u e  t o  f u e l  c i r c u l a t i o n ,  t h e  ' s t a t i c '  
r e a c t i v i t y  c o e f f i c i e n t s  of excess 0-535 c o n c e r t r a t i c n  a n d  
i s o t h e r m a l  core t e m p r a t u r e ,  t h e  f u e l  s a l t  t e m p e r a t u r c  
r e a c t i v i t y  c o e f f i c i e n t ,  t h e  Frcssure e f f e c t s  cn r e a c t i v i t y ,  
a n d  a series of s y s t e m  d y n a m i c s  tests ( f r e q u e n c y  r e s p c n s e ,  
t r a n s i e n t  f l o u ,  a n d  n e u t r o n  f l u x  noise E e a s u r e o e n t s ) .  
These m e a s u r e m e n t s ,  c a r r i e d  ou t  i o  J u n e  1965,  form much 
of t h e  e x p e r i m e n t a l  b a s c l i n e  f o r  e v a l u a t i o n  c t  t h e  
n u c l e a r  o p e r a t i o n  a t  f u l l  p c v e r  v i t h  U-235 f u e l .  The 
r e p c r t  i n c l u d e %  d i s c u s s i o n s  of t h e  c o m p a r i s o n s  ot the 
m e a s u r e m e n t  results u i t h  t h e  c o r r e s p o n d i n g  n e u t r c n i c  
c h a r a c t e r i s t i c s  c a l c u l a t e d  from t h e o r e t i c a l  models. 

* a n a l y s i s  t * c r i t i c a l i t y  + * d y n a m i c s  t e s t s  t *exFesitert  + 
*MSBE t * r e a c t i v i t y  + * u r a n i u m - i 3 5  + c i r c u l a t i o n  t 
c o n t r o l  rods + d e l a y e d  n e u t r o n s  4 e x p e r i e n c c  t mcdels t 
s t a r t u p  
CTHER CATEGCEIES: K A E  + X C C  

M DC 6 8  C O  0 5 
Pry DE; t K r y t e r  EC t R o b i n s o n  JC 

? 
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MEASUREMENT OF IiELIUM VOID FRACTICN IN THE IISEE E U E f  SALT 
USING NEUT6CN-NOISE BNALYSIS  
Oak R i d q e  N a t i c n a l  L a b o r a t o r y ,  Tenn.  
CHNL-TPI-2315 (Aug. 1968) .  3 2  p, 10 f i g ,  17 ref .  

u 
3 

I n v e s t i g a t i o n s  were made a t  t h e  F S R E  d u r i n g  power  
o p e r a t i o n  w i t h  u r a n i u m - 2 3 5  f u e l  t c  d e t e r s l i n e  if t h e  
a m o u n t  of h e l i u m  q a s  i n  t h e  fuel s a l t  c c u l d  b~ t r e a s u r e d  
u s i n g  a e u t r c a  noise a n a l y s i s .  T h e  n e u t r o n  power  
s p e c t r a l  d e n s i t y  (NPSC) w a s  m e a s u r e d  a t  d i f f e r e r t  
r eac t c r  o p e r a t i n g  c c n d i  t i o n s  a n d  compared w i t h  a n a l y t i c a l  
m o d e l  p r e d i c t i o n s  of t h e  NPSD t o r  t h e  same c c c d i t i o o s .  
R e s u l t s  showed t h a t  t h e  p r i n c i p a l  s o u r c e  of s s a l l  
n e u t r o n  d e n s i t y  f l u c t u a t i o n  c k s e r v e d  i n  t h e  15RE 
is h e l i u n  b u b b l e s  c i r c u l a t i n t j  i n  t h e  f u e l  s a l t .  T h e  
m e a s u r e m e n t s  s h o w e d  t h a t  NPSC i n  t h e  f r e q u e n c y  r a n g e  
frolr 0.5 t o  2 c p s  v a r i e d  a s  t h e  s q u a r e  of h e l i u m  
v o i d  f r a c t i o n  a s  p r e d i c t e d  ky t h E  model, a n d  t h a t  
t h e  minimum v o i d  f r a c t i c n  was more n e a r l y  zero  t h a n  
t h e  p r e v i o u s l y  a c c e p t e d  v a l u e  cf C . l % .  I t  i s  c c n c l u d e d  
t h a t  c h a n q e s  i n  t h e  c i r c u l a t i n g  void f r a c t i o n  c a n  be 
i n f e r r e d  w i t h  good  s e n s i t i v i t y  d i r e c t l y  f r c a  r e u t r o n  
n o i s e  measurements, a n d ,  c o n s e q u e n t l y ,  b E S C  c a n  c o m p l e m e n t  
a n d  e n h a n c e  t h e  v a l u e  o f  t h e  MSRE r e a c t i v i t y  halance 
c a l c u l a t i c a s .  

* a n t t l y s i s  + * e x p e r i e n c e  + *models t *MSBE: + *ncise a n a l y s i s  + 
* r e a c t i v i t y  + * v o i d  f r a c t i c n s  + d y n a m i c  c h a r a c t e r i s t i c s  + 
e x y e r i n e n t  * u r a n i u m - 2 3 5  
OTHER C A T E G O R I E S :  MCD 

fl DCG9 0003 
H o b i n s o n  JC t Fry DN 
U E T E R f 4 I N A I I O N  OF THE V O I D  FRACTICN I h  THE EStE U S I Y G  SBALL 

Oak R i d g e  N a t i o n a l  Labora tory ,  'Lenn. 
ORNL-TB-2318 (Feb. 1969), 58 p, 11  fig, 2 2  re f .  

I N D U C E D  ESESSUEIE P E R T U R E A T I O N S  

w i t h  t h e  NSRE c p e r a t i n g  a t  5 Lu, sawtooth p r e s s u r e  
p e r t u r b a t i o n s  u e r e  i n t r o d u c e d  i n t o  t h e  f u e l - i u n f  b o u l  
t c  detertrine t h e  a n c u n t  of h e l i u E  gas E x t r a i n E d  i a  
t h e  c i r c u l a t i n g  fue l .  The Fressure a n d  n e u t r o n  f l u x  

i g n a l s  were s i m u l t a n e o u s l y  a e F l i f i e d  a n d  r e c c r d e d  
n m a g n e t i c  taFe. !then t h e  s i g n a l s  u e r e  a n a l y z e d  

u s i n g  a u t o - p o w e r  s p f c t r  1 d e n s i t y ,  crcss-pcwer E l e c t r a l  
e n s i t y ,  c ros s -co r re l a t ion ,  a n d  direct  Fourier t r a n s f c r m  
e c h n i q u e s  t o  o k t a i n  t h e  n e u t r c n -  f l u x - t c - F r e s s u r e  

f r e q u e n c y - r e s p c n s e  f u n c t i o n .  Au a n a l y t i c a l  n o d e l ,  
d e v e l o p e d  p r e v i o u s l y  to a i d  i n  t h r  i n t e r F r e t a t i c a  
o f  t h e  f l u c t u a t i c n s  of t h e  n e u t r o n  f l u x  i n  an. u n F e r t u r k e d  
s y s t e m ,  was u s e d  t o  i n f e r  from t h e  e x p e r i m e n t a l  data  
t h e ' a o r o u n t  of h e l i u a  lroid ( i n t e r p r e t e d  a s  a v o i d  f r a c t i o n )  
e n t r a i n e d  i n  t h e  f u e l  s a l t .  A d E s c r i p t i c n  cf tbe a n a l y t i c a l  

- 

.) 

LJ 
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BDC690003 * C o n t i n u e d *  
model a n d  i ts e x p e r i m e n t a l  v e r i f i c a t i o n  a r e  i n c l u d e d  
i n  t h i s  r e p o r t .  T h e  v o i d  f r a c t i o n  tias d e t e r a i n e d  t c  
be b e t w e e n  0.023 a n d  0.045%, The  u n c e r t a i n t y  of t h i s  
i n f e r e n c e  is a t t r i b u t e d  t o  a s s u m F t i c n s  t a d e  i r  t h e  
model, (Abs t r ac to r  *s n a t e :  T h i s  work was s u k s e q u e n t  ly 
r e p o r t e d  i n  N u c l .  S c i ,  & Tech , ,  s ee  M D B S O O C C S , )  

* a n a l y s i s  + * d y n a m i c s  tests t * e x p e r i m e n t  t *models t 
*USRE + * r e a c t i v i t y  + * v o i d  f r a c t i o n s  + 
d y n a m i c  character is t ics  t e x r e r i e n c e  + u r a n i u m - 2 3 5  t 
p r e s s u r e  + t h e o r y  
OTHER C A T E G O X E S :  MCD 

HDCb90015 
Pry DN t Kryter NC t R o b i n s o n  J C  
A N A L Y S I S  CF NEUTECN NOISE I N  A 30LTEN SALT REACTOR 

Cak R i d q e  t i a t i o n a l  L a b o r a t o r y ,  Tenn ,  
Summary of Faper F r e s e n t e d  a t  A N S  A n n u a l  f l e e t i n g ,  S e a t t l e ,  

1 f i g ,  5 ref. 

OPERATING A I  POWER 

Hash., J u n e  15-19, 1969, A N S  T r a n s a c t i o n s  12(1), 299, 2 p, 

N e u t r o n  f l u x  n o i s e  i n  the R S R E  uas s t u d i e d  ky Fourier 
a n a l y s i s  of an i o n i z a t i o n  c h a m t e r  s i q n a l  over t he  t r e c u e n c y  
r a n g e  from 0.1 t o  15 cycle/sec. P e a s u r e m e r i t s  a t  v a r i c u s  
o p e r a t i n g  c o n d i t i o n s  a n d  cross c o r r e l a t i c n E  w i t h  c t h e x  
reac tor  s i q n a l s  s h c u e d  marked  c h a n g e s  u i t h  c h a n q e s  i n  t h e  
c i r c u l a t i n g  v o i d  f r a c t i o n  a n d  a b i g h  d e c r e e  c t  c c r r e l a t i c n  
b e t w e e n  n e u t r c a  f l u x  n o i s e  a n d  p r e s s u r e  n o i s e .  I t  a p p a r s  
t h a t  cross c o r r e l a t i o n  of n e u t r c n  a n d  F K F S S U C ~  ricise c f f e r s  
a n c n - F e r t u r b i n g  method of d e t e r m i n i n g  t h e  c i r c u l a t i n g  void 
f r a c t i o n  u i t h  t h e  r cac to r  o p e r a t i n q  a t  ~ o w e t .  ( I h i s  b c r k  
i s  d e s c r i b e d  i n  d e t a i l  i n  GRNL-TB-2315. See t C C 6 e O 0 0 5 . )  

*?ISHE + * n o i s e  a n a l y s i s  t * v o i d  f r a c t i o n s  t mcasurenert + 
n e u t r o n  f l u x  + h e l i u u  4 c c v e r  g a s  
CTHER CATEGCETES : M C C  

MDC69C016 
R o b i n s o n  3C + F r y  E N  
THE FREQUENCY R E S P O N S E  OF %HE NEUTRGK F L U X  TC F H L S S U F E  IN A 

CIRCULATING FUEL REACT08 - ANALYTICAL A N D  E X P E R I M E N I A L  
Oak R i d q e  N a t i c n a l  Laboratory, Tenn. 
Summary of p a p e r  p r e s e n t e d  a t  ANS A n n u a l  R e e t i n q ,  S e a t t l e ,  

Wash., J u n e  15-19,1969, A N S  T r a n s a c t i o n s  12 (1)  252, 2 p# 
3 ref. 

An a n a l y t i c a l  E o d e l  was d C v e l G F e d  t o  c o E p u t e  the IbeUtKon- 

w i t h  c i r c u l a t i n g  m o l t e n  s a l t .  S i n c e  E n t r a i n e d  c c v e r  gas 
makes  the c i r c u l a t i n g  f l u i d  c o m p r e s s i b l e ,  p r e s s u r e  
p e r t u r b a t i o n s  i n d u c e  r e a c t i v i t y ,  a n d  heace n e a t r c n  f l r x ,  
p e r t u r b a t i o n s .  A n a l y s i s  i n d i c a t e d  t h a t  t h e  n e u t r o n - f  lux- to-  
pressure f r e q u e n c y  r e s p o n s e  is F r c p o r t i c n a l  t c  t h e  

f l u x - t o - F r e s s u r e  f r e g u e n c y  r e s p o n s e  i n  a reactor  fuelled * 

W 
A c c e s s i c n  Number EDC690003 t o  NIC6900 16 
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MDC690016 * C o n t i n u e d *  
c i r c u l a t i n q  void f r a c t i c n  i n  t h e  f r e q u e n c y  r a n g e  from 0.01 
to 0.1 c y c l e / s e c .  S a w t o o t h  F r e s s u r e  F e r t u r b a t i c n s  u e r e  
i m p c s e d  on t h e  MSRE a t  f u l l  po i i e r  a n d  t h e  f r e q u e n c y  
r e s p o n s e  was measured. E x p e r i m e n t a l  data  u e z e  hest f i t t e d  
w i t h  a c i r c u l a t i n g  void f r a c t i o n  of 0.04% ( E  d e t a i l E d  
d i s c u s s i o n  of t h e  model  a n d  e x p s r i m e n t a l  r e s u l t s  is 
p r e s e n t e d  i n  O R N L - ' I H - 2 3 1 8 .  See MCC-690003.) 

* K R E  + * d y n a m i c  c h a r a c t e r i s t i c s  + * t u k k l e s  + *mcdels + 
* n u c l e a r  a n a l y s i s  t exFeriment + m e a s u r e m e n t  t 
* v o i d  f r a c t i o n s  + c o v e s  gas t h e l i u r t  t c a l c u l a t i c n s  
OTHER CATEGORIES: MCD 

- 
8 

BDU700004 
S t e f f y  RC 
PREQIJFNCY RESPCNSE TESTING O F  THE MOLTEN SALT BEBCXOB 

Cak R i d g e  N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORNL-IPl-2t?23 (Mar. 1 9 7 0 )  118 p p  2 7  f i g ,  3 1  ref. 

EXPERIIIENS (THESIS) 

T e s t s  to d e t e r m i n e  t h e  n e u t r o n  f l u x - t c - r e a c t i v i t y  f rec luency  
r e s F o n s e  were F e r f c r m e d  on t h e  MSEE w i t h  the reactor  
a t  v a r i o u s  p o w e r  l e v e l s  b e t w e e n  zero a n d  f u l l  Fcuer arid 
w i t h  the r e a c t o r  f u e l e d  with a U-235 f u e l  m i x t u r e  a u d  
a 11-233 f u e l  m i x t u r e .  T e s t  p a t t e r n s  ElaFloyed ueIe F S e U d O -  
randcn: b i n a r y  sequences (PRBS) a n d  pseudorandom t e r n a r y  
s e q u e n c e s  (PETS) of var ious s e q u e n c e  l e n g t h s  a t d  l r i o i  rum- 
p u l s e - d u r a  t i o n  times. In sone tests r e a c t i v i t y  (control- 
rod p o s i t i o n )  was f o r c e d  to fcllow t h e  test  p a t t e r n ,  
a r d  i n  o t h e r  tests t h e  n e u t r o n  f l u x  was forced t c  f c l l o u  
t h e  t e s t  p a t t e r n .  She e x p e r i m e n t a l  results werc a n a l y z e d  
by s e v e r a l  d i f f e r e n t  m e t h o d s  a n d  t h e  r e s u l t s  were ccmpred .  
The f r e q u e n c y  r e s E ; c n s e  cf t h e  u n c o n t r o l l e d  r e a c t o r  s y s t e m  
was found t o  b e  i n  good a g r e e m e n t  w i t h  t h e c r e t i c a l  
p r e d i c t i c n s  for both t h e  0-235  and U-232 fuel loadings, 
T h e r e  were no i n d i c a t i o n s  of rcspcnse c h a r a c t e r i s t i c s  t h a t  

' sight cause ccn t ro l  of E a f e t y  p r o b l e m s .  A d v a n t a g e s  a n d  
' d i s a d v a n t a g e s  of v a r i o u s  t e s t i n g  a n d  a n a l y t i c a l  nethod5  dre 

d i s c u s s e d .  
*fiSRE + * d y n a m i c  c h a r a c t e r i s t i c s  + * m e a s u r e g F r t  + * e x y e r i ~ e x t  4 

* t e s t i n g  + r e a c t i v i t y  t c c m p u t e r  codes + d a t a  p r o c e s s i n g  + 
n u c l e a r  a n a l y s i s  4 * a n a l y s i s  + c o n t r c l  rods + 
cont-rol-rcd d r i v e s  + comFut + d a t a  a c q u i s i t i o u  s y s t e m s  + 
m e t h o d s  
OTHER CATEGORIES: flCD 

HDC700005 
S t e f f y  RC 
EXPERIMENTAL C Y N A M I C  ANALYSIS Of Tf lE  MSRE WITH U-233 FUEL 
oak R i d g e  N a t i c n a l  L a b o r a  t o t y ,  Tenn .  
CRNL-TH-2997 ( A p r i l  1 9 7 0 ) @  28 p ,  10 f i g ,  1 1  ref. 

. 
- 

D u r i n g  t h e  s t a r t u p  w i t n  U-232 f u e l ,  tests s h c k e d  t h a t  t h e  
systear time t e s F c n E e  t o  stop c h a n g e s  i n  r e a c t i v i t y ,  t h e  

A c c e s s i o n  Number MDC690016 t o  HDC700005 
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f l u x - t o -  r e a c t i v i t y  f r e g u e n c y  r e s p o n s e ,  a n d  t h e  o u t l e t  
t e m p e r a t u r e - t o - p o u e r  f r e q u e n c y  r c s p o n s e  a g r e e d  f a v o r a b l y  
w i t h  t h e o r e t i c a l  p r e d i c t i o n s .  T i m e - r e s F o n s e  tests 1, 5, and 
8 nu v e r i f i e d  t h e  p r e d i c t i o n  t h a t ,  a l t h c u g h  a f t e r  a 
p e r t u r b a t i o n  t h e  reactor r e t u r n e d  to i ts  o r i g i n a l  poucr 
level nore r a p i d l y  when t h e  i n i t i a l  Fewer was h i g h  t h a n  when 
i t  vas l ou ,  t h e  s y s t e m  uas l o a d - f o l l o w i n g  a t  a l l  s i g n i f i c a n t  
p u w r  l e v e l s .  F l u x - t o - r e a c t i v i t y  f r e g u c n c y  K ~ Z E C D S ~  L d E  
effectively measured u s i n g  p e r i o d i c  p s e u d o r a n d o m  binary a n d  
t e r n a r y  s e q u e n c e s .  A s  p r e d i c t e d ,  for t h e  B S R E ,  the degree 
of s t a b i l i t y  i n c r e a s e d  k i t h  i n c r e a s i n q  power l e v e l .  

* a n a l y s i s  t * d y n a m i c  cha rac t e r i s t i c s  t * d y n a m i c s  t e E t c  + 
* e x p e r i m e n t  t WSRE + *reac t iv i ty  + * s t a b i l i t y  t e x p e r i e n c e  * 
models + u r a n i u m - 2 3 3  t m e t h o d s  
OTHER CATEGORIES: fiCD 

f l E A 6 4  0005 
B l u m b f r g  R 
REHOTE R A I K T E N B N C E  OF THE H S R E  (PART OF MSRP EEFlTAMN FROG 
REPT 7/31/64) 
Cak R i d q e  National L a b o r a t o r y ,  Tenn. 
03NL-3709 (Nov. 1964),  p ~ .  190-200, 5 f i g ,  E ref .  

S a i n t a i n a b i l i t y  uas a Frimary c o n s i d e r a t i o n  i n  t h e  
d e s i g n  a n d  p l a n n i n g  of t h e  H S R E .  C o a r F o c e n t s  t h a t  
w i l l  beccme r a d i o a c t i v e  were d e s i g n e d  a n d  l o c a t E d  
so that t h e y  can be disconnected ky t h e  u s e  c f  lcng- 
h a n d l e d  t o o l s  i n s e r t e d  t h r o u g h  a uotk s h i e l d  s e t  up 
on t o p  of  t h e  c o n t a i n m e n t  cel l .  L a r g e  i t e E s  k i l l  b e  
d i s c o n n e c t e d  t h i s  way, then w i l l  be r e m o v e d  b y  a cranf  
o p e r a t e d  from a s h i e l d e d  c o n t r c l  rooE. The wcrk ~ h i e l d ,  
tools, remcte v i e w i t g  e q u i p m e n t ,  a n d  p r o c e d u r e s  h a v e  
b e e n  d e v e l o p e d  a n d  t e s t e d .  

+ m a i n t e n a n c e  + *MSRE t * E l a n s  + d e s i g n  + d e v e l o p m e n t  t 
e q u i p m e n t  t p r o c e d u r e s  + s h i e l d i n g  + t c o l b  
OTHETI CATEGORIES: HEt3 t K B A  

BE8660028 
B l u n b c r g  R 
LIAINTENANCE OF R A C I O A C T I V I  SYSTEMS AND COHPONENTS A 1  !SHE MSEE 
Oak R i d g e  Nat icnal  L a b c r a t o r y ,  Tenn.  
ANS Trans 9 (2) (1966) ,  p. 5300 

f l a i n t e n a a c e  o p e r a t i o n s  are p e r f o r m e d  a t  H S E E  u i t h  l ons  t oo l s  
m a n i p u l a t e d  t h r o u g h  access boles F r o v i d f d  i n  a Ecrtable 
s b i c l d .  E x p e r i e n c e  has been good.  (A la ter ,  mcse d e t a i l e d  
reference O D  this subject i s  EEC700053.) 

e x p e r i e n c e  t MSRE t p r o c e d u r e s  t r e m o t e  m a i n t e n a n c e  t t c o l s  
OTHEit CATEGORIES: KBA 

fiEB680001 
B l u m k e r g  R t Hise EC 
FSRE CESIGN B N C  CPERATIOBIS REPORT, PART X -- M A 1  "IENANCE 

a 
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EQUTPaENT A N D  PROCEDURES 
Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn.  
ORML-I#-910 ( J u n e  1 9 6 8 ) ,  80 26 tig, 3 ref. 

A r e c o r d  of the m e t h o d s  d e v e l o F e d  for m a i n t a i n i n g  
t h e  r a d i c a c t i v e  F c r t i c n s  of t h e  4 S R E  i s  p r e s e n t e d .  
The m a i n t e n a n c e  system u t i l i z e s  l o n q -  h a n d l e d  t c c l z  
oFerated t h r o u g h  a E o v a b l e  s h i e l d  for most of t h e  
i n - c e l l  m a n i p u l a t i o n s .  For scmf r a d i c a c t i v e  t r a a s f e r  
a n d  z e t u 1  t a s k s  t h a t  c a n n o t  b e  h a n d l e d  o t h e r w i s e ,  a c r a n e  
t h a t  is o p e r a t e d  r e m o t e l y  frolc a s h i e l d e d  c c n t r c l  rcou 
is u s e d .  O v e r a l l  d e s c r i p t i o n s  are q i v e n  of t h e  c o m p o n e n t s  
a n d  t h e  m e t h o d s  of m a i n t e n a n c e .  gome d e t a i l e d  g r c c e d  u E e s ,  
w r i t t e n  f r o m  t h e  s t a n d F c i n t  of t h e  p e o p l e  who perform 
t h e  uork, are a l s o  p r e s e n t e d .  R e f e r e n c e  mater ia l  t h a t  
w i l l  b e  u s e f u l  when d e t a i l e d  i n f o r m a t i o n  is r e q u i r e d  
i s  i n c l u d e d ,  

* m a i n t e n a n c e  + *MSRE + t k l a n s  t d e s i g n  + d e v e l o p m e n t  t 
e q u i p m e n t  + p r o c e d u r e s  + s h i e l d i n g  i t o o l s  

fl EC 70 CO  53 
H a u b e n r e i c h  F N  + E l u m b e t g  R t R i c h a r d s o n  LT 
RAXNTENANCE OF THE M O L T E N - S A L 9  R E A C I C B  E X F E S I C E N T  
Gak Ridge N a t i o n a l  L a h o r a t o r y ,  Tenn. 
P a p e r ,  ANS 197C U i n t e r  M e e t i n g ,  W a s h i n g t o n ,  Kov. 1970, 

29 p, 8 f i g ,  8 ref. 
T h e  MSRE v a s  d e s i g n e d  f c r  m a i n t e n a n c e  of r d d i c a c t i v e  
s y s t e m s  by s i m p l e  t o o l s  i n s e r t E d  t h r o u g t  a F c r t a b l e  
s h i e l d .  T h i s  s y s t e m  F r o v e d  p r a c t i c a l  for r a d i o a c t i v e  
m a i n t e n a n c e  a n d  i n s p e c t i o n  j o t s  a r i s i c q  i n  5 years cf MSRE 
o p e r a t i o n .  D e l a y s  i n  t h e  p r o g r a m  d u e  t c  m a i n t e n a n c e  were 
n o t  e x c e s s i v e  a n d  a c t i v i t y  r e l e a s 6 s  a n d  Ferscnnel  
e x p o s u r e s  were e i n i r a l .  This pape r ,  q i v e n  at a s p e c i a l  
session on Naintenaace of R a d i o a c t i v e  S y s t e m s  d e E c r i b e s  
t h e  nSRE d e s i g n  f o r  m a i n t e n a n c e ,  lists jobs d o n e ,  a n d  
discusses t h e  e x p e r i e n c e .  Copies a r e  a v a i l a b l e  f TOE ESRP 

' D i r e c t o r ' s  O f f i c e ,  G R N L ;  d summary is i n  ALS Trans. 
V O I .  1-38 NO. 2, PO 7890 

* d e s i g n  + * e x p e r i e n c e  + * E S R E  + *remote m a i n t e n a n c e  + 
*tools  + c o n t a m i n a t i o n  + e x a m i n a t i o n s  t e q u i F a e n t  + 
h e a l t k  p h y s i c s  + m a i n t e n a n c e  t p e r f o r m a n c e  + r e l i a b i l i t y  t 
s h i e l d i n g  
OTHER CATEGORIES: KBA + CE 

MPX700020 
H a u k e n c e i c h  PN t R i c h a r d s c n  M 
PLANS FCR E C S T - C F E R A T I O N  EX I N A T I O N  O F  THE MOLTEN-$ALI REACTOR 

Cak Ridge N a t i o n a l  L a b o r a t o r y ,  Tenn .  
ORML-TH-2974 ( A p r i l  1970) 8 30 p ,  0 f i q ,  3 ref. 

EXP ER I@ EN 'I 

I n  December 1969, a f t e r  more t h a n  4 s u c c e s s f u l  years, t h e  

A c c e s s i c n  Number MEB680001 to R F X 7 C C C i C  
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Category ll 
HSRE 

H FX 7 0 CO 20 *C o n t  i nu ed* 
n u c l e a r  o p e r a t i o n  of t h e  HSRE was c o n c l u d e d  a n d  t h e  p l a n t  
was p l a c e d  i n  s t a n d b y ,  work p l a n n e d  f o r  early in FY-1971 
i n c l u d e s  r e m o v a l  of some core g r a F h i t e ;  v i e v i r q  i n s i d e  t h e  
r e a c t o r  vessel a n d  i n s i d e  the f u e l - p u m p  bowl, i n s p e c t i o n  of 
portions of the salt p i p i n g ,  t he  o t f g a s  c h a r c c a l  b e d ,  t h e  
c o o l a n t  s a l t  FumF, a n d  t h e  c o n t r o l  rods; and t e s t i n g  t h e  
c o o l a n t  s a l t  flowmeter, Each study is j u s t i f i e d  by its 
b e n e f i t  t o  t h e  Rol tea-Sal t  Reactor Program,  E r o c e d u r c s  a n d  
t o o l s  dre a v a i l a b l e  for some j c t s ;  fc l :  c t h e r s ,  t h e y  a r e  
c u r r e n t l y  b e i n g  d e v e l o F e d ,  

d e c o m m i s s i o n i n g  + e x a m i n a t i o n s  + t l S R E  + p l a n s  + relscte E a i n t e n a n c e  

A c c e s s i o n  Nurnter HFX700020 t o  tEX700020 
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C a t e g o r y  N 
M i z c e l l a n e o u s  

N X X 5 9  00 02 

REPORT CF THE F L U I D - F U E L  REACTORS TASK FORCE 
U n i t e d  S t a t e s  A t o n i c  E n e r g y  C o m m i s s i o n  CRDT 

Li 
i ( S t a f f  R e F C r t )  

* TID-8507 (Feb. 1959) ,  188 p,  7 f i g .  
A c r i t i c a l  e v a l u a t i c n  was made of t h e  3 f l u i d - f u e l  c o n c e p t s  
u n d e r  d e v e l o p m e n t  by t h e  USAEC: a q u f c u E  h G f c g e x e c u z ,  
m o l t e n - s a l t ,  a n d  l i q u i d - m e t a l - f u e l .  l h c  task f o r c e  
c o n c l u d e d  t h a t  a l l  3 c o u l d  b r e e d  i r i  t h e  tho r ium-U-233  
c y c l e ,  u i t h  t h e  AHR h a v i n g  t h e  g r r a t f s t  p o t e n t i a l  g a i r .  
M a i n t e n a n c e  u a s  i d e n t i f i e d  a s  t h e  most i m p o r t a n t  f a c t o r  
i n f l u e n c i n g  t h e  p r a c t i c a b i l i t y  of  a n y  of t h e  three. I h e  
molten-salt  reactor was j u d g e d  t o  h a v e  t h e  h i g h e s t  
p r o b a b i l i t y  of a c h i e v i n g  t e c h n i c a l  f e a s i b i l i t i ,  

*AEC t * d € v e l o p m e n t  + * p l a n s  + *reactors t 
breading performance + f u e l s  + LHB t m a i n t e n a n c e  t P E E R  + 
o p t i m i z a t i c n s  + r e v i e w s  
C T H E R  C A T E G C E I E S :  AEX 

NXX63C001 
V o z n i c k  HF + U h l  V W  
MOLTEM SALT FOR HEAT TRANSFER 
A t l a n t i c  Eesearch Corp t f rexe l  I n s t i t u t e  of l e c h n c l c g p  
Chem. Engrg. Vcl. 70,  129 (Hap 27, 1963) 8 p, 4 f i g ,  37  ref. 

Heat-transfer s a l t  (HIS) c o m p o s e d  of 40% s c d i u l r  c i t r i  te, 
7% s c d i u r  n i t ra te  a n d  53% p o t a s s i u m  n i t r a t e  b a s  b e e n  u s e d  
w i d e l y  since 1937 f c r  h e a t i n g  a n d  c o o l i n g  i n  t h e  p e t r o l e u m  
a n d  c h e m i c a l  i n d u s t r i e s .  HTS is i n e x p e n s i v e ,  h a s  g c o d  h e a t  
t r a n s f e r  F r c F e r t i e s ,  h a E  a v e r y  low v a p c r  F r e s s u r e  a n 3  is 
n o n - t o x i c .  T h e  f r e e z i n g  p o i n t  of d r y  HIS is 29C d e g  F, a n d  
i s  d q r e s s e d  by water i n  t h e  s a l t .  “IS is n o t  h i g h l y  
reactive w i t h  a i r ,  f u t  a t l a n k e t  of s t e a m  O K  i n e r t  gar  is  
r e c c n n e n d e d .  C a r b c n  steel is s a t i s f a c t c r y  t c  E S C  deg F, 
w i t h  s t a i n l e s s  steel  recommended for applications t o  
1100 deg F. HTS is commercially a v a i l a t l e  frca:  s e v e r a l  
s o u r c e s  a n d  a t  least twc firms m a n u f a c t u r e  c o m p l e t e  h e a t  
t r a n s f e r  systems u s i n g  t h i s  s a l t , -  P u m ~ s  U F  t c  1 7 , O C O  g p ,  
v a l v e s ,  a n d  steam g e n e r a t c r s  up t o  20 E& are  i n  s e r v i c e .  

* c o o l a n t s  t * m o l t e n  salts + * h e a t  e x c h a n g e r s  + 
* h e a t  t r a o s f e r  t + h e a t  t r e a t m e n t s  t + n i t r a t e s  + 
* p h y s i c a l  F r c p e r t i e s  t + s a f e t y  + * s e c o n d a r y  s a l t s  t 
*steam g e n e r a t o r s  t * the rma l  c o n d u c t i v i t y  t 
a c c i d e n t s  t a F F l i c a t i c n s  t 
b e a r i n g s  + b e h a v i o r  + c o m p a t i t i l i t y  t c c m p o n e a t s  t 
c o n t a i n e r s  + c c r r c s i c n  t c o v e r  gas + d e n s i t y  t 

f r e e z i n g  + i n e r t  gases + l i q u i d u s  t materials  + 
m e l t i n g  + KaK * p i p i n g  t p m p s  .) r e v i e w s  t 

t u b i n g  + valves  + v a p o r  pressure t o i s c c s i t y  

NXX69COrlS 

8 e x p e r i e n c e  + f a i l u r e s  + f l a n g e s  + f l u i d s  t 

f s p e c i f i c  heat t stability t t h e r m a l  i n s u l a t i o n  + 

B*’ 
A c c e s s i o n  Number NXX5900C; t o  NXX69CClrb 
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Category D 
H i s c e l l a n e o u s  

N X X 6 9 C 0 4 6  * C o n t i n u e d *  
( S t a f f  R e p o r t )  
THE USE OF THORIUM IN NUCLEAR ECWEB EEACTOBS 
U n i t e d  S t a t e s  Atomic E n e r g y  Commission CRDT 
HASH-1097 f J u n e  1969), 144 p #  28 f i g ,  6 5  r e f .  

T h i s  r e p c r t  i d e n t i f i e s  t h e  fac tors  i n v o l v e d  i n  t h o r i u r  
u t i l i z a t j o n  a n d  d e s c r i k c s  t h e  s t a t u s  a s  of rid-1468. I t  
v a s  p r e p a r e d  u n d e r  t h e  d i r e c t i o n  of DEDI by a t a s k  force 
from i n d u s t r y ,  n a t i o n a l  l a t o r a t o r i e s  a n e  t h e  B E C ,  a n d  
c o n t a i n s  a f c r e w o r d  by CRCT Director El, Shaw. Ibe r e t c r t  
t r e a t s  first t h e  qeueral  features  of t h e  t h o r i u m  c y c l e  
(resources, n u c l e a r  c h a r a c t e r i s t i c s  of t h o r i u n  a n d  U- 2 3 3  
i n  thermal- a n d  f a s t - n e u t r o n  s p e c t r a )  , 'Then i t  d i s c u s s e s  
t h o r i u m  u t i l i z a t i o n  in s p e c i f i c  reactcr  t y p e s :  h i g h -  
tern Fera t ure g a  ~ - c o c l e d ,  mcl t e n - s a l  t, li s h t -  wa te r , a nd 
h e a v y - w a t e r  t h e r m a l  reactors a n d  a fast reactor.  T h e  i l S E R  
c o n s i d e r e d  i s  a s i n g l e - f l u i d  treeder w i t h  r e d u c t i v e  
e x t r a c t i c n  p r o c e s s i n g  f c r  Pa  a n d  rare e a r t h s .  No 
c o n c l u s i o n  a s  t o  t h e  r e l a t i v e  lserits cf var icus  r eac t c r  
t y p e s  is e x p l i c i t l y  F r e s e n t e d .  

r e v i e w s  + t h o r i u m  + u r a n i u m - 2 3 3  + t r e e d i n g  Ferforaance + 
n a t u r a l  r e s o u r c e s  + d e w e l c F m e n t  + XSER 
CTHER C A T F G C R T E S :  AEX 

NXX69C053 
(S taf  € Eieport) 
COST-BENEFIT ANALYST5 OF THE U.S. BEEECER E E B C T C F  E E C C F A t l  
U n i t e d  S t a t e s  Atomic E n e r g y  C o m m i s s i o n  C H D ' I  
WASH-1126 (AFr. 1 9 6 9 ) ,  98 F8 8 f i g .  

T h i s  r e p o r t  u e i g h s  the q u a n t i f i a k l e  k e n r f i t s  cf b r e e d e r  
reactcrs  a q a i n s t  t h e  ccsts i n c u r r e d  by t h e  g o v e r n m e n t  i n  
t h e i r  d e v e l o p m e n t ,  A mode l  of t h e  U.S. e l e c t t i c a l  ~ o r a r  
econcmy was used t c  comFare cases w i t h o u t  a b r e e d e r  a n d  
u i t h  t h e  LMFER plus c o n v e r t e r s .  L a r q e  k e n e f i t l c c s t  ratios 
for LtIFBR d e v e l c F m e c t  kere f o u n d  i n  a l l  cases. 
D e v e l o p m e n t  of a p a r a l l e l  kreeder was also c o n s i d e r e d  a n d  
a p p e a r e d  d e s i r a b l e  u n d e r  most sets of a s s u m p t i o n s .  T h e  
l igh t -water  hreeder, t h e  m o l t e n - s a l t  k : r c e d e r  a n d  the 
g a s - c o o l e d  f a s t  b r e e d e r  a r e  m e n t i o n e d  a s  c a n d i d a t e s  f c r  
d e v e l o p m e n t .  

* e c o n o m i c s  + *electr ical  Fower + * o p t i m i z a t i o n s  + 
*reactors + AEC + L Y F E R  + M E R  + power c o s t s  

W 
. 

N X X 7 0 C O  1 1  
Eond VP 
EVALUATIGK CF EOTENTIAL H P Z A R C S  P R G H  THITIUM hATZ:E( 
B r o o k h a v e n  N a t i o n a l  L a b u r a t o r y ,  N. Y, 
Paper I A E A  SH 146/13, I A E A  Symposium on E n v i r c n m e n t a l  AsFeCtS of 

* 

Knclear Fcwer ~ t a t i c n s ,  New York, Auq. 10-14, 1970, 21 p, 44 ref .  ? 

W T h i s  pape r  a n a l y s e s  p o s s i t l e  k i o l c g i c a l  e f f e c t s  cf t r i t ium,  
r e v i e w i n g  frcm t h e o r e  t i c a l  a n d  e x p e r i m e n t a l  s t a n d p o i n t s  a l l  

A c c e s s i o n  Number NXX690046 t o  KXX7090 1 1  



C a t e g o r y  N 
M i s c e l l a n e o u s  

NXX7000 11 * C o n t i n u e d *  
ad 
. f a c t o r s  i n v o l v e d .  F a c t o r s  c o n c e i v a b l y  i n c r e a s i n g  t o x i c i t y  

dre c o n s i d e r e d  i n  d e t a i l .  These i n c l u d e  se lec t ive  
c o n c e n t r a t i o n  ( a c t u a l l y  d i s c r i m i n a t i o n )  i n  t h e  human ‘Lody, 

s u c h  as DNA. C c n c l u s i o n E  are: t h e s e  f a c t o r s  d c  n o t  
s i g n i f i c a n t l y  i n c r e a s e  t h e  d o s e  e x p e c t e d  frcn; t r i t i u m  i n  t h e  
e n v i r c n m e n t  cr effects  cf t h a t  dose; a dose of r a d i a t i o n  
from t r i t i u m  h a s  t h e  same r a d i o t i o l o 5 i c a l  n e a r i r q  a s  t h e  
same d c s e  of x - r a y s ;  the ICRF-AEC max p e r m i s s i k l e  body 
b u r d e n  of 1000 m i c r o c u r i e s  is q u i t e  c c n s e r v a t i v e ;  the  MPC 
f cr  water is c c n s e r \ a t i v e  by a l a r g e  fac tor .  A n t i c i p a t e d  
p o p u l a t i o n  e x p o s u r e  from r e a c t c r - F r o d u c c d  “io i E  v e r y  small 
Compared  t o  t h a t  frcm e x i s t i n g  HTC a n d  o t h e r  S o u r c e s  Gf 
r a d i a t i o n .  

. a n d  p o s s i b l e  effects due t o  i n c o r E o r a t i c n  i n t c  n c l e c u l e z  

* h e a l t h  p h y s i c s  + * t f i t i u H :  + b e t a  decay + c o n c e n t r a t i o n  + 
e n v i r o n m e n t  + reactors + r e v i e w s  t s a f e t y  + wastes  

c 

t4XX70COE7 
D e o n i q i  D E  
A STKULATION OF THE U N X T E C  STATES ECYEE ECCLCLY 
F a c i f i c  Northwest L a k o r a t o r y ,  Y a s h i n g t c n  
Proc, American P o w e r  Conf., Vcl. 32  ( 1 9 7 0 ) ,  pp.  105-115, 

10 f i 3 ,  3 ref. 
R c c r g r e h e n s i v e  s i n u l a t i o n  of a t y p i c a l  U,S. u t i l i t y  s y s t e m  
was made a n d  t h e  o p t i m a l  qrowth  F a t t e r n ,  u s i o q  f c s s i l - f u e l  
p l a n t s  a n d  varicus reactor t y p e s ,  Mas c a l c u l a t e d  u s i n q  
p r o j e c t e d  a v a i l a b i l i t y  d a t e s ,  f u e l  u t i l j z a t i c r  f e r f  c r a a n c e ,  
a n d  c c s t s  e s t i a a t e d  i n  1967, I n  the case w h e r e  a l l  r e a c t o r  
types were allowed, by t h e  y e a r  ; C l O  c v c r  ha l f  c f  t h e  
c a p a c i t y  was i n  m c l t e n - s a l t  c o n v e r t e r  r eac tors  u s i n g  E x c e s s  
p l u t o n i u m  from f a s t  b r e E d e r s .  

+e l ec t r i ca l  F O W K  + * e c o n c m i c s  + * n a t u r a l  r e s o u r c e s  t 
*reactors + * o p t i m i z a t i o n s  + * s y s t e m s  t converters + 
power c o s t s  + s i p u l a t i o n  
CTHER CATEGCRIES: EFX 

i 
N xx 7 0 co 5 8  
(Staff R e p o r t )  
POTENTIAL NUCLEAR POWER G R O E ‘ L H  FATTEENS 
U n i t e d  S t a t e s  Atomic E n e r g y  C o m m i s s i c n  DEZD‘L 
WASH-1098 (Dec. 1970) 2 4 9  F, 

T h i s  repor t  d e s c r i b e s  t h e  d e v e l o L E e n t  a a d  a F F l i c a t i c n  of a 
m o d e l  of t h e  U.S. e l e c t r i c a l  Fober ecoricmy b y  t h e  S y s t e m s  
A n a l y s i s  Task Force, whose a c t i v i t i e s  c e n t e r e d  a t  the 
P a c i f i c  N o r t h w e s t  Labora tor ies .  I n p u t  d a t a ,  i n c l u d i n q  
c o s t s  a p p r o p r i a t e  for 1967, were g r o v i d r d  b y  c t b e r  t a z k  
fo rces  e s t a b l i s h e d  b y  DRDT t o  e v a l u a t e  v a r i o u s  r eac to r  
c o n c e p t s .  Most c o n s i d e r a t i o n  was g i v e n  t c  c o a b i n a t i c r s  of 
a f c u  reactcr t y p e s  c o n s i d e r e d  most likely t o  be d e v e l o p e d  
i n  t h e  U. S. I n  t h e  o n e  c a s e  i n  w h i c h  t t e  c c a p t i t i o r  
i n c l u d e d  a l l  rcac tc r  t y F e s ,  over hal€  of t h e  r e a c t o r s  b u i l t  

A c c e s s i o n  Numte r  NXX700011 t o  N P X 7 C C C 5 8  

Paye 167 
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Category N 
H i s c e l l a n e o u s  

N X X  7 0 CO 5 8 *C c n t i nned* 
a f t e r  t h e  year 2000 were p l u t o n i u m - f u e l c d  tol tefr-sdl t  
conver te rs  (Fig. 6 . 9 ) .  

* e c o n o m i c s  + *electrical  power t * o p t i o i z a t i c n s  + 
*reactors + BEC t c a F i t a 1  c o s t s  + c o n v e r t e r s  t f u e l  c y c l e  t 
f u e l  c y c l e  cos t s  + LflFER t MSER + n a t u r a l  fescurces  t 
Fover c o s t s  

NXX700060 
( S t a f f  R e F C r t )  
REPORT CF THE IF1 REACTOR ASSESSBENT PANEL 
E d i s o n  E lcc t r i c  I n s t i t u t e ,  N. 1. 
EEI P n b l i c a t i o n  70-30 ( A p r i l  1970)# 5 3  14 f i g ,  7 r e f .  

A Fanel  cf 6 u t i l i t y  e x e c u t i v e s  (plus a u o r k i a q  g r o u p )  
r e v i e w e d  power  reactor d e v e l o F D e n t s  a n d  e u q q e s t e d  t h e  
d i r c c t i o n ,  ~ r i c r i t i e s ,  f i n a n c i a l  r e q u i r e m e n t s ,  a n d  t i m i n g  
of u t i l i t y  i n v o l v e m e n t .  Halor e m g h a s i s  CII t b e  L n P B B  i r  
i n d i c a t e d .  Wi th  r e g a r d  t o  m o l t e n - s a l t  reactors, t h e  F a n e l  
c o n c l u d e s  t h a t  t h e y  p r o m i s e  low costs  i c  t h e  f u t u x e ,  C u t  
t h e  c u r r e n t  l ack  of a r u p F l i e r  and t h e  s m a l l  scale of AEC 
d e v e l o p m e n t  d e t e r  u t i l i t y  i n v o l v e E e n t .  

* d e v e l o p m e n t  + *electrical  Fewer + *reactors t + u t i l i t i e s  + 
costs + e n e r g y  + i n d u s t r y  + PTGR t LMFBH + LWBB + MSBR + 
n a t u r a l  r e s c u r c e s  4 Fower C C S ~ E  t p r o c e s s i n g  t r e v i e w s  

Accession Number N X X 7 C C O S E  t o  N X X 7 C C C C C  
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KEYWORD INDEX 

The reviewers who prepared the abstracts for MSRIS had a list of about 
600 keywords from which to select a set for each abstract. 
which follow are listed the keywords that were actually used, each followed 
by the identification numbers of the abstracts to which that keyword was 
assigned. 

In the pages 

The user of this index should be aware of a peculiarity of the listing: 
all keywords beginning with a capital letter (Hastelloy N, for example) are 
listed after all the other keywords. 
ration and print-out of the index by the computer. 

This is a consequence of the prepa- 
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ACE € 7  C02 8 
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JAB6900 18 
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c 

a c c i d e n t s  

a c t i n  i d e s  

a d m i n i s t r a t i o n  

ad s o r p t i o n  

a f te r he a t  

a g i n g  

a l l o y  corn p o s i t  i o n  

a l l o y s  

* aluminum 
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MDA690005 
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ACD700038 
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FC E6 9004 3 
FCE7 10004 
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FXX690047 
GXX 6800 3 9 

ACE6800 17 
ACE6 800 2 4 
FA X620004 
F AX6 2000 5 
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ACE670021 

JCX690019 
HCC 6 60005 
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AAX6700 10 I AB670043 
ACA660008 IBD€80036  
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ACA670016 J A8700017 
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ACA680012 MCD€90062 
A U A  6 E C C  1 9 #DA t2000 1 
A C A O S C O Z l  M EA 64 0007 
ACA6 900 28 tlCAf5000 1 
ACA7C0021 MDA 660003 
AC A7 000 35 M.CAt60004 
AC87 10029 MDA 670038 
ACE660017 MEA670040 
ACD670019 MEA (570041 

ACC6700 26 MCAt90005 
ACD63C027 MDB 700003 
ACE700038 MCCE60002 
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CCX670035 HCC680005 
cLx700010 MM:€90003 
ECX7 1001 1 HDC700004 
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ACD6 E C O  11 ACD 68 0022 
ACD6600 11 ACDt90024 
ACDd N O 1 7  ACD690031 
ACC670019 ACD70002Q 
ACD670026 ACD700038 
ACC6 X O i 7  

ACD65C02C HDA ea0003 

a F F l i c a t i o a s  
C A X 6 S C 0 5 3  N XX630031 

a r c h i t e c t - e n g i n e e r i n g  
A D X 6  9 0 6 3  

argon 
RCD6SCO 17 

barium 
ACD7CC024 

bearings 
ACA650023 ACE680024 
ACA6800 12 ACE 69 00 2 6 
ACBtiC024 ACE700025 
ACE6 €0013 NXX630001 

ACD6tCO 17 cxx700049 
ACE670026 JAa t90018  
ACDEE0023 JAB700017 
C A X 6  9005 3 NXX 63000 1 
CDX6 700 35 

ACC660016 ACDf80022 
ACD 6 € C O  15 ACD690031 

be ha v i or  

b e r y l l i u m  
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b e r y l l i u m  
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ACD30003f 
LXX66003 1 

ACD660017 
ACD€7COl S 
ACD67002 0 
ACD€7C026 
ACD670027 
ACDt8CO15 
ACD6800 2 2 
ACD69C02 4 
ACD69003 1 
ACD7CC03E 
CAX680032 

teryllium o x i d e  
ACD690024 

beta decay 
NXX70COll 

t i s m u t h  
ACC€€OClE 
ACC67002 5 
ACC € 9002 3 
ACC6900 3 0 
ACC 7OC02 3 
ACC7O 00 3 7 
ACDE7CO19 
ACD670026 
ACD€eCOlS  
ACD68 002 2 
ACD 69002 4 
ACD69003 1 
ACD700024 
ACD700038 
ACE690026 
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ACD63C026 
ACD690024 
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ACA CECC14 

IAF€7C047 

ACD6€OC17 
ACD670026 
ACD6800 15 
ACDCEC023 
ACD690024 

A AX 67 000 6 
ACE 6 5 0 G O  E 

t e r y l l i u m  f l u o r i d e  

k l a n k  et 

b l o w e r s  

boiling 

boron  t r i f l u o r i d e  

t raz ing  
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PlDA 6 9000 1 

CAX6900Sf 
CCX680033 
cxx 7 000 4 9 
LAX710019 
LCA680008 
LC A 6 90 0 3 7 
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LCC7 10024 
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LDA700046 
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ACE7C0025 
ACE700039 
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LDA6900 13 
LDA69003 8 
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LKX7 1000 1 
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LXX7 1002 1 
LXX7 1002 6 

fAC600025 
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LJX67003f 

ACA670016 

IAF6700U8 

ACD690031 
ACE700038 
C AX69005 2 
c xx700049 

AC E 6 80 0 2 4 
ACE 6 90 02 6 

A AX6700 09 
ABX6 40004 
AEX6700 49 
ABX6EC035 
ABX690007 
ABX6SC056 
A E X 7  000 54 
ABX7 1C02C 
ACE660009 
ACB6EOO 15 
ACE6700 24 
ACB 0 E C O  13 
ADX640021 
hCX690063 
BAXOECOC6 

ACB6 E002C 
ACE6 900 22  
ACB7C0036 
ACC680015 
ACD6E0022 
ACE6900 24 
ACD€S0031 
CCX680033 

ACC6 80022 

AAX670009 
BBX67CO12 
ECA62000 1 
HDA6ZC002 
CCA6 30002 
P4DA64COCl 
?!EA6 4 C O C 2  

ABX7C0054 
BFX700056 
I A A  6 6 C O  3 C 

IAC6 6 002 5 
IAC700047 

ACC650007 
ACD6600 17 
ACD6 5 C C  1 S 
ACE6700 26 
ACD6E0015 
ACE680022 

ACE690029 

b u b b l e s  

turnup  

c a l c u l a t  icns 

c a F i t a l  c o s t s  

c a p i t a l  e q u i p m e n t  

c a p s u l e s  

c a p t u r e  

ACE660012 ACE €900 3 2  
ACE6EGOlE ACE 700025 
ACE670021 ACE700039 
ACE67COZE F B X 64 001 5 
ACk6 800 17 

Lreed inq  p e r f o r r a n c e  

hs 
. 

BEX670012 
BFX680009 
BEX7000 16 
BFX700056 
ECXC80031 
EDX69005 1 
IAAE50024 
I A A  66 0030 
IAC€60025 
I A C  700047 
IAC710013 
IAF e70047 
I AF670048 
N X X  590002 
NXX690046 

I AC 7 1 00 1 3 
IEC€80036 
MCD690017 
3CA700032 
HDB 70003 3 
X LC E7000 1 

Pll;C€90016 
MDC67C002 \ 

BEX€70012 

M C A C S 0 0 0  1 
MDA090001 
84CAC90002 
?IDA 700006 
B LA700007 
MDC €900 16 

I AC 7 1 00 1 4 
LKX620003 
NXX700058 

IAC700051 
I AC710013 

? 

ACDE80023 
ACDE90024 
ACD100038 
CEX 6400 18 
GDXE90042 

c 

t 

bd 
rllx 700008 
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ACD670019 
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ACE63003 1 

ACD670019 
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ACDE80015 
AC0680022 
ACDE80023 
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ACOC9CO31 

AAXf70005 
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ACD6500 1 1 
A C D C C C C 1 1  
ACD6700 19 
ACD67CG26 
ACD680015 
ACDE8COl € 
ACD680022 
ACD € 8 002 3 
ACD690024 

carbon 

carbonates 

carr iers 

castinq 

cells 

ceramics 

cermets 

cesiun 

c h a r c o a l  

c h e m i c a l  properties 

chemical react i c n s  

c h e m i s t r y  

chlorides 
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€CC700040 
FCC700044 
FCC7 100 10 

FBA660020 

ACD680016 
ACD68002 2 
ACD690024 
AC069003 1 
ACD 7 000 3 8 

GGX 6 700 3 4 

LCC710024 

ACD700024 
ACD7C0038 
C AX 6 800 3 I 
CAX690053 
cxx700 0 4 9 

ACD7 000 2 4 
ACD7 000 3 e 
CAX690053 
cxx700049 
LG X6 5 000 2 
LXX60003 1 
LXX7COO29 

ACD69Q031 
ACD700024 
ACD70003t3 
CAX680032 
C AX 6900 5 i 
CCX680033 
C X X  6 1100 20 
c xx7 coo4 9 
LXX66003 1 
FICA 6 80 0 0 4 

ACC7C0037 
CAX6900 53 

ACD6700 26 
ACDEEC022 

ACD6 6 00 1 7 
ACC670020 
ACD670027 

ACE680013 
ACE65C02e 
ACE6800 17 

ACE680024 

EXX700048 

ACC690030 
ACC7C0023 
ACC7000 37 

AAX6700 05 
AAXOSCOC6 
BCC650007 
ACD660017 
ACD6 7 C C  1 S 
ACE670020 
ACD070026 
ACE670027 
ACD6SOO 15 
ACD6EC01€ 
ACC680022 
ACD€ €0023 
ACE690024 
ACD7COO24 
A C E 7 0 0 0 3 3  
ACE6COOCE 
ACE6E0014 
ACE6600 12 
ACE€&COlE 
ACE670021 
ACE67002& 
ACE6800 17 
ACE€ EC024 
ACE690026 

AAX6'iCOC7 
AAX6 70008 
ABX69COf6 
ACA6600 14 

I l lCA6SC023  
ACA68OO 12 
ACB7C0022 
B C E ~  ooo 36 
cx X'7 c c 0 4 5 
HEX620006 

chrcriurc 

c i r c u l a t i o n  

c o a t i n g s  

cotaft 

ccke 

columns 

comFatiti1 i t y  

comgonen tr 
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I A F  670047 
IAF€70048  

cxx700049 

CCX680033 
LI EA660003 
M D c  680002 

ACE6800 24 
ACE 690032 
ACE700025 

ACE6600 18 
ACE 68 002 4 
L E X  680027 

ACE 6900 3 2 
ACE700025 
R C E 700039 
BGX E70045 
CAX680032 
CAX 690052 
CAX690053 
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? l I : E 3 0 O O O 3  
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components 
W o n t  i n u e d *  

N X X  E3COO 1 
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EBX 6 9 C03 S- 
EBX700042 

AAX670009 
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BBX67CO12 
FCD7 100 16  
HCX 7 1 c02 2 
I B8670039 
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GDX 7 1 C02 5 

ACA €%004 
ACC6 5000 6 
ACC650012 

ACE700039 

NXX63000 1 

AAX670010 
ACAc6COC8 
ACB € 8C02 C 
ACB690029 
ACB 3 0 00 3 € 

computer codes 

computers 

concent ration 

cunce Ftua 1 d e s i g n  

construct ion 

con t a c t  o r s 

containers 

containment 

EDX640016 

LK X700030 
MDA67004C 
MDA 67004 1 
FiDA69000i 
flDA 7 000 06 
IIDC70000 4 

JEX650020 
?4 AC68003 4 
MDA69000 5 
MDC 7 CO 0 04 

ACD700038 
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CAX690053 
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HCX7 10022 
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IAE700059 
TAF670047 
IAF670048 
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fi EX7C000 1 

LKX 7000 30 

fBC700047 
I A C 7  100 1 2  
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, 

CAXdSC053 
IAC6t0024 
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A A X 6 3 0 0 C e  
ACE680020 
ACB6 40022 
ACE650029 
A C E 7  000 2 2 
ACB7 CC036 
XAC710013 
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ACE6SC032 
ACE700025 
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A AX670007 
ACA71002e 
ACE6ZC013 
ACE680020 
ACB6 SC022 
ACD660017 

contamination 

control 

control  rods 

control- 10 d d E i v es 

converters 

coclant l u c p s  

ccolants 

c o o l i n g  

cores 

H D A  670038 
tIEA680003 

MEC700053 
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ACE670027 
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H AX700050 
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cores 
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IAF670047 
IAF670048 

ABX58000 1 
ACD€t50017 

0 ACD670019 
ACD 6 7 C 02 0 
ACD670026 
ACD E 7C 02 7 
ACD680015 
A C D E  8002 2 
ACD68002 3 
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ACD700038 
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ACE7CC02 5 
C AX68 00 32 
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ACC € 5 COO6 
ACD660017 
ACD670019 
ACD 67C026 
ACD670027 
A C D € 8 C O l S  
ACD680022  
ACD € 9CC2 4 

Li 
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corrosion 

c o r r o s i o n  p r o d u c t s  

MCA62OOOl 

cxx70004 9 
PA X620004 
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PA X69003 5 
F A X  690045 
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FEE67003 1 
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€'BE710018 
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PCX690033 
FCX700026 
G A X 7  000 4 5 
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GCX690042 
GFX660023 
G X X  6 e0 0 3 9 
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ACE7 00024 
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ACB 6 7 C P  17  BCC680021 
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AAX67000 6 ADX640021 
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ACD € 6  C C 17 ACD700024 
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A C D € e O C l €  f4DA 7 00 0 0 6 
bCD68002 2 PICC690015 

cos t s  

- 

cover gas 
* 
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ACD6 €0023 
ACC690024 

ACA6€CO 14 
ACE650008 

ACE6 SO008 
ACE 65 00 14 
ACE6600 12 

AC E6 700 28 
ACE6ECO 17 
ACE680024 
ACE € S C  02 6 
ACE690032 
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EDX6E0031 
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FEE690040 
PBB6SCG41 

ACA6500 1 C 
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HEA64000 2 

A A X C j C C C Z  
D AX6 800 06  
BAX7COOCE 
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C A X 6 S C O E l  

cutting tools 
ACA7 10028 

data 
ACBt; € 0 0  13 
ACE690029 
ACC7 C O O 3 7  
ACC6500 11 
ACD6600 11 
BAX7COOCE 

c r a c k s  

creep 

ACE 6 6 C O  1 E 

c r i t i c a l i t y  
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flDC 69001 6 
NXX 63000 1 

E D  X 64 00 16 
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BCD690017 
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CCX €80038 
XBD €80036 
tCA700014 
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data acquisition systems 
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JEX650020 M CC670002 
MDC€ 'iC0 C 1 MDC 700004 

decay 
ACE6 90022 ACD€70027 
81387 CC036 M D A  E90001 
ACE6600 17 MEA700007 
ACDOSCO2C 
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decoarmi s s i o n i n g  
MPX700020 

decom~osit  ion 
ACD670026 
ACD€@COlS 

d e c o n t a m i n a t i o n  

LXX690009 
defects 

ACEE9C02 6 
ACE690032 

delayed neutrons 
ACD68002 3 
MDA64 0006 
MDA€60003 

ACDfeCC17 
ACD680022 
ACD690024 
ACDt590031 
ACE660012 
A C E € € C O l €  
ACE670028 
ACE680017 
ACE680024 
ACEt9C032 
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ACD690024 
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ACE680017 
ACE € e002 4 
ACE690032 

ACD6500 1 3  

BBXt59CC59 
IAP690014 

A'BX64OOOU 
ABX70CC54 
ACC€fCOO€ 
ACC6600 10 
ACC E9CO3 C 
ACC700023 
HAX70005C 
HBX620006 
HBX67CO42 
H 8x69 0058 
HBX€SCOSS 
HBX700012 
HCX68C037 
IAB670043 
IAE70C054 
IBA710005 

L xx €9 coo a 

d e n s i t y  

d e p o s i t i o n  

descr i p t i c n  

HBX t 9 COS E 

d e s i g n  

Keytiord Index  

CAE690053 

LJX660006 

ACE700025 

flDA690002 
PlDA 6 9000 5 
HDC 6 800 02 

ACE7 00039 
CAX690053 
CCX6800 3e 
cxx7coo49 
ECX6400 16 
EXX700048 
€ E X 6 4 0 0 1 5  
HDA 640002 
N X X 6 3 0 0 0  1 

ACE70002 5 
ACE7 0003 9 
BGX 6700 4 5 
CD X67C03 5 
cxx7 0004 9 
EC D 6 90 06 2 

J FX660027 
MBX640003 
MCD7C0001 

IEB670034 
1887 100 15 
TBD680036 
J A A 7  10009 
LHX690011 
LJX660006 
LK X6 20003 
MAC680034 
HAD 6 90 00 4 
HAX6500 19 
MC D 6 90 05 5 
BCEi69006T 
UDB7 C O O 0 3  
BEB640005 
BEE680001 
M EC7000 53 

design cr i t er ia  
ACB6 €GO 15 
BGX670045 
CDX670035 

AAX070009 
ACE6700 24 
ACE7 10029 
B A X 6  EOOCf5 
BEX6700 12 

A AX6700 0 3 
AAX6 SOOC4 
AAX6'iCOOS 
AAX670006 
AAx63C007 
A A X 6  700 08 
AAX6700 11 
ABXSEOOCl 
AEXb 40004 
ABX6 EC035 
AEX690056 
ABX7C0054 
AEX700055 
158x7 1002C 
ACE670024 
ACB6EOO 13  
ACE700022 
AC87 000 36 
bCB7 10029 
ACC700037 
ACD6 E O 0  13 
AC E6 500 08 
ACE6 E C O  14 
A C E 6 6 0 0  12 
A C E € € C O l e  
A C E 6 3 0 0 2 E  
ACE680017 
ACE€ € G O 2 4  
ACE690026 
ACE64C032 
ACE7 C O O  2 5 

ACD6tC017 
ACE690024 

ACE670028 
CDX07C03S 
FCC690048 
FCC € 5 C04 9 

ACA6 700 16 

ACD67CO2C 

LXX7 1002E 

d e s i g n  d a t a  

d€v€loFm€nt 

diagrams 

d i f  f u s i c n  

d i s c o n n e c t s  

d i s m a n t l i n g  

d i s p e r s i o n  

HCX7 10022 
IAA650024 
IAE700059 
LDA 690012 
!4LB700003 

0 

ECXf80031 
E D X  6900 5 1 
FAX620004 
PAXt20005 
FAX690035 
i?AX€90045 
FCC710010 
FXXE90047 
GCX 7 10025 
HAX7000SO 
HEXt20006 
tIBX670042 
HEX €90058 
H B X 69 005 9 
HEX700012 
HCX680037 
HEX E20007 
HIX f60026 
H XX €4 001 9 
JfX690060 
KBBt90006 
L HX €900 1 1 
LJX €7 0032 
LKX700030 
LKX710001 
L xx700029 
M EAf40005 
MEB680001 
N X X  590002 
NXXt90046 
N XX5COO60 

\ 

f 

a 

ACD700038 

FCD710016 
MDAC70040 
NCAt7004 1 . 

ACD670027 ,i, 
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. 

d is po sa 1 

dissolving 

d i s t i l l a t i o n  

HDA700007 

- A C D  f56C017 
C AX6800 3 2 

AAX670004 
ACCfCCOlC 
ACC6€091€ 
ACC670038 
ACC €7C02 5 
ACC6800 14  
ACC€80021 
ACC69002 3 
ACC69C03C 
ACC70002 3 

ACD660017 
ACE€6CO1 E 

ACC€80014 
ACC68002 1 
ACC690023 
ACC 69C030 
A CC70 002 3 

ACD67 0026 
ACD€80015 

ACBE9C029 
ACBf00036 
ACEfiS0008 
IRC 7 0 C 04 7 

ACA€50004 

ACEffCOOE 
ACE650014 
ACE660012 
ACE6600 18  
ACE67C021 
ACE670028 

A C D ~ O C O I  1 

d , s t r i b  u t  i on  

acc 70003 7 

d r a i n  tanks 

L d r y i n g  

d uc t i  li t y 

* >  

CAX690052 
CXX 7 000 4 9 

ACE6800 2 4 
GDX69004I 
LCA670014 
LCA68000 8 
LC A 6 9 0 03 7 
LCE680007 
LCB 7 10 0 0 7 
L C C 7  10034 
LJX660006 
LJX 6 6003 9 
LJX670032 
LXX66003 1 
LXX7 10021 

ACD 6 8002 2 
ACE690024 
ACD69003 I 
ACD7 (1002 4 
ACE7 000 3 8 
CDX670035 
LDA6900 12 
LDA7 00046 

IAC710013 
HAX650019 
RDA640002 

FBC650017 
FEE6500 15 
FBE6 500 16 
FEE6600 19 
PBE67002 9 
FEE670030 

ACEE8GOl7 F B E 6 8 0 0 2 5  
ACE680024 FEE680056 
ACEt3C02 6 PBE690044 
ACE690032 FEE7 100 17 
ACE70003 9 PBE710018 
EBX70004 2 FBX6400 15 

t PBB E6C C2 1 FCC7 COO4 0 
FBB660022 PCC700044 
FBB69004G FCC710010 - PCE69004 3 FB869004 1 
FRB 7 G C02 f2 FCE 7 10004 
FBC61000 1 G AX 6700 3 3 
FBC640017 GAX680028 

AAXf57C009 HDA6 50001 

LJ 
dynamic c h a r a c t e r i s t i c s  

AAX670010 M CAE80003 
MDA E90002 AC A 0 f 00 12 

ACA6Z0019 MEA690005 
ACE6800 13 MCA500006 
ACB6S0029 HDA 700032 
ACE7 00 0 22 MEA710003 
BFX6€00C9 MDB300033 
B G X 6  'iC045 M EE 71 0002 
JAE690018 MLCC60002  
JAB7C0017 MDC €80005 
JAE710008 . NCC€Y0003 
JCX6SOO 19 8DC E900 16 
MC A6 80004 fiCC70000U 
HCD6SOO 17 M DC 7 0 00 05 

' ACA6ECO10 MDB 71 0002 
ACA660008 K CC C6000 2 
A C A O S C O Z I  14DC680002 
B D  A6 60003 HCCE30003 
HDA 6 9 C O  G 5 BDC 700005 
MDE7000 33 

ACE690029 AC8700036 

ABX6400GU CAXf590053 
AEX670049 I A A €500 2U 
A B X  6 S 0007 I A A  660030 
AEX7 10020 NXXC90057 
ADX6SC063 NXP700057 
BFX700056 NXX 700058 

ACE€SC028 EDX640016 
EEX700041 FEX €400 15 
ECX7 100 11 

MAC6EO034 MAX650019 

ACD6 EGO 15 ACE660018 
ACE680022 ACEE70028 
ACDOSC024 ACE680017 
AC D6 900 3 1 ACE680024 
ACD 7 c 00 2 I I  ACE 700039 
AC E7 00038 FEXC40015 
ACE6CCO 12 CC X680030 

ABX6 S C O G 7  NXX690057 
AE X7 000 55 N X X  300057 
ACB6 t CO 15 NXX700OS8 
ACX690063 NXX500060 

ACD660017 ACC680022 
ACD6f0015 ACDS00038 

BCC 6 9 00 23 ACD670019 
ACC6 900 30 ACD~80015 
ACC 7 C 00 23 ACD680022 
ACC7 000 37 A C D  69002 4 

dynamics  t e s t s  

Earthquakes  

econon ics 

e l a s t i c i t y  

e lectrical  c i r c u i t s  

electrical conductivity 

electrical power 

electrical Froperties  

electrolysis 
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ele c t t o  1 y sis 
* C o n t i n u e d *  

LKX70003C LXX710021 
LKX71000 1 LXX7 10026 

ACD670027 ACE6700 2e 
ACE65000E ACE680017 
ACE65001 4 ACE680024 
ACE66CC12 AC E6 9002 6 
ACE660018 ACE690032 
ACE€7C02 1 ACE700025 

emerqency c o o l i n q  
CAX 69C053 

energ J 
NXX700060 

engineered s a f e g u a r d s  

embrittlement 

PlDA68000 3 

LXX700029 

ACD6E0017 
ACD700038 
ccx 6 80033 

JDX67C037 

ACD660017 
ACD€7C026 
ACD680015 
ACD €80022 
ACD69002U 
ACDE9C031 

ACDE7C026 
ACE6 5000 E 
ACE6600 12 
ACE€6CC1 E 
ACE670028 
ACE680017 
ACE680024 
ACE€9C032 
EEX700042 

FBX640015 

BAX680006 

ACA700035 
ACA7 10028 
ACD 6SCOO 7 
ACD660017 
ACD€7C02C 
ACD670027 
ACD€8001S 
RCD680016 
RCD€80022 
ACD690024 

e n g i n e e r i n g  

ent t a i n i e  n t  

e n v i  ronaent  

e q u i l i b r i u m  

e g u i  p ae nt 

e r o s i G n  

ersors 

examinaticns 

LCR710007 
LCC7 100 24 

HXX700011 

ACD7 000 3 4 
ACD700038 
cxx 7 000 4 9 
LCA 6 80008 
LCA690037 
LDA690012 

G D  X6 90042 
J FX 6 6002 7 
JFX 6700 36 
LT X650023 
LIX6700 13 
HEA6U0005 
HEE68000 1 
REC700053 

EBX670012 

ACE66001 2 
ACE6600 l e  
ACE67002 1 
ACE6700 28  
ACE680017 
ACE680024 
ACE690026 
ACE690032 
ACE7 00025 
ACE700039 

ACD6 900 3 1 
ACC7C003E 
ACE650008 
ACE6ECO 14 

IAF64COl4 
JA E6 900 113 
JAB7 COO17 

ACB63C024 
ACE680022 
ACE6€00 12 
ACE6600 18 
ACE680024 
ACE6qCO26 

ABX65C04F 
AEX6 90007 
AC A 6 5 C O C 4  
ACA65001C 
ACA660008 
ACA6 € C O  1 4  
ACA6700 16 
ACb 6 7 CC 2 3 
ACA6800 12 
ACA6800 19 
A C A  6 S C02 1 
AC A6 900 28 
ACA7CC021 
ACA7000 35 
ACA7 lOO2E 
ACC65OO 11 
ACD660011 
HEX7000 12 
HC X6 800 37 
LCC7 10024 

ACC7C0037 
ACD650011 
A C D E E C O  17 
ACE630020 
ACD63C026 
ACC6 70027 
ACD6 € C O  1 5 
ACC6EOOl€ 
ACC680022 
ACDOSC024 
ACDb 90025 
ACD7 C O O 3 8  
CCX680033 
CEX64C01E 
CIX7000 10 
cxx7coo49 

GDX7 10025 
LXX700029 

e x c u i s i o n s  

e x p a n s i o n  

e x p e r i e n c e  

e x p e r i m e n t  

e x t r a c t i o n  c o l u m n s  

EDX 6400 16 
MEC700053 
LIFX700020 W 
PIDA €6 0004 
bCAt80003 
MDAC90005 5 

ACE690032 
ACE700025 
E XX700048 
PEX 640015 
HCX710022 

flCD €8001 0 
MCDE900 17 
MCD C90055 
MCC690062 
HCD700001 
H D A  660003 
ElLAE70038 
C! DA 67 C04 1 
M EB700003 
f4DB710002 
MDC670001 
MCCE70032 
HDC €80002 
RCCC80005 
H D C  €90003 
M LC 7000 0 5 
MES 660028 
MEC700053 
NXX f3003 1 

EBX700041 
E EX 7000 42 
IAF €9001 4 
L X X  66003 1 
MAX650019 
RCAt6000 1 
FICA E80004 
M EA E6 0003 
M LC €600 0 2 
MDC680002 
H CCf80005 
MDC €90003 
FICC€90016 
I!IDC700004 
M ~ C ~ O O O O ~  

LXX71002 1 
LXX710026 

e 

LJ 



. 

‘r 

f a  bri c a t  ion 
ACE670028 
ACE€BCO17 
ACE680024 
ACE E9C02 0 
ACE690032 
ACE700025 
ACE700039 
EDX€40016 

ACA66C014 
ACEE5000 E 
ACE650014 
ACEE€CO12 
ACE6600 18 
ACE m O 2 E  
ACE680017 

IAF670047 
IAF 67C04 E 

EBXE 9 CC3 9 
PBC59000 1 

JCX69CC1 F 
tSDA69 000 5 

ACE690026 

BAX7CCOOe 

CDX 67 C C3 5 

ACRt60014 
HIX660020 

HI x € E c02 6 
LAX690010 
LDA7C0014 

ACD m 0 2  6 
ACD680015 
ACD6800 16 
ACD 6eC022 
ACD70d03 8 

ACD660017 
ACD €7CG2 C 

AAX670005 
A A X  € 7 C m  
ACA660014 
ACB 690022 
ACB700036 
ACD 66CC17 
ACD670020 
ACD€7CC26 

f a i l u r e s  

f a s t  neutrcns 

f a  t i g  ue 

f eedtack 

f erroal loys  

fer t i le tu a t  e t  i a  1s 

f ifms 

f i l t e r s  

f i l t r a t i o a  

f iss i le  mater ia l s  

f i s s i o n  

I fission p r o d u c t s  

. 
hd 
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E X X 7  00 0 4 8 
FBB650018 
FEX640015 
GDX710025 
GGX670034 
GXX68003 9 
HAD690004 
MB X6 4000 3 

ACE680024 
AC E6 9002 6 
ACE690032 
AC E7 0002 5 
CAX69005 3 
NXX630001 

IAF6900 14 

FBX640015 

MDA710003 
MDE7 10002 

ACE7 000 2 5 

LHX690011 

tIX690098 
L I X  6 9000 9 

BAX7C0008 
CAX 6 90052 
CCX 6 800 3 3 
CXX700049 

CDX670035 
CXX7 000 4 9 
XAC700047 
IAC7 100 13  
JDX690060 
LCA680008 
tXX66003  1 

AC0670027 L xx 7000 29 
ACD6E0010 LXX710021 
ACC6 80022 MAD€90004 . 
ACD6€0023 MCA 680004 
ACC6 90024 MfDE800 10 
ACD6 SC03 1 MCD 6900 17 
ACE700024 PI CD 69 00 6 2 
ACD7C003e NDA €7004 1 
BBX6700 12 MEA700007 
BPX7C001d M D C  67 C O O 1  
BGX6700 45 fiCC670002 

NXX6rOOC1 

E D X E 4 C O 1 6  

AAX670008 LXX710026 
ACA7 10028 HC8700003 
HAX7 COO50 

ACB6€COC9 ACC 300037 
ACE6600 15 IAA660030 
ACB6800 13 LfXC50023 
ACB6SC029 LIX670013 
ACE7 10029 LJX €600 32 
ACC6 6 C O  16 LXX700029 
ACC6 900 23 M A X  E500 19 

HCB 7 100 12 BCC6 S 00 3 C 
ACC7COO23 

HAX7C0050 FiDA 620001 
BCX7 10022 

CCX6 70035 NXX630081 

A A X t i C O C S  ACE700039 
ACC6500 11 C A X t 8 O O 3 2  
ACD6tG017 CAX690052 
AC C6 700 20 CAX 690053 
ACD67C027 CAXE9006 1 
ACE6800 15 CAX 71 0023 
ACD6 800 16 CCX €80033 
ACDSECO22 CCXt80038 
AC C6 900 24 cxx €40020 
ACD6SC03 1 c x x  30004 9 
AC E7 000 24 F AX € 20 00 4 
ACD7 CC03E P A X 6 2 00 0 5 
ACE6500 1 4  F AX690035 
ACE660012 FLiX f90045 
ACE6 € C O  1 E FBEC70031 
AC E67002 1 F EEtSOO 3 4  
ACE6iC02g  PBE700027 
ACE6800 17 F E E S  100 18 
ACEEEC024 FBX6U0015 
ACE690026 PCC710016 
ACE6SOO 32 GCX610002 
ACE700025 L A X  €900 10 

f l a n s e s  

f l e x u r q l  properties 

flow measurement 

f l o u s h e e t s  

f l u i d  flow 

f l u i d s  

f l u c r i d e s  
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f luor  ides 
*Con t i n  ued * 

f l u o r i n a t i o n  

LCB710007 
LCC 7 I002 4 

ACA680019 
ACB6700 13 
ACC660010 
ACC6ECClE 
ACC6700 18 
ACC670025 
ACC6800 14 
ACC €8C02 1 
ACC70 003 7 

ACA700035 
ACD6SC007 
CEX64 00 1 8 

A AX67000 5 
ACB t5 8 C02 C 
AC369C022 
ACE7000 3 6 
A C D 6 5 c O 1 1  
ACD660017 
kCDt57C026 
ACD680015 
ACD € 43 CO22 
ACD68002 3 
ACD€90024 
ACD69003 1 
ACD 7CC02 4 
ACD700038 
ACE66G01 E 
ACE67002 1 

ACD690024 

ABX700055 
ABX71C02C 
A D X  m 0 2  1 

ACE69C02 € 
ACE690032 

ACA6800 12 
ACAE80019 
bCA69002 1 

ACA650004 
HFX€2C007 

hCDf9C024 
CAX690061 
HDb640002 

ACB680013 

fluorine 

f luorcbora t es 

foaming 

foreign 

forming 

freeze flanges 

freeze valves 

f reez in g 

f u e l  c y c l e  

Reyuord l n d c x  

LEIX6900 11 

ADX64002 1 

L EX680 0 27 
LfX650023 
LIX6700 13 
LXX690008 
LJX660006 
L J  X 6  6 0032 
RCD70000 1 

CLX7000 10 
LGX650002 
P1D&69000 1 

ACE67002e 
ACE6800 17 
ACE680024 
ACE690026 
ACE690032 
ACE700025 
ACE7C0039 
C AX 6 900 5 3 
CCX680038 
cxx7000 4 9 
FBD690036 
FCX 6900 31 
FC X 7  0002 6 
GAX70004 5 
HCX7 10022 

I ~ A ~ S O O ~ Q  

CCX68003 3 

ADX 67004 6 
IAF 6 700 4 7 
IAF670048 

ACE700025 

ACA690028 
ACA300021 

I A C 7  100 1 3  
MA X6 500 1 9 

WDA660004 
NXX630001 

LXX7000 2 9 

c x x 7 c o o ~ 9  

AAX67GOC3 
A BX6 900 07 
ABX7C0054 
ACE6600 15 
ACB670024 
BFX6EOOC9 
BFX7000 16 
BPX7C0056 

ACD6 € 0 0  15 
ACD680022 
ACD6SC024 
BCC690031 
ACD7C0038 

AAX67C004 
ACC6 700 18 
ACD670019 
ACG6f0016 
ACD690024 
ACD7 C O O  2 4 
C A X6 800 3 2 
CAXE9CO52 
CCX680033 
CXX640020 
cxx700049 
FAX6 Z O O C 4  
FAX620005 
FAX6SC035 
F AX6900 45 

qamHa r a d i a t i c n  
ACE6600 17 
ACD6SGO2C 

fue l  cycle costs 

fue l  preparation 

f u e l s  

gamma sources 

gamma s p e c t r o m e t r y  
ACD6 €0023 

ACA63C02.3 
ACA6EOOZE 
AC A7 000 2 1 
ACD660013 
ACE6700 19 
ACD6 jC02  C 
ACE670027 

ACE670026 
ACD6 E C O  1 C 

CDX67C035 

ACB6fC02C 
ACE690022 
ACB6 90029 

ACE680020 
ACB6 SC022 

g a s  analysis 

gas flow 

gas injection 

g a s  separation 

N XX 'I 0 005 8 

IAC660025 iJ  
IAC700047 
I AC 70 005 1 
I AC710013 
I AC 7 100 1 4 
I A D  700052 
LJX 660006 
NXX700058 

* 

LAX690010 
L AX 70 0 0 1 3 
LIX690009 
BCAC80003 

IIC660025 
I A €  6900 14 
LCB 6700 14 
LJX670032 
MCB €80004 
MCD 6800 1 0 
RCD€90017 
MDA 630002 
RCAE40002 
MDA 690001 
MLA€90002 
W D A  500007 
?l1cC070001 
MDC€70002 
NXXE90002 

a 

ACD€70027 
ACDE80023 

ACD €800 15 
ACD080022 
ACDf90024 
ACD690031 
ACD700038 
MCDC90017 
i4CCt90062 

ACD6Y0024 

ACB 700022 
CCX680033 

ACRE90029 
ACB700022 

hd 



g a s  separation 
*Cont inued* 

ACB700036 
ACB 7OC03€ 
A C B 7  IO029 

ACD660017 . ACD €7CC26 
ACD68001€ 
ACD680023 

JFX670036 

A AX670006 
ACB67C017 
ACB 67002 4 
ACE6800 1 3  
ACBC8002C 
ACB690022 
ACB700022 
ACB70003 6 
ACD f 5 000 7 
ACD660017 
ACDE7CO19 
ACD670020 
ACD670026 
ACD670027 
ACD€€!C015 
ACD680016 
ACD €8002 2 
ACD690024 
ACD 69OC2 5 
ACD69003 1 
ACD 70 C02 4 
A CD7 0 00 3 8 
ACE€f000E 
ACE65001 4 
ACEf€COlZ 
ACE6600 18 
ACE€7002 1 
ACE670028 
ACE6EOC17 

ACE 68  002 4 
ACE690032 

ACE700039 

HAC 8 C03 4 
HEC7D005 3 

. AC3690022 

ACb71002 e 
PlDB700003 

heat exchangers 
AAX670007 

gases 

g l a s s  

graph it e 

hafnium 

h a r d n e s s  

h e a l t h  p h y s i c s  

heat 

heat  tala nce h.l 
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CCk^6800 33 
1 x 7  10013 

ACD6 9002 4 
ACD70003e 
cCX680033 
CX X 7 000 4 9 

ACE680024 
ACE690026 
ACE690032 
ACE7000 2 5  
ACE700039 
C A X  6 800 3 f 
CD X670035 
CEX64QO 18 
cxx700049 
EEX 6 900 39 
EB X7G004 1 
E EX 70004 2 
EBX700043 
ECX7 100 11  
EDX640016 
ECX68003 1 
EDX690051 
E X X  70004 e 
YE X640015 
FCX6900 33 
FC X70002 6 
IAC700047 
IAC7 100 1 3  
IAE700059 
MAD690004 
MAX6500 19 
P1DA670040 
PICA67004 1 

ACE7C0025 

NXX7000ll 

BIcB700003 

HCX680037 

ACA7 1002E 
ACB6600 15 
aCB6iC017 
AC E6 700 2 4 
ACE680020 
ACE690022 
BCB7 C 00 36 
ACE66001E 
3CE700039 
CAX6SC053 
FBE6500 18 
PBXOlrCOl~ 

h e a t  g e n e r a t i o n  
IAC7 100 13  
LRX7 l O O C l  
LXX7 10021 

ACA6600 14 
ACA67C023 
ACE6 600 15 
ACB6EC02C 
ACR690022 
ACB6SC029 
ACE7000 22 
ACB7 C O O 3  6 
ACC6 900 30 
ACD6EC015 

heat t r e a t  men ts 
ACA 6 C C O  C E  
ACE650008 
ACE65CC14 
AC Ed 600 12 
ACE6f00 1 E 
ACE670021 
ACE6iC02E 
AC E6 800 17 
ACEE€C024 
ACE690026 
ACE650032 
ACE7 00025 
ACE7CC039 
ECX640016 
EX X7 COO U t! 

AAX6 SC0C7 

ACD670026 
ACE64C031 
I AC7 100 13 

ACE670010 
ACD6SC02C 
AC C 6 7002 6 
ACD670027 

A A X 6  700 07 
HBX6200C6 

h r a t  t r a n s f e r  

heaters 

h e l i u m  

h o t  cells 

h y d r a u  1 ics 

HCX710022 
I ACf600 2 5  
I A C  700047 
IAC300051 
IAC 71 0013 
1 ~ 7  100 14 
I B h  710005 
I EB67 003 9 
JCXC90019 
M A  X65 001 9 
KEB700003 
NXX63000 1 

BOA €2000 1 
PI CA 64 0006 

ACD680022 
A DX 07 0046 
CAXf90053 
CLX700010 
lEA71000S 
JCX€90019 
HCA€90905 
MDB 700003 
N X X  €3000 1 

FBA 660020 
FEA680029 
FBB660021 
FEBf60022 
FBI3700031 
FECflOOOl 
FBC 64001 7 
FEE680026 
PBX640015 
FCC700040 
FCC 700044 
PCC7100 10 
GC X68003 0 
N X X  €3000 1 

MCD €900 17 
M LCE90015 
fl t C  €900 16 

ACD6800 15 
ACD €800 22 
ACD690031 

HEX 7000 12 
HCX680037 
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h y d r a u l i c s  
* C o n t i n u e d *  

h y d r o c a r b o n s  

h y d r o d y n a m i c s  

h y d r o f l  uorination 

Ei DA700006 

ACD660017 
ACD€70026 

I'SDA7CC006 

ACD680015 
ACD68002 2 
ACD690024 
ACD690031 

ACD680015 
ACD680022 
ACD690024 
AtD 69C03 1 
AC D7 0 00 2 4 
LAX€9001 C 

ACCC5C000 
ACD680022 
ACD € 9C 02 4 

ACE C7C02E 
ACE680017 
ACE€eCC2 4 
ACE690024 

ACD670026 
ACD€9CC3 1 
ACEESCOO€ 
ACE650014 
ACE66CC12 

ACD €5C007 
ACC650013 
ACD6600 1 1  
ACDE7COlS 
ACD670027 
ACDE8001S 
ACD680016 
ACD m 0 2 3  
ACD690024 
ACD€9CO25 
ACE650008 
ACE€SC014 

ABX580001 
AM64 002 1 
FBX64001S 
FCD71001C 

ACB70C036 

ADX690063 

h y d r o g e n  

h y d r o g e n  compounds 

i mpregna t i o n  

i m p u r i t i e s  

i n - p i l e  tes ts  

i n c o n e l s  

industrial s t u d i e s  

i n d u s t r y  

K e p v o r d  Index 

ACD680023 
HI X660026 

LAX690010 
L AX7000 13 
LAX7 10019 
LIX690009 

LG X6 5 00 0 2 
LGX650002 
LIX6 500 23 
LIX670013 
L IX 6 90 0 0 9 

ACD700038 
LIX 6500 23 
LTX670013 

ACE690032 
ACE7000 25 
ACE70003 9 

ACE69002€ 
ACE690032 
ACF70002 5 
FEC69003€ 

ACE660012 
AC€660018 
ACE67002 1 
ACE670828 
ACE6800 17 
ACE6 e002 4 
ACE690026 
ACE6 90032 
ACE700025 
CEX640018 
JFX670036 

GAX700045 
GCX610002 
GCX 6 800 3 C 
GG X670034 

ACB710029 

NXX70006C 

iner t  gases 
ACD660017 

ACD6800 16 
ACD 6 E 002 3 
AC C6 90 0 2 4 
ACD6 50025 

AAX67COG6 
ACE650008 
ACE6500 14 
ACEBECOl2 
ACE6600 18 

i n s t r u m e o t a t i c n  
AAX6 70008 
ACB680020 
IAC710013 
JAB6900 18 
JAB7C0017 
JCX670037 
JDX6 S C O 6 C  

ACD6E0015 
ACC680022 
ACD6 SC024 

EDX64CO 16 

ACD E 5 00 2 6 
ACE6800 23 
ACD7C003E 

ACE6500 1 1  

ACC690024 

AC E7 000 39 
GCX6 10002 

ACE650014 
ACE6tCO 12 
ACE4600 18 
ACE63C02E 
AC E6900 26 

ACC6700 26 
ACD6ECOlS 
AC D7 00038 
ACE6500Ce 
ACE6500 14 
ACE6600 12 
ACE6ECOle 
ACE670021 
ACE6iC02E 
ACE6800 17 
ACE6 80024 
ACEESC026 

ACC65C026 

i n  spec ti on 

i n t e r f a c i a l  t e n s  ion 

i n t r u s i o n  

i n  ve n torie s 

i o d i n e  

i cns  

iron 

iron a l l o y s  

i r r a d i a t i o n  

L,- 
ACDC90031 
ACD J00038 
CCX €80033 
CDXe70035 
M C D E 9 0 0  17 
N X X  63000 1 

ACE670028 
ACE680017 
ACE €80024 
ZDX€40016 
EIEX700002 

- 
. 

J EX 65002 0 
JFXC70036 
MAC 680034 
PI AX €500 19 
RDA 64 GO07 
HCE700003 

ACD690031 
CCX680033 

HAD 690004 

ADX64002 1 
AtXt70046 
MDA700007 

LXX660031 

ACD700024 

GFX 660023 

ACE700025 

FCX €90033 
FCX700026 

~ B D  moo35 

ACE690032 
ACE 700025 
ACE700039 
C EX €4 001 8 
E f X  E40 0 16 
EDX €8003 1 
EDXE90051 
EXX700048 
F BB 69 004 0 
F EB€9O04 1 
FBB700028 
PBE€50015 

.. 

t 



i r r a d i a t i o n  
*Continued* 

FBEBSCOlC 
FEE660019 
PBE670029 
FBE €7c03 C 
FBE67003 1 . PBE68002 5 
FBE680026 
FBE €9C034 
FBE690034 
FRE090044. 
FRE700027 

BAX700008 
H DA '7 C 0 0 07 

ACB6800 1 3  
ACE 6 5 C O O  e 
ACE65001 4 
ACE €ECCl2 
ACE660018 

ACD69003 1 
HDA€9CC05 

ACA650004 
ACB 69C022 

u 

isotopes 

j o i n t s  

k i n e t i c  e q u a t i c n s  

i k r y p t o n  

Keyvord  Index 

F B E ~  1001 7 
PEE7 1001 8 
FBX6400 15 
FCE690043 
FCE7 10004 
GAX670033 
GAX 6 80028 
IAE700059 
'IAP6900 14  
HAD690004 

MCB700003 

ACE6700 2 8 
ACE68001 7 
ACE680024 
FB X6 400 1 5 

HDA710003 

MCA670040 
IDA 67004 7 . l abora tory  e q u i p m e n t  

ACD6e0016 ACD 6 9002 4 

EXX700048 

ACB660009 ACR6 90029 
ACi3t8C013 ACB 7 000 3 6 

ACEOSCOlY GPX660023 
ACE660012 IAC6 600 S 5 
ACEt6CC1 E 

ACB 6 6 001 5 
ADX670046 

AX€90053 

l a t t i c e  

l a y o u t  

l e a d  

lea'd cool ing 

1 eaka qe 

leaks 

GXX680039 

ACA 70C 02 1 ACD670027 
ACD670020 C AX 69005 3 

limits . I AB67004 3 
linings 

GFX66 002 3 
* l i q u i d  level measure iment  

GAX700045 LXX7 10026 
LCB71C007 MAX650019 
L cc 7 1 c 02 4 
A C D E O C O l l  CA X690053 

- 

hd 
liquid metals 

ACD670019 
ACEGSC014 
ACE6600 12 
ACE6600 18 

llCD690031 

ACD670026 
ACDO E C O  15 
ACD6 800 22 
ACD690024 
ACD700024 

ACC6600 10 
ACC6 € C O  16 
ACC63COZS 

ACD7C0024 

ACD6€C017 
ACC6700 19 
ACD67C02C 
ACG670027 
ACDC€0015 
ACC6E0022 
ACE690024 
ACD6SC031 
acc700024 
A C D T C O O  3 &  
C AX6 800 3 2 
CAXb90052 
CAX6S0053 

ACA6ECOC4 
ACA650010 
LAX710019 

ACE6ICG14 
ACE660012 
ACES€ C O  18 
AC E6 700 2 1 
ACE6700 28 
ACE6EC017 
ACE680024 
ACE 7 C CO 3 9 
F A X 6  20004 

LX X 6  900 08 

FEX64OO 15 

ABX670011 
ACA 4 t C O  14 
ACA670023 
ACAfiS0012 
ACA6 t C 0  15 
ACA690021 

liq u i d  s 

l i q u i d u s  

l i t h i u m  

l i t b i u r a  c h l c r i d e  

l i t h i u m  f l u o r i d e  

loading 

loop 

lGSS€S 

m ac b i n  in q 

maintenancc 
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CXX 700049 
FCD 71 001 6 
GFX 660023 
HBX670042 

ACD700038 
CAX E90052 
CAXE90053 
CXX700049 
NXX f3000 1 

CAX€90053 

CCX 680033 
CXX700049 
LAX690010 
LAX700013 
LAX7100 19 
LCA080008 
LCA69OO 37 
LCB 680007 
LCB710007 
LCC 71 0024 
LEA 69001 2 
LDA700046 
LIX690009 

BCA 680004 
MLA€80003 

FAX €2 0005 
F L X  690035 
FAX69ooU5 
F EX €400 15  
FCD710016 
G AX7000U5 
GCX~10002 
I AC 7 1 00 1 4 

I ACAE90028 
ACB €800 1 3  
A C B  680020 
ACB090022 
ACB E90029 
A C E  '700022 
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maintenance  
*Cont inued+ 

ACB700036 
HSX700012 
HXX640019 
IAC7CG051 
IAC710013 
JPXE7CO3€ 
KBB690006 
HAX65C019 

J F X  67CC3 6 

ACB670024 
ACE E 8002 C 
ACB69 002 2 
ACB E 9C02 9 
ACB70002 2 
ACB7CCO3E 
ACE6500 14  
ACE66C012 
ACE6600 18 
ACE €7C02 E 
ACE680017 

L A X 6 7  0006 
ABX70005U 
ACD670019 
ACDE7C026 
ACD680015 
ACD68CO1 € 
ACD680022 
ACDEe0023 

' ACD690024 
ACD €9CC3 1 
AC D70 0 0 2 4 
ACD70C03 E 
ACE650008 
ACE650014 
ACE660012 

ACB680020 
ACDf7CCls 
ACD67C02 C 
ACD670026 
ACD67CC27 
ACD680023 
ACEESCOOE 
ACE6500 14  

FCD7 1001 6 
JCXE9CC1 s 

A AX67 000 8 
ACAESCO1 C 
ACD700024 
ACD 7 OC03 e 

manipulators 

mass transfer 

m a t e r i a l s  

m a t e r i a l s  t e s t i n g  

mat h e P a t  i cs  

measurement 

Keyword Index 

HEX700002 
fiC8710012 
RCD6800 10 
HCD7 00 0 0 1 
HEA640005 
fiEB680001 
fl IC7000 53 
NXX590002 

ACE680024 
ACE6 9002 6 
ACE690032 
ACE700025 
cxx 7 00 0 4 9 
FBD690036 
ECC7 100 16 
GFX660023 
IED680036 
MDA670040 
tIDA67004 I 

ACE6600 l e  
ACE670028 
ACE6800 17 
ACE680024 
ACE690026 
ACE690032 
ACE700025 
CD X67003 5 
CEX6400 18 
GDX71002 5 
HIX 6 60 0 26 
IAC700051 
IAD700052 

NXX63000 1 

ACE6600 12 
ACE6600 18 
AC E6 7002 8 
ACE6800 17 
ACE680024 
IAE700059 
IAF690014 

r1ca680004 

?I EA69000 5 

CCX670035 
LCA 6 80 0 08 
f l  C A7 000 0 6 
tlDB700033 

ACC7 00023 
ACC 7 C 00 37 
ACE690024 

ACE650008 
ACE650014 
ACE660012 
ACE6CCO l e  
AC E6700 2 1 
ACE6 7 C O 2 f  
ACE6800 17 
ACE6EC024 

ACE6 E G O  C8 
ACE6500 14 
ACE660012 
ACE6600 18 
ACE6 €00 17 

E!etallOgXaFby 

m e t a l l u r g y  

me ta 1s 
ACD6SC019 
ACE6 E O O C E  
ACE6500 14 
ACE6600 12 
ACE6600 18 
ACEOSCOZE 

AAX67COC9 
flCA6 20002 
HDAOSCOC2 

ACE6 500 08 
ACE6ECO14 
ACE6600 12 
ACE690026 
ACE690032 

ne thod s 

r a i c t o s t r u c t u r e  

ACE6 € C O  1 MDC t60002 
AC E6 700 28 fl lcC6YOO 15 
ACE6 f C O  17 MDC€90016 
ACE680024 tlfC300004 
CAX6SC061 

m e c h a n i c a l  p r o p e r t i e s  
AAX670006 ACE690026 
ACE650008 ACEE90032 
ACE6ECO 14 ACE700025 
ACE6600 12 E EX €80 0 3 1 
ACE6 6 00 1 e EDX690051 
ACE670021 €EA660020 
ACE6 70028 FCX 690033 
ACE6eCO17 P CY900026 
ACE680024 GXX 6800 39 

ACD6 900 24 F EX e400 15 
ACD64C031 NXXE30001 
cxx700049 

IAF670047 XAF670048 

hB 
* 

m e l t i n q  

mercury 

metal t r a n s f e r  Frccess 

BCE€90026 
ACE €90032 
ACE700025 t 

FBA €60020 
PECt4OO 17 
FBX640015 
GCX610002 

ACE 680024 
RCEE90026 
ACE 690032 
ACE700025 

ACE 6800 17 
ACE680024 
ACEE90026 
ACE690032 
ACE700025 

IrlDC660002 

N D C  700005 
H ~ C ~ O O O O ~  

* 

ACE700025 
ACE700039 
E EX 7000 4 2 
EDX64 GO16 
EXX700048 



microstructure 
Wont inuedt 

FBA660020 
FBA680029 
FBC590001 
FEE66001 9 
FBEE7C02 S . FBE690034 
PBE7OCO27 
FBE7 100 1 7  

ACD670026 
ACD68CO15 
ACD €80022 
ACD680023 
ACD C 9 C02 4 

MDAC9CG02 

CAX690052 

FCD7 100 16  
FCD7lCO1 C 
HAX700050 
I B D  m 0 3 6  
JCX6900 19 
MDA 62C002 
tlDA65000 1 
BDA6EC003 
MDA670040 
H D A  C9C002 

BFX E 8 C O O  4 

b, 
. 

mists 

n i x i n g  

m i x t u r e s  

models 

rn ode rat or s 

Keyword Index 

F E E 7  100 18 
FBX6400 15 
PCC 7 COO4 0 
FCC700044 
FCC710010 
F C E 7  10004 
GAX670033 
G A X 6  800 28 

ACD7000 38 
CC X6800 3 3 

HTX660026 
C X X ~ C O O U ~  

CAXf190053 

MDA690005 
MDA700006 
MIX67000 1 
MDC 6 7 0002 
MCC680005 
MDC 6 8 00 0 5 
FIDC690003 
HDC690016 
MCC70000 5 

CDX670035 
m o d i f i e d  H a s t e l l o y  N 

A A X  €7C006 
ACE6500 1 4  
ACE660018 
ACE67002 E 
ACE6800 17 

' ACEC80024 
ACE490026 
ACE69C032 
ACE700025 
ACE700035 
F BE69 00 3 4 
FBE69COU4 

ACB€60ClS 
ACB670017 

A AX67 000 5 
). A B X 5 6 C O O l  

ACBESC004 
ACA650010 
ACD65C007 
ACD6500 1 1  
ACD€6CCll 

modular d e s i g n  

molten s a l t s  

LJ 

FBE700027 
F EE7 100 18 
FCC 6900 4 8 
PCC 6 90 04 9 
FCC7 00040 
FCC 7 00 04 4 
F C C 7  100 10 
FCE690043 
FCE7 10004 
PCX690033 
FCX7 000 26 
FXX690047 

ACBS70024 

FAX 6 2000 5 
FA X690035 
FBD690036 
F E E 7  100 18 
FBX640015 
FCX 7 00 0 2 6 
GAX7C0045 

ACD6€0017 
ACE67 020 

ACE670027 
ACE680015 
ACD 6 EO0 16 
ACD6 800 22 
ACD6E0023 
ACE690024 
ACD69CO25 
ACC6900 3 1 
ACD7C0024 
AC07C0036 
ACE6500 14 
ACE6 € 0 0  12 
ACE6600 18 
ACE67C021 
ACE6 700 28 
ACE680017 
ACE6€C024 
A C E 6  90026 
ACE650032 
ACE7000 25 
ACE7 CC03F 
ACX64O0 2 1 
BGX670045 
CAX7 10023 
CCX6E0033 
CEX6400 18 
CLX7COO10 
CXX640020 
EBX7CCO43 
P AX6 20004 

ACE6700 19 
ACD67G026 
ACD65C027 
AC E7 000 3 8 
ACE6 5 C O C  E 
ACE660012 
ACE6tCO 1 e 
ACE670028 
ACE6 €00 17 
ACE6d0024 
AC E6 S C O  26  

JDX6iC037 
J C X 6  900 60 

ABX670003 
ABX67CO49 
A EX6 SCOO7 
ADX690063 
dFX7CC056 

BA X7 C O O  CE 

ACD67 s 026 

scly tdenum 

monitors 

n a t u r a l  fesources 

ne p t un i urn 
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GCX610002 
G CX E900 42 
G DX 7 100 25 
GXX080039 
H EX 67 00 4 2 
HBXE90058 
HEX €90059 
HBX700012 
1 ACE600 2 4 
IAC700047 

IAF€70048 
IAF69OOlY 
I E3€70039 
LAX710019 
LEXE80027 
LCRE70014 
LCB680007 
LCB710007 
LCC710024 
LLA€90013 
L G X 6 5  0002 
L J X  6600 32 
LKX€20003 
LXXt60031 
LXX700029 
LXX7 100 2 1 
LXX710026 
t4 AX 6500 19 
MDA630002 
MEAE70041 
MDB 700003 
NXX630001 

I B P ~ ~ O O W  

ACE630032 
ACE700025 
ACE 700039  
CCX680033 
CEX640018 
GAX670033 
G A X  68 0028 
GCX € 1000 2 
GDXB90042 
GfX710025 

HAC 680034 

N X X f 9 0 0 4 6  
NXXi00057 
NXX700058 
IXX100060 
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n e u t r c n  f luence 
ACE €70024 

n e u t r o n  f l u x  
ACB67C024 
I AC7000 4 7 
IAC7 100 1 3  
HDAL2C001 

n e u t r o n  p h y s i c s  
ACB080013 
ACB680020 
ACB690022 
ACBe9C029 
ACB700022 
ACB700036 
BAX700008 

n e u t r c n  scufces 
IAF690014 
B D A  €3C002 

n e u t r o n  s p e c t r a  
ADX64002 1 

n e u t r c n  y i e l d  
BAX670009 

n i c k e l  
A C D 6 7 C O l S  
ACE70003 9 
ADX64002 1 
FAX620004 
F A X  €20005 

ACD€7COl9 
FAX6900 3 5 

ACE700035 
GCX6 10002 

NXX63000 1 

ACE65000 € 
ACE660012 

ACR690022 
ACDC€CC17 
ACDt7CO19 
ACD67 032 0 
ACD €7  CC2 7 
ACD680015 
ACD€8CO1€ 
ACD680022 
ACD 6 8 002 3 
ZLCD690024 

ACA680012 
ACAE9CC21 
ACA69C028 
ACA70002 1 
fSDA70C032 

n i c k e l  a l l o y s  

niobium 

n i t r a t e s  

n it r o g e n  

noble metals  

noise a n a l y s i s  

n u c l e a r  a n a l y s i s  

Keyword Index 

IBF6900 14  

XDA 6 4000 1 
t! DAh4OOO6 
ClDC6900 15 

BFX680009 
IAC660024 
I A C  6 600 25 
TAC700047 
IAF6900 14  
MDA6 20002 

HCA64000 1 
MDA69000 1 

IAF6900 14 

E AX 7000 08 

FCC7COO40 
FCC7 000 4 4 
GC X6 10002 
GCX68003C 
LDA7 COO1 5 

GG X67003 4 

GXX680039 

FEE690034 
FEE700027 

ACE6900 3 1 
ACD7000 T 4 
ACD7 C O O 3  8 
EkX7000 16 
CC X 6  8003 3 
cxx 7000 4 9 
I A C 7  COO47 
I A C 3  100 13 
I B A  7 10005 
XCD6900 17 

M DE7 000 3 3 
MDB7 10002 
HDC680005 
HOC6900 15 

AAX670009 
BAX6 80006 
BBX67G0 12 
BFX680009 
BFX7000 16 
IAF6E0014 
HCA680004 
MCD6S0017 
?IBA620001 
n D A 6  20002 
RDA04OOC1 

off-gas s y s t e m s  
AAX6700 1 C 
ACA660008 
ACA6f0019 
ACA6700 16 
ACA670023 
ACA6E0012 
ACA6dOO 19 
ACA6 SC021 
AC8690028 
ACB6 5CO 1 7 
ACE6 t C O  11 
ACE670026 
ACD6 € 0 0  15 
ACE680022 

o p e r a t i n c  costs  
LKX620003 

c F o r a t i c n  
AC A6 500 10 
ACA660008 
ACA6€COl4 
ACA6700 16 
ACA67C023 
ACA68001Z 
ACA 6 E CO 1 9 
AC R C S C O Z  1 
AC A6900 28 
ACA7C0021 
ACC6 500 12 
IA867C043 
JEX6ECO2C 
LCC7 10024 
LIXOf0023 
LIX6700 13 

ACA650010 
MCB6EG022 

JFX65CO36 

BFX7CC056 
EXX5400C2 
NXX6 90057 

AC06800 15 
ACD 0 E O  02 2 

operators 

o p t i c s  

o p t i  m i  za ti  ons 

ox i d a t  ion 

MDB 640002 
M C A  640006 
!lDA650001 
H CA66 0004 
RDA L90002 
HDA700006 
B JX€7000 1 
HDC 670002 

MDC 500004 

hd 
. 

M r c ~ g o o i  6 

ACD680023 
ACD€90024 
ACD700038 

I3 I X 6 600 2 6 
I AC660025 
rAC700047 
IAC700051 
IAC7100 13  
JDXC70037 
J fX690060 
p1 Act80034 
MAX650019 
PSCD690017 

c c x ~ a o o 3 3  

LIXO90008 
MCA 66000 1 
MCA 680004 
BCBfS0021 
MCB 650022 
MCE€60029 
MCBf90054 
IICE710012 
i'lCD680010 
MCD 6900 17 
M c c e9 0 0 5 5 
RCD€90062 
MC0700001 
f i t3700003 
MDC€70001 
ECC670002 

!iCC660005 
MCC 670044 

bi X X  700057 * 

N XX700058 bB 
AC0630024 
ACD 700038 



ACC 7 0 C 03 7 
ACD660017 
ACDE70026 
ACD680015 
ACD 68002 2 

ACC 6 5COO 6 
ACC6SOO 12 
BCD650011 
A C D € € C C 1 1  
ACD660017 
ACD E7COlS 
ACD670026 
ACD€80015 
ACD680022 

FBE690034 

ACE €7CO24 

AAXE7C003 
ACA670023 
ACBEBCC15 . ACE670017 
ACB€80013 
ACB680020 
ACBf59C022 
ACB690029 
ACB 7OC022 
ACB700036 

ACD660017 
ACDE7C026 
ACD680015 
ACD680b 2 2 
ACD t 9 C02 4 
ACD69003 1 
ACD 7 C  C02 4 

ACBt8CO2C 
ACB 690022 
ACB690029 
nck3 70 e02 2 
AC8700036 
ACDf6GG17 
ACD67 0026 
ACDt580015 
ACD680022 
ACD €9002 4 
RCD69003 1 
ACD700024 
ACD700038 

* 

o x i d e s  

oxygen 

p a r a m e t r i c  s t u d i e s  

performance 

p h a s e  equilibria 

p h y s i c a l  properties 

* 

Lj 

Keyword Index 

oxidation 
*Con t i n  ued  * 

ACE680017 PBX6400 15 
ACE€BCC24 

bd 
- . 

o x i d e  p r e c i p i t a t i o n  process - 
ACD 6 9002 4 
ACD69003 1 
ACD700024 
ACD7000 38 
cxx700049 

ACD690024 
ACG690031 
ACD700024 
ACD7COO38 
CAX68003S 
c xx7 coo4 9 
EEX7000 4 3 
LI X6 5002 3 
LXX6600 3 1 

FBE700027 

IAC66002 4 
ZAC660025 
TAC7COO47 
TAC70005 1 
IAC710013 
IAD700052 
NCD 7 000 0 1 
ME8700002 
flEC 7 00053 

ACD7000 38 
CA X6900% 
CAX690053 
CXX 6 400 2 0 
C RX700049 
MCA64000I 

ACE690032 
AC E7000 2 5 
CAX680032 
C A X  6900 5 3 
CCX6BOO38 
C CX 6 700 3 5 
c xx640020 
cxx 7 0004 9 
EB X7 0004 1 
ECX6400 16 
EXX7C0048 
FEX640015 

ACE6600 12 
ACE66001i3 
ACE67C02e 
ACE680017 
ACE6E0024 

ACA 6 € C O C &  
ACE6800 20 

AAX670003 
AAX67COCS 
A A X6 700 06 
AAX670007 
AAX65CGC8 
ABX670009 
AAX67001C 
AAX670011 
ABX6 400C4 
ABX670049 
GDX7 10025 
HEX690058 
HBX6SC059 
IAA650024 

ACCS L O O  12 
I AC7000 5 1 
JA86SOO 18 
JAE700017 

ACC690030 
ACC 7 C 0 02 3 
ACE7000 24 
BAX7COOCE 
BFX7000 16 

p i p i n g  

F l a n a  

p l a n t  

p l u t o n i u  P 
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I AC 66 002 5 
I AC700047 
I AC 7 1 00 1 3 
M fE700003 
NXX030001 

N XXC3O001 

I a ~ ~ 7 0 0 4 3  
JD X690060 
J EX 650020 
LIX 650023 
flCbC60001 
NCAt80004 
flCB 65002 1 
#CB€60029 
MCB 7 100 12 
MEA€40005 
MEB €80001 
R EX 7000 20 
NlXL90002 

L IX650023 
LTX670013 
LI X690008 

IAD700052 
LBX680027 
LXX710021 
PlCD 690017 

F l u  t c n i u  B f lucride ,c 
ACC6 800 22 CAX€R0032 
ACD 6 S C 024 C A X t 9 0 0 5 2  
AC C 6 S C O  3 1 CAX710023 
ACC700024 

ACD690024 ACDE90031 
ACD64C024 CAX690053 

AAX07COC3 fBC710013 
fl AX68000 0 IAC710014 
EFX700056 NXX €90057 
TACOEGO24 NXX700057 
I AC660025 NXX700058 
IAC7C0047 NXX700060 
I AC7 000 5 1 

AC06500 11 A C E t S O O  14 
ACD6t0011 ACE€70028 
ACD680022 ACE6800 17 
ACDES0024 ACE 68002 4 
BCD6 900 24 FEAf80029 
ACD6S0031 PCC700040 

Fotass iu lo  f lucrides 

power cos ts  

FrEcip  i t a t  ion 
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p r e c i p i t a t i o n  
*Con t inued*  

p r e s s  u t  e 

primary s a l t  

FCC 7 (! c 04 4 

lY DC t 9 0003 

ACB68 002 0 
AC8E9C02 9 
ACD700038 
CAXC80032 

HCA~C0001 

IIBX700002 
RCA € € C O O 1  
flCB65002 1 
HC865C022 
MCB660029 
HCBE9CO54 

AAX€70004 
AAX6700 10 
ABX690007 
ABX7OCOS4 
ACB660009 
ACB€ECOlS 
ACB670017 
ACCt5C000 
ACC6500 12 
A C C € E C C l C  
ACC6600 16 
ICC67CO1 E 
ACC670025 
ACCE8C014 
ACC68002 1 
ACC 6 9002 3 
ACC69003 0 
ACC 7 0 C02 3 
ACC700037 
ACDE80015 
ACD680322 
ACDt9C024 
ACD700038 
ACE€90026 
BFX7000 16 
C A X  E M 0 3 2  
CAX69006 1 

ACE66001 2 
ACEC6CC18 
ACE€7C02 8 
ACE6800 17 
ACE 6 @C02 4 
ACE69 002 6 

p r o d u c t  ion 
LAX710019 

proqrcss reFort 

primary system 

p r o c e d u r e s  

process ing  

procurement 

Keyuord Index 

CLX7000 10 
cxx700049 
HCX7 10022 

HDA 700006 

HCB710012 
PlCC 6 7 004 4 
HCC66000 S. 
HEAdYOOOS 
flEE6600If3 
HEB680001 

GDX690042 
IAA660030 
I A C  6 600 24 
IAC700051 
IAC7 100 13 
LCA 6 800 08 
L C B 7  10007 
LCC7 10024 
L IX 6 500 2 3 
LTX670013 
L I X  6 9000 8 
LIX690009 
LJX 6 6000 6 
LJX660032 
LJX670033 
LRX620003 
LKX700030 
L K X 7  1000 1 
LXX660031 
LXX700029 
LXX7000 1 9  
LXX710021 
LXX7 1002€ 
MAX650019 
MICA700007 
NXX7C0060 

ACE690032 
ACE7 000 2 5 
ACE7C00.39 
EM6400  16 
PBX640015 
L 8x7 100 19 

ACE6600 15 
ACB67CO 17 
ACE6700 24 
ACE€ E C O  13 
BC E6 800 20 
ACB690022 
ACE 6 S C02 S 
AC E7 000 22 
ACB7C0036 
ACE7 10029 
ACD6500C7 
ACC6SOO I 1  
ACD660017 
A C C O S C O l S  
ACD6700 20 
ACD67C027 
ACE680015 
ACD 6 E GO22 
AC116 90025 
ACD7C0024 
ACD700038 
ACE6 500 08 
ACE65C014 
ACE6600 12 
ACE6€COle 
ACE670021 
ACE6 7002E 

AAX67COC4 
ACE660015 
ACC6E0014 
ACC680021 
ACC6 SCO23 
ACC690030 
ACDGCCO11 
ACE66001 1 
ACD6tCC17 
ACE6700 19 
ACD6SC026 
ACE0800 15 
ACD6EC022 
ACE6 90024 

p r o t a c t i n i u m  

protactinium t l u c r i d e s  
ACE6600 17 ACDE90024 
ACD€SCC 1 9  ACDE90031 
AC C6 700 26 ACD700038 
ACD6E0015 c XX30004Y 
ACE680022 LEA700046 
ACDO SC024 

AD1690063 HFX€20007 
HDXE 1'00C6 H XX€40019 

AAX6iCOC7 ACB 670024 
ACb660008 ACBC80013 
ACA 7 1 GO2 8 ACB 680020 
ACR61C017 A CB 690022 

Frototypes 

F U m F S  

ACE6800 17 
ACE E80024 
ACE CY00 26 
ACE 690032 
ACE700025 
ACE700039 
ACX640008 
ACX€40014 
ACX650003 
BCX CSOOO9 
ACXE60007 
ACX 660013 
ACX €700 15 
ACX 670022 
ACX 6800 11 
ACX080018 
ACX€Y0020 
A C X 69 002 7 
ACX7000 18 
ACX700034 
ACX 71 0027 
EDX E40016 
PBX&40015 
FCX€90033 
FCX700026 
REX 640003 

W 
t 

ACD 69003 1 
AC0700038 
BFX300016 
CXX700049 
IAA66C030 
IAC660025 
LB X 68002 7 
LCAC90013 
LJX070032 
LKX E20003 
LKX 7 10001 
L X X  €600 3 1 
L xx7 10021 
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pumps 
* C o n t i n u e d *  

ACB 6 9C02 F 
ACB700022 
ACB700036 
CCX680033 
HBXE20006 
H BX 67 004 2 
HBX€9COSe 
H 8x69005 9 
HBX700012 

ACE70C02 5 
EXX700048 

HBX690059 

ACE 67002 4 
8CD670020 
ACD670027 
ACD€80023 
ACE650008 
ACEtSCO14 
ACE66001 2 
ACEC60018 
ACE67 0028 

ACB690029 

LiJ 

. 

pyrocarbon 

q u a l i t y  a s s u r a n c e  

r n d i a t i o n  damage 

r a d i a t i o n  beat i n g  

TAC660025 
‘I AC700047 
IAC700051 
IAC7 100 1 3  
IAC710014 
#AX6500 19 
aCD690017 
1XX63000 1 

MAD690004 

MB X 7  CO 0 02 

ACE68001 7 
ACE680024 
ACE690026 
ACE690032 
ACE700025 
c x x 7  0004 9 
ECX7 100 11 
IAB670043 
#EA680003 

I E A 7  10005 
r a d i a t i o n  measurement 

AAX€7COOE MAC680034 
J DX67 00 3 7 

MDA700007 

ACB66CG14 ACD680023 
ACA700035 CEX6400 18 
ACDtSCOO7 CL x7 coo 1 0 
AC D67 00 2 6 

AAX67 000 9 EFX7000 16 
A C C € € C C l  c CAX690052 
ACCE7COlE COX67003 5 
A CC67 0 02 5 cxx700049 
ACC680014 FBX640015 
ACC690030 
ACC700023 
ACD660011 LCA680008 
ACDC6CO17 LCA 6 9003 7 
ACD670019 LC86800O 7 
ACD€7C026 LCB 7 100 07 
ACD670027 LCC7 10024 . ACDC8CO15 LDA690012 
ACD680022 LDA700046 
AODE9CO24 LKX7C0030 
ACD69003 I L K X 7  1000 1 
ACD 70C02 4 LXX660031 
ACD700038 MDC67000 1 

r a d i o a c t i v i t y  

r ad  i o  ly sis 

rare ear tks  

W 

ACE700038 

ACE6 600 17 
ACD 6 7 GO26 
ACC6800 15 
ACD6EC022 
ACC680023 
ACD 6 9 C02 4 

ACD6&0015 
ACC680022 
ACD 6 S C024 
ACD69U03 1 

AAX07C01 C 
ACA650010 
ACA6700 16 
AC A670023 
ACA670023 
ACA 6600 12 
AC A6 900 2 1 
ACA7CC021 
BAX680006 
BBX6700 12 
BFX6 80003 
B G X 6 3 C 0 4 5  
8C A6 800 0 4  
MCD6E007C 
t K C 6 S C O  17 
HC 07 000 0 1 

ACE6700 17 
ACE 6 E C O  13 
ACE6EGO2C 

ABX7CC055 
ACk680020 
ACB69C022 
ACE700036 
A DXO 4C02 1 
ACX67C046 
BAX6 80006 
BFX7CCOS6 
CAX680032 
I A C  6 f 0024 

I A C  7 COO 4 7 
I At7 000 5 1 
IAC7 10013 

CEX640018 

ACD6E0011 
A C E 6 7 0 0 2 6  

AC E6 800 22 
ACD6SC024 

r a r e  g a s c s  

reaction r a t e s  

react iv i ty  

reac tor  ves se l  

r c a c t o r s  

r A C ~  60025 

recombinat ion  

r e d u c t i o n  

A C D O E C ~  15 

M X € 7 0 0 0 2  

ACD69003 1 
BFX700016 
CXX 300049 
ficD6a0010 
WCDC90017 
MDA700007 

ACD300024 
ACD700038 
cLx7c0010  
CXX 700049 

MDB 620001 
H CA€20002 
YDA E40006 
M C A  E60003 
HDA €80003 
MDA €90002 
MEA690005 
MDA 70G006 
tfrECE60032 
!4 DC 67 000 1 
B CC67OOO 2 
H DC 6 8 0 0 02 
PI CC€80005 
MDC t9000 3 

fi CC’i00005 
M ~ C ~ ~ O O O Q  

ACB€Y0022 
11 AX7000 50 
I AB67 004 3 

IAE70G059 
IAFt70047 
I AF 67004 8 
IAFE900 14 
KEB E90006 
LKX620003 
H A X  6500 19 
3DB700003 
NXX 590002 
NJxX690057 
NXX 7000 11 
NXX700057 
NXX 500058 
NXX7C0060 

CLX700010 

ACD690031 
ACD700038 
LAX700013 
LGX 650002 
LIX690009 
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reductive extract  i o n  process 
ACC6€CO1€ 
A CC6 7 00 2 5 
ACC680014 
ACC68CO21 
A CC6 9 0 0 2 3 
ACC € 9 C O  3 C 
ACC70 002 3 
ACC700037 
ACD670019 
ACD67002 6 
ACD680015 
ACD E80022 
ACD690024 

ACE660018 
ACEC7 C02 E 
BCE080C17 
ACE68 0024 

ACA660008 
ACA €6 C014 
A C A E 7 C O l E  
&CA670023 
ACA 7 1002 E 
ACE690032 
ACE70C02f 

AAX67C011 
ACE68001 7 

ACBC7C017 
C AX68 00 3 2 

A AX670005 
ACD€6CC17 
ACD€7C02 C 
ACD670027 
ACD680015 

AAXE7C003 
AAX67000 5 
AAX670006 
AbX€7C007 
ABX58000 1 
A B X  €4C004 
ABX670049 
ABX€8C03f 
A EX6 9 000 7 
ABXfr9CO5E 
A BX 70005 4 
ABX700055 
ARX710020 
ACX64C014 
BBX6700 12 

r e l i a b i l i t y  

remote maintenance  

remote w e l d i n g  

r e p l a c e m e n t  

research 

r e v i e w s  

\ 

C X X E ~ O O ~ C  

ACD69003 1 
BCD700024 
IlC D 7 000 3 8 
G D  X 7  1002 5 
LDA6900 1 2  
LDA690038 
LKX7000 30 
LKX710001 
LXX660031 
L xx7 00 02 9 
L X X 7  1002 1 
LXX710026 

ACE690032 
HCD70000 1 
REC700053 

J PX6 600 2 7 
JFX670036 
BCD 690062 
MEE66002 8 
MEC 7 GO 0 5 3 
M F X 7  000 20 

ACE6 80024 
KEE690006 

CAX650052 

ACD680025 
ACD69003 1 
ACD7C0024 
ACE690032 

EDX640016 
EDX68003 1 
EDX69005 1 
FBX640015 
FCX6900 3 3 
FCX7C0026 
FXX690047 
HB X670042 
TED680036 
HDA67C03 8 
MDE70000 3 
NXX590002 
NXX63000 1 
NXX690046 
NXX7000 1 1  
NXX7C0060 

r u p t u r e  
ACE650008 
ACE650014 
ACE6fC012 
ACE6600 18 
ACE6 3002e 
AC E6 800 17 

811x6700 10 
ABX6EC035 
AEX690056 
ABX7COOS4 
BGX670045 
CAX6 900 E3 
f IX6 50029 
LXX63C013 
LAC6E0034 

PlCBBSCO54 

ACA 6 t C O  14 
ACA67C023 

ACDSfiCO 17 
ACC6700 19 
ACD6’iCO2C 
AC E670026 
ACDG XI027 
ACE6800 15 
ACD6800 16 
ACD6EC022 

ACE6ECOCe 
ACE670028 
ACE6EC017 
AC E6 E C02 4 
ACE6900 26 

seccndary sa l ts  
ACC6700 19 
ACD6SCO24 
ACC700024 
CA X6 900 53  

G F X6 6 0 0 2 3 
JCX6 4 C O  19 

CAX6 €00  32 
CAX690061 
CXX7CGO49 
LCA690037 

MCA640006 
flDA7COOG3 
REA640005 

ACE670024 

s a f € t y  

s a f e t y  lilcits 

sa m F le rs  

s a l o ~ l  ing 

sea l ing  

s e c o n d a r y  systems 

s e p a r a t i o n s  

s h i e l d i n g  

shrinkage 

LJ ACE€80024 
ACE690026 
ACE690032 
ACE700025 
EBX70004 1 
F EEf9 00 3 4 

PI CB65002 1 
HC3 E90054 
H C A C 4 O O O  1 
MDA640007 
klCA670038 
flDA680003 
M L: A E900 0 5 
NXXt30001 
NXX700011 

t 

- 

ACA €800 12 
ACAE80019 

A CD 69 002 4 
ACD€90031 
ACD 700024 
ACO700038 
C XX700049 
3 EX 670037 
f l A X  €500 19 

ACE690032 
ACE700025 
FCXE90033 
FCX700026 

HCX 7 100 22 
JCXt90019 
NXX630001 

fiCAt60001 

LCB 51 0007 
LCCS10024 
LXXO60031 
LXX 700029 

8EEE8000 1 
PIEC 700053 lid 



. ACBE8CO13 
ACE6 8 0.0 2 0 
BC B 6 9 002 9 
B F X t e C C O S  

sites 
I A C  7 1 60 1 3 

sod ium 
FCD71COlC 

s o d i u w  f l u o r i d e  
ACC€5000E 
ACC560010 
ACD680015 
ACD € 8 GO2 2 
ACD680023 
ACD 69002 4 
ACD69003 1 

ACD670026 
ACD 6 8 C C2 2 
ACDt9C024 
ACD69003 1 

ACC690023 
ACCE9CG3C 
ACD670026 
ACD680015 
ACD680022 
ACD€9C024 
ACD69003 1 
ACD7 C 002 4 
AC0700038 

ACB680020 
ACD€6CC17 
ACDf .eCOl5  
ACD680022 
ACD7C0024 
CAX690053 

BFX680009 

c ACE660012 
EDX€4 C016 

ACD670026 
ACDE8C022 
ACD690024 

ACB68 002 0 

s o l i d u s  

. 

* s o f u  b i l i t y  

specific heat 

s p e c i f i c  i n v e n t o r y  

s p e c i f i c a t i c a s  

s p e c t r o p h o t o m e t r y  
, 

spheres 

sprays 

LJ 

Keyuord Index 

s i m u l a t i o n  
JABE9COlg flDA660004 
JAB700017 M DA6 9000 5 
JAB71COOe BDA710003 
JCX6 900 1 9 NXX700057 
MCC € 6 C C O  5 

s i n q l e - f l u i d  reactors 

LJ 
- 

BFX7 0001 6 
€ X X  TO0049 
HCX710022 

ACD7 C O O 2  4 
ACD700038 
ADX64002 1 
CAX690043 
L IX696009 
LJX660006 
LKXtif0002 

ACD7 000 24 
CAX690052 
CAX690053 
cx x 7 0 0 0 4 5 

CAX69005 I 
CAX710023 
CCX 6 800 38 
CXX700049 
FEC6900 3 6  
LDA6 900 13 
LDA7000 1 4  
LDA700015 

CCX6800 38  
EDX6400 16 
FB X 6  400 15 
!lC87OOOO 3 
NXX630001 

EFX7000 16 

FEX6400 15 

BCD690031 
ACD700024 
ACD700038 

ACB7000 2 2 

CCXEEC033 

AAX670009 
AAX6700 10 
ACAO € C O C  & 
BC E6 700 26 
8GX670045 
C AX68003 2 
CAX6900 53 
JAB 6 S C O  1 8 
JAE700017 
JCX65C019 

JDX650037 

ACE6 f C O  1 4  
ACE6 600 1 L 
ACE660018 
ACE67002 1 
AC E6 700 28 
ACE6ECO 17 
ACE6 80024 
ACEESC026 

ACA6fCOC4 
A C A 6 C C O l C  
ACA660008 
ACA6ECOI4 

~ HCE650022 

ACE6600 15 
HCX7 1c022 

ACB6ECO2C 
AC E6 90022 
ACB6SC023 
AC E7 000 22 
ACB7 1C029 
AC Eb YO0 32 
ACE7COOZS 
ACE’ICC039 

AAX67C007 
ACE6600 15 
ACB 6 4C022 
I A C6 600 2 5 
I A C  7 C 00 4 7 

* c Lx7coo1c  
ECE7 10012 

ACA 6 f C O C E  
ACE670024 
ACDGSCOZC 
ACE670027 
ACE €i S C O 2  6 

s t a b i l i t y  

stack 

stainless steels 

startup 

steam c y c l e  

steam generators 

steam systems 

storage 

s tress  

Paye 191 

PICA680034 
M CAE5000 1 
MDA 690002 
riEAt90005 
HDA 71 0003 
HLB710002 
flDC €60002 
MDC 700005 
NXX E3000 1 

ACE 900025 
ACE700039 
GAX670033 
GAX680028 
GAX700045 
GCX610002 
GFXC60023 

MCC660005 
fl C D  690055 
WCA060003 
MOA 690005 
PIECE80002 

IEBE70039 

CAXC900S3 
HCX 710022 
I AC 66002s 
IAC700047 
IAC710013 
IEB670039 
IBB710015 
N XX6300Ol 

IRC700051 
IAC710013 
I A C  7 1001 4 
IEB310015 
J C X  6900 19 

MDA €40002 
MfA700007 

ACE690032 
ACE 7000 2 5 
ECX710011 
FE37000 3 1 
HCX710022 



€age 192 

stress r u p t u r e  
ACD u C 0 2  C 
ACD67C027 
ACE650008 
ACE650014 
ACE660012 

ACB680020 
ACBE9C022 
ACB€90029 
ACB700036 

s u r f a c e  tension 
ACD690024 
ACD690031 
ACD700024 

ACD670019 
ACD m C 2 6  
ACDt8C022 
ACD690024 
ACD69C031 
ACD700024 
ACD70003E 
ACE65000 8 
ACE65CO14 
ACE66001 2 
ACE06001 E 
ACE67002 1 

ACE680017 

AAX670008 
JA3€9C018 

ACE650008 
ACE7OC03 9 

AAXt7C003 
ABX58000 1 
ABH68CC35 
A BX 6 9 00 5 6 

s t r u c t u r e s  

surv e i l l a  nce 

A C ~ S ~ O Z ~  

systems 

tanta lum 

tec hnoloq y 

Keyword I n d e x  

ACE6600 18 
ACE670028 
ACE6800 17 
ACE680024 
IAE670043 

IAC660024 
IAC700047 
I A C 7  1001 3 

CCX 6800 3 3 
CC X6 8003 8 

ACE680024 
ACE690026 
AC E6 90032 
ACE700025 
FBE670031 
TEE690034 
FBE7C0027 
FEE7 100 18 
FBX640015 
RAD690004 
#CA 6 6000 1 
WCA680004 
#CB 7 100 1 2 

JAB700017 
NXX700057 

GXX 6 80 0 3 9 

ABX700054 
ACD7000 24 
ACX640014 

t e m p e r a t u r e  measurerent  

t e n s i l e  p r o p e r t i e s  

AAX670008 AC86800 2C 
aCB 07 C02 3 HA X6500 19 

ACE6600 12 FEE650015 
ACE68C017 FBE650016 
ACE680024 FEE67003 1 
ACE70C03S FEE670031 
EEX690039 FEE680016 
EBX700042 FBE6 9003 4 
E DX64 00 16 FEE690044 
FBBEECO21 PBE7C0027 
F EB66 0022 FEE7 100 l e  
FBB 6 9 C O Y  C FBX640015 
PBB69004 1 FCCf 100 10 
FBB70002E PCE 7 10 0 04 

PBC61COCl 
FBC640017 
FBC6SOO 17 

t e s t  i a c i l i t i e s  
ACE680020 
ACB6S0022 
ACE6 90029 
ACB7COO22 
ACE7 COO36 
ACE6800 15 
ACD6 EC022 
ACE700038 

ACA650004 
ACA6CCO 1C 
AtA660008 
ACD67COlS 
ACE67C026 
AC0680015 
ACDdf0022 
ACE680023 
ACDOS0031 
ACE700024 
ACD7 C O O  38 
AC E6 500 08 
ACE65C014 
ACE6600 12 
ACE6CCOlE 
ACE67002 1 

ACE6 800 17 
ACEOEC024 
ACE6SC026 
ACE690032 
ACE7COOZ5 

t e s t i n g  

ACE 6 S C02 E 

t h e o r y  

ACBE E C O Z O  
ACE6 900 22 
A C B O  S C O Z  S 
ACE700022 
ACD6E0022 
ACE7 CC03Q 
CAX6900 53 

ACD670020 
ACDOSCO27 
ACE6800 16 
ACE6ECO 1 4  

thermal  effects 
ACB€ SO02 4 
EEX7000U1 
FBE7 10017 

AAX67C007 
ACA650004 

t h e r m 1  cccvecticc 

t h e r m a l  i n s u l a t i o n  

HDCE SCUC3 
thermal c o n d u c t i v i t y  

G A X  €70033 
GAX68002 8 W 
ACE690026 
ACE 690032 
ACE700025 
GDX710025 
HEX690058 
HEX W m 9  
I ALE 700059 

CCX 6700 3 5  
EBX690039 
E EX 70004 1 
FBB 7000 3 1 
F E X  e4 00 15 
HEX €20006 
HBX690058 
HEX700012 
HCX680037 
H E X  €20007 
HIX66 0026 
HXX E400 19 
J D X  69006 0 
LCE710007 
LHX690011 
HEX700002 
HCAC60001 
HCB710012 
HCC€60005 
p9 LC €6 0002 
MEC700004 

CCXO80038 
CXX 700049 
%DX 64 00 16 
EXY 700048 
FBX€400 15 
NXX630001 

ACEE600 12 
FBDE90036 
GCX E 10002 
G P X  66 0023 

FCC 7 1 00 1 0 
HfA€20001 
LID8620002 

f 

ACB 090022 
NXX E3000 1 
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t h e r a a l  power 

thermal p r c F e r t i e s  

A C B € € C O l 5  
HDB700003 

ACDCe0015 
ACD680022 
ACD700038 

fiAXCSCO19 

EBXfOOO4 1 

ACB6600 15 
ACD70C03 f! 

ACCt80014 
ACC68002 1 
ACCt90023 
ACC690030 
ACDE7C026 
ACD680015 
ACDt8C022 
ACD690024 
ACD7CC03 E 
BAX680006 
BAX7CCOOe 

ACDC7C01 f 
ACD67 002 E 
ACD6800 15 
ACDCeC022 
ACD690024 
ACD690031 
ACD700024 

PCC690048 

MEA € Z G O 0 5  
ME3660028 

AC386500 10 
HCC f € coo 5 

AC870002 1 
AC B7 0 00 2 2 
AC97 1002 E 

N X X € 3 C O O  1 

ACE650008 
ACE€OCOlE  
ACE690032 

A AX67000 5 
A A X  €7 c C O T  
AEXt$0004 
ACE660009 

thermal s h i e l d  

t h e r m a l  shock 

therm od yn amics 

t h o r i u m  

thori urn f l u o r i d e s  

t i t  an i u  E 

tools 

t r a i n  in  9 

t rit i urn 

t u b i n g  

t unq s ten 

t w o - f l u i d  reactor 
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MDC66 0002 

EBX700041 
HCX7 10022 
HDB700003 

FAX620004 
FAX620005 

BBX670012 
EFX700016 
IAA660030 
LEA6900 12 
LDA690038 
LDA7000 1 4  
LDA700015 
LJX66003f  
LKX7C0030 
N X X  6900 4 6 

ACD7 COO38 
C A X  680032 
C AX 6900 5 2 
c xx7 00049 
LCA6900 37 
LDA 7 COO46 
LXX7 10026 

FCC690049 

MEE680001 
E4EC700053 

ACD700024 
TAC7 100 1 4  

ACE700025 
GAX67C533 
GA86 800 28 

HEX 6 700 4 2 
IAA660030 
IAC660024 
IAC660025 

ACE 6 600 15 fAC700047 
ACE6700 17 I EB670039 
ACE670024 LJX f60006 
ACC 6 t C O  1 G L 3x670032 
BEX670012 

ACC65000b ACD690024 
ACC6 6 C O  1 C ACD700038 
ACC6 700 18 E AX 7000 08 
ACC680014 LBX €80027 
ACC 0 E C02 1 LDA690012 
AC C6 7 00 2 6 L I X  €700 13 
ACD6EC015 L I X  690008 
A C  I16 800 22 LJX&60006 
ACDEEC023 L xx71002 1 

ACD6CC017 ACD 69003 1 
ACC6700 19 A CC 70002 4 
ACD6iC02C ACD 700038 
ACC670026 CAX E800 32  
ACD67C027 CXX700049 
ACE6800 15 L AX 7 10 0 19 
A 0 6  EGO22 LGX&50002 
AC C6 800 23 LIX €90009 
ACD640024 

ACD7 COO24 MDA€90001 
LAX6900 10 NtA300007 
LAX7000 13 

AC A6700 23 L AX 7000 13 
ACA 6 E C O  12 HAD690004 
ACA680019 MCA680004 
ACA 6SC02 1 MCD 6900 17 
AC A6 900 28 E4 CAt80003 
ACC670025 I MDA690001 
ACC6 EO0 14 M C A 6 9 0 0 0 2  
ACC6 BOO 2 1 fl LA e90005 
ACD7C0024 llDA 700007 
BAX680006 MCC700005 
BFX7C0016 NXXE90046 
LAX690010 

AC0670020 tlCA700007 
ACD7CC024 flDC67COOl 
cxx700049 MfCt70002 
fiCDSECO1C MDC680002 
Y1CA640002 X CC €80095 
HDA6 500 0 1 tlDC €90003 
HDA66COC3 

ADX6SC0€3 NXX7C0060 

AAX670007 NXXE3000 1 

ACCb600 17 ACb€80015 
ACD67C026 ACD680022 

uranium 

uranium f l u o r i d e s  

uranium-232 

uranium-233 

uranium- I 3 5  

u t i l i  ties 

val ves 

vapor p r e s s u r e  
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v a p o r  p r e s s u r e  
* C o n t  hued* 

ACD7CCO3e 
cxx700049 

v i b r a t i o n  
HCX680037 

viewing dcvices 
JFX 6 6 002 7 

viscosity 
BCD6COC17 
ACD6800 15  
ACD€ec022 
ACD69003 1 
CAX69C053 

ACBE7CC17 
BCB670024 
ACB t 8 C02 C 
ACD69003 1 
CCXt80033 
MCD690017 

ACB670017 
ACC E € C O l  C 
ACC660016 
ACC 67001 e 
ACC670025 
ACC680014 
ACC68002 1 
ACD680015 

ACRt57C017 

ACB590029 

NXX7000 1 1 

AAX670008 

ACB 69CO22 
ACB690029 
ACB 7GC022 
ACE700036 
ACE € 5 C O O  E 
ACE6500 1 U 
ACE66C012 
ACE660018 
ACEt7C02E 
ACE680017 
ACE 68C02 4 
ACE690026 

ACD680023 
ACD €9C02 5 

ACE670028 
ACE680017 

v o i d  fractions 

v o l a t i l i t y  

volume f r a c t i o n s  

waste d i s p o s a l  

uastes 

u e i q b  c e l l  

w e l d i n q  

wett ing  

x-rays 
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NXX630001 

HCX7 10022 

JFX670036 

CCX680033 
CCX 6 80038 
cxx7 0004 9 
NXX63000 1 

MDA7C0032 
MDE700033 
HDC680005 
MCC690003 
flDC 6 900 15 
HCC6900 16 

ACD6800 25 
ACD6 90024 
ACD700038 
LCA670014 
LCA6e0008 
LC A 6 90 03 7 
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iKB670024 
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ACE700039 
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FBB660021 
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FBB690040 
€BE69004 1 
FBB 7 0002 8 
FEX64OO 15 
GGX670034 
REX 7 000 0 2 

E E X 7  000 4 3 

ACE6900 26 
ACE690032 

\ 

ACES800 24 

ACA680012 
ACA6 4CO2E 
AC A7 000 2 1 
ACB630017 
ACE670024 
ACE6800 13 
ACE6 tG02C 
AC E6 900 22 
ACD6€0017 

ACD640024 
ACC69003 1 
ACE6€COlE 

ACD67CO 19 
ACE6800 15 
ACD6E0022 
ACE690024 - 
ACD7C003e 
cxx7 00049 

AEX700055 
BFX7C0056 
NXX590002 

AEXS80001 

A E X 5  800 0 1 
ACDOECOC7 
ACD6600 17 
AC D6 700 20 
ACE630027 
ACE6800 15 
ACD6f0022 
A C E 7  00038 
ACE6 5 C C C e 
ACE650014 
ACE660012 
ACE66CO 1€ 
ACE6 7002 1 

ACE6800 17 
ACE6€C024 
AC€690026 
ACE690032 
AC E7 000 25 
ACE7CC039 
AIiX640021 
C A X O  E0032 
cxx700049 
P A X O Z O O C 4  
FAX6 ;GOCS 
FAX6900 35  
F A X E S C 0 4 5  
F EA6 60020 

xenon 

z i r c o n i u m  

zirconium fluoride 

AEC 

A R E  

Eastr l lcy  N 

ACE6SOO2e 

EXX 700048 

CCX 070035 
EDXE8003 1 
EfX690051 
IBDE80036 
M E A  E70040 
Pif8€70041 
BDC670001 
HCC670002 

ACE 67 0028 
L K X  71000 1 

LAX71 0019 
LCB680007 
LCB 71 0007 
LCC710024 
LDA700046 

N X X  690057 
NXX700058 

A EX 7000 54 

F E A  680029 
FBI3 65001 8 
FE8660021 
PBB660022 
FBBt90040 
FEl?€90041 
FBB7C0028 
FEB700031 
FBC 59000 1 
F EC610001 
FEC€40017 
FElC 65001 7 
F EDE90036 
€'BE650015 
PEE6500 16 
FBE660019 
F EE€70029 
FBE 67 003 0 
F E E  6700 3 1 
FBE Ed0025 
FEE680026 
PBE690034 
FEE€90044 
FBE700027 
FEE71C017 
FEE710018 
FBX 6400 15 
FCD310016 



H a s t e l l o y  N 
*Con t inued*  

FCE690043 
FCX690033 
FCX70C026 
FXX69004 7 
GAX67CO33 

5 GAX680028 
GCXC8CO3C 

JDX69006C 

C A X E 9 0 0 5 3  
NXX690057 

NXX59000 2 

NXX700060 

A RX67000 3 
ACBt8C02C 
ACR690022 
ACB690029 
ACB700022 
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AAXE7G003 
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AAX67000 7 
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AAX67000 9 
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AilX670011 
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ABX670049 
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ACR690022 
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ACB700022 
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ACB7 10029 
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ACC660016 
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ACC670025 
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LWBR 

M SBE 
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8 AAX07C006 
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ACX7 10022 
IA13 6700 4 3 
IAC710013 
LCB680007 
PlAD 690004 
HAX6500 19 
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blXX7C0060 

N X X 7  00058 
NXX 7 COO 6 0 

CAX69005 2 
HBX690058 
H EX 6 9 0 0 5 9 
I A E 7  GO059 
IEA7 10005 
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ECX710011 
EDX68003 1 
ED X690U5 1 
GOX69004I 
GD X7 10025 
HEX 67004 I 
HCX7 10022 
IAA660030 
IAC 6 6002 4 
I AC6 600 2 5  
IAC7COO47 
IAC70005 1 
fAC710013 
IAC7 100 1 4  
IAD700052 
I AE7000 5 9 
I B A 7  10005 
IEB6700 39 
1396 8003 6 
J A A 7  10009 
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JAB7000 17 
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JCX690019 
LBX680027 
LCA6700 14 
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LJX660032 
LJX 670032 
LKX700030 
LKX310001 
L X X  700029 
L xx700029 
NXX E90002 
NXXE90046 
MXX€Y0057 
N XX700058 
NXX 700060 
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ACE680024 
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CATEGORY INDEX 

The category structure used in the MSRIS appears in outline form on 
the next three pages, followed by the index. 

The significance of the letter X, which does not appear in the outline 
but does appear in category designations elsewhere, requires some expla- 
nation. 

There are two meanings or uses of the letter X. One is simply as a 
"filler." 
designation, whether it be the primary category in the identification num- 
ber or an "other category" in the last line of the entry, must have exactly 
3 letters. Thus for category N, which is not subdivided, every abstract is 
designated NXX. Similarly, all abstracts falling into second-order cate- 
gories which are not subdivided have X as the last letter in their category 
designation (ABX700054, for  example). 

For various reasons associated with the computer, every category 

The other use of X is to denote a general or broad treatment. This 
is the meaning if X appears in place of the letters for established second- 
or third-order categories. 
description of the MSRE design (category MA) which discusses general con- 
siderations and embraces information in third-order categories MAA, MAB, 
MAC, and MAD. 

To illustrate, MAX690019 is a comprehensive 

I 

I 

I 
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SUBJECT CATEGORIES IN MSRIS 

A Molten-Salt Reactor Programs D Analytical Chemistry 
AA MSRP - Plans and Organizations 
AB MSRP - Technical Summaries 
AC MSRP - Progress Reports 

E Graphite 
EA Fabrication 
EB Unirradiated Properties ACA MSRE 

ACB Large MSR's 
ACC Salt Processing 
ACD Chemistry 
ACE mterials 

AD MSR Adtivities Outside MSW 

B Reactor Analysis 
BA Nuclear Data 
BB Static Neutronics 

EC Irradiation Effects 
ED Applications 

F Hastelloy N and Related Alloys 
FA Alloys Leading to Hastelloy N 
FB Standard Hastelloy N 

FBA Microstructure 
FBB Fabrication 
FBC Mechanical and Physical 

Properties 
BC Dynamicp 

BD Thermal; Effects 
FBD Corrosion 
FBE Radiation Damage 

BE Activatgon, Radiation and 
Shieldling - 

BF Fuel Cycle and Economics 
BG Safety 
BH Computer Programs 

C Reactor Chemistry 
CA 
CB 
cc 
CD 

CE 
CF 
CG 
CH 
CI 
CJ 
CK 
n 

Phase Relations 
Thermodynamics and Equilibria 
Physical Properties 
Rates and Diffusion 
Corrosion Reactions 
Fission Product Behavior 
Tritium Behavior 
Oxide Behavior 
Crystal Studies 
Surface Effects 
Electrochemistry 

FC Modified Hastelloy N 
FCA Microstructure 
FCB Fabrication 
FCC Mechanical and Physical 

FCD Corrosion 
FCE Radiation Damage 

Properties 

G Materials Other Than Hastelloy N 

GA Stainless Steels 
GB Steels other than Stainless 
GC Nickel and Ni-Base Alloys other 

GD Molybdenum and Mo-Base Alloys 
GE Brazing Alloys 
GF Other Metals 
GG Nuclear Control Materials 

and Graphite 

than Hastelloy N 

Radiolysis' 

t 
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Subject Categories in MSRIS . (continued) 

H Reactor Component Development 
HA Core 
HB Pumps 
HC Heat Exchangers 
HD Steam Generators 
HE Gas Injection and Removal 
HF Valves 

HFA Freeze Valves 
HFB Mechanical Valves 

\ HG Flanges 
)rH Heaters 
HI Other Components 

I Reactor Design 
IA Reactor Plant 

IAA Early Molten-Salt Reactors 
IAB MSRE 
IAC One-Fluid MSBR (Reference 

IAD Other Thermal Molten-Salt 

IAE MSBE 
IAF Fast and Epithermal 

Design) 

React or s 

Molten-Salt Reactors 
IB Systems 

IBA Fuel 
IBB Coolant 
IBC Steam 
IBD Gas 
IBE Containment 

J Instrumentation and Controls 
JA General 

JAA Instrument Development 
JAB Plant Colztrol 
Nuclear Control and Plant Safety JB 

JC Process 
JD Radiation and Contamination 

JE Data Collection and Analysis 
JF Communication and Surveillance 

Monitoring 

JG Electrical and Pneumatic 
Systems 

K Operation and Maintenance 
KA Operation 

KAA ARE 
KAB MSRE 
KAC Other Molten-Salt Systems 

KB Maintenance 
KBA MSRE Maintenance 
KBB Other Molten-Salt and 

Radioactive Systems 
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Subject Categories in MSRIS 
(continued) 

L Fuel Preparation and Processing 
LA Salt Procurement and 

Preparation 
LB Fluorination 
LC Distillation 

LCA Experimental Basis 
LCB Engineering Development 
LCC Operating Experience 

LD Reductive Extraction 
LDA Experimental Basis 
LDB Engineering Development 

LE Metal Transfer 
LEA Experimental Basis 
LEB Engineering Development 

LF Oxide Precipitation 
LFA Experimental Basis 
LFB Engineering Development 

LG Adsorption and Reduction 
LH Salt Purification 
LI MSRE Salt Processing 
W Plants for Two-Fluid MSBR 
LK Plants for One-Fluid MSBR 

e 
M MSRE 

MA Design 
MAA Plant 
MAB Major Component 
MAC Instrumentation and Controls 
MAD Auxiliary Systems and 

Components 
MI3 Construction 
MC Operation 

MCA Program 
MCB Procedures 
MCC Training 
MCD Experience 

MD Analysis 
MDA Theoretical 
MDB System Performance 
MDC Nuclear Performance 

ME Maintenance 
MEA Principles 
MEB Procedures 
MEC Experience 

MF Decommissioning 

N Miscellaneous 
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I n d e x  S t a t e s  The Category And G i v e s  Sefcrences 
Each A r t i c l e  w h i c h  Was K e y e d  To I t  

T h e  P o l l o v i r g  
T o  

A A  X670008 
AAX670009 
A A  X670010 
AAXS700 11 

ACX6 4 C O  C E  
ACX640O 1 4  
A C X 6  EOOC3 
ACX650009 
ACXO€OOC7 
ACX6 600 13 
ACX 6 100 15 
ACX670022 

ACX680011 
A CX 68 0 0 1 8 
ACXE90020 
ACX €YO027 
ACX700018 
ACX700034 
ACX710027 

A A X  

ABX 

AAX67CC03 
AAX67 000 4 
A A X € 7 C O O E ;  
RAX67000 6 
AAXf30007 

i 

ABX 58000 1 
ABX640004 
AflXf7C049 
ABX680035 
ABXC9C007 
ABX690056 

ACA650004 
A C A E S C O l C  
ACA660008 
ACAE6C014 
ACA6700 16 
ACAt7C023 
ACA6800 12 

ABX7C0054 
ABX7000 5 5 A C X  
AB X 7  10 02 0 
ACX6400 14 
NXX590002 BAX 
NXX690046 

BBX 
ACA6800 19 
ACA690021 
ACA69002E BCX 
ACA700021 
ACA7 000 3 5 
ACA710028 

ADX640021 
ADX6iC046 

AEX690063 

3AX6 € C O G 6  BAX700008 
ACA 

BBX65CO12 
KC86 200 02 

MDA64C006 
t4CCt70001 

t4 CA E600 0 3 
fiDA690002 
M CC660002 

JAR6900 18 
JAB7C0017 
MEA640006 
MDAEEOOC 1 

ACE EFX 
ACE690025 
ACB690029 
ACE700022 
ACB 7 COO36 
ACE7 10029 BGX 

ACB660009 
A C B € t C C l S  
ACB670017 
AC5 f 7 C02 4 
ACB6800 13 
ACE €eCO2 C 

BAX6€COC6 
BFX6700 12 
BFX6€GOC5 
EFX7000 16 

SPX700056 
HCAC7004O 
N XX700057 

AhX6700 10 
BGX67C045 
MDA6 400 02 
MDA64COC7 

1y LA660004 
t3DA E70038 
HCAt80003 

ACC 
ACC C 5 0 0 0 6 
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