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SUMMARY 

CIVILIAN POWER REACTORS 

CONCEPTUAL REACTOR DESIGN STUDIES 

A d r a f t  r e p o r t  on t h e  p l a n t  c o s t  ve r sus  s i t i n g  s tudy  w a s  completed and 
forwarded t o  t h e  AEC f o r  comment, 

P a r t i c i p a t i o n  i n  t h e  c u r r e n t  AEC C i v i l i a n  Power Reactor  Evaluat ion 
inc luded  a t t end ing  two o r g a n i z a t i o n a l  meetings at  AEC Headquarters ,  

USAEC-AECL COOPERATIVE PROGRAM 

Experiments t o  s tudy  two-phase mixing i n  rod  bundle f u e l  elements were 
performed on an e l e c t r i c a l l y  hea ted  t e s t  s e c t i o n  which s imu la t e s  f low channels  
formed by f u e l  p i n s  i n  a square p i t c h  a r r a y  l o c a t e d  ad j acen t  t o  p i n s  on a 
t r i a n g u l a r  p i t c h  a r r a y  ( a s  i n  a 19-rod bundle) ,  For an i n l e t  temperature  of  
1 6 5 ' ~  ( 3 3 0 ' ~ )  and mass v e l o c i t i e s  of  2,O and 3,O x 106 ~ b / h r - f t 2  a t  900 p s i  
system p r e s s u r e ,  severe  f low o s c i l l a t i o n s  were observed as bulk b o i l i n g  began 
i n  t h e  sma l l e r  channel.  

Heat t r ea tmen t s  appear t o  have l i t t l e  o r  no e f f e c t  on t h e  n i l  d u c t i l i t y  
t r a n s i t i o n  temperature  f o r  Z r  - 2.5  wt% Nb a l l o y  tub ing  wi th  30% CW, b u t  
n o t i c e a b l e  e f f e c t  on t h e  60% CW m a t e r i a l .  

I n  t h e  development o f  t h e  appara tus  f o r  measuring p re s su re  t ube  c r eep  
i n - r e a c t o r ,  t h e  e f f e c t  o f  coo lan t  f low r a t e  on diameter  measurements w a s  
eva lua ted ,  These t e s t s  show t h e  diameter  measurement no i se  i s  independent 
o f  coolan t  f low r a t e ,  This  n o i s e  l e v e l  equ iva l en t  t o  0,0003-inch diameter  
change i s  s t i l l  t o o  h igh ,  

The e n t i r e  s e t  of  equa t ions  desc r ib ing  nuc l ea r  and thermal  hyd rau l i c  
ope ra t i ng  c h a r a c t e r i s t i c s  of  t h e  BLW-250 have been programmed on t h e  analog 
computer, and debugging i s  complete, 

Etched specimens of f i v e  zirconium a l l o y s  exposed in- f lux  i n  t h e  G-7 
loop i n  pH-10 NHbOH, ~ 0 . 0 5  ppm 02 d i d  no t  undergo acce l e r a t ed  ox ida t ion  i n  
37 days,  

Specimens of  s i x  zirconium a l l o y s  were p laced  out-of-f lux i n  t h e  G-7 
loop  a t  water  t r a n s p o r t  t imes  ~1 sec  and Q1 min from t h e  f l u x ,  Weight g a i n s  
were similar a t  t h e  two out-of-f lux p o s i t i o n s .  

APPLIED AND REACTOR PHYSICS 

PLUTONIUM CRITICALITY STUDIES 

Measurements were completed i n  t h e  f i r s t  of  s e v e r a l  experiments on t h e  
fundamental behavior  of  neutrons i n  plutonium assembl ies .  F o i l  a c t i v a t i o n s  
were made wi th  Pu, I n ,  and Cu f o i l s  f o r  determining f l u x  d i s t r i b u t i o n  and 
i n t r a c e l l u l a r  d i s t r i b u t i o n  of  2 3 9 ~ u  f i s s i o n  r a t e  i n  a hydrogen moderated 
heterogeneous Pu assembly wi th  an H/Pu r a t i o  o f  35. 



Pulsed neutron source,  r e a c t o r  no i se ,  and Pk variance-to-mean type  
measurements were a l s o  made on t h e  heterogeneous Pu assembly. 

Comparisons wi th  c r i t i c a l  da t a  on homogeneous hydrogen-moderated Pu 
assemblies show t r a n s p o r t  theory  c a l c u l a t i o n s  t o  agree  b e t t e r  with experi-  
ment i f  GAMTEC-I1 c ross  sec t ion  d a t a  a r e  used i n  p lace  of t h e  16-group 
Hansen-Roach c r o s s  sec t ion  s e t ,  

PHOENIX FUEL REACTOR PROGRAM 

The water - ref lec ted  CAF experiments have been completed. Prepara t ions  
f o r  t h e  PRCF experiments a r e  continuing wi th  scope drawings complete and 
pre l iminary  safeguards c a l c u l a t i o n s  under way. 

Addit ional  h igh  exposure Pu was committed t o  t h e  f a b r i c a t i o n  o f  Al - 
20 wt% Pu a l l o y ' f u e l  p l a t e s  f o r  t h e  PRCF experiment. 

A document desc r ib ing  pre l iminary  3-D design c a l c u l a t i o n s  f o r  t h e  MTR- 
Phoenix experiment i s  i n  p repa ra t ion .  

H I G H  TEMPERATURE REACTOR PHYSICS STUDIES 

Most of t h e  cons t ruc t ion  work which was h a l t e d  by t h e  s t r i k e  at Hanford 
was resumed by t h e  end of t h e  month, 

A purchase order  has been placed f o r  t h e  independent s a f e t y  channels .  

The c o n t r o l  rod f u e l  p i eces  have su r face  d e f e c t s  which a r e  l a r g e r  than  
s p e c i f i e d  but  which may not  impair t h e i r  s t r e n g t h  and i n t e g r i t y  a t  high 
temperature. 

The d i g i t a l  c o n t r o l  va lves  a r e  t o  be de l ive red  t h r e e  months l a t e r  t han  
scheduled. 

Fabr i ca t ion  o f  t h e  two sample o s c i l l a t o r s  a r e  40% complete compared t o  
a  scheduled 75%. 

The hea t ing  and ecol ing  requirements a r e  being t r a n s l a t e d  i n t o  func t ions  
which r e l a t e  c o n t r o l  device p o s i t i o n ,  sensor  feedback s i g n a l ,  and sensor  
se t -po in t s ,  D i g i t a l  programs a r e  being w r i t t e n  t o  c o n t r o l  t h e  hea t ing  and 
cool ing  ope ra t ions  a s  we l l  a s  t o  provide information on va lve  ope ra t ion ,  

Various programs a r e  being w r i t t e n  t o  record  t h e  s t a t e  of  process 
v a r i a b l e s  and o t h e r  information,  

Tra in ing  of  t h e  r e a c t o r  cpe ra t ions  personnel  continued, 

Process Spec i f i ca t ions  and Operating Procedures a r e  being w r i t t e n ,  

Small q u a n t i t i e s  of f u e l  m a t e r i a l  can be obtained from ORNL i n  t h e  form 
of microspheres,  The magor po r t ion  of  t h e  experimental f u e l  w i l l  be i n  t h e  
form of dense but  i r r e g u l a r  p a r t i c l e s ,  

The s t a r t u p  and c a l i b r a t i o n  experiments a r e  descr ibed  i n  a  document under 
review, The remaining l a t t i c e  components and experimental p i eces  a r e  being 
designed f o r  f a b r i c a t e d ,  

An experiment which apparent ly  measures t h e  neutron l i f e t i m e  i n  a  r e a c t o r  
i s  being analyzed f o r  use  i n  c a l i b r a t i o n  of  r e a c t o r  per iods ,  



REACTOR FUELS AND MATERIALS 

BASIC SWELLING STUDIES 

Three capsu l e s  cont inue  t o  o p e r a t e  succes s fu l ly  a t  c o n t r o l  temperatures  
of 450°C (1000 p s i ) ,  4 5 0 ' ~  (%30 p s i ) ,  and 5 2 5 ' ~  (%30 ~ s i )  toward burnups of 
0075  at.$ BU, 0 .3  a t  ,$ BU, and 0,4 a t , %  BU, r e s p e c t i v e l y .  

Metal lographic  examinations o f  uranium and uranfum a l l o y  specimens ir- 
r a d i a t e d  t o  0,16 a t , %  BU at  500 p s i  over t h e  temperature  range o f  500 - 625OC 
co r robora t e  t h e  s t rong  in f luence  of p r e s su re ,  carbon and Fe-A1 a d d i t i o n s  i n  
reducing t h e  amount of  swe l l i ng  without  d r a s t i c a l l y  a l t e r i n g  t h e  mode by which 
it occurs ,  

Densi ty  measurements made on uranium and uranium a l l o y  specimens ir- 
r a d i a t e d  t o  0 . 1  and 0.2 a t  a $ BU, r e s p e c t i v e l y ,  over  t h e  temperature  range 
610 - 705OC i n d i c a t e  t h a t  swel l ing  i s  q u i t e  small, independent o f  temperature ,  
independent o f  composition, and i s  l i n e a r  wi th  burnup. 

NONDESTRUCTIVE TESTING - 
S i g n i f i c a n t  improvements were ob ta ined  i n  t h e  a b i l i t y  o f  t h e  mul t i -  

parameter eddy c u r r e n t  t e s t e r  t o  e l imina t e  s i g n a l s  due t o  va r ious  extraneous 
parameters .  The c o i l  d r i v i n g  c i r c u i t r y  has  been completed, and work i s  pro- 
g r e s s i n g  on t h e  f law propagat ion p o r t i o n  o f  t h e  ins t rument ,  The background 
n o i s e  p re sen t  i n  t h e  thermal  wave t e s t i n g  system has been s u b s t a n t i a l l y  reduced. 

NUCLEAR CERAMICS 

A phase s tudy  o f  t h e  Pu-U-0 system was ~ n i t i a t e d .  Samples were prepared 
by p e l l e t i z i n g  and s f n t e r i n g  mfxed powder compacts cons i s t fng  of  U02 and Pu02 
wi th  t h e  Pu02 conten t  varying i n  i n t e r v a l s  from zero  t o  loo$, 

Two e s p e c i a l l y  designed t e s t  cans,  each con ta in ing  U02 samples o f  
micronized,  ceramic grade ,  and fu sed  -325-mesh powders, and p re - s in t e r ed  
ceramic-grade p e l l e t s ,  were pneumatical ly  impacted a t  1100°C and 240,000 p s i  
t o  produce specimens f o r  s t u d i e s  cf recovery and r e c r y s t a l l i z a t i o n  e f f e c t s .  

Samples o f  t h e  pre-s fn te red  m a t e r i a l  a r e  being annealed at a series of 
temperatures  between 300 and 1 6 0 0 " ~  and subsequent ly  observed f o r  x-ray 
d i f f r a c t i o n  l i n e  broadening, microhardness,  and m i c r o s t r u c t u r a l  changes, 

Mechanically r o t a t e d  assemblies  were designed f o r  performing i r r a d i a t i o n  
t e s t s  on (u,Pu)02 i n  t h e  100-K Snout F a c i l i t y .  These movable assemblies  w i l l  
s ub j ec t  each of s e v e r a l  U02 - Pu02 specimens t o  i d e n t i c a l  neutron f l u x e s  i n  
a c y c l i c a l  fash ion  and w i l l  e l fmina t e  t h e  major problem a s s o c i a t e d  wi th  in -  
p i l e  experimentat ion,  i , e , ,  unp red i c t ab l e  t ime and s p a c i a l  f l u x  v a r i a t i o n ,  

Flow t e s t  dummies were f a b r i c a t e d  and d e l i v e r e d  t o  K-Reactor f o r  hy- 
d r a u l i c  t e s t i n g .  S i x  U02 - Pu02 i r r a d i a t i o n s ,  each comprising s i x  specimens, 
a r e  planned. Parameters t o  be i n v e s t i g a t e d  a r e  ox ide  s to ich iomet ry ,  he te ro-  
gen i e ty  o f  t h e  mix ture ,  and hea t  -rating, 

Se lec ted-area  o p t i c a l  and e l e c t r o n  micros@opy on s e v e r a l  impacted speci-  
mens i n d i c a t e d  t h a t  U02 s i n g l e  c r y s t a l s  undergo marked c r y s t a l l o g r a p h i c  



r e o r i e n t a t i o n  during impaction. Evidence f o r  both ord inary  s l i p  and 
deformation twinning w a s  found. 

An iner t -gas  fu s ion  appara tus  f o r  ana lyses  of  n i t rogen  and oxygen 
content  of meta ls  and compounds was p a r t i a l l y  i n s t a l l e d  i n  a g love  box. 

Metallography of  n o n s t o i c h i o m e t ~ i c  U02tx f u e l s  was completed f o r  
U01,go, U01,9gs U02,02, Ug2,05$ U02,15, and f i v e  U02000 f u e l  rods  which 
had experienced s u b s t a n t i a l  = e n t e r  mel t ing  dur ing  i r r a d i a t i o n ,  Migrat ion 
of  t h e  excess  component t c  t h e  c e n t r a l ,  molten reg ion  was apparent  f o r  a l l  
compositions.  

A s tudy t o  determine t h e  na tu re  of e u t e c t i c  mel t ing  i n  t h e  Pu02 - U02 - 
Be0 t e r n a r y  system was begun, Fourteen samples covering t h e  composition 
range from 4 - 36 mole% Pu02, 4 - 36 mole% U02, and 60 - 90 mole% Be0 were 
prepared. 

I n i t i a l  success  was achPeved i n  chemicaily t h inn ing  U02 t o  e l e c t r o n  
t ransparency ,  

U02 s i n g l e - c r y s t a l  specimens were s e n t  t o  Argonne National  Laboratory 
f o r  use  i n  vapor-pressure experiments.  Specimens were suppl ied  a s  p a r t  o f  
t h e  m a t e r i a l s  and information exchange program, 

NUCLEAR GRAPHITE 

A p o t e n t i a l  energy func t ion  f o r  g r a p h i t e  i n t e r p l a n a r  i n t e r a c t i o n  has 
been r e f ined .  The c a l c u l a t e d  cohesive energy from t h e  improved func t ion  i s  
-1015 kcal/mole compared t o  t h e  previous c a l c u l a t e d  va lue  of -1,29 kcal/mole 
and experimental  va lue  of -L,01 kcal jmole,  

The Sut ton  & Hcward equat ions  r e l a t i n g  bulk thermal  expansion of poly- 
c r y s t a l l i n e  g r a p h i t e  t o  s i n g l e - c r y s t a l  p r o p e r t i e s  con ta in  two p a i r s  of 
accommodation c o e f f i c i e n t s ,  Using a model f o r  g r a p h i t e  which a s c r i b e s  
accommodation t o  t h e  presence of basal-plane microcracks, r e l a t i o n s h i p s  
among t h e  accommodation c o e f f i c i e n t s  can be der ived ,  These r e l a t i o n s h i p s  
modify t h e  form of t h e  equat ion  t o  a f o m  proposed empi r i ca l ly  by Simmons. 
The newly de r ived  acfcommodstion f a c t o r s  p e m l t  a s i g n i f i c a n t l y  c l o s e r  f i t  
t o  experimental  d a t a  than  t h e  o l d  model, 

Graphi te  i r r a d i a t i o n s  a r e  p l a m e d  i n  t h e  Fermi Reactor s t a r t i n g  i n  e a r l y  
196T0 Approximately 300 samples, l /h- inch diameter and 1-3/4-inch long ,  w i l l  
be i r r a d i a t e d  i n  f l u x e s  ranging from 2 t o  8 x 1014 n/cm2-sec ( E  90,18 M ~ V )  
and at temperatures  from apprcximately 400 t o  700 '~ .  

The ETR high-temperature capsule  ( GEH-13-12 % i s  es tfmated t o  ope ra t e  
a t  a maximum temperature of 140O0C r a t h e r  than  1 6 0 0 ' ~  because t h e  gamma 
hea t ing  va lues  a r e  now estfmated a t  12  wat t s /g  r a t h e r  t han  1 6  w a t t s / g ,  

The f i r s t  d i s e h a ~ g e  of i r r a d i a t e d  g r a  h i t e  from EBR-I1 i s  scheduled f o r  
mid-August a t  a maximum exposure of 3 x 1051 nvt , E 90.18 MeV. 

The i r r a d i a t i o n  of "dimensionally s t a b l e "  g raph i t e s  i n  t h e  GETR has been 
delayed by premature d ischarge  of  capsule  H-3-23, Sample temperatures  could 
not  be dup l i ca t ed  a f t e r  core  con f igu ra t ion  zhanges were made. Since capsule  



redes ign  and modif ica t ion  a r e  requfred  f o r  50 Mw opera t ion  of t h e  GETR be- 
ginning next cyc le ,  t h e  modified capsule w i l l  be used t o  continue t h e s e  
i r r a d i a t i o n s ,  

The long-term i r r a d i a t i o n  capsule  GEH-3-13 continues t o  opera te  satis- 
f a c t o r i l y .  

The discrepancy between t h e  r a t e  of g raph i t e  l o s s  from boronated g raph i t e  
oxidized i n  helium conta in ing  1% O2 a s  determined by weight measurement and 
t h e  r a t e  c a l c u l a t e d  from t h e  concent ra t ion  of  C02 i n  t h e  e f f l u e n t  gas stream 
has been inves t iga t ed  f u r t h e r .  Although hydrolys is  of  B4C i s  thermodynami- 
c a l l y  f e a s i b l e ,  t h e  r a t e  i s  slow and cannot account f o r  t h e  discrepancy,  The 
accuracy of t h e  C02 analyses  w i l l  be cheeked on two d i f f e r e n t  chromatographs. 

Specimens of  TSX g r a p h i t e  were prepared f o r  t ransmiss ion  e l e c t r o n  
microscopy. Three types  of  s t r u c t u r e s  were observed: (11 d e l i c a t e  l ace - l ike  
networks, ( 2  ) t r ans lucen t  web-type f o i  1s between opaque edges, and 3)  t r a n s -  
l ucen t  saw-tooth p ro t rus ions  i n t o  open a r e a s ,  The web-type f o i l s  appeared t o  
be regions of g r e a t e r  s t r u c t u r a l  r e g u l a r i t y  and t h e  saw-tooth p ro t rus ions  
appeared t o  be t h e  (100) o r  so-cal led "zig-zag" f aces  of  g ~ a p h i t e  c r y s t a l l i t e s .  

I r r a d i a t e d  g r a p h i t e  samples heated i n  con tac t  wi th  sodium f o r  100 hours 
a t  537°C expanded from 1,l t o  2.4%, Unirradiated g raph i t e  samples conta in ing  
carbon black were ex tens ive ly  cracked by t reatment  wi th  sodium, 

IRRADIATION DAMAGE TO REACTOR METALS 

Procurement of 316 s t a i n l e s s  s t e e l  p l a t e ,  s h e e t ,  rod,  and tube  ~ o u n d s  
w i l l  be completed by t h e  end of  Augusto Orders a r e  placed f o r  similar shapes 
of  Incoloy 800 and Inconel  6250 

P a c i f i c  Northwest Laboratory w i l l  ob ta in  from GE-APO a s s o r t e d ,  n icke l -  
base a l l o y s ,  i r r a d i a t e d  at e l eva ted  temperatures ,  f o r  t e n s i l e  t e s t i n g ,  

A t e s t  s e r i e s  on i r r a d i a t e d  and c o n t r o l  samples of n i cke l  a l l o y  
PDRL-120 has been completed, Tens i l e  d a t a  and metallography a r e  being 
evalua ted  . 

An in- reac tor  creep capsule csn ta infng  an annealed 304 s t a i n l e s s  s t e e l  
specimen w a s  cons t ruc ted  t o  r ep lace  a previous capsule i n  which a hea te r  
f a i l e d  p r i o r  t o  t e s t i n g  at 8 4 0 ' ~ ~  5000 p s i ,  The high temperature c reep  
capsule ,  under development f o r  nickel-base a l l o y  s t u d i e s ,  i s  completed t o  
t h e  last  s t e p  of welding on t h e  w-iter s h e l l ,  

Transmission e l e c t r o n  microscopy examinations have been made on AISI 348 
s t a i n l e s s  s t e e l  i r r a d i a t e d  a t  6 0 " ~  t o  1 . 0  x  1020 f a s t  f luence .  Thin f o i l s  were 
examined i n  t h e  a s - i r r ad ia t ed  condi t ion  and a f t e r  p o s t i r r a d i a t i o n  anneals  at 
450, 500, and 6o0°c, Very l i t t l e  recovery of displacement-type d e f e c t s  was 
observed at t h e  lower anneal ing temperature,  but  complete recovery was observed 
a f t e r  anneal ing a t  ~ O O " C ,  A s i g n i f i c a n t  po r t ion  of  t h e  d e f e c t s  were removed 
by t h e  one-hour anneal  a t  500°C. Addit ional  t h i n  f o i l s  of APSI 304 s t a i n l e s s  
s t e e l  i r r a d i a t e d  a t  650'C t o  approximately 1 . 0  x 1020 f a s t  f luence  were 
examined i n  t h e  a s - i r r a d i a t e d  c sndf t lon  and a f t e r  p o s t i r r a d i a t l o n  anneals  at 
900, 1000p and 1200°C, No evldenee of  gas agglomeration w a s  noted i n  any of 



t h e  u n s t r e s s e d  s e c t i o n s  examined t o  d a t e ,  The examination o f  t h i n  f o i l s  
from t h e  s t r e s s e d  s e c t i o n  of AISI 304 s t a i n l e s s  s t e e l  t e s t e d  i n  c r eep  in-  
p i l e  a t  525, 650, and 750°C i s  i n  p rog re s s ,  S t r e s s e d  and u n s t r e s s e d  
s e c t i o n s  w i l l  be compared t o  d e t e c t  t h e  presence o r  absence o f  ga s  
agglomerates ,  

The c u r r e n t  s e r i e s  o f  t e n s i l e  t e s t s  on i r r a d i a t e d  and u n i r r a d i a t e d  
specimens o f  Inconel  600 and Ineonel  X-750 have been completed. 

Examination o f  a$$ t h e  t e n s i l e  and m i c r o s t r u c t u r a l  d a t a  a v a i l a b l e  t o  
d a t e  3n t h e  t h r e e  program a l l a y s ,  Has te l loy  X-280, Inconel  600, and Ineonel  
X-750, has  l e d  t o  a p a s t u l a t f o n  of  t h e  mechanisms by which c e r t a i n  exper i -  
mental  t r ea tmen t s  have r e s u l t e d  i n  improved 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 :  
( 1 )  i nc reased  d u c t f % i t y  of  a r e a s  ad j acen t  t o  g r a i n  boundar ies ,  and ( 2 )  reduced 
i r r ad i a t i on - induced  g r a i n  boundary a r e a  embrf t t lement  due t o  t r a p s  f o r  
i r r a d i a t i o n  d e f e c t s  i n  t h e  matrPx, 

A s t r e s s - r u p t u r e  t e s t  s e r i e s  on 11 m i r r a d i a t e d  Has te l loy  X-280 specimens 
a r e  cont inu ing  at Bat te l le-Colmbus,  F i f t e e n  i r r a d i a t e d  Inconel  600 and 
Inconel  X-750 specimens have been shipped t o  Solumbus f o r  t h e  next  t e s t  s e r i e s .  

A mathematical  model and computer program have been e s t a b l i s h e d  t o  
eva lua t e  t h e  compliance and c a l i b r a t i o n  cons t an t s  of t h e  Double Can t i l eve r  
Beam (DCB) specimen, E7raluaRisn of  t h e  compliances o f  specimens from which 
experimental  d a t a  had p rev l eus ly  been determined i n d i c a t e d  agreement w i th in  
1 . 3 %  between experimental-detemined and c a l c u l a t e d  v a l u e s ,  

A s e r i e s  of  i r r a d i a t i o n  experiments i n  t h e  EBR-I1 and Fermi r e a c t o r s  
a r e  planned f o r  determining t h e  combined e f f e c t s  of  fast neut ron  i r r a d i a t i o n  
and environment on t h e  mechanical and phys i ca l  p r o p e r t i e s  of  s e l e c t e d  r e a c t o r  
s t r u c t u r a l  m a t e r i a l s ,  Over 50% o f  t h e  mechanical t e s t  specimens scheduled 
f o r  i r r a d i a t i o n  on t h i s  program have been f a b r i c a t e d ,  Cha rac t e r i za t i on  o f  
t h e  mechanical p r o p e r t i e s  sf t h e  a l l o y s  s e l e c t e d  i s  c u r r e n t l y  being performed 
a t  t e s t  t empera tures  between room temperature  and 80O0C, The mic ros t ruc tu re  
i s  be ing  c h a r a c t e r i z e d  by cancent fona l  e l e c t r o n  and o p t i c a l  microscopy, 
F i n a l  p l ans  and schedules  f o r  t h e  Fermi i ~ r a d i a t i o n  program were d i s cus sed  i n  
Washington, D . C . ,  on h ~ g u s t  32, ~ 9 6 6 ,  wi th  a l l  participating l a b o r a t o r y  repre-  
s e n t a t i v e s  and members of zcgnizant  USAEC o f f i c e s ,  

An experimental p r o g r m  almzd a t  d e f l n i n g  t h e  e f f e c t s  of  f a s t  r e a c t o r  
i r r a d i a t i o n  on t h e  mechanical behavloi- of candida te  FFTF c ladding  a l l o y s  i s  
being formulated,  The most important  parameter t o  be s t u d i e d  i s  t h e  e l e v a t e d  
tempera ture  l o s s  I n  c reep  d u z t l l i t y  a f t e r  f a s t  r e a c t o r  i r r a d i a t i o n ,  Post-  
i r r a d i a t i o n  b ~ a x i a l  s t r e s s - r u ~ t h r e  t e s t s  i n  sodium a r e  t o  be performed i n  
t h e  temperature  range 800 t o  1 4 0 0 " ~  (425 t o  7 6 0 " ~ )  t o  provide  d a t a  on creep-  
r u p t u r e  s t r e n g t h  and d u c t l l i t y  i n  a simulated FFTF environment. The s t r e s s -  
r u p t u r e  s t u d i e s  emphasize 304 and 316 s t a i n l e s s  s t e e l ;  however, pos t -  
i r r a d i a t i o n  t e n s i l e  screening s t u d r e s  w i l l  be conducted t o  e v a l u a t e  v a r i o u s  
o t h e r  a l l o y s  and h e a t  t r ea tmen t s ,  The c iadding  program w i l l  s t r e s s  mechanical 
t e s t s  i n  flowing sodium, thermal  cyz i lng  e f f e c t s ,  aging e f f e c t s ,  and eva lua t ion  
of  f u e l  element c ladding  a f t e r  l r r a d i a t i o n ,  



General f a c i l i t i e s  layout  of  t h e  321-A Building has been determined, 
and a c o s t  es t imate  produced, Equipment has been t r a n s f e r r e d  i n t o  Building 
321-A f o r  assembly of one of each type  of t e s t  r i g ,  Prel iminary assembly 
of t h e s e  r i g s  w i l l  s u b s t a n t i a l l y  expedi te  f i n a l  assembly of t h e  balance of 
t h e  r i g s .  

The SAND I computer code has been adapted f o r  use i n  t h e  UNIVAC 1107. 
The funct ion  of t h i s  program i s  t o  perform c a l c u l a t i o n s  requi red  i n  t h e  
a n a l y s i s  of neutron s p e c t r a  from t h e  a c t i v a t i o n  of f o i l s ,  A sample calcu-  
l a t i o n  has been made t o  i l l u s t r a t e  one u s e f u l  funct ion  of t h i s  code, namely, 
t h e  determinat ion of t h e  a c t i v a t i o n  and energy s e n s i t i v i t y  l i m i t s  o f  s e l ec t ed  
fof  1 d e t e c t o r s ,  

ATR GAS LOOP OPERATION AND MAINTENANCE 

Review o f  vendor d a t a  submi t t a l s  f o r  t h e  ATR gas loop continued. A 
meeting was held with Johnson Serv ice  Company t o  p resen t  comments on t h e  
main i nstrument panel  submit ta l ,  

Inves t iga t ion  of f i l t e r  sh i e ld ing  problems i n d i c a t e s  t h a t  it would be 
advantageous t o  i n s u l a t e  t h e  Hastel loy p ipe  t o  reduce t h e  temperature requi re-  
ments of  t h e  sh ie ld ing  m a t e r i a l ,  t hus  al lowing a wider s e l e c t i o n  of  candidate  
sh ie ld ing  m a t e r i a l s .  

Examination of t h e  Struther-Wells hea te r  has shown no evidence of  con- 
taminat ion of  t h e  molybdenum heat ing  elements by t h e  helium atmosphere. The 
molybdenum i s ,  i n  p a r t ,  r e c r y s t a l l i z e d ,  Tens i le  specimens of  s tandard  
molybdenum r e c r y s t a l l i z e d  a t  2 5 0 0 " ~  ( 1 3 7 0 " ~ )  r e t a i n  good d u c t i l i t y  a t  room 
temperature,  

A sample holder  arrangement has been designed which should provide 
s u f f i c i e n t  support  t o  hold r e f r a c t o r y  metal  and supera l loy  corrosion coupons 
i n  t h e  t e s t  s e c t i o n  of t h e  ATR model gas loop. Construetion of  t h i s  holder  
and exposure of t h e  t e s t  coupons i n  t h e  loop t o  provide a d d i t i o n a l  ATR 
corros ion  support d a t a  i s  t h e  immediate goal ,  

METALLIC FUELS DE'LQLGPMENT 

The i r r a d i a t i o n  of t u b u l a r  t ho r im-base  f u e l  elements under water cooled 
power r e a c t o r  c snd i t ions  continued success fu l ly  i n  t h e  ETR pressur ized  water 
loops ,  The maxfmum exposure element has c u r r e n t l y  achieved 5 , 3  x 1020 f i s s i o n s /  
cc (15,200 MWd/ton) . 

Examination of one element i r r a d f  a t e d  t o  1 , 4  a t ,  % burnup (11,850 ~ ~ d / t o n )  
shows no evidence sf poros i ty  o r  dimensional f n s t a b i l i t y  of t h e  element a s  a 
r e s u l t  of i r r a d i a t i o n ,  I so top ic  uranium analyses m d  cesfum f f s s i o n  product 
analyses confirm t h e  1 , 4  a t , %  burnup computed from r e a c t o r  da ta .  

ENGINEERING DEVELOPMENT 
-=.?---.-7------& 

NEUTRON FLUX MONITORS 

Laboratory t e s t s ,  conducted a t  t h e  1.8 x 105 C i  gamma f a c i l i t y  (co60) ,  
v e r i f i e d  t h a t  a balanced g m a  response c h a r a c t e r i s t i c  was achieved between 
t h e  two e l ec t rode  elements of  t h e  new, dual-chamber, boron-11, be t a  cu r ren t  



genera tor  d e t e c t o r ,  which w i l l  be used f o r  r e a c t o r ,  in-core, thermal  neutron 
f l u x  measurements. 

MICROWAVE AND INFRARED DETECTION OF COOLANT IMPURITIES AND MEASUREMENT OF 
IN-REACTOR TEMPEMTURES 

Using microwave resonant  c a v i t y  techniques and employing a s tanding  wave 
r a t i o  meter a s  a tuned vol tmeter ,  success fu l  l abora to ry  measurements demon- 
s t r a t e d  de tec t ion  o f  400 p a r t s  pe r  m i l l i o n  change of water vapor i n  helium 
gas  a t  a  nominal frequency of 30 GHz, 

PLUTONIUM RECYCLE PROGRAM 

FUELS DEVELOPMENT 

A paper ,  e n t i t l e d  "Transient  Meltdown I r r a d i a t i o n s  of  V ib ra t iona l ly  Com- 
pacted U02 Fuel Rods i n  TREAT," by R O C ,  Liimatainen, M O D ,  Freshley ,  and 
F.J,  Tes ta ,  desc r ibes  t h e  r e s u l t s  of  a  j o i n t  BNW-ANL program on t h e  t r a n s i e n t  
i r r a d i a t i o n  behavior of Zircaloy c l ad ,  v i b r a t i o n a l l y  compacted U02 f u e l  rods 
i n  t h e  Trans ient  Reactor Test  F a c i l i t y .  

With t h e  exception of  one t h o r i a  f i l l e d  t e s t  element, a l l  f u e l  and t e s t  
elements f o r  t h e  Batch Core Experiment i n  t h e  PRTR have been shipped, 

Three instrumented U02 - 2 wt% Pu02 f u e l  rods were charged i n  PRTR. Each 
rod i s  equipped wi th  a thermocouple and a , p r e s s u r e  sensor  t o  i n d i c a t e  t h e  tem- 
pe ra tu re  and p res su re  i n  t h e  gas plenum during r e a c t o r  ope ra t ion ,  

A l l  f u e l  elements f o r  t h e  Batch Core Experiment have been de l ive red  t o  
t h e  PRTR s i t e .  Plans have been i n i t i a t e d  f o r  t h e  f a b r i c a t i o n  of  replacement 
elements , 

Fif ty- three  f u e l  rods centa in ing  p e l l e t e d  U02 - -02 f u e l  f a b r i c a t e d  by 
General E l e c t r i c  Company w i l l  be shipped t o  Battelle-Northwest t h i s  month. 

The determinat ion of t h e  low energy gammas and x-rays emit ted by t h e  
t h r e e  Shippingport plutonium simples has continued during t h i s  r e p o r t i n g  
per iod  with l i m i t e d  success.  

Three capsules ,  conta in ing  shor t  p i eces  of  EBWR U02 - 1 , 5  wt% -02 f u e l  
rods ,  have a t t a i n e d  an est imated maximum burnup of  25,100 MWd/tonne of f u e l  
(6.23 x 1020 f i ss ions /cm3) ,  Thi r ty- three  production-run EBWR f u e l  rods  a r e  
i n  r e a c t o r s ,  

REACTOR PHYSICS 

The scope of  a  s tudy t o  t h e o r e t i c a l l y  p r e d i c t  l a t t i c e  parameters was ex- 
tended t o  fnc lude  a  '(-inch and 9-inch l a t t i c e .  

Calcula t ions  have eontfnued t o  determPne t h e  e f f ec t iveness  of  gamma r a y s  
i n  producing photoneutrons i n  deuterium us ing  t r a n s p o r t  t heo ry  methods, 

Fuel loading  and c r i t i c a l  t e s t i n g  have begun with t h e  High Power Dens i ty ,  
Core (HPDC) i n  t h e  PRTR, 



A paper summarazlng t h e  a n a k y s ~ e a l  and experimental r e s u l t s  sf t h e  HPDC 
experiment conducted nn t h e  PRCF has been accepzed by t h e  h e r l c a n  Nuclear 
Socie ty  f o r  p re sen ta t ion  a t  t h e  November meeting, 

C r i t i c a l  experiments h a ~ e  continued ;n t h e  PRCF uslng H20 moderator and 
l /2- inch dqnmeter, 2 w5% PuOz - U02 f u e l  rods esn tafn lng  plutonium which has 
2b vt% Pu2'~, %lealar*ons have been perfsrmed using t h e  s e r i e s  of  computer 
codes THERM45, HRG, and HPN t o  ob ta in  a n a l y t ~ r a l  resdl;s whnch can be compared 
wi th  t h e  resuits ~f t h e  r r i t r s % P  ex9er:nents whnch involve f u e l  elements 
containing \ a r i o u s  cancentratnons of ~ ~ 2 4 0 "  

A s e r l e s  of km measuremects a re  berng made f o r  square g raph i t e  l a t t i c e s  
centsnnlng 0,s-nnch dnmeter f u e l  rcds at  spasings OF 2.3 inches ,  4 ,0  inches ,  
and 5,O inches,  The expe rm-n th i  phase on t h e  b,G-snch l a t t i c e  n s  i n  progress  
now, 

Reactor experln.entz are  pLanned t o  a r - ~ d y  t h e  r e a z t f v i t y  e f f e c t  of lumping 
Pu02 i n  various s l zed  particles The exgerlrnents w r i l  be conducted wi th  both 
gpaphste and i i g h c  water rnederaxir4 Tke  f ~ r s t  de l lve ry  of  f u e l  rods  i s  i n  
p repa ra t l sn  and s h s ~ P d  be r i c e ~ v e d  nexr rnsnth 

Work has rca t inued  gf t h e  ana lys - s  and ~ n t e r p r e t a t i s n  of previous ly  ob- 
t a i n e d  scatberang l a w  resul ts  far  H2C V U b C  and 9 5 " C ) ,  D20, and ice, 

Most of  ehe ef f c r ~  oa r x x b l n ~ n g  ; n L - ? l d ~ a l  measanement runs t o  f i n a l  
c ross-sec t ion  ? ~ a P ~ ~ e s  has been campittt=d f s r  previeasly sbtanned MeV t o t a l  
c r o s s  s e c t i o n  da ta ,  

The draft cf an a r t i c - e  desc r~b :ng  a methcd @f kigh-resolut ion mono- 
chromatlzat lan ef slaw nea t rsns  has been c m p l e t e d ,  

At ten t ion  i s  csLEsd b i z  a. ze-.-:sed - 4 a ~ ~ e  ~f r(2200 m/s j = 0,356 * 0,017 
f o r  P u Z 4 l  fram reactor l r r a d ~ a t ~ o n  measurements at  HarwelB which fs s i g n i f i -  
c a n t l y  Power than t h a t  re: ,~;nrerided :'rbm riast e s&: t ~ d ~ t ~ o n s  

New zrcss sectLon data knd desrr lpL:cas t J r  t h e  plutonium ;sotapes a r e  
ineluded now oc  t he  BNW Mas:er S l b ~ a , r y ,  

CemparFssns a t  RBU w::h other  Ledes are being made ta evalua te  t h e  RBU 
code, 

A method t o  analyze wetel--rr.oderated c;merckaL power r e a c t o r  co r s  designs 
wi th in  specifned thermal x 4 d  h y d p a ~ ~ i i z  limits has been developed, Checking 
t h e  method agannst r e su l t s   fro^ the Csnnec t~cs% Yankee Reactor i s  cont inuingo 

One analysis of t h e  metal near t h e  mask an t h e  t a p e r  af tube 5696 
ind ica t ed  a  z u c a n l u n  hydride cGncentza t~on sf z7 ppm 

Msnltoring t h e  PRTR madeaatdr system water a e t r v a t y  during t h e  r ecen t  
c r i t i c a l  t e s t s  has shown t h a t  a masked Ch60 eaneenf ra tmn  inc rease  has oc- 
cur red .  The ~ 0 6 0  csccentrac~en ~ n s r e a s e d  f r 8 m  0,08 bcjnrl t o  b , 1  x 10-3 p C i / m l  
a f t e r  t h e  addi tLon 01 24 ppri b e r m  o - ~ e r  a rhree-week p e r ~ s d ~  



A t o t a l  s o l i d s  ana lys i s  f o r  bora ted  water i s  being inves t iga t ed  which 
w i l l  measure m a t e r i a l  o t h e r  t han  bo r i c  a c i d  present  i n  t h e  water sample. 

Use of  h ighly  eonceritrated H3PO4 a t  200°C gave improved d i s s o l u t i o n  of 
s i n t e r e d  Pu92, During A u g ~ s t ,  f a m i l i a r i z a t i o n  work was begun with sodium 
metal-ammonia so lu t ion  so  t h a t  a s tudy can be made of t h e  e f f i c i e n c y  of t h i s  
technique f o r  reducing ceramic f u e l  oxides ,  

TEST REACTOR OPERATION 

The ba tch  core  c r i t l c a l  t e s t s  were completed i n  August, Work d i r e c t e d  
toward t h e  s t a r t  of t h e  power t e s t s  included completion of  t h e  r e f l e c t o r  
conversion t o  l i g h t  water ,  completion of  t h e  boron shim system and miscel-  
laneous r e p a i r  a c t i v i t i e s .  

NUCLEAR SAFETY 

CONTAINMENT SYSTEMS EXPERIMENT 

Continuation of t h e  s t r l k e  prevented progress  on cons t ruc t ion .  Scope 
designs f o r  c o s t  e s t ima t ing  purposes were completed on a 1000 cfm a i r  c leaning  
system and on p o t e n t i a l  modif ica t ions  of t h e  high temperature loop,  

Runs were made i n  t h e  ae roso l  development f a c i l i t y  t o  examine t h e  e f f e c t  
of a i r  v e l o c i t y  on a i rbo rne  concent ra t ion  versus  time f o r  I 2  i n  dry  a i r .  Two 
runs wi th  xenon were made t o  eva lua te  mixing e f f e c t s  and t o  t e s t  xenon sampling 
equipment, 

Nine blowdo-m t e s t s  were run on t h e  SM-2 vesse l  wi th  8-inch rup tu re  d i s c s  
and water condi t ions  of 250°F and 200 ps ig .  

Low removal e f f i c i e n c i e s  were obtained with vapor phase c leaning  exper i -  
ments on iod ine  contaminated pa in ted  su r faces .  Decontamination f a c t o r s  were 
two o r  l e s s ,  

Testfng was cont.inued on alumfna insu la t ed  e l ec t rodes  f o r  use  as capaci- 
t ance  probes i n  CSE v e s s e l s ,  

PRESSURE VESSEL CRACK .. MONITORING . 

The design of a prs rcfgpe  mocitorlng lnstrurnentation system f o r  f u l l  s c a l e  
app l i ca t ion  t o  p res su re  pnplng s ~ r v e i l l a n e e  by acous t i c  emission methods has 
been i n i t i a t e d ,  Increased ampl i f i ca t ion  of t h e  s i g n a l s  obtained from a high 
s e n s i t i v i t y  accelerometer  shows t h a t  zonsiderable acous t ic  emission s i g n a l s  
a r e  generated during t h e  extension c f  a prefcrmed crack,  

REACTOR SAFETY ANALYSIS AND - EVALUATION 

Tw subs ize  s t e e l  v e s s e l s  i r r a d i a t e d  i n  t h e  ETR r e a c t o r  f o r  two r e a c t c r  
cyc les  were b u r s t  a t  5 6 " ~  and 72"C, ~ e s p e c t i v e l y ,  Each specimen contained a 
one-inch long f law,  The NDT temperature was est imated t o  l i e  J u s t  above t h e  
h igher  temperature o r  approximately 7 3 " ~ ~  



RADIOACTIVE RESIDUE PROCESS DEmLOPMENT 

Excessive cor ros ion  caused f a i l u r e  of a pot i n  a r i s i n g  l e v e l  g l a s s  run 
using a modified PW-1 f lowsheet ,  However, moderately high feed r a t e s ,  s e l f -  
c leaning of t h e  off-gas l i n e s ,  and sepa ra t e  add i t ion  of  melt  making add i t ive  
t o  t h e  pot  were success fu l ly  demonstrated. 

The GE-412 computer operpted during t h e  WSE pot  c a l c i n a t i o n  run and has 
been programmed f o r  a spray callciner run, Modif icat ions t o  improve t h e  program 
a r e  being made. 

Corrosion s t u d i e s  t o  d a t e  have not explained t h e  f a i l u r e  of  t h e  310 s t a i n -  
l e s s  s t e e l  r ece ive r  pot during t h e  r ecen t  WSEP r i s i n g  l e v e l  g l a s s  run (RLG-B). 

WASTE SOLIDIFICATION CONDENSATE TREATMENT --A 

Experiments on t h e  two-step scavenging t rea tment  of  g l a s s  me l t e r  conden- 
s a t e s  were continued wi th  s e l e c t i o n  of an optimum concent ra t ion  of ammonium 
phosphotungstate,  The decontamination performance o f  procedures was eva lua ted  
s t a t i s t i c a l l y .  

The e f f i c i e n c y  of sprays conta in ing  hydrazine f o r  removing a i rbo rne  
methyl iodide  w a s  determined f o r  t h r e e  hydrazine concent ra t ions .  

The phys ica l  chemistry s tudy of  r eac t ions  i n  t h e  het&rogeneous system, 
hydrazi  ne, water ,  methyl iodide ,  and sodium hydroxi de , cont inued with t h e  ob- 
j e c t i v e s  of determining t h e  r a t e -con t ro l l i ng  s t e p  and cha rac te r i z ing  t h e  
r e a c t i o n  mechanism, Variables  included hydrazine concent ra t ion ,  temperature,  
and l i q u i d  su r face  a r e a  e f f e c t .  

The seismic explora t ion  program performed f o r  IDO-AEC a t  NRTS i n  connec- 
t i o n  with t h e  LOFT program was completed, and r e s u l t s  were t r ansmi t t ed  t o  t h e  
Waste Management Branch, 

CUSTOMER - 
Severa l  candidate  designs of  blood h e a t e r s  t o  be i n s t a l l e d  i n  t h e  ab- 

dominal a o r t a s  of  l i v i n g  swine were analyzed t o  determine t h e  uni formi ty  of  
t h e  hea t  f l u x  and su r face  temperature a t  t h e  heated su r faces ,  Design a l t e r n a -  
t i v e s  were found t h a t  would a s su re  hea t  f l u x  uniformity wi th in  5% over t h e  
e n t i r e  hea t  t r a n s f e r  su r face ,  

Four s e t s  of Pu02 - g r a p h i t e  compacts were prepared. Welding problems 
occurred with t h e  f i n a l  c l o s u r e ;  s e v e r a l  techniques t o  overcome them a r e  being 
inves t iga t ed .  

The fas t -neut ron  s p e c t r a  and t h e  f ron  damaging r a t e  have been c a l c u l a t e d  
at t h e  p res su re  v e s s e l  i nne r  edge of t h e  Organic Moderated Reactor Experiment 
(OMRE) and t h e  Yankee r e a c t o r s ,  





DIVISION OF REACTOR DEVELOPMENT AND TECHNOLOGY PROGRAMS (F. W. Albaugh) 

CIVILIAN POWER REACTORS 

NUCLEAR SYSTEMS CONCEPTS ANALYSIS ( E, A, Eschbach ) 

Fuel Ut i l i za t ion  Studies 

Previously reported calcula t ions  of uranium requirements i n  t h e  expanding 
nuclear power industry projected f o r  t h e  United S t a t e s  showed an i n sens i t i v i t y  
t o  t he  thermal reac to r  type assumed a s  a bas i s  i n  t he  progection. However, 
t he  reac to rs  used i n  these  calcula t ions  were characterized with considerably 
higher spec i f i c  powers than current  reac to r  designs ind ica te ,  I n  order t o  
determine whether spec i f i c  power e f f ec t s  were masking differences between 
reactor  types,  severa l  ca lcula t ions  were redone with a range of spec i f i c  
powers, The r e s u l t s  a r e  summarized i n  t h e  accompanying t ab l e .  The t a b l e  
indicates  t h a t  t he  spec i f i c  power e f f ec t  i s  masking the  differences between 
reac to rs ,  but t h a t  t h e  di f ferences  a r e  not a s  g rea t  a s  might be expected be- 
cause t h e  amount of plutonium produced fo r  export f o r  breeder reac to r  inventory 
requirements per un i t  of e l e c t r i c i t y  produced i s  nearly i den t i c a l  f o r  a l l  
reactors .  After  a long period of time, t he  bulk of t he  uranium w i l l  have been 
used f o r  burnup r a the r  than inventory, and t he  e f f ec t  of spec i f i c  power o r  
uranium requirements w i l l  then be l e s s  important than during t h e  next several  
years.  

Plutonium Values f o r  t he  HWOCR 

Plutonium values have been calcula ted f o r  a UC fueled heavy water - 
organi c cooled reac to r  (HWOCR) . This design i s  described i n AP-CE-MEMO-6 . 
Several economic conditions have been examined besides t h e  one reported 
previously* and a r e  shown i n  t h e  accompanying t a b l e  along with t h e  plutonium 
value r e s u l t s  ca lcula ted by t he  PWE code, I n  general,  t h e  economic 
parameterization covered th ree  in tepes t  r a t e s  f o r  one uranium p r i ce ,  one 
var ia t ion  of t he  p r ice  of uranium feed,  and an incremental cost  va r ia t ion  
representfng a zoned 10% fabr ica t ion  penalty which minimizes t h e  number of 
elements containing plutonium, 

e, Physics and Instruments Department, 



URANIUM REQUIREMENTS FOR VARIOUS THERMAL REACTORS AND SPECIFIC POWERS 

Maximum 
Separa t ive  

Spec i f i c  Power l o 3  T Natural  U Used b Work 
Reactor kwt / kg - - - -  1981 1999 2020 2 i41  1 0 6 k g / y r  

Or ig ina l  Calcula t ions  Optimized a t  a l l  Plutonium Recycle Percentages 

HWR 110 48,8 411 755 1062 5.91 
PWR 63 67.6 479 852 1207 19.67 
HWOCR 4 0 51.2 390 707 984 4.62 

Reduced Spec i f i c  Power w i t h  no Reoptimizations o f  Operating Conditions 

HWR 31 58.8 442 784 log4 6,23 
PWR 2 5 98.9 585 957 1304 23.17 
HWOCR 2 5 54.9 407 724 1001 4.69 

Reduced Spec i f i c  Power Optimized a t  F u l l  and no Plutonium Recycle Only 
(corresponds t o  each r e a c t o r  opera t ing  e i ther  w i t h  uranium only o r  plutonium) 

HWR 5 5 5 5 2  426 768 1099 7.96 
PWR 4 5 93.0 586 1019 1392 22.70 
HWOCR 2 5 54,9 366 636 853 4.21 
HWR 2 5 61.3 453 813 1168 8.25 
PWR 2 5 95.5 549 927 1284 20.56 

Reduced Spec i f i c  Power Optimized a t  Fu l l ,  P a r t i a l ,  and No Plutonium Recycle 

HWR 5 5 60.7 470 842 1203 8.36 
PWR 4 5 84,2 543 954 1334 21.97 
HWOCR 25 53,2 390 692 953 3,98 
HWR 2 5 7 o 0 1  494 835 1193 8.38 
PWR 2 5 1 0 4 ~ 1  596 995 1364 ~ 2 ~ 7 0  



PLUTONIUM VALUES IN AN HWOCR 

Economic Variables 
Uranium Plutonium 

Interest Rates, $ Feed Fabric at ion 
Fuel Fuel Price , Penalty, 
Cycle Inventory $/kg $/kg 

Plutonium Values*, $Ig ~otal/$/g Fissile 
Cvcle No, 

*The fissile content is little affected by these parameterizations so that the comparisons are on 
at about equal exposures and compositions in each cycle. 



CONCEPTUAL REACTOR DESIGN STUDIES ( J, C,  Fox) 

Nuclear E l e c t r i c  P lan t  Cap i t a l  Costs v s ,  S i t e  Location 

A d r a f t  r e p o r t  on t h e  p l a n t  cos t  versus  s i t i n g  s tudy was completed and 
forwarded t o  t h e  AEC f o r  comment, Addit ional  d a t a  on cooling tower c o s t  a s  
inf luenced by design cons idera t ions  a r e  being reviewed, and t h i s  s e c t i o n  of 
t h e  r e p o r t  w i l l  be r ev i sed  p r i o r  t o  pub l i ca t ion ,  I n  a d d i t i o n ,  some c o s t  
information on sea  water versus  f r e s h  water condenser i n s t a l l a t i o n s  i s  being 
sought,  

C i v i l i a n  Power Reactor Evaluat ions 

As p a r t  of  t h e  P a c i f i c  Northwest Laboratory 's  p a r t i c i p a t i o n  i n  t h e  
cu r ren t  AEC power r e a c t o r  review, J .  C.  Fox w i l l  serve on a s tudy group 
f o r  a l t e r n a t e  cooled f a s t  breeder  r e a c t o r s ,  Two o rgan iza t iona l  meetings 
at AEC Headquarters were a t tended,  and t h e  f u r t h e r  d e t a i l s  of our  p a r t i c i -  
pa t ion  w i l l  be worked out  with ORNL, 

USAEC-AECL COOPERATIVE PROGRAM ( J , J . Cadwell ) 

Cross-Flow Mixing Between P a r a l l e l  Flow Channels During B o i l i n g  

The experimental  po r t ion  of  t h e  program t o  determine va lues  of  c ross-  
channel mixing during two-phase flow i n  rod bundle f u e l  elements was continued,  
The bas i c  purpose of  t h i s  program i s  t o  ob ta in  a method t o  p r e d i c t  l o c a l  f low 
and enthalpy cond i t ions  i n  each subchannel of  rod bundle f u e l  elements,  This 
information w i l l  he lp  provide a more accura te  means t o  p r e d i c t  b o i l i n g  burnout 
cond i t ions ,  

Experiments were performed cn an e l e c t r i c a l l y  heated t e s t  s e c t i o n  which 
s imula tes  a flow channel formed by f u e l  p ins  i n  a square p i t c h  rod  a r r a y  
loca ted  adjacent  t o  a channel formed by p ins  on a t r i a n g u l a r  p i t c h  a r r a y  
( a s  i n  a 19-rod bundle) .  Isothermal  runs t o  measure system heat  l o s s e s  and 
t o  enable thermocouple c a l i b r a t i o n  were completed, 

Runs wi th  hea t  genera t ion  a r e  now being pe r fomed  using a 0,080-inch 
s imulated rod spacing i n  t h e  t e s t  s e c t i o n ,  Data were taken a t  an i l e t  8 temperature of 330°F wi th  mass v e l o c i t i e s  of  l o o ,  2 ,0 ,  and 3.0 x 10- lb /h r -  
f t 2  a t  900 p s l a  system p res su re .  The maximum heat  f luxes  considered f o r  
t hese  flow r a t e s  and i n l e t  temperatures  ranged from about 0.3 t o  0,7 x 106 
~ t u / h r - f t 2 ,  These a r e  about 30% below t h e  burnout heat  f l u x  based upon 
previous 19-rod bundle burnout da t a ,  For a l l  t h e s e  cond i t ions ,  power was 
increased  u n t i l  s i g n i f i c a n t  b o i l i n g  occurred i n  t h e  smal le r  f low channel of  

6 t h e  t e s t  s e c t i o n ,  For coolant  mass v e l o c i t i e s  of 2.0 and 3.0 x 1 0  l b / h r - f t 2 ,  
s i g n i f i c a n t  i n l e t  flow o s e i l i a t i o n s  occurred during b o i l i n g  i n  t h e  smal le r  
channel;  however, when t h e  l a r g e r  channel en tered  b o i l i n g ,  a s  t e s t  s e c t i o n  
power was g radua l ly  increased ,  a severe  i n l e t  flow reduct ion  was observed. 
The i n l e t  flow reduct ion  was foilowed by a r a p i d  inc rease  i n  t e s t  s e c t i o n  
temperatures  , 

During t h i s  t ime,  system water temperature o s c i l l a t i o n s  (approximately 
1 5 " ~  at 180 degrees)  were observed a t  t h e  o u t l e t  of t h e  counter-flow hea t  
exchangers which were used t o  cool  t h e  o u t l e t  of  t h e  t e s t  s e c t i o n  from 500°F 
t o  180°F. Water a t  70 p s i g  was being used on t h e  s h e l l  s i d e  of t h e  hea t  



exchangers with flows a s  small  a s  0 .1  lb /h r - f t2  ( ~ e y n o l d s  number = 
1 0 , 0 0 0 ) ~  Since t h e r e  w a s  a p o s s i b i l i t y  t h a t  f i lm  b o i l i n g  was occurr ing  
i n  t h e  hea t  exchangers, a 60 gpm pump was used t o  p r e s s u r i z e  t h e  s h e l l  
s ide  t o  500 ps ig .  A decrease i n  o s c i l l a t i o n s  was noted though some 
f l u c t u a t i o n s  p e r s i s t e d ,  Addit ional  improvement may be r e a l i z e d  i f  p a r a l l e l  
flow i s  used s i n c e  t h e  d i f f e rence  i n  o u t l e t  temperatures  of  both streams 
w i l l  be reduced t o  about 5 0 ' ~  r a t h e r  than  300'~.  Higher heat  exchanger 
flows w i l l  a l s o  provide b e t t e r  mixing a t  t h e  temperature measuring po in t .  

Data were a l s o  taken  with an i n l e t  temperature of 510°F and mass 
v e l o c i t i e s  of 2,O and 3,O x 106 l b / h r - f t 2  a t  900 p s i a ,  The maximum heat  
f l u x  considered f o r  t h e s e  condi t ions  w a s  about 0,45 x 106 ~ t u / h r - f t 2 .  
For a l l  runs a t  t h i s  higher  i n l e t  temperature, no s i g n i f i c a n t  flow os- 
c i l l a t i o n s  were observed during b o i l i n g  of  e i t h e r  channel.  

Evaluat ion of Z r  - 2 ,5  wt% Nb Pressure  Tubing 
P 

The genera l  obgect ive of t h i s  program i s  t o  eva lua te  ZP - 2,5 wt% Nb 
a l l o y  tubing  as a pressure  tube  ma te r i a l  with re ference  t o  t e s t s  and r e a c t o r  
experience t h a t  has been obtained on Zr-2 p res su re  tubes .  

A s e r i e s  of hea t  t r e a t e d  t e s t  specimens have been prepared with mi l l ed  
s l o t s  f o r  crack propagation t e s t s ,  The hea t  t rea tment  f o r  t h e s e  t e s t  
specimens c o n s i s t s  of a s o l u t i o n  heat  t reatment  a t  about 880°C and a water 
quench, Af ter  quenching, t h e s e  specimens were aged i n  vacuum f o r  e i g h t  
hours a t  500°C~ 

Drop weight t e s t s  t o  determine t h e  n i l  d u c t i l i t y  t r a n s i t i o n  (NDT) f o r  
hea t  t r e a t e d  Z r  - 2 , 5  wtg Nb have been done, Tes t s  were made on specimens 
which had been s o l u t i o n  hea t  t r e a t e d  and water quenched only,  and a l s o  on 
specimens which were aged a f t e r  t h e  so lu t ion  hea t  t reatment  and water 
quenching, Af ter  t h e s e  heat  t r ea tmen t s ,  t h e r e  w a s  s t i l l  observed a s ig -  
n i  f i c a n t  d i f f e rence  i n  t h e  NDT temperature f o r  t h e  30% CW and 60% CW 
m a t e r i a l  source,  FOP t h e  s o l u t i o n  hea t  t reatment  and water quenched only 
condi t ion ,  t h e  t e s t  specimens taken  from t h e  30% CW source m a t e r i a l  showed 
an NDT at  room temperature o r  s l i g h t l y  above, while f o r  specimens obtained 
from t h e  602 Cw source t h e  NDT w a s  about 35"F0 For t h e  hea t  t rea tments  
which included aging, t h e  NDT f o r  specimens obtained from t h e  30% CW source 
w a s  aga in  room temperature o r  s l i g h t l y  above, while f o r  specimens obtained 
from t h e  60% Cw source t h e  NDT was between - 4 0 " ~  and -43 '~.  Metallographic 
examinations ha-se not  y e t  been done, So f a r  t h e s e  t e s t  r e s u l t s  i n d i c a t e  
t h a t  hea t  t rea tments  alone have l i t t l e  inf luence  on t h e  n i l  d u c t i l i t y  
t r a n s i t i o n  t e m p e r a t u ~ e  of t h e  30% CW source m a t e r i a l  but appear t o  have 
some e f f e c t  on t h e  60% CW source ma te r i a l ,  

I n  t h e  350°C creep  loop a s e r i e s  of  flow t e s t s  have been completed. 
I n  t h i s  t e s t  s e r i e s  t h e  flow through t h e  measuring v e n t u r i s  w a s  va r i ed  i n  
s t e p s  from about 15  gpm through 30 gpm t o  measure t h e  e f f e c t  of  t u rbu len t  
flow noise  on pressure  drop f l u c t u a t i o n s ,  I n  t h e s e  t e s t s  where t h e  pressure  
drop va r i ed  with varying flow r a t e s  from about 25 inches of water t o  
100 inches  of water ,  t h e  e r rop  s i g n a l  was r e l a t i v e l y  cons tant  at about 
2 inches of  water ,  with pressure  snubbers i n  a l l  p res su re  sensing l i n e s ,  
Two inches o f  water would represent  about 0.0003-inch change i n  diameter 



of t h e  p res su re  tube  creep  specimen. Without snubbers t h e  f l u c t u a t i o n  i n  
p res su re  drop was about 1 0  inches of  water ,  These f l u c t u a t i o n s  a r e  random 
and do not  appear t o  be a t t r i b u t a b l e  t o  p res su r i z ing  o r  c i r c u l a t i n g  pump 
a c t i o n ,  Flow i n  t h e  t e s t  assembly i s  e n t i r e l y  t u r b u l e n t ,  and t h e s e  random 
pres su re  f l u c t u a t i o n s  appear t o  be a t t r i b u t a b l e  t o  turbulence ,  The t e s t  
assembly has been shut  down and w i l l  remain so  u n t i l  some adequate means 
of averaging t h e  AP f l u c t u a t i o n s  i s  found. 

Hydraulic and Nuclear S t a b i l i t y  i n  P a r a l l e l  Flow Channel Systems 

The e n t i r e  s e t  of equat ions desc r ib ing  nuclear  and thermal-hydraulic 
opera t ing  behavior  of  t h e  BLW-250 have been programmed on t h e  analog computer, 
and debugging i s  complete, An i n i t i a l  t e s t  case has been run us ing  c o n t r o l  
funct ions  s imula t ing  base load  ope ra t ion .  The parametr ic  s tudy of hydraul ic  
and nuclear  s t a b i l i t y  w i l l  begin e a r l y  i n  September. 

The present  r ep resen ta t ion  employs a two-node nuclear  k i n e t i c s  model 
based on coupled r e a c t o r  theory .  This  model was programmed and debugged 
during t h e  month and r ep laces  t h e  o r i g i n a l  four-region nuclear  model, 

In-Flux and Out-of-Flux Oxidation of Zirconium Alloys i n  t h e  G-7 Loop 

Etched specimens o f  f i v e  zirconilm a l l o y s  were exposed i n  t h e  ETR G-7 
loop 218),  Mater ia l s  i r r a d i a t e d  under t h e  USAEC-DRD&T I r r a d i a t i o n  
Damage t o  Reactor Mater ia l s  Program (IDRM) were included i n  t h e  same quadrant ,  
The quadrant w a s  exposed 37 days a t  270 t o  280°C bulk water temperature i n  
pH-10 NHLOH, <0,05 ppm oxygen, The f a s t  neutron f l u x  ( > 1  ~ e v )  w a s  %5 x 1013 nv. 
Average weight ga ins  f o r  t h e  f i v e  a l l o y s  from t h e  USAEC-AECL program a r e  
shown below, 

Weight Gain 
Alloy mR/ dm2 

Zircaloy-2 

~f rcaloy-4 

VALLOY ( ~ r - 1 , 2  Cr-0,08 ~ e )  

VALLOY-S ( ~ r - 1 , 2  Cu-0.3 ~ e ) *  

Zr-2,5 Nb, quenched, 20% co ld  work 

Zr-2.5 Nb, annealed, 20% cold  work 

*This a l l o y  a l s o  undergoes acce le ra t ed  oxida t ion  out-of-flux 
i n  t h e  G-7 loop coolant ,  

The weight ga ins  i n d i c a t e  t h a t  in-f lux oxida t ion  was not  a c c e l e r a t e d  i n  
t h e  pH-10 NH4OH system. Severa l  samples from t h e  s e t  w i l l  be sec t ioned  t o  
confirm t h e  r e s u l t  meta l lographica l ly .  By c o n t r a s t ,  specimens of  Zircaloy-2, 
Zircaloy-4, and Zr-3Nb-1Sn i r r a d i a t e d  under t h e  IDRM program i n  t h e  same loop 
i n  pH-10 LiOH at  Q0.1 and %1 ppm. oxygen underwent acce le ra t ed  oxida t ion .  
There w a s  no evidence of  acce le ra t ed  cor ros ion  of  samples of t h e  IDRM m a t e r i a l s  
a l s o  exposed i n  quadrant 218 t o  t h e  NHLOH environment. 



APPLIED AND REACTOR PHYSICS 
----xu--- -- 

PLUTONIUM CRITICALITY STUDIES (E, Dm clayton) 

Neutron Spectra Experiments 

Measurements were completed in the first of several experiments on the 
f"undamenta1 behavior of neutrons in plutonium fueled assemblies, Experiments 
are currently planned on three geometrically similar critical assemblies 
having different H/Pu atomic ratios, The first of these rectangular paral- 
lelepiped assemblies was reflected on two sides with l-inch of Lucite and 
consisted of alternate 2-inch (nominal) rows of Pu02-polystyrene compacts 
and Lueite, giving an H/Pu atomic ratlo of 35, The base geometry was held 
fixed at 6 rows by 9 rows (four Pu02-polystyrene and three ~ueite). Delayed 
criticality was achf eved by increasing the hefght to 6 "92 layers, The approxi - 
mate over-all dimensions of the clean critical assembly were 12.08 x l4,10 x 
13094 inches, 

Foil activation measurements were made to determine the flux distribution 
across one dimension of the assembly and to determine the intracellular dis- 
tribution of the 239Pu fission rate, the 1151n reaction, the ll51n (n,ns) 
115m~n reaction, and the 6 3 ~ u  (n,y) 6 4 ~ u  reaction. 

Reduction of the experimental data and its comparison with calculations 
is in progress, Measurements are under way on the second assembly, 

B u l s _ e d n S o u P c e  s and Analysf s of Reactor Noise 

Pulsed neutron source, reactor noise, and Pk variance-to-mean type mea- 
surements were made on the plutonium assembly comprised of 2-inch layers of 
f"uel ( P u ~ ~ - ~ o l ~ s t ~ r e n e  compacts wfth H/Pu of 158 and 2-inch layers of Lucite. 
This arrangement gave an average HBPu ratio over the core of 35, 

Preliminary analysis of the pulsed neutron data indicate a delayed 
critical decay constant $ a )  of 135 sec-I at a buckling of 0.019 cm-2. This 
value may be compared with a geometrically similar checkerboard assembly com- 
prf sed of alternate fuel bearing and Lucite cubes wfth the same H/Wp (351, 
This latter value was 275 sec-1 at ~,$yckling of' 0.021 The results 
indicate the neutron lifetime ( &  = to be signfffeantky increased in the 
assembly with alternate layer arrangement, 

Theoretical Analysis of H o m o 3  

Previous calculatfons performed as a basis for nuclear criticality safety 
have frequently utilized the 16-group Hansen-Roach cross section set in con- 
Junction with the S4 approxfmation to the transport equation, 

Experimental data on the criticality of homogeneous plutonium assemblies 
obtained at the Pacific Northwest Laboratory have been used as a test of com- 
putational methods and cross section sets used, Comparisons were made of 
critical eigenvalues computed by S4 theory with the Hansen-Roach cross section 
set and the cross sections provided by the GAMTEC-PI code with Sher (1962) 
nomali zed 2 3 9 ~ ~  data. Calculations were also made with 18-group diffusion 
theory utilizing the GAMTEC-I1 cross sections. The results are presented in 
the following table. 
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It i s  seen t h a t  b e t t e r  agreement i s  obtained between t r anspor t  theory  
and experiment u t i l i z i n g  t h e  GAMTEC-PI c ross  sec t ions  than those  of Hansen 
and Roach. It i s  a l s o  i n t e r e s t i n g  t o  note t h a t  t h e  Hansen-Roach s e t  shows 
a l a r g e r  discrepancy f o r  higher Pu concentrat ions where t h e  GAMTEC-I1 da ta  
agree r a t h e r  well  with experiment. However, f o r  t h e  d a t a  presented,  d i f fu -  
s ion  theory  provides b e t t e r  over-a l l  agreement with experiment than does 
t r anspor t  theory,  

A paper summarizing t h e  analyses of t h e  experiments and ca lcu la t ions  
i s  being prepared, 

PHOENIX FUEL REACTOR. PROGRAM ( P o  Lo Hofmann) 

MTR-Phoenix Experiment 

CAF-Phoenix Experiments 

The second of a s e r i e s  of approach-to-cri t ical  experiments was completed 
i n  t h e  CAF, The purpose of t h e  experiment i s  t o  es t imate  t h e  poison worth of 
a cadmium rod i n  t h e  cen te r  of a 19-element Phoenix core, I n  add i t ion  t o  t h e  
approach-to-cri t ical  experiment, r e a c t o r  noise recordings were made t o  obta in  
an independent measure of t h e  s u b c r i t i c a l i t y ,  The da ta  a r e  now being analyzed. 
The l a t t i c e  support s t r u c t u r e s  have been modified t o  accommodate a beryllium 
r e f l e c t e d  l a t t i c e ,  which i s  now being prepared f o r  a t h i r d  experiment. The 
contents  of t h e  1 9  f u e l  cans a r e  being reduced from 145 f u e l  l aye r s  t o  15  f u e l  
l a y e r s ,  

PRCF-Phoenix Experiments 

The experiment planned f o r  t h e  PRCF requ i res  simulating t h e  MTR core.  
It w i l l  be l i g h t  water moderated, with a beryllium s i d e  r e f l e c t o r ,  MTR type  
f u e l  assemblies w i l l  be used. Present  p lans  a r e  t o  use t h e  ex i s t ing  Hz0 sa fe ty  
and con t ro l  rod d r ives  with new in-core components f o r  con t ro l  and s a f e t y  
funct ions ,  The core  assembly and t h e  sa fe ty  and con t ro l  hardware w i l l  be sus- 
pended from a new top  p l a t e  f o r  t h e  PRCF reac to r  tank,  

Three scope drawings, showing t h e  proposed arrangement and s i g n i f i c a n t  
d e t a i l s ,  were completed and c i r c u l a t e d  f o r  comment. The comments have been 
received and a r e  being incorporated,  

To support t h e  PRCF experimental phase of t h e  Phoenix f u e l  program, a 
s e r i e s  of calculations was made t o  a i d  i n  t h e  est imation of t h e  void and 
temperature coe f f i c i en t .  These ca lcu la t ions  were made using t h e  TEMPEST- 
HRG-HFN computer programs. The systems t h a t  were inves t iga ted  ranged i n  f u e l  
temperature from 20°C t o  6 0 0 " ~ ~  The percent  void i n  t h e  f u e l  region was 
var ied  from 0% t o  50%, 

The following t a b l e  l i s t s  t h e  r e s u l t s  of t h e  ca lcu la t ion ,  i n  terms of 
ca lcu la ted  keff ,  f o r  t h e  cases  considered. 

An analog simulat ion of t h e  PRCF-Phoenix experiment has been s e t  on t h e  
MIDAS program t o  obta in  prel iminary safeguards information about t h e  loading.  
Power excursions have been ca lcu la ted  f o r  ramp r e a c t i v i t y  addi t ions  using 
ca lcu la ted  f u e l  temperature, moderator dens i ty  and void c o e f f i c i e n t s .  





I n  addi t ion ,  t r a n s i e n t  heat  t r a n s f e r  and steam generat ion equations 
were derived f o r  t h e  analog simulat ion of a pos tu la ted  power excursion 
during t h e  PRCF experiment, These equations include t r a n s i e n t  models f o r  
t h e  f u e l  temperature, c lad  surface  temperature, and void formation from 
boi  l i n g .  

The equations were formulated i n  t h e  same manner as  presented i n  
HW-69168 SUP, B P ~ l u t o n i  urn Recycle C r i t i  c a l  Faci li t y  Final  Safeguards 
Analysis Supplements," except f o r  a case of f l a t  p l a t e s  ins tead  of  rods,  

Fuel Fabricat ion f o r  PRCF 

Final  dimensional s i z i n g  of t h e  perlmeter welds on t h e  f u e l  p l a t e s  
i s  s t i l l  delayed awaiting t h e  a v a i l a b i l i t y  of a prec is ion  press ,  This 
delay i s  not a f f e c t i n g  t h e  program completion date ,  A radiograph technique 
was developed t o  determine t h e  weld qua l i ty ,  Al l  t h e  welded p l a t e s  were 
radiographed, About 2% of t h e  p l a t e s  were r e Jec ted  f o r  weld qua l i ty ,  and 
these  p l a t e s  w i l l  be rewelded. 

The usable scrap  Al - 20 w t $  Pu a l l o y ,  which was cas t  and extruded t o  
sheet-bar s tock,  was not r o l l e d  because of t h e  r e s u l t s  from spectrochemical 
analyses,  Further  analyses proved t h e  ma te r i a l  t o  be acceptable.  Therefore, 
t h e  sheet-bar extrusions w i l l  be used t o  f a b r i c a t e  f u e l  l a t e s ,  About 
4.8 kg of high exposure PuOg were blended t o  19  w t %  Pu24g. About 2.4 kg 
of t h i s  mater ia l  was reduced and cas t  i n t o  Pu-Al a l l o y  b i l l e t s  f o r  ext rus ion,  
Upon r e c e i p t  of t h e  a n a l y t i c a l  r e s u l t s ,  f ab r i ca t ion  of t h e  f i e 1  p l a t e s  w i l l  
be i n i t i a t e d ,  

Aluminum sheet  s tock f o r  cladding and p i c t u r e  frames was ordered f o r  
September de l ivery ,  

Nuclear Design Calculat ions 

A document describing some of t h e  preliminary design ca lcu la t ions  t h a t  
were made on t h e  f u l l  plutonium core using t h e  two-group, t h r e e  dimensional 
d i f fus ion  code WHIRLAWAY i s  now being wr i t t en .  This document w i l l  descr ibe  
t h e  geometry t h a t  was examined and t h e  ca leu la t iona l  methods employed, 

The r e s u l t s  of these  preliminary calculations ind ica te  t h a t  f a i r l y  
severe power peaking w i l l  occur i n  t h e  follower f u e l  gust below t h e  s t a -  
t iona ry  f u e l ,  The c a P c u l a t ~ o n s  a l so  p red ic t  t h a t  t h e  shutdown margin and 
t h e  core l i f e t i m e  may not be a s  g r e a t  a s  previously estimated, However, 
these  conclusions w i l l  be re-examined i n  t h e  very near  f u t u r e  when a new 
cross  sec t ion  l i b r a r y  w i l l  be a v a i l a b l e ,  This new cross  sec t ion  l i b r a r y  was 
compiled s p e c i f i c a l l y  f o r  t h e  Phoenix f u e l  s tudyo 

A b r i e f  r epor t  covering poss ib le  Phoenix f u e l  appl ica t ions  i n  compact 
thermal power r eac to r s  along with poss ib le  engineering and economic advantages 
has been submitted t o  t h e  AEC i n  Washington, D O C , ,  f o r  review, 



H I G H  TEMPERATURE REACTOR LATTICE PHYSICS STUDIES ( R  . E , Heineman) 

Reactor Construction 

No work was done on t h e  reac to r  o r  t h e  reac to r  s h e l l  during t h e  month. 

BP1 craftwork was in te r rup ted  on a l l  o ther  p a r t s  of construction during 
t h e  month due t o  t h e  s t r i k e ,  E l e c t r i c a l  work was gradually resumed, and by 
month-end both piping and e9 .ec t r ica l  work were going ahead on a f u l l  schedule. 

Reactor Equipment -- 
The order f o r  t h e  independent sa fe ty  channels was placed by t h e  AEC 

with t h e  low bidder,  One meeting with t h e  successful  bidder has been held 
t o  discuss t h e  spec i f i ca t ions  and t o  look a t  t h e  ac tua l  i n s t a l l a t i o n  s i t e .  

The e lec t ron ic  d r i v e r  c i r c u i t s  f o r  t h e  PMACS display  were returned t o  
BNW. Although t h e  d isplay  works, some fea tu res  a re  s t i l l  being questioned. 
The vendor has been informed t h a t  it i s not acceptable. 

Twenty-eight of t h e  control  rod f u e l  pieces have been shipped t o  BNW. 
The remainder have been fabr ica ted  but  had surface defects  l a r g e r  than t h e  
spec i f i ca t ions  allowed, A s  an a l t e r n a t i v e  BNW has proposed t h e  s u b s t i t u t i o n  
of s t r eng th  t e s t s  as t h e  c r i t e r i o n  f o r  acceptance. Testing on some pieces 
i s  now under way, 

The vendor and architect-engineer layout  drawings f o r  t h e  i n s t a l l a t i o n  
of  t h e  neutron generator  a r e  being reviewed, 

The vendor who was t o  supply t h e  seven valves,  which a r e  operated by 
d i g i t a l  motors and control led  by PMACS, has informed t h e  AEC t h a t  de l ivery  
w i l l  be delayed from August 1 5  t o  November 1 5 .  This w i l l  delay t h e  present  
schedule f o r  completion of t h e  gas system, 

Additional EGCR g raph i t e  has been purchased which i s  s u i t a b l e  f o r  t h e  
fabr ica t ion  of up t o  54 spare heater  rods,  This i s  i n  addi t ion  t o  t h e  
mater ia l  on hand and provides mate r i a l  f o r  a t o t a l  of up t o  107 spare heater  
rods 

Design Review 

Additional information i s  being developed i n  order t o  e s t a b l i s h  t h e  time 
i n t e r v a l  t h a t  can be t o l e r a t e d ,  without incurr ing s i g n i f i c a n t  damage t o  t h e  
reac to r  f l o o r  s l a b  i f  cooling water i s  l o s t ,  

HTLTR O s c i l l a t o r s  

The purchase order t o  f a b r i c a t e  t h e  main s t r u c t u r e  subassembly f o r  t h e  
o s c i l l a t o r  mechanism has been placed. 

The d r ive  system layout and power transmission system has been redesigned 
due t o  t h e  u n a v a i l a b i l i t y  of precis ion gears  with t h e  required r a t i o s ,  I n  
t h e  o r i g i n a l  design both t h e  l i g h t  duty and t h e  heavy duty systems were iden- 
t i c a l ,  except f o r  t h e  gear reduction i n  t h e  transmission. The new designs use 
a d i f f e r e n t  power transmission approach f o r  each o s c i l l a t o r .  This r e s u l t s  i n  
t h e  use of commercially ava i l ab le  components and a more economical system, 



An acceptable design f o r  an i n f l a t ab l e  s ea l  has been found a f t e r  an 
extensive invest igat ion of avai lable  shapes, de l i ve r i e s ,  cos t s ,  and per- 
formance parameters. A purchase requ is i t ion  f o r  these  items has been 
wr i t t en  and requests  f o r  bids have been sen t .  

Fabrication s t a t u s  of subassemblies a re  a s  follows: Key, 78%; 
Carriage, 35%; Osc i l l a to r  mechanism, 33%; Valves, 68%; and Drive, 18%. 
It i s  estimated t h a t  t h e  progect i s  40% complete compared t o  a scheduled 75%. 

A conceptual design f o r  a coupling between t h e  heavy duty o s c i l l a t o r  
and the  various experimental samples has been completed, The present 
concept allows t he  o s @ i l l a t o r  t o  be connected t o  e i t h e r  of two adgacent c e l l s ,  
o r  t o  be used t o  push f u e l  t r a i n s  back i n t o  t he  core,  without reposit ioning 
t he  o s c i l l a t o r  mechanism. Discussions a r e  under way t o  determine whether 
t h i s  coupling f u l l y  meets t he  requirements. 

Programmed Measurements and Control System (PMAcS] 

I n s t a l l a t  i on 

The in te r face  between one of t h e  mechanical o sc i l l a t o r s  and PMACS has 
been completed. The in te r face  log ic  w i l l  allow e i t h e r  program o r  hardware 
control  of t h e  o s c i l l a t o r  mechanism, The system logic  wiring needs t o  be 
checked. 

Control of Heating and Cooling Circui ts  

A n  analog model of t h e  graphi te  s tack using 10 nodes was simulated on 
t he  1133 Computer. This simulation shows t h a t  t h e  s tack i s  s tab le  with pro- 
por t ional  feedback, 

The approximate power required t o  overcome t h e  gas losses  has been 
calcula ted t o  be 16 kW a t  a t o t a l  gas flow of 85 standard cubic f e e t  per  
minute flow and a t  a s tack temperature of 1 8 0 0 " ~ ~  

One of t h e  two s e t s  of time constants mentioned i n  t he  June repor t  was 
negl ig ible  compared t o  t h e  other  and w i l l  be ignored, A program was then 
described fo r  t he  control  of t he  heater  c i r c u i t s o  The heater  control  program 
ca lcu la tes  t h e  required energy t o  r a i s e  t he  temperature t o  t he  s e t  point ,  
During t h i s  heatup phase, feedback i s  used t o  maintain t h e  heater  rods below, 
o r  a t ,  t h e  s e t  po in t ,  After  t he  p i l e  reaches t he  s e t  point ,  a regula tor  
program i s  used t o  maintain t h e  p i l e  temperature using t h e  top,  bottom, and 
s ide  heaters .  

The cooling requirements a r e  being studied i n  order t o  specify t h e i r  
control  programs. A sampled-data con t ro l l e r  was analyzed and w i l l  be simu- 
l a t e d  on t h e  analogcomputer i n  order t o  gain  a f e e l  f o r  proport ional  control  
on a process with t ranspor t  l ag ,  This w i l l  allow determining sampling r a t e s  
f o r  t h e  d i f f e r en t  control  loops i n  t he  cooling system. 

Programming 

A t o t a l  of e ight  logging programs have been wr i t t en  and 90% debugged, 
Heading and dummy analog outputs have been pr in ted on t he  operator ' s  type- 
wr i t e r  temporarily u n t i l  t h e  logging typewriter  i s  i n s t a l l ed ,  The programs 
w i l l  log all current  analog input valves i n  raw counts and engineering u n i t s ,  



gas system values temperatures, heater  temperatures, g raph i t e ,  heater  power, 
gas system flow and pressure,  valve pos i t ions ,  and rod pos i t ions .  

Work has begun on a specfa l  Input-Output program which w i l l  cause t h e  
magnetic t ape  t o  serve as  a buffer  f o r  a l l  alarm messages i n  t h e  event t h e  
TV display  i s  f i l l e d ,  In  addi t ion ,  a l l  l o g  messages w i l l  be buffered and 
wr i t t en  out  a t  t h e  proper time, Final ly ,  t h e  program w i l l  s t o r e  on t ape  t h e  
kind and time of occurrence of a l l  alarms during any one run, 

Work has s t a r t e d  on t h e  programming of a gas rout ine  which i s  composed 
of t h e  following cyc l i c  sequence: Evacuate - F i l l  - Recirculate and Purge 
(op t iona l ) ,  The purpose of t h i s  program i s  t o  s e t  t h e  proper valve posi t ions  
f o r  a l l  nine valves i n  each s t a t e .  There f s  an in te rp lay  between program and 
opera tor  who must decide on manual o r  automatic control  of  specff ied  valves,  

A valve maintenance rout ine  has been wr i t t en  but not debugged. This 
rout ine  w i l l  record t h e  ac tua l  number of pulses required t o  c lose  and open 
t h e  seven stepping valves,  

Various o ther  options a r e  ava i l ab le ;  f o r  example, t h e  opera tor  can re-  
quest 0 through n pulses on each valve, thus  t h e  rout ine  can be used l a t e r  
f o r  rout ine  maintenance checks as  wel l  a s  f o r  required acceptance t e s t s ,  In  
addi t ion ,  valve c h a r a c t e r i s t i c s  and flow data  can be used t o  determine con- 
s t a n t s  used i n  t h e  cooling program, 

Training of t h e  operat ions s t a f f  on programming f o r  PMACS continued, A s  
a concrete a i d  i n  t h e i r  t r a i n i n g ,  some maintenance and t e s t  subroutines were 
wr i t t en ,  and t h e  gas loop control  and check program was s t a r t e d .  

The f i r s t  d r a f t  of operat ing procedures t o  be used f o r  r eac to r  s t a r t u p  
and c a l i b r a t i o n  experiments was completed, 

Preparat ion of  t h e  process spec i f i ca t ions  was s t a r t e d ,  

All  personnel i n  t h e  High Temperature Reactor Physics Section moved i n t o  
t h e  318 Building during t h e  month. Room was made ava i l ab le  on a temporary 
bas i s  f o r  t h r e e  personnel from t h e  Dig i t a l  Equipment Development Unit and 
from t h e  Mathematics Department t o  a s s i s t  on t h e  programming of PMACS funct ions .  

Reactor Physfcs Program 

-mental Fuels 

Small q u a n t i t i e s  ( 5  t o  200 gm] of u23'02* ~ 2 3 5 0 ~ ~  ~ ~ ~ ~ 9 0 ~ .  and possibly 
o the r  compounds, can be provided i n  mierosphere form by Oak Ridge National 
Laboratory, These mate r i a l s  w i l l  be used i n  cross  sec t ion s tud ies  and s p e c i a l  
l a t t i c e  samples i n  t h e  HTLTR, The l a r g e r  mounts  of ~ 2 3 3 0 2  (8  kg) and Tho2 
(400 kg) f o r  l a t t i c e  experiments w i l l  be obtained a s ,  OP made i n t o ,  small ir- 
regu la r ly  shaped p a r t i c l e s  f o r  makin up the  various i so top ic  mixtures required,  

B 
B Quotes on t h e  f i n a l  eleanu of t h e  U 33 were requested from ORNL, Transfer  of 

an add i t iona l  280 gms of U 33 t h a t  i s  ava i l ab le  elsewhere, and i n  a form i m -  
mediately usable,  was a l s o  requested, This l a t t e r  amount would be enough t o  
make a few elements f o r  a preliminary l a t t i c e  experiment i n  t h e  PCTR. 



Experimental Osc i l l a to r s  

The mechanical requirements were defined f o r  t h e  devices t h a t  a r e  t o  
connect t h e  o s c i l l a t o r  ram t o  various components i n  experimental l a t t i c e s .  
Mainly t h e  components would include a c en t r a l  l a t t i c e  c e l l ,  a neighbor c e l l ,  
t h e  c en t r a l  f u e l  element, a poison s t r i p  along t he  cen t r a l  c e l l  boundary, 
and a graphi te  s l ab  a l so  a t  t h e  c e l l  boundary. A design i s  required t h a t  
can perform a t  l000OC a f t e r  a few preliminary low temperature runs, 

Star tup and Calibrat ion Experiments 

The core t o  be inse r ted  i n t o  t h e  HTLTR a t  t h e  time of nuclear s t a r t up  
w i l l  be a 7'-112" l a t t i c e  containing 1-36'' diameter na tu ra l  uranium fue l .  
This l a t t i c e  has been measured several  times i n  t he  PCTR, i n  fu l l -s ized 
c r i t i c a l  experiments, and t he  temperature coef f i c ien t  a t  low temperature has 
been measured. The r e s u l t s  from t h e  HTLTR w i l l  be compared with t he  data  
avai lable  from these  other  experiments. 

Since these experiments a re  t h e  f i r s t  t o  be done i n  t he  HTLTR, more 
extensive documentation of t he  operations t o  be performed w i l l  be needed. 
The rough d r a f t  of t h i s  document i s  now being reviewed. 

The f i r s t  t e s t  core s t i l l  requires  fabr ica t ion  of t h e  t e s t  c e l l  region,  
t he  two movable c e l l s ,  and t h e  thermocouple adaptor sleeves.  An attempt i s  
being made t o  place t h e  fabr ica t ion  of these  pa r t s  o f f - s i t e ,  There has been 
no b id  response as ye t ,  The modified heater  themocouples f o r  use with t h i s  
t e s t  core a r e  being fabr ica ted by Engelhard Indus t r i es ,  a d i f f e r en t  vendor 
than t h e  suppl ier  of t he  other reac to r  thermocouples. No problems caused by 
t h i s  change a r e  ant ic ipated,  

Measurement of Neutron Lifetime 

The experiment of N o  A, H i l l  i n  which t he  worth of a poison was measured 
at a number of control  rod posi t ions  (see  BNWL-193, page 24% was analyzed 
fu r the r ,  The previous conclusion t h a t  t h e  experiment provides a f a i r l y  
s ens i t i ve  method of determining t h e  neutron l i f e t ime  i n  a reactor  but i s  
very insens i t ive  t o  t h e  delayed neutron f r ac t i on ,  appears t o  be fu r the r  
strengthened by t h i s  analys is ,  Further t heo re t i c a l  analys is  of t h e  method 
fn order t o  provide an explanation of these  r e s u l t s  would appear t o  be qu i te  
useful .  

Buffer Fuel 

The Maritime Administration requested t h r ee  o r  four empty s t a i n l e s s  s t e e l  
tubes from t h e  N o  So Savannah surplus f u e l  t h a t  was obtained f o r  buffer  f ue l ,  
When these  tubes were emptied, t h e  f u e l  p e l l e t s ,  3,9$ enriched U02, were 
found t o  be chipped and f ractured,  probably caused by rough handling, 

Driver Fuel 

Fabrication of graphi te  stock f o r  t h e  d r ive r  f u e l  elements i s  under way 
a t  t h e  Great Lakes Carbon Corporation, Delivery i s  scheduled f o r  about mid- 
September. Arrangements were completed with an o f f - s i t e  shop t o  machine t h e  
end closures,  



REACTOR FUELS AND MATERIALS ---- -- 
BASIC SWELLING STUDIES B R ,  D. Leggett % 

The purpose of this program is to characterize fissionable materials 
and understand their behanor during irradiation, The theories developed 
provide a basis for the engineering exploitation of metallic fuel materials 
in advanced reactor applications, Specimens under study at the present 
time include uranium with and without dilute alloy additions and thorium- 
uranium alloyso 

Irradiation Program 

A tandem assembly of two capsules, P-9 and 35, continues to operate 
successfullyo Capsule P-9 is controlled at 450'~ and 1000 psi towards a 
goal exposure of 0075 at.$ BU; capsule 35 is a low pressure (%30 psi) capsule 
controlled at 525°C toward a goal exposure of 0,4 at,% BU, Capsule 36 is a 
controlled temperature, low pressure (230 psi% capsule controlled at 450'~ 
toward a god exposure of 0,3 ato% BU. These capsules will provide data 
needed to evaluate the effects of temperature, pressure, burnup rate, and 
minor alloying additives on the irradiation behavior of uranium, 

Heat treatments and density measurements are being made on a number of 
high purity uranium and uranium-base alloy specimens. These specimens will 
be irradiated at temperatures of 450'~ - 700°C at pressures in the range 500 - 
5000 psi and to burnups in the range of 0,2 - 0,8 at ,$ BU, 

A new high pressure control system is being installed to extend the 
control range to 6000 psi, Development work is continuing on additional and 
improved capsule control instrumentation which will be required to handle 
tandemization of future capsules, 

Postirradiation Exmination 

The metallographic exminatkon of specimens recovered from two capsules 
irradiated at 500 psi and 550"~ and 625"C, respectively, to about 0.16 at,% BU 
is partially complete. The Fe-A1 alloy 6407 pprn Fe, 645 pprn Al, 85 pprn Si, 
500 pprn C, and 23 pprn N) exhibited only the mount of swelling theoretically 
due to solid fission product atoms, No tearing or porosity was observed, 
One of the specimens of this alloy operated at 525OC and the other at 610°C~ 
The grain structure was unchanged from the preirradiation structure. A 
specimen of Fe-Si alloy 6140 pprn Fe, 25 pprn Al, 95 pprn Si, 400 pprn C, and 
14 pprn If) exhibited aligned tearing but no grain distortion, consistent with 
the 565"~ operating temperature and the measured 2,6% swell1 ng, A high-purity, 
high-carbon uranium specimen (54 pprn Fe, 10 pprn Al, 34 pprn Si, 480 pprn C, and 
24 pprn N) that operated at 500°@ exhibited severe grain distortion on one end, 
slight grain distortion at the other, and both grain boundary tearing and 
aligned tearing, It appears for this alloy that 500°C is about the critical 
temperature above which "irradiation growthq' is no longer observed. Another 
specimen of this alloy which operated at 550'~ exhibited a few "aligned" type 
tears, A high-purity, low-carbon sample (64 pprn Fe, 5 pprn Al, 25 pprn Si, 
6 pprn C, and 8 ppm N), which also operated at 550°@, showed profuse aligned 
tearing, These observations are consistent with the observed density decrease 



of 2b% for the law carbon material but only 3% for the high carbon material, 
Specimens of the two types of high purity uranium irradiated at 625"~ have 
grain boundary tears or pores 0,2 to 0,9 p nn diameter and tiny matrix pores 
a0,l p in diameter, Metallographie examination is continuing on these 
specimens, The strong influence of pressure, carbon, and Fe-AP additions 
in reducing uranium swelling 1s quite obvious, but the mechanisms by which 
these benefits are desired remain to be clariffed, In all cases swelling 
seems to be occurring by the sane basic processes that were observed at Pow 
pressure ( ~ 3 0  psi 1 in high-purity , low-carbon u~anium. 

Density measurements made on specimens recovered from two capsuPes con- 
trolled at 700°C (beta phase) and irradiated to 0.1 and 0.2 at ,% BU, respec- 
tively, indicate that swelling is small ("R" values of %l5), lndependent of 
composition (high and Bow carbon, high purity uranium; Fe-A1 alloy, and Fe- 
Sf alloy), and linear with burnup. Because of longitudinal thermal gradients 
in the capsule, several of the specimens operated in the hfgh alpha, but it 
was not possfble to distfngufsh their swelling behavior from that of specimens 
which operated in the beta phase. In the range of temperatures cowered in 
these two capsules (610 - 705"C)9 temperature was not an important variable. 
This fs not too surprising when the entire swelling versus temperature curve 
fs considered, for the curve goes through a minimum in this temperature range, 
increasing rapldly below 600"~ due to mechanical processes and increasing 
above about 730'~ due to fisslon gas swelling, Metallographfc examination of 
these specimens is under way, 

NONDESTRUCTIVE TESTING 6 J , C , Spanner ) 
Detection of Ir~adiatlon Induced Shift in Nil-Ductility-Transition -~~~- - Temperature 

Critical angle ultrasonic methods have been demonstrated to be capable 
of distinguishing neutron Irradiated carbon steel samples from nonirradiated 
samples although response anomalies were found to exist on both frradlated and 
nonirradiated samples, Experimental methods are being developed whereby the 
effects of ansmahes will be mlnim~zed- 

A hot eel1 facflfty In 324 Building was obtained for temporary use. 
Plans are being made to equip the faeilnty for ultrasonic measurements on fr- 
radfated specimens, Mechanical design of a remote-operated tank-manipulator 
is contfnuing, Design concepts are befng modifled in an attempt to reduce 
the estimated cost %o a figure commensurate wlth available funds, 

h s e a r c r h  

Circuits for providfng tlming signals for the signal sampling unit being 
evaluated for use in the mult~parameter eddy current tester operated satis- 
factorily, A signiffeant improvement was observed in the testers ability to 
elimlnate signals due to various parameters when using the new circuits as 
compared to that abtakned without the new signal sampling technique. However, 
further improvement in %he ability to d~sernminate between signals caused by 
large flaws IS desired Other seehnicperes to extend the range of operation of 
the tester are befng ~nuestigated. 

Operation of the newly fabricated computer seetlon for use wlth the multf- 
parameter eddy current tester was cheeked and it functioned as expected for 
linear signals, AdJustmenri of the new cornput er (or transf orrnat~on sect ion) 



d i f f e r s  from t h e  o r i g i n a l  u n i t  i n  t h a t  needed adJustments a r e  made t o  
e l iminate  t h e  s i g n a l s  due t o  t h e  various parameters ind iv idua l ly  ins tead  
of  simultaneously, This r e s u l t s  i n  a  msre s t ra ight fo lward  s e r i e s  of ad- 
Justments whieh can be made f a s t e r  and e a s i e r o  However, t h e  system i s  
not a s  f l e x i b l e  a s  t h e  previous "simuPtaneous adjustment" system which 
may give s l i g h t l y  b e t t e r  r e s u l t s  wlth nonlinear  s i g n a l  inpu t s ,  A choice 
between t h e  two computer sec t ions  depends upon t h e  outcome of f u r t h e r  
comparison t e s t s  and t h e  r e s u l t s  of t h e  evalca t lon  of o the r  techniques 
t o  extend t h e  range of operat ion of t h e  t e s t e r  t o  b e t t e r  handle l a r g e  
flaw s igna l s ,  

Design of t h e  s o l i d  s t a t e  version sf t h e  mul t fpa rmete r  eddy cur ren t  
t e s t e r  is continuing,  The c o i l  driving circuitry has been completed, and 
work i s  progressing on t h e  f law de tec t ion  por t ion  of t h e  instrument,  

The c o i l  dr iv ing e i r c u ~ t y  c o n s i s t s  of a  c r y s t a l  con t ro l l ed  o s c i l l a t o r ,  
a  t r l p l e r ,  and a power d r i v e r .  The balanced output l e v e l  i s  approx im~te ly  
1 5  v o l t s  peak-to-peak with an output impedance l e s s  than 50 okns, The bas ic  
freqxency i s  PO0 kHz, and t h e  output sngnal contains both 100 kHz and 300 kHz 
components, This c i r c u i t r y  i s  r e a d l l y  adaptable t o  o the r  frequencies i f  
des i red  s ince  t h e  t r i p l e r  1 s  t h e  only s tage  using tuned c i r c u i t s .  

Some design and expenmentat ion have been done on t h e  ampl i f i e r  s tages  
i n  t h e  de tec to r  s tages .  These amplifiers w i l l  be used t o  amplify t h e  f law 
s igna l s  t o  a  usable l e v e i ,  I n i t i a l l y ,  wide band ampl i f ie rs  were used t o  
maintain t h e  f i e x f b i i i t y  of opera t ing  frequencies, It was found t h a t  t h e  
ampl i f ie r  noise l e v e l  was t o o  hzgh to,allow t h e  use of wide band s tages .  
Ef fo r t  i s  now belng concentrated on ampl l f l e r s  using tuned feedback ts 
narrow t h e  passband and thereby reduce t h e  noise l e v e l ,  Emphasis i s  being 
placed on simple feedback networks t h a t  can be e a s l l y  changed i f  a  frequency 
change i s  d e s i r a b l e  fa r  s s p e c i f i c  t e s t ,  

In f ra red  and Thermal Research - 
Development of a  e h e m a l  wave instrument f o r  r ap id ly  measuring t h e m a l  

p roper t i e s  and nondestruct ively t e s t i n g  samples i s  eontinufng, This i n s t r u -  
ment employs a noncsntsct ing transducer whieh ~ n d u c e s  a thermal wave i n  t h e  
s m p l e  and senses t h e  respsnse sf t h e  sample t o  t h e  wave, Application of  t h e  
instrument t o  hfghly eon&~@z:ve sanples r equ i res  an extremely high signal-to- 
nofse r a t i o  I n  t h e  outpat  of %he transducer.  Improvements made i n  t h e  c i r c u i t  
and temperature sensor t h i s  month improved t h e  signal-to-noise r a t i o  by 
approximately a f a c t o r  of f i v e  a t  a  frequency of 0,0275 Hz, Apparently due 
t o  t h e  nature of t h e  nofse t h a t  was el iminated,  t h e  accuracy of phase measure- 
ments a t  0,0275 Hz was improved by a fac to r  of about t e n ,  The degree of i m -  
provement a t  higher and lower frequencies i s  belng determined, 

Tes ts  with almnnum and copper samples showed t h a t  t h e  input thermal 
impedance of t h e  transducer d i f f e r e d  by only about one degree i n  phase angle 
when placed near  t h e  surfaces  of t h e  two mate r i a l s ,  Amplitude d i f fe rences  
with t h e s e  two materials were r e l a t i v e l y  much g r e a t e r ,  but previous experiments 
showed t h a t  t h e  amplitude i s  s t rongly  l i f t - o f f ,  Hence, t h e  small phase angle 
d i f fe rence  i s  t h e  mare r e l i a b l e  ind ica t ion  of sample thermal p r o p e r t i e s ,  Re- 
p roducfb i l i ty  of  a  s ing le  phase angle ind ica t i cn  with t h e  present  system i s  



better than % 0,l0 at 0,0275 Hz, It is believed that averaging a number of 
phase angle indications would improve the reproducibility to 2 0,01", 

One of the former noise sources in the system was the miniature solid 
state temperature sensor, having a nofse equivalent temperature of about 
0,015°C, The other noise source was contact resistance in a 0,17 ohm rheo- 
stat in the power regulation circuit for the transducer, This source caused 
a temperature variation of approximately 0,015°C at the transducer. The over- 
all noise equivalent temperature of the system then, before the improvements, 
was about 0,02°~, 

The improved temperature sensor now being used is the smallest bead 
thermistor made by Fenwal. The time constant of this unit is about one 
second in free air, and it is thus limited to frequencies below about 0.1 Hz. 
The noi se equivalent temperature attainable with this sensor i s about O.OOlO~, 

Improvements made in the power control system consisted simply of re- 
placing the rheostat with a fixed resistor fabrTcated from constantan foil. 
The over-all noise equivalent temperature at the transducer at 0.0275 Hz is 
now about 0,003"C, including temperature variations due to nofse in the power 
regulating system, 

As a result of the improvement in noise equivalent temperature, other 
smaller noise sources are becoming apparent, One source is the change in 
power lead resistance to the transducer with changes in temperature. Air 
blowing on the leads cause noticeable noise in the temperature at the trans- 
ducer due to the change in power consumed in the leads. Some of the more 
obvious noise sources are being corrected. However, further experiment will 
be required to determine how important the present system noise will be as 
compared to other experimental variables. A series of measurements on various 
high conductivity samples is planned to obtain the answer to this question, 

NUCLEAR CEWICS ( R , E . ~ight i ngale 1 
3 

A phase study of the Pu-U-0 system was initiated, Samples were prepared 
by pelletfzing and sintering mixed-powder compacts consisting of U02 and Pu02 
wfth the Pu02 content varying in intervals from 0 to 100%. Solid solutions 
were obtained in the samples only after sintering in an argon - 8% H2 atmos- 
phere at 1600"~ for greater than 16 hr. An intermediate grinding and re- 
pelletizing step was also required, X-ray diffraction patterns of the compacts 
after sintering indicated two phases in those samples containing more than 
40 mole$ Pu02, The second phase was of the C-type rare earth structure and 
i s typical of sesquioxide $u,P~) 2 ~ 3 0  Weight-gal n measurements after an 
oxidation-reduction treatment at 80o0C indicated that all samples were hypo- 
stoichiometric, with the exception of pure U02. The degree of hypostoichfometry 
increased wfth Pu02 content to a maximum value corresponding to a calculated 
oxygen-to-metal ratio of 1,8h for 100% plutonium. After the oxi dati on-reducti on 
treatment, only a single phase was observed in all samples, and the lattice 
parameters corresponded closely to expected stoichfometric solid-solution values. 
The calculated average plutonium valence was not constant but decreased in a 
nearly uniform fashion with increased plutonium content, 



1 
Two especially designed test cans, each containing U02 samples of micro- 

nized, ceramic grade, and fused -325-mesh powders, and pre-sintered ceramic- 
grade pellets, were pneumatically impacted at ilOO°C and 240,000 psi to produce 
specimens for study of recovery and recrystallization effects. 

All specimens except the pre-sintered pellets were highly laminated after 
impaction, Although some of the pre-sintered pellets contained cracks and no 
pellet-to-pellet banding was induced in the stacked pellet arrangement, the 
pellets contained few lminaticns, Mlcrsstructure studies indicated that the 
hlghly densiffed materials experienced no marked grain growth, However, both 
ceramic-grade and pre-sintered materials showed small regions of grain growth. 
The -325-mesh materials also showed no obvious recrystallization of the large 
grai ns , 

Samples of the pre-sintered material are being annealed at a series of 
temperatures between 500 and 1600°C and subsequently observed for x-ray 
diffraction line broadening, microhardness, and microstructural changes, 
Purther impaction studies at higher temperatures are being planned to produce 
lami nat ion-f ree U02, 

The constant-temperature reaction calorimeter was modified to improve the 
precision and increase the temperature limit to 8o0C. Preliminary ex- 
calorimeter reaction experiments using a variety of U02 particle sizes indi- 
cated that reaction times of greater than one hour are necessary for complete 
dissolution sf U02 in 5 N HN03 at 80'C. The reaction time could be decreased 
to 45 minutes using aqua regla solutionsa 

An approximate minimum heat of" reaction with HNO3 of 133 cal/g U02 was 
calculated from several preliminary experiments. A comparison of this value 
with the expected stored energy content of 1 callg U02 indicates that a mea- 
surement precision of at least f 0.5% must be attained if stored energy is to 
be measured by difference calorimetry. Tests are continuing to determine 
whether or not the precision of the calorimeter can be increased to this 
level without maJor msdification, 

Effects of-iation Behavior of (~,Pu)02 

Mechanically-rotated assemblies were designed for performing irradiation 
tests on (U,PU)O~ in the 100-K Snout Facilityn These movable assemblies will 
subject each of several U02 - h 0 2  specimens to identical neutron fluxes in 
a cyclical fashion and will eliminate the magor problem associated with in- 
pile experimentation, l,e,, unpredictable time and spacial f l u  variation, 

The apparatus consists of a cylindrical aluminum magazine (3" dia, x 15" 
long] which contains six longitudinal, full-length flow channels, each 0.750" 
in diameter, Use of this device permits simu%taneous irradiation of six 
specimens under identical flux-time conditions, 

Flow-test dummies were fabricated and delivered to K Reactor for hy- 
draulic testing, Six U02 - Pu02 irradiations, each comprising six specimens, 
are planned, Parameters to be investigated are oxide stoichiometry, hetero- 
geneity of the mixture, and heat ratlng. 



Severa l  of  t h e  planned t e s t s  w i l l  conta in  c e n t r a l  thermocouples. 
These provide t h e  most p r e c i s e  thermal  record  achievable and may a l s o  
y i e l d  dynamic hea t - t r ans fe r  da t a ,  I f  some f l u x  asymmetry e x i s t s  i n  t h e  
i r r a d i a t i o n  pos i t i on ,  a h y s t e r e s i s  sn  thermal response t o  t h e  f l u x  peak 
w i l l  occur when a f u e l  specimen i s  moved through t h e  peak, Average 
thermal  d i f f i s i v i t y  of  t h e  f u e l  earl be deduced from t h e  v a r i a t i o n  i n  phase 
angle  between t h e  f l u x  m a x i m u m  and t h e  maximum i n  f u e l  cen te r  temperature 
as a funct ion  of  r o t a t i o n  r a t e ,  Refractory-metal thermocouples were de- 
s igned and d e t a i l e d  specifications were prepared, Thermocouples w i l l  be 
ordered a f t e r  e s t a b l i s h i n g  t h e  feasibility of performing t h e s e  t e s t s  i n  
Snout. 

Mechanism of Pneumatic-Impaetlon Bonding 

Seleeted-area o p t i c a l  and e l e c t r o n  microscopy on s e v e r a l  impacted 
specimens ind ica t ed  t h a t  U02 slngPe c r y s t a l s  undergo marked c rys t a l log raph ic  
r e o r i e n t a t i o n  during i m p a e t ~ o n ,  Evidence f o r  both ord inary  s l i p  and defor-  
mation twinnf ng was found, I n  speefmens i n i t i a l l y  pos i t ioned  with (111) 
p lanes  normal t o  t h e  impaction d i r e c t i o n ,  prominent s t r i a t i o n s  and wide bands 
were produced on planes p a r a l l e l  t o  t h e  impaction d i r e c t i o n ,  t hose  specimens 
having ( l l l  ) planes  i n i t  i a l l y  p a r a l l e l  t o  t h e  impactf on dxrec t  f on showed 
l i t t l e  s i m i l a r  s t r u c t u r e ,  Laue x-ray p a t t e r n s  and d i f f r ae tomete r  scans of  
t h e  same su r faces  ( p a r a l l e l  t o  impaction d i r e c t i o n )  conf irmed t h a t  a mul t i tude  
of  c rys t a l log raph ie  o r i e n t a t f o n s  e x l s t  I n  each former s i n g l e  c r y s t a l ,  with a 
few p re fe r r ed  d i r e c t i o n s  indica ted .  X-ray p a t t e r n s  a l s o  revealed t h a t  c r y s t a l s  
s tacked a top  each o t h e r  dur ing  impaction su f fe red  appreciably more r eo r i en ta -  
t i o n  than  those  pos i t ioned  s i d e  by s i d e  ( t h e  l a t t e r  perhaps being more ef fec-  
t i v e l y  cushioned by t h e  surrounding f i 2 0 3  m a t r i x ) ,  

Powder x-ray d i f f r a c t i o n  a n a l y s f s  showed t h a t  t h e  P a t t f e e  d i s t o r t i o n  
produced by impaction i s  roughly inve r se ly  p ropor t iona l  t o  i n i t i a l  p a r t i c l e  
diameter,  This  observa t ion  i s  cons i s t en t  with t h e  high dens i ty  of  d i s l o c a t i o n  
e t c h  p i t s  occurr ing  t o  a l i m i t e d  depth (absut  50 microns) around t h e  per iphery  
of both 4 mm impacted cubes and 112 mm c r y s t a l  particles. Annealing f o r  two 
hours a t  1200°C i n  vacuum produced nea r ry  complete recovery of well-defined 
c r y s t a l l i n i t y  f o r  akk speclmens, 

Qual i ty  of  t h e  bond between c r y s t a l  cubes i s  d i f f i c u l t  t o  eva lua te  be- 
cause of t h e  ex tens ive  i n t e r f a c ~ a k  f r a c t u r i n g  whlch occurred, From micro- 
graphs it seems c l e a r ,  however, t h a t  mat r ix  and enclosure f o i l  tended t o  
pene t r a t e  t h e  v e r t i c a l  i n t e r f a c e  between sfde-by-slde c r y s t a l s ,  prying them 
apa r t  before  "hydros ta t ic"  p re s su re  exer ted  e f f e c t i v e  l a t e r a l  fo rces .  This  
behavior i s  cons i s t en t  wi th  e a r l i e r  t r a c e r  observa t ions  t h a t  very P l t t l e  
l a t e r a l  novement occurs  I n  t h e  powder matr ix during impaction, The p e r i p h e r a l  
U02 f r a c t u r e  l a y e r ,  repor ted  previods ly ,  apparent ly  r e s u l t e d  from very  t i g h t  
impaction bonding between t h e  molybdenum f o i l  ensPosure and t h e  U02 c r y s t a l  
and subsequent f r a c t u r i n g  of t h e  U82 at a uniform d i s t ance  ( about 50 microns) 
from t h e  Mo - U02 bonded ~ n t e r f a e e ,  

N i t r i d e  C a p a b i l i t i e s  D e v a m e n t  - 

An iner t -gas  fus ion  apparatus f o r  analyses of n i t rogen  and oxygen content  
of  meta ls  and compounds was p a r t i a l l y  i n s t a l l e d  i n  a glove box, The system i s  



running and is currently undergoing tests to identify (1) conditions of 
analysis for actinide metal nitrides, (2) precision and accuracy of the 
results, and (31 effect of remote mounting arrangements on performance of 
the system, 

Stoichiometry Effects in Oxide Fuels -- 
Metallography of nonstoichfometric U02fx fuels was completed, Mosaic 

strips (35x1 and selected area, 250X and 500X photomicrographs were made 
for UOl,go, UOl,gg9 U02,02, U02,05~ U02,15, and five U02,00 fuel rods which 
had experienced substantial center melting during irradiation. Migration of 
the excess component to the central, molten region was apparent for all 
compositions. This resulted in precipitation of uranium metal near the 
center of hypostoichiometric fuels and precipitation of as-yet unidentified 
phases in the once-molten region of hyperstoichiometric oxides, 

Portions of the drilled samples used for determining radial stoichio- 
metry variations were prepared for powder x-ray analyses, Results should 
reveal the identity of precipitated phases in the specimens with average 
compositions of U02.02, U02.05, and U02.15 

PuO2-UO2-BeO Phase E~uilibria 

A study to determine the nature of eutectic melting in the Pu02-U02-Be0 
ternary system was begun, Fourteen samples covering the composition range 
from 4 - 36 mole% Pu02, 4 - 36 mole% U02, and 60 - 90 mole$ Be0 were prepared, 
After sintering at 1600 - 1650'~ for eight hours, melting point determinations 
will be made in an argon atmosphere. X-ray diffraction and metallographic 
analyses will be performed on both sintered and melted specimens, 

m y  of Pneumatically-Impacted Uranium Dioxide 

Initial success was achieved in chemically thinning U02 to electron trans- 
parency. To date, the thinned areas have been quite narrow and rather non- 
descript, No dfsPscations have been resolved. Work is continuing to expand 
the extent of the thinned areas, 

U02 single-crystal specimens were prepared, characterized, and sent to 
the Reactor Physics Division, Argonne National Laboratory, as part of the 
materials and informati~n exchange program, This material will reportedly be 
used as specimens for high-temperature [T ~2700"~) , vapor-pressure experiments. 

Current requests for materials include: U02 crystals for ORNL, North- 
western University, and IBM Research Laboratory; and Pu02 specimens for ANL, 
ORNL, Sandia, and Japan, 

NUCEEaR GFWHITE (R. E. ~ightingale 1 
EBR-I1 Irradiations 

The first of three graphite pins being irradiated in EBR-II is scheduled 
for discharge in mid-August after one month in the reactor, Expected maximum 



exposure i s  about 3 x nvt ,  E >0,18 MeV, Observations of  melt wires 
i n s t a l l e d  i n  t h e  capsule should g ive  an indicat ion of  t h e  operat ing tem- 
pera ture  and provide a check on t h e  heat- transfer  ca lcu la t ions ,  

High-Temperature I r r a d i a t i o n s  

Capsule design f o r  GEH-13-12 i s  e s s e n t i a l l y  complete, and t h e  sample 
loading has been determined f o r  t h e  f i r s t  i r r a d i a t i o n  i n  t h e  ETR, A revised 
g m a  heating est imate of 12 watts/@; as  compared t o  t h e  o r i g i n a l  est imate of 
1 6  watts/g w f l l  reduce operat ing temperature t o  about 1400°C maximum, com- 
pared t o  t h e  planned l600'CO Unfortunately, no pos i t ions  having g rea te r  
heating r a t e s  a r e  present ly  ava i l ab le  i n  ETR. 

Fermi I r r a d i a t i o n s  

A s  discussed e a r l i e r ,  an i r r a d i a t i o n  i s  being planned i n  t h e  Fermi 
Reactor beginning e a r l y  i n  1967, Present plans c a l l  f o r  four  i r r a d i a t i o n  
p ins ,  containing a t o t a l  of approximately 320 samples, 0.25-inch d ia ,  by 
1,75-inch long, Neutron f lux  i n t e n s i t i e s  range from 2.0 t o  8,O x 1014 n/cm2- 
sec ( E  >0,18 M ~ V ) ,  and temperatures a r e  estimated t o  be from 400 t o  700°C. 
The operat ing schedule of t h e  reac to r  w i l l  be 28 days up and 28 days down. 
A t  present ,  t h e  capsule design i s  f irm and a data  package has been sent  t o  
t h e  reactor  operator ,  Samples have been se lec ted  from t h e  most dimensionally 
s t a b l e  graphi tes  from GETR and EBR-11 i r r a d i a t i o n s  and include samples f o r  
e lec t ron and o p t i c a l  microscopy, 

I r r a d i a t i o n s  i n  Hanford Reactors 

I n  an e f f o r t  t o  expedite discharge and s to r ing  of t h e  samples from t h e  
Hanford hot t e s t  holes,  t h e  followfng schedule w i l l  be employed, A l l  samples 
w i l l  be discharged and s tored without measurements except samples from t h e  
following s e t s  : 

1, DDR 11'1 - GLC Raw Coke Contract 
2, DDR 164 - SCC Process Variables Contract 

30 DDR L36 SCC Additives Contracts 
DDR 118 )- 

4,  Pechf ney Calef nat ion Serf es  
5. Cold Test Hole I r r a d i a t i o n s  

The above l i s t e d  samples w i l l  receive f u l l  property measurements, I f  
da ta  a r e  required on other  samples, they may be removed from storage and 
measured a t  a l a t e r  time. 

Fracture Mechanisms i n  P o l y c q s t a l l i n e  - - Graphite 

A study has been i n i t i a t e d  t o  analyze the  mechanical s t r e s s - s t r a i n  
diagram of po lyc rys ta l l ine  graphi te .  The main purpose w i l l  be t o  separate 
and define the  e l a s t i c  and i n e l a s t i c  p a r t s  of  t h e  deformation process. The 
r e s u l t s  w i l l  a i d  i n  t h e  i n t e r p r e t a t i o n  of  t h e  micrographs taken previously of 
graphi te  under s t r e s s ,  



Thermal Expansion o f  Graphi te  

Sut ton  and Howard [J.  Nucl, Ma te r i a l s ,  7 ,  58 (1962) l  have r e l a t e d  t h e  
thermal-expansion c o e f f i c i e n t s  o f  a p o l y c r y s ~ a l l i n e  aggrega te  t o  t h e  ex- 
pansion c o e f f i c i e n t s  of  t h e  c r y s t a l l i t e s  i n  t h e  fol lowing manner: 

where a g  and al l  a r e  t h e  thermal  expansion c o e f f i c i e n t s  o f  t h e  aggrega te  
t r a n s v e r s e  and p a r a l l e l ,  r e s p e c t i v e l y ,  t o  t h e  d i r e c t i o n  o f  e x t r u s i o n ;  KA 
and Kdl a r e  cons t an t s  de f ined  by t h e  Bacon o r i e n t a t i o n  func t ion  of t h e  
c r y s t a l l i t e s  [ J, Appl. Chem, , 6, 477 (1956) 1 ; y l  , y,, , Q , and B 11 a r e  
t h e  "accommodation f a c t o r s " ,  def ined  as t h e  f r a c t i o n s ,  y,  o f  t h e  l a t t i c e  
c-change and, B ,  of  t h e  l a t t i c e  a-changes which c o n t r i b u t e  t o  t h e  l i n e a r  - 
dimensional changes of  t h e  aggregate  i n  t h e  two p r i n c i p a l  d i r e c t i o n s ;  and 
a, and a a  a r e  t h e  l a t t i c e  expansion c o e f f i c i e n t s  i n  t h e  5 and - a d i r e c t i o n s  
o f  a s i n g l e  c r y s t a l ,  

Su t ton  and Howard assumed, however, t h a t  y~ = y and BI = B 1 1  ; t h i s  
assumption i s  bo th  unnecessary and i n c o r r e c t ,  A model f o r  g r a p h i t e  has been 
descr ibed  wherein t h e  accommodation a r i s e s  from basal-plane microcracks 
in t roduced  dur ing  cool ing  from g r a p h i t i z a t i o n  temperature .  Using t h i s  model, 
one can de r ive  t h e  fo l lowing  r e l a t i o n s h i p s  among t h e  accommodation f a c t o r s :  

Equations 1 and 2 can t h e r e f o r e  be r e w r i t t e n  as: 

The equa t ions  have been t e s t e d  by c a l c u l a t i o n  o f  t h e  accommodation 
f a c t o r s  f o r  two b a r s  of  PGA g r a p h i t e  from t h e  d a t a  t a b u l a t e d  by Sut ton  and 
Howard, The fo l lowing  t a b l e  compares t h e  mean accommodation f a c t o r s  and 
s tandard  d e v i a t i o n s  c a l c u l a t e d  a t  i n t e r v a l s  o f  50°C over  t h e  range 100 t o  
7OO0C. 

Block No. Block No. 
7110 7113 

Sut ton  &Howard y ( a v , )  0.0373 *0.037 0 ~ 3 7 8  i0 .021 
B ( a v o )  1 .45  f0.60 1 .03  f0.48 



The derived accommodation f a c t o r s  e x h i b i t  s u b s t a n t i a l l y  smal le r  
s tandard dev ia t ions  than  t h e  f a c t o r s  f o r  t h e  Sutton and Howard equat ions.  
A "t" t e s t ,  comparing t h e  mean accommodation f a c t o r s  i n  t h e  p r i n c i p a l  
d i r e c t i o n s ,  shows t h a t  f o r  Block 7113 y l  and y / l  a r e  s i g n i f i c a n t l y  d i f -  
f e r e n t  a t  t h e  95% p r o b a b i l i t y  l e v e l ;  t h e  o the r  t h r e e  s e t s  of accommodation 
f a c t o r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  more than  t h e  99% l e v e l ,  I n  a d d i t i o n ,  
t h e  c a l c u l a t e d  accommodation f a c t o r s  do not  show any systematic  v a r i a t i o n  
wi th  temperature,  a behavior cons i s t en t  with t h e  proposed model. I n  c o n t r a s t ,  
i f  t h e  accommodation f a c t o r s  r e s u l t e d  from a l t e r a t i o n  of  t h e  l a t t i c e  expansion 
c o e f f i c i e n t s  by i n t e r n a l  s t r e s s e s ,  t h e  reduct ion  of  t h e s e  s t r e s s e s  wfth in- 
c reas ing  temperature would l e a d  t o  a systematic  inc rease  i n  y wfth temperature. 

Equations 5  and 6  have t h e  same mathematical form a s  Simmonsf equat ion 
[Proc, 3rd Conf . on Carbon,   erga am on P res s ,  1959) p. 5591 

However, SimmonsQ Ax i s  an empir ica l  cons tant ,  which does not  have a phys ica l  
meaning i n  terms of  t h e  g raph i t e  s t r u c t u r e .  The y f a c t o r s  derived from t h e  
proposed model have phys ica l  meaning and a r e  r e l a t e d  t o  t h e  microcrack system 
observed i n  e l e c t r o n  micrographs, 

I n  t h e  i n v e s t i g a t i o n  of  t h e  s t r u c t u r e s  and p r o p e r t i e s  of i r r a d i a t i o n -  
induced damage cen te r s  i n  g raph i t e ,  t h e  p o t e n t f a l  energy funct ion  f o r  t h e  van 
de r  Wasls i n t e r a c t i o n  must be known, Various p o t e n t f a l  energy func t ions  sug- 
ges ted  f o r  t h i s  f n t e r a c t i o n  i n  g r a p h i t e  have given an u n s a t i s f a c t o r i l y  wide 
range (-0.27 t o  -4,36 kcal lmole)  f o r  t h e  ca l cu la t ed  coehsive energy, compared 
wi th  t h e  experimental va lue  of  - 1 , O l  kcal/mole, Since t h e  cohesive energy 
of -1.29 kcal/mole ca l cu la t ed  by Girifeilco [J, Chem. Phys, , 3, 693 (1956) 1 
i s  i n  b e s t  agreement with t h e  experimental va lue ,  t h e  funct ion  used by 
Girf f aPco 

was s e l e c t e d  f o r  f u r t h e r  development, This  development was c a r r i e d  out  by 
eva lua t ing  ro from t h e  condi t ion  t h a t  at equil ibr ium 

where c  i s  t h e  i n t e r p l a n a r  spacing and by evaluatfng A from t h e  Dienes 
t h e o r e t i  c a l  r e l a t i o n s h i p  [J , Appl, Phys , , 23, 1194 (1952) 1 ,  

where E i s  t h e  e l a s t i c  s t r a i n ,  using a  r e c e n t l y  measured va lue  f o r  t h e  e l a s t i c  
c o e f f i c i e n t  (c33 = 3 e 6  x 1011 dyne cm-21, The c a l c u l a t e d  cohesive energy of  
-1,15 kcal/mole e s t a b l i s h e s  t h e  adequacy of t h e  newly developed p o t e n t i a l  
energy funct ion ,  



The i r r a d i a t i o n  of t h e  H-3-23 capsule i n  the  GETR was terminated one 
reac to r  cycle ea r ly  s ince  s a t i s f a c t o r y  operat ing condit ions could not be 
provided, Previous sample temperatures could not be a t t a ined  even a f t e r  
replacing t h e  ni trogen atmosphere with argon. Reactor physics personnel 
f e l t  core-loading changes would not provide s u f f i c i e n t  add i t iona l  heating,  
The capsule w i l l  be disassembled m d  t h e  samples returned,  I r r a d i a t i o n  
w i l l  continue i n  t h e  modified capsule design required f o r  50 Mw operat ion 
of t h e  GETR, 

I r r a d i a t i o n  of Nuclear Graphite 

The t h i r t e e n t h  capsule, H-3-13, i n  t h e  s e r i e s  of long-term i r r a d i a t i o n s  
of nuclear graphi tes  i s  operat ing successful ly  i n  a new pos i t ion  (E-6) of 
t h e  GETR, The capsule design was modified t o  allow operat ion i n  t h e  former 
D-7 pos i t ion  a t  a r eac to r  power l e v e l  approaching 50 Mw, The E-6 pos i t ion  
provides nearly t h e  same f lux  a t  32.5 Mw a s  estimated f o r  D-7 at 50 Mw, so 
t h a t  t h e  capsule w i l l  be i r r a d i a t e d  i n  E-6 f o r  t h e  present  cycle,  Sample 
temperatures dupl ica te  previous operat ing condit ions.  

Oxidat ion of" Boronat ed Graphi t e 

The discrepancy between t h e  r a t e  of  graphi te  l o s t  from boronated graphi te  
oxidized i n  helium containing 1% 02 a s  determined by weight measurement and 
the  r a t e  ca lcula ted  from t h e  concentrat ion of  C02 i n  t h e  e f f luen t  gas stream 
has been inves t igated  f v r t h e r ,  I n  general ,  it was found previously t h a t  
during i n i t i a l  measurements t h e  r a t e  ca lcula ted  from t h e  C02 concentrat ion 
i s  g rea te r  t h m  t h a t  obtained by weight measurements, a s  it should be because 
of t h e  buildup of B2O3 i n  t h e  sample, However, following t h e  removal of t h e  
B203 by leaching,  t h e  r a t e  obtained by weight measurements exceeds t h e  r a t e  
obtained from C02 evolut ion-  

I n  an attempt t o  f i n d  t h e  reason f o r  t h i s  r e s u l t ,  add i t iona l  r a t e  mea- 
surements and ca lcula t ions  were performed. The r e s u l t s  obtained a r e  pre- 
sented i n  t h e  following t a b l e ,  

Run Apparent AWc ( g )  AWB203 ( g )  Actual A W ~ ( ~ )  Calculated A W ~ ( ~ )  
No 0 - -- 

I n  t h e  t a b l e ,  t h e  apparent AWc i s  t h e  measured weight l o s s  of t h e  sample, 
and A W B ~ ~ ~  i s  t h e  weight of B2O3 fomed during t h e  run a s  obtained by subse- 
quent leaching.  The a c t u a l  Awe i s  t h e  weight of carbon l o s t  by t h e  sample a s  
obtained by correc t ing t h e  apparent l o s s  f o r  t h e  amount of B2O3 formed, and 
t h e  ca lcula ted  BWc is  t h e  weight l o s s  ca lcula ted  from t h e  concentrat ion of C02 
i n  t h e  e f f l u e n t  gas. 



I n  t h e  case  of  Run 1, it i s  seen t h a t  t h e  agreement between t h e  a c t u a l  
and c a l c u l a t e d  weight l o s s e s  i s  exce l l en t ,  For Runs 2 and 3 ,  however, t h e  
agreement i s  poor, I n  Run 2 ,  it could be assumed t h a t  t h e  weight o f  B2O3 
formed during t h e  run should be only ( 0 , 0 1 8 4 - 0 , 0 1 7 8 ] ~ ~ ~ 2 0 3  000009 g9 

3 q j -  
and t h a t  t h e  a d d i t i o n a l  0.0060 g was formed by hydrolys is  of  B4C during t h e  
leaching  process .  It was found, however, i n  two sepa ra t e  in s t ances  by 
leaching  samples which had not  been previous ly  oxidized t h a t  a weight l o s s  
amounting t o  only 0,0002 g occurred.  Therefore,  a l though hydrolys is  of  B4C 
i s  thermodynamically f e a s i b l e  under t h e  leaching  condi t ions  employed, t h e  
r a t e  must be  extremely slow, and hence t h i s  process cannot account f o r  t h e  
discrepancy.  I n  t h e  case  of  Run 3 ,  even t h e  apparent  weight l o s s  i s  g r e a t e r  
than  t h a t  ca l cu la t ed ,  s o  t h a t  hydrolys is  sf B4C cannot expla in  t h e  r e s u l t s ,  

Because no gaseous products  o the r  t han  C02 have been found, t h e  r a t e  
discrepancy may be r e l a t e d  t o  t h e  C02 concent ra t ion ,  Measurements w i l l  be 
performed on two d i f f e r e n t  gas  chromatographs t o  check t h i s  p o s s i b i l i t y ,  

Elec t ron  Microscopy of  TSX Graphite  

Severa l  t ransmiss ion  microscopy specimens o f  TSX graph i t e  have r e c e n t l y  
been prepared, The specimens were made i n  t h e  process of  developing prepara- 
t i o n  techniques using t h e  mechanical,  spark,  and microwave methods descr ibed  
i n  e a r l i e r  monthly r e p o r t s ,  Specimens have t h e  shape of a small  c i r c u l a r  
d i s k  approximately 3 mm i n  diameter and 1 mrn t h i c k ,  One s i d e  of  t h e  d i s k  i s  
f l a t ,  while  t h e  o the r  s i d e  has a rounded e a n i c a l  depression,  The con ica l  
depression i n t e r s e c t s  t h e  f l a t  s i d e  producing an opening i n  t h e  c e n t r a l  p a r t  
of t h e  d i s k ,  The g r a p h i t e  near  t h e  edges o f  t h i s  open a r e a  i s  now,being 
examined wi th  t h e  e l e c t r o n  microscope, 

A s  a pre l iminary  t o  t h e  electron-microscopy examination, some of t h e  
specimens have been inspec ted  by means of  s t e r e o p t i c a l  microscopy, It has 
been found t h a t  t h e  specimen hole  a r e a  has a sponge-like t e x t u r e  wi th  many 
complex d e l i c a t e  p ro t rus ions  i n t o  t h e  c e n t r a l  opening, The complexity of  t h e  
s t r u c t u r e  i s  s t i l l  more evident  when viewed wi th  t h e  e l ec t ron  mic~oscope ,  
Three types  o f  s t r u c t u r e s  have been observed from pre l iminary  examinations: 
( 1  1 d e l i c a t e  l a c e - l i k e  networks g & 2 1 t r a n s l u c e n t  web-type f o i l s  between opaque 
edges ; and 6 3 1 t r a n s l u c e n t  saw-tooth p ro t rus ions  i n t o  open a r e a s ,  

The d e l f c a t e  l a c e  networks were found t o  be so f r a g i l e  t h a t  t hey  could 
be moved by concent ra t ing  t h e  e l e c t r o n  beam i n  a given a rea .  These networks 
d i d  not  occur uniformly at t h e  edge of  t h e  openings but  only  i n  c e r t a i n  a r e a s  
where t h e i r  presence mlght be r e l a t e d  t o  l o c a l  s t r u c t u r a l  c h a r a c t e r i s t i c s ,  
The networks were s u f f i c i e n t l y  a t t ached  t h a t  t hey  remained at t h e  l o c a t i o n  
where first  observed. It appears t h a t ,  i n  some way, t hey  r e f l e c t  t h e  oxida t ion  
of a p a r t i c u l a r  s t r u c t u r a l  c h a r a c t e r i s t P c  of  nuclear  g r a p h i t e ,  perhaps a binder  
region o r  an a r e a  of h ighly  defec ted  s t r u c t u r e .  While carbon-oxygen polymers 
may be involved i n  producing t h e s e  networks, it is somewhat s u r p r i s i n g  t o  f i n d  
such polymers r e s u l t i n g  from oxida t ion  with microwave-excited oxygen i n  t h e  
flowing system used. 

An at tempt w a s  made t o  determine whether impur i t i e s  might be somehow 
r e l a t e d  t o  t h e  formation of  t h e  lace-network s t r u c t u r e s .  One mieroseope 
specimen w a s  examined, by means of  an e lec tyon microprobe, t o  determine i f  



s i g n i f i c a n t  amounts of elements, o ther  than carbon, were present ,  Only 
t r a c e  q u a n t i t i e s  of any fore ign matter  were detected,  and these  were not 
i n  t h e  l a c e  s t ru@tures .  This f inding i s  consis tent  with t h e  r e l a t i v e l y  
high p u r i t y  ( l e s s  than 10 ppm t o t a l  ash)  c h a r a c t e r i s t i c  of  TSX graphi te ,  

The t r ans lucen t  web-type f o i l s  which were seen i n  c e r t a i n  a reas  of 
t h e  specimen appeared t o  be regions of  g r e a t e r  s t r u c t u r a l  r egu la r i ty ,  
Moire pa t t e rns  were c l e a r l y  v i s i b l e ,  Other s t r u c t u r a l  f ea tu res  present  
have not y e t  been in te rp re ted ,  

Saw-tooth protrusions could be seen a t  a  magnification of 30,000X 
and higher at many locat ions  along t h e  edges of t h e  openings i n  t h e  specimen. 
These s t rue tu res  were e l e a r l y  t rans lucent  when observed a t  higher magnifi- 
ca t ion and had c e r t a i n  s t r u c t u r a l  f ea tu res  not ye t  i d e n t i f i e d ,  It appears 
t h a t  these  very regular  protrusions a r e  the  (100% o r  so-called "zig-zag" 
faces  of graphi te  c r y s t a l l i t e s  such a s  might occur within a coke p a r t i c l e  
i n  a graphi te  body. 

Compatibflity of Sodium with Graphite 

Seven i r r a d i a t e d  graphi te  samples were heated i n  contact  with sodium 
f o r  100 hours a t  5 3 7 " ~ ~  The samples had been previously i r r a d i a t e d  a t  600 - 
7'00°C t o  exposures of l o b  x t o  2.7' x 1021 nvt (E ~ 0 . 1 8  M ~ v ) ,  The 
sample s e r i e s  consis ted  of  t h e  graphi te  types CSF, TSX, NC8, CSGBF, and 
TSGBF. The i n t e r a c t i o n  of  sodium with t h e  g raph i t e  expanded t h e  samples 
f ~ o m  1,l t o  2, b%, Expansions of 3,9% have been reported (NAA-SR-11309) 
f o r  type TSP graphi te  S r rad i  a t ed  t o  1,l x nvt , The smaller expansions 
observed i n  t h e  present  s tud ies  may be due t o  t h e  type of  graphi te  o r  t h e  
low concentrat ion of  impurft ies  i n  t h e  sodium, An i r r a d i a t e d  graphi te  sample 
w i l l  be heated i n  contact  wfth impure sodium containing sodium oxide,  

Five un i r rad ia ted  graphi te  samples containing various amounts of  carbon 
black were heated i n  sodium f o r  PO0 hours a t  537"C0 The samples were iden- 
t i c a l  except f o r  t h e  carbon-black content which was 0 ,  20, 25, 33, and 5 0 % ~  
The samples were graphf t ized a t  300O0C, The only sample which was not 
eraeked a f t e r  exposure t o  sodium zontained 25% carbon black,  and t h i s  sample 
expanded l o b % ,  Although t h e  r e s u l t s  of t h i s  t e s t  were not conclusive, 
graphi te  containing carbon black i s  expected t o  be l e s s  s t a b l e  i n  contact  
with sodium, 

IRRADIATION DAMAGE TO REACTOR METALS ( A ,  L ,  Bement 1 

Procurement s f  t h r e e  new program a l loys ,  316 s t a i n l e s s  s t e e l ,  Incoloy 
800, and Ineonel 625, i s  proceeding on schedule, Fabricat ion of a l l  items 
s f  t h e  316 SS order w i l l  be f in i shed  by t h e  end of August. Shipment of 
r o l l e d  products t o  PNL has beguno The Incoloy 800 and Inconel 625 orders  
have been placed with Huntington Alloys, I n c , ,  and f a b r i c a t i o n  s f  t h e  Incoloy 
800 tube blanks 1s  under way, 

Arrmgements have been made with GE Advanced Products Operation ( ~ 0 %  
t o  obta in  i r r a d i a t e d  and con t ro l  t e n s i l e  samples of nine nickel-base a l l o y s  



i r r a d i a t e d  a s  a p a r t  of t h e  General E l e c t r i c  superheat and f a s t  r e a c t o r  
p rogrms .  Data from these  a l l o y s  w f l l  complement current  PNE i r r a d i a t i o n  
e f f e c t s  programs on nickel-base a l loys ,  

A s e r i e s  of t e s e s  conducted on i r r a d i a t e d  and m i r r a d i a t e d  PDRE-120 
a t  room temperature, 300°e, and 650% has been completed, This high- 
s t r eng th  a l l o y  i s  of i n t e r e s t  f o r  f a s t  r e a c t o r  app l i ca t ions ,  

In-Reactor Measurements of Mechanical Proper t ies  

An fn-reactor  creep capsule containing an annealed 304 s t a i n l e s s  s t e e l  
specimen i s  near  completion. This capsule was constructed t o  replace  a 
previous capsule i n  which a heater  f a i l e d  p r i o r  t o  s t a r t i n g  t h e  t e s t ,  The 
proposed t e s t  condit ion of 8 4 0 " ~  and 5000 p s i  w f l l  complete a s e r i e s  of 
creep and creep-rupture t e s t s  i n  t h e  range of 500 t o  8L0°e, Burnout of t h e  
heater  was a t t r i b u t e d  t o  t h e  breakdown of a po t t ing  compound used on t h e  
hea te r  connec.&ions, The use ef % h i s  potting compound w i l l  be el iminated on 
fu tu re  capsules. 

The high temperature creep capsule, w d e r  development f o r  nickel-base 
a l l o y  s t u d i e s ,  i s  completed t o  %he l a s t  s t e p  of welding of t h e  ou te r  s h e l l ,  
The capsule w f l l  be l a b  checked and ready f o r  r eac to r  charging next month, 

I r r a d i a t i o n  Ef f e c t  s i n  S t r u ~ t u r a . 1  Materials  

S t a i n l e s s  S t e e l s  

The purpose of t h i s  phase of t h e  program i s  t o  determine t h e  combined 
e f f e c t s  of i r r a d i a t i o n  and environment on t h e  mechanical p roper t i e s  of s t a in -  
l e s s  s t e e l s ,  Radiation-induced property changes w i l l  be determined from ir- 
rad ia t ions  and t e s t s  conducted a t  various temperatures on severa l  a l l o y s ,  
P a r t i c u l a r  emphasis w f l l  be placed on determining t h e  existence of metal- 
l u r g i c a l  instabilities and t h e  mechanisms by which they a r e  enhanced i n  a 
nuclear  environment, 

Transmission e lec t ron  micapascopy exminatnons have been made of AISI 
348 s t a i n l e s s  steel. i r r a d i a t e d  a t  ~ O @ C  to 1.0 x lo20 f a s t  f luenee.  Addi- 
t f o n a l  f o i l s  were obtained from A181 304 s t a i n l e s s  s t e e l  i r r a d i a t e d  a t  6 5 0 ' ~  
t o  1,O x fast f luenee and t e s t e d  st room temperature b e f o ~ e  and af%er a 
p o s t i r r a d i a t i o n  anneal a& 9000°C, The s h i n  f o l l  of %he buttonhead por t lon  
of  t h e  AISP 3b8 s t a i n l e s s  s t e e l  specimen i n  t h e  as- l r radfa ted  condit ion re-  
vealed a high densf t y  of ~ r rad ia t ion- lndused  de fec t s  (vaemcy and i n t e r -  
s t i t i a l  c l u s t e r s ) -  A post  t ensn le  t e s t  anneal a t  450°C f o r  one hour d i d  not 
appear t o  remove a s ign l f fcan t  por t ion  of t h e  damage, After  annealing f o r  
one h o w  a t  500Q@, t h e  dens i ty  of ehe defec ts  was markedly reduced; but  some 
damage s t f l l  remained. The frradiation-induced mfcrss t ruc tu ra l  damage was, 
however, completely removed a f t e r  annealing at  6oooe f o r  one hour, These 
observations a r e  consfs tent  wlth meehanleal property da ta  previously reported.  

The main purpose of exmlning t h e  i r r a d f a t e d  AISP 304 t e n s i l e  specimens 
was t o  observe bubbles of hellwn generated fram t h e  thermal neutron burnout 
of boron, No evidence of helium In t h e  micrss t rue ture  was seen, even i n  t h e  
specimen t h a t  had been anneaked a t  6000°C fzr one hour p r i o r  t o  t e s t i n g ,  It 
should be pointed ou% t h a t  sn2y t h e  unstressed sec t ions  of both specimens 



were examined, A section from the APSP 304 stainless steel specimen that 
had not received the postirradiation anneal was annealed in a vacuum at 
gOO°C for one hour after it was thinned for transmission microscopy, No 
helium agglomeration was observed after this treatment. 

Thin sections have been obtained from three AISI 304 stainless steel 
creep specimens tested in-reactor under the following conditions during 
irradiation: (a) 525"C, 30,000 psl; (b) 650°C, 20,000 psi; and (c) 750°C9 
10,000 psi, Ah; specimens were tested to failure, These foils will be 
examined to determine the nature of radiation-induced defects, particularly 
helium agglomeration, in reglons plastically deformed under irradiation, 

The purpose of this program 1s to determine the effects of modified 
microstructures on the irradfazion stability of nickel-base alloys. Micro- 
structural modifications are made by preirradiation thermal or thermo- 
mechanical treatments and are evaluated by tensile tests, stress-rupture 
tests, and mlcrostructural examinations, 

The paper submitted to Trans. Met. Soc: AIME by I, So Levy, J. L, Brim- 
hall, and B, Mastel, correlating the unirradiated tensile properties and 
microstructure of Hastellsy X-280, has been accepted for pub9ication. 

The paper, "Postirradiation Mechanical Property Improvement in 
Hastelloy X-280 and Inconel 600,Qq by I, So Levy has been accepted for pre- 
sentation at the Winter Meet"ing of the American Nuclear Society, 

The current series of tensile tests at 1350°F (730"~) on specimens of 
Inconel 600 and Inconel X-750, which were irradiated at 540"~ $280'~) to an 
exposure of approximately 1 x lo20 nvt (11 ~ev), have been completed, Control 
tests are also completed. The results show that preirradiation treatments 
that improve unirradiated ductiiity also improve postirradiated ductility, 

Previously, a eorrelathon between the unirradiated tensile properties 
and the respective microstru@tures was reported for both Inconel 600 and 
PnconeP X-750. In light of this correPation, an examination was made of 
the previous work on Hastelloy X-280 to determine if a generalized mechanism 
would explain improved postirradiation properties for all three nickel-base 
alloys, Based on these examinations, the following mechanisms are postulated, 
Improved tensile ductility (as well as improved creep-rupture properties in 
Hastelloy X-280) result from the preirradiation treatments in two ways: 
(1) increased ductility of %he areas adjacent to grain boundaries and (2) ef- 
fectfve t~apping of lrradiation defects in the ma%rix, The increased duc- 
tility is accomplished by the formation of stable grain baundary carbides, 
during the p~eirradiatfon treatments, that remove hardening constituents 
from the adjacent matrix areas, The traps are provided by incipfen% nuclei 
OP precipitateso 

A compara%ive phase analysis of Inconel 600 is being conducted using 
chemical extrac%ion, eleetpon microscopy, microprobe analysis, and %heoretical 
phase-equi li brf a cornputat i ons ,, 



The streas-rupture tests at Battelle-Columbus, which were interrupted 
due to grip deformation and furnace element problems, are again under way, 
Eleven unirradiated Hastelloy X-280 specimens are in this current test series, 
Fifteen s ecimens of Pnconel 600 and Pnconel X-750, irradiated at 540'~ (280'~) 
to 1 x 1080 n d  ( ~ 1  ~ev), have been shipped to Columbus for the next test 
series. 

Fracture Mechanics 

During the interim period, an analytical computer program was developed 
by the Mathematical Analysis Section for the purpose of evaluating the com- 
pli anee eharaeteri sti cs of the Double Can%i lever Beam QDCB] specimen. 
Previously, the compliance crack length relationship of DCB specimens of a 
given geometry had been determined by a time-consuming experimental process, 
Because of the necessity for using DCB specimens of different geometries, a 
computer approach was merited, Basically, the mathematical procedure, 
called boundary ce~llocatfon, involves satisfying a stress function in the 
form of a Fourier series at a number of locations along the boundary of the 
specimen, The first coefficient in the series, which is proportional to the 
stress intensity, is evaluated from the resulting matrix, Using this com- 
puter program to evaluate compliances on specimens for which experimental 
data are available indicates an agreement of 1,3%, 

The hydride platelet orientation in hydrogen-charged, Zircaloy-2, DCB 
specimens has been determined to correlate hydride effects with observed 
fracture behavior, Specimens charged with hydrogen at levels of 100 and 
400 ppm both exhibited similar hydride distributions. Pn general, the hydride 
platelets were found at grain boundaries with the plane of the platelets lying 
generally in the rolling plane of the plate, 

FFTF Studies 

The purpose of this phase of the program is to conduct a series of ir- 
radiation experiments in the EBR-II and Fermi reactors to determine the com- 
bined effects of fast neutron irradiation and environment on the mechanical 
and physical properties of selected reactor structural materials, Long- and 
short-term  irradiation,^ and mechanical tests will be performed with the goal 
of obtaining adequate design criteria for specific reactor components, The 
study of reference alloys irradiated under typical FFTF design and operating 
conditions will be emphasized, 

Over 1200 tensile, creep, and stress-rupture mechanical test specimens 
have been procured for use on this program, Test specimens have been fabri- 
cated from AISI 304, 316, 348, and 321 stainless steels for irradiation in 
both the EBR-11 and Femi reactors, Characterization of the mechanical 
properties of these materials in the as-fabricated condition is currently being 
performed at test temperatures between room temperature and 8 0 0 " ~ ~  Charac- 
terization of their structure is also being accomplished by means of optical 
and electron microscopy, 



Final plans and schedules for the Fermi irradiation program will be 
discussed by representatives from each participating laboratory at a 
meeting in Washington, DOC,, on August 31, 1966, Because of the length 
of time required to design and build an elevated temperature subassembly 
to irradiate in sodium between 650 - 760°C, subassemblies will be unavail- 
able for irradiations scheduled in Femi, Alternatives will be discussed 
in light of the over-all Femi irradlation schedule and program obJectives, 
Additional efforts wlll be devoted to the EBR-11 irradiations in hope of 
obtaining elevated temperature irradfations in sodium to supplement the 
Femi irradiations, All long-term high-exposure irradiations are currently 
scheduled for the EBR-11, 

The effects of fast reactor irradlation on the mechanical properties 
of candidate FFTF fuel cladding alloys need to be defined in order to 
select the optimum cladding material and to provide a description of 
mechanical behavior in the expected FFTF environment, An experimental 
program aimed at defining the fmp~rtant fast neutron irradiation effects 
is being fumuPated in detail in support of the FFTF project, 

The magor problem areas requiring investigation have been identified 
in collaboration with fuel development personnel, The most important 
problem area identified for study is the degradation of creep ductility 
attributed to transmutation damage and second-phase redistribution, The 
FFTF wilP operate at temperatures where this effect may impose a serious 
fuel design limitation, Also of ccnsiderable concern are the effects of 
flcwing sodfum on postirradiation creep properties and the effects of 
thermal cycling, thermal aging, and fatigue on mechanical integrity. 

InltSaP emphasis is pla-ed on bfaxial stress-rupture tests in sodium 
of specimens irradiated in a fast reactor environment. Tubular specimens 
are to be irradiated in the Ferlni reactor to exposures of about 1 x 1021, 
5 x m d  2 x 2022 fast fluence and subsequently tested in sodium at 
temperatures from 700 to ~400'~ (370 to 760"@1 at stresses sufffcient to 
cause rapture in times ranging from 1 to lo4 hrs. Ductility parameters 
are to be detemfned after testing, In addltion to the postirradiation 
creep-rupture studies, a need for ~n-reactor stress-rupture data also exists, 
particularly at the lower FFTF operating temperatures; namely, between 800 
and l'lCO0F (425 and 595'~)~ At these temperatures, radiation damage of the 
displacement type can accumulate and affect stress-rupture properties, 
Such a property change cannot be evaluated on a postirradiation basis since 
the displacement dmage will anneal out during long-term creep testing, In 
addition, intergranular fracture may control rupture at low strain rates in 
this temperature range, An in-reactor, liquid-metal, stress-rupture capsule 
is being desBgned for this application, 

The creep-rupture program will concentrate on 304 and 316 stainless 
steels, Screening studies utilizing postirradiatlon tensile tests on 348, 
~ ~ 5 4 8  (316 + 1% Nb 1, and other candidgte alioys in vari ous metallurgical 
conditions will also be performed, 



Neutron Dosimetry 

The SAND I (spectrum Analysis Neutron ~ e t e c t o r )  computer code has been 
adapted f o r  use i n  t h e  UNIVAC 1107 and t e s t  cases performed t o  insure  proper 
operat  ion,  

The SAND I program i s  designed t o  perform a v a r i e t y  of t a s k s  involved 
i n  t h e  determination of neutron spec t ra  wfth f o i l  a c t i v a t i o n  de tec to r s .  It 
i s pr imar i ly  employed f o r :  (1) p r i n t i n g  spectrum t a b l e s ,  (2 )  ca lcu la t ing  
a c t i v i t i e s  and s e n s i t i v i t y  l i m i t s  induced by a spectrum, and ( 3 )  using t h e  
a c t i v i t i e s  induced i n  f o i l s  t o  determine t h e  shape of an unknown spectrum. 

A f l u x  spectrum and cross  sec t ion  functions a r e  t h e  bas ic  input  t o  t h e  
program, The primary operat ion of SAND I i s  numerical in teg ra t ion  by 

Simpson's r u l e ,  ca lcu la t ing  such i n t e g r a l s  a s  / o - $ ( ~ ) o ( ~ ) d ~ ,  where $ ( E )  i s  a 
f l u x  form and U ( E )  i s  a cross-sect ion function,  When ca lcu la t ing  an unknown 
spectrum, t h e  preceding q u a n t i t i e s  a r e  used i n  an i t e r a t i v e  process t o  modify 
an i n i t i a l  input spectrum u n t i l  a c t i v i t i e s  a r e  obtafned which agree with a 
measured s e t  of a c t i v a t i o n  d a t a o  

The second of  t h e  t h r e e  uses of SAND I has been inves t iga ted  t o  determine 
t h e  e f f e c t  of d i f f e r e n t  r e a c t o r  spec t ra  on t h e  response function ( a c t i v i t y )  
of f o i l  monitors,  Knowledge of  t h e  energy range over which t h e  de tec to r s  w i l l  
be s e n s i t i v e  w i l l  enable s e l e c t i o n  of t h e  most appropriate f o i l s  f o r  t h e  de- 
termination of t h e  r e a c t o r  spec t ra ,  The usefulness of t h e  SAND I program can 
be i l l u s t r a t e d  by se lec t ing  a number of a c t i v a t i o n  monitors and determining 
t h e  expected response i n  d i f f e r e n t  r eac to r  environments, Knowing t h e  approxi- 
mate s p e c t r a l  shape, an experimenter could then i n s e r t  these  da ta  i n t o  
SAND I and obta in  information regarding t h e  energy range over which t h e  
magority of t h e  ac t iva t ions  w i l l  occur. Three reac to r  spec t ra  were chosen 
f o r  t h i s  i l l u s t r a t i o n :  t h e  Watt f i s s i o n  spectrum, t h e  water-moderated 
Ground Test Reactor (thermal ) spectrum, and t h e  Fast Flux Test F a c i l i t y  
( f a s t ]  spectrum. The following t a b l e  l i s t s  t h e  a c t i v a t i o n  monitor r eac t ions  
and t h e  energy s e n s i t i v i t y  l i m i t s  c a l cu la ted  by SAND I. For t h e  t h r e e  
spec t ra ,  90% energy l i m i t s  were chosen, t h a t  i s ,  90% of t h e  a c t i v i t y  induced 
i n  t h e  f o i l s  i s  caused by neutrons with energies i n  t h e  l i s t e d  range. 

90% Energy S e n s i t i v i t y  Limits i n  Three Reactor Spectra 

Ff s s ion  GTRW* FFTF 
React ion EL" %" EL Ell EL Ell 

(Mev] ( ~ e v j  (Mev) (Mev) (Mev) (Mev) 

*EL = lower energy l i m i t ;  E, = upper energy l i m i t ,  
#*Data obtained from W, N o  McEProy, e t  a l ,  "Neutron Flux Spectra 

Determination by F o i l  Activat ion,  VoP, 1," 



C p _ e e p - R u p t u r e  Test ing F a c i l i t y  

The bullding (321-A) assigned f o r  use i n  t h i s  program has been scoped 
f o r  general  physical  layout .  Worksheet drawings, based on t h i s  scope, have 
been issued,  and a projec t  proposal and cost  est imate a r e  being prepared, 
The prototype c e l l  which was t o  be located  i n  t h e  326 Building has been re-  
designed f o r  loca t ion  i n  t h e  321-A Building, Radiation protec t ion afforded 
by t h e  e e l 1  design has been reviewed by Environmental Health and Engineering 
Department i n  order t o  e s t a b l i s h  operat ing procedures, With t h e  exception 
of tantalum, t h e  mate r i a l s  t o  be t e s t e d  a f t e r  i r r a d i a t i o n  w i l l  not r e s u l t  i n  
any time l ~ m i t a t i o n  f o r  t h e  c e l l  opera toro  Development of p a r t s  f o r  t h e  
creep t e s t  r i g s  t o  be used i n  t h e  prototype c e l l  i s  progressing on schedule, 
F inal  assembly and bench t e s t i n g  w i l l  follow rece ip t  of p a r t s  being manu- 
fac tured o f f - s i t e ,  A se lec t ion  of equipment has been t r a n s f e r r e d  t o  t h e  
321-A Building t o  complete t h e  assembly of one of  each type of creep r i g  t o  
be i n s t a l l e d ,  A ccneeptual drawing of radiological  sh ie ld ing f o r  t h e  sodium 
Poop f a e f l i t y ,  f o r  i r r a d i a t e d  specimen t e s t i n g ,  has been prepared. Detai led 
design w i l l  commence a f t e r  r ece ip t  of t h e  fabr ica t ion  b luepr in t s  f o r  t h e  loop, 

The obJective of t h i s  program i s  t o  determine how in te rac t ions  between 
irradiat ion-induced de fec t s  i n t e r a c t  with moving d i s loca t ions  t o  modify t h e  
mechanisms of p l a s t i c  deformation i n  a metal,  Radiation damage and t h e  r o l e  
of n n t e r s t i t i a l  impur i t ies  i n  alpha i r o n  a r e  cur ren t ly  being inves t igated ,  

During t h i s  period,  t h e  e f f o r t  has been di rec ted  toward completing and 
checking a high vacuum annealing system and wri t ing  a Journal a r t i c l e  on t h e  
t h e m a l l y  ac t iva ted  flow techniques used i n  t h i s  inves t igat ion,  One addi- 
t i o n a l  t e s t  of t h e  r e l a t i o n s  derived from t h i s  inves t iga t ion  on i r o n  has been 
made. It was shewn t h a t  t h e  da ta  from d i s loca t ion  ve loc i ty  measurements on 
Si-Fe performed by S te in  and Low could be s a t i s f a c t o r i l y  described by equa- 
t i o n s  derived from our experiments and t h a t  t e s t s  conducted a t  d i f f e r e n t  
t empe~a tures  obeyed t h e  predicted re la t ionsh ip .  Such temperature t e r n s  were 
absent i n  t h e  equations of S te in  and Low, 

ATR Gas Loop S u ~ o p t n n g  Studies 

Preliminary est imates ind ica te  t h a t  add i t iona l  high-temperature creep 
and t e n s i l e  equipment than present ly  ava i l ab le  w i l l  be required f o r  t h e  
experimental phase of t h e  program, 

Transfer F a c i l i t y  
P 

Early completion of  t h e  t r a n s f e r  f a c i l i t y  ( f i v e  months p r i o r  t o  loop 
s t a r t u p  per our reques t )  has been incorporated i n t o  the  Fluor construction 
schedule, The current  s c h e d ~ l e  l i s t s  completion of t h e  t r a n s f e r  f a c i l i t y  
by November 1, 1967, 

C r i t i c a l  Assembly 

Design approval and del ivery  schedule f o r  t h e  c r i t i c a l  assembly have not 
yet  been received from INC, 



A second exposure, 52 additional hours at 1600°F (870°C 1 ,  was obtai ned 
on the refractory test assembly in the vertical seetion of the model loop, 
A summary of the total exposure for this assembly is presented in the fol- 
lowing table, After removal from the loop, dimension measurements showed 
evidence of additional small changes in the diameter of the outside con- 
taining rings of' the holder, No tightening of specimens in the holder oc- 
curred during this exposure, The top retaining nut remained frozen, 

Tensile tests at room temperature and lb00"F (760'~) were conducted on 
Hastelloy-X specimens of the tapered head design. Tests were conducted to a 
point beyond the ultimate tensile strength without specimen fracture, and 
the deformation characteristics of this design were analyzed by means of com- 
parative tensile data with buttonhead samples and by pre-post dimension 
measurements, Results show that a significant portion of the machine cross- 
head extension (%PO$) is due to deformation in the tapered head at lbOO°F 
(760~~1, A much smaller error (51%) is seen at room temperature, These 
tests point to the need for additional extensometry to obtain accurate 
elevated temperature strain measurements with the tapered head specimen 
geometry, 

-c Analysis 

The analytical thermal-hydraulic study of the test assembly has been 
initiated, A computer program based on the heat transfer characteristics of 
a single tensile specimen will be utilized to build up the thermal behavior 
of the entire test assembly for specified operating conditions. 

The table contains the temperature distribution data obtained from the 
test assembly exposure in the model loop. These results show an axial tem- 
perature gradient along the periphery of the assembly which is opposite in 
sign to the antkcipated gradfeu1 il,e,, the gradient was expected to have 
the same sign as the gradient along the centerkine position). This temperature 
distribution may reflect the basic flow pattern in the loop test section rather 
than the flow charaeteristfcs around the assembly, since the gas flows from 
a reduced throat section (l,5-inch dim, into the test section (3-inch dim, ) 
with the assembly (3-inch dim, 1 resting directly over the throat, This con- 
figuration is not typical of the ATR gas loop test section, which does not 
have a reduced seetlon, Observations of the oxidized tantalum specimens 
(see Specimen Surface Behavfor] after the second exposure in the model loop 
appear to be of interest to the thermal-hydraulfc analysis, Specimen oxidation 
in the contaminated gas stream is quite likely controlled by the rate of 
arrival of impurity atoms at the specimen surface, which may be related to 
boundary layers, and hence to heat transfer coeffiefents. Using this rather 
general, qualitative analogy, the observed oxfdatlon pattern, which shows 
more oxidation of the tapered buttonheads than of the gage section, may be 
indicative of different heat transfer coefficients in these areas of the 
specimen, 

Test Section Liner 

A literature review has to date revealed only one study of irradiation 
effects in niobium or niobium alloys at elevated temperature, The limited 
study indicated a relatively small decrease 6%15$) in in-reactor rupture life 



History of Test Assembly Exposure in Model Gas Loop 

First Exposure 

Temperature ( nominal ) 
Time at Temperature 
Pressure Drop 
Temperature Gradients (typi cal ) 

170O0F (925'~) 
135 hours 
2 inches H20 

Tier Center Line Periphery Radial AT 

c 1 7 3 0 ~ ~  (944Oc) 1667O~ ( 90g0C) +63O~ (+35Oc) 

A 171b°F ( 935OC) 1679O~ ( 916'~ ) +35OF (+lgOc) 

Axial AT +16O~ ( +gOc) -12OF ( -7'~) 

Number of Thermal Cycles 
Average Heating Time 
Average Cooling Time 

4 
5 hours 
3 hours 

Gas Purity at 1700°F (925'~) Operation 

H2° 1 Ppm 
H2 * N2 005 ppm 

Second Exposure 

Temperature (nominal) 
Time at Temperature 
Pressure Drop 
Temperature Gradients 

1 6 0 0 ~ ~  (870°c) 
52 ho*s 
3,,5 inches H20 

Tier - Center Line Periphery Radial AT 

C 1624O~ (885Oc) 1491'~ (810°c) +133OF (+75OC ) 

A 1610~~ (877OC ) 1563'~ ( 8 5 0 ~ ~ )  + 47OF (+27OC) 
Axial AT +lb°F ( +8OC) -72O~ (-40°c) 

Number of Thermal Cycles 
Heating Time 
Cooling Time 

1 
5 hours 

~3 hours 

Gas Purity 

Time - Temperature Impurity Analysis 
0 %350°F (177Oc H20 26 PPm 

2 hrs ~ 1 0 0 0 ~ ~  (538Oc) H20 4 PPm 
H2 4 Ppm 

5 hrs %1600°~ (870'~) H2° 1.5 ppm 

H2 1.5 ppm 
co 110.5 ppm 



of Nb - 1 ZP at 1800'F (980'~) and 2000'~ ( 1 0 9 0 ~ ~ ) ~  Several studies of 
Nb irradiated at reactor ambient temperatures have been conducted, and 
those experiments which included postirradiation annealing will be of 
some value in understanding high temperature irradiation effects in Nb, 
Since interstitial element contamination can have significant effects on 
the properties of Nb and Nb alloys, studies of the effect of model loop 
exposures on the properties of Nb will be conducted, 
$illance 

Design of the specfmen holder for insertion of corrasion samples into 
the model loop has been completed, This holder, constructed primarily of 
Mo, Mo-TZM, and stainless steel, will accommodate 21 samples (1~50-inch x 
0,50-inch x 0,06-inch)< The assembly will be placed in the heater dis- 
charge section of the loop where specimen temperatures of 1900 to 2100'~ 
(lob0 to 1~50°C) can  be obtained, Sample materials will include Has- 
telloy X-280, Haynes 25, nlobim, molybdenum, and tungsten, and evaluation 
techniques will be based primarily on welght change measurements and 
metallographic studies, 

Behavior 

In the second exposure (52 hours) of the test assembly in the model loop, 
the contamination level in the helium was quite hlgh during the initial 
portion of the exposure $as shown in the prevlous table 1, Post-exposure 
examination revealed considerably greater specimen contamination in this 
test compared to the f irst exposure (135 hours 1, Molybdenum specimens at 
the inlet end exhibited a cloudy, glaze-llke surface contamination which 
appeared to be considerably thlcker than the thin film observed after the 
first exposure, Presumably this surfsce eontmlnatfon is solidified oxides 
which were liquid at the test temperature, Molybdenum specimens in the 
second and third tiers sf the assembly, away from the gas inlet, showed 
little or no evidence of contawinat~on, Tantalum specimens throughout 
the assembly exhibited a purple surface fib, presumably an oxide, This 
contamination was more severe at the gas nnlet end, The degree of con- 
tamination alsc varied along the length ef each specimen, being more severe 
on the buttonheads than on the gage length. Tungsten specimens, niobium 
specimens, and the niobium a l loy  ( ~ @ b  291) holder exhfbfted little OF no 
visible contamination, However, the absence sf a visible surface film 
does not mean that specimens were not contaminated, Transparent oxide 
films or the direct dissolution of oxygen rather than film formation would 
escape detection by visual inspectLon, There is also the possibility that 
"getterPngnn by the tantalum and nalybdenum s m  affect contamination of 
other materials or at various positions. 

Neutron Dosimetr- 

The standard practice of using metal wire to measure reactor fluences 
has until recently only required that the material remain intact and re- 
coverable after exposure to service temperatures up to apprcximately 1000°C, 
At high temperatures, problems e m  arise with metal monitors such as iron 
and nickel with melting polnts arodnd 1500°C, At temperatures above 1000°C, 
the materials are subject to both corrosion and high-temperature reaptions 



with o the r  ma te r i a l s  which they may contac t .  The determination of f luence 
requ i res  t h a t  t h e  s o l i d  monitor be weighed and t h e  a c t i v i t y  of some p a r t i c u l a r  
i s s t o p e  be measured, The a c t i v i t y  of t h e  wire i s  genera l ly  expressed a s  
d i s in tegra t fons  per  second per  milligram of ma te r i a l  counted, Since t h e  
p u r i t y  of t h e  metal  o r  a i l o y  determines t h e  q u a l i t y  of  t h i s  a c t i v i t y ,  any 
corrosion o r  contamination by o the r  elements would cause e r r o r ,  

The ATR gas loop i s  being designed f o r  a gas o u t l e t  temperature of  
2000°F ( 1 0 9 5 " ~ ) ~  PL zan be shown thaz  even higher specimen temperatures may 
be reached, depending an t h e  heat- transfer  c h a r a c t e r i s t i c s  of  t h e  speclmen 
assembly, F l u  x o n f t s r a ,  i f  they a r e  not t h e m a l l y  grounded, could i.e&ch 
temperatures t h a t a p p r o a c h  t h e i r  melt ing po in t s ,  I n  o rde r  t o  provide methods 
of measuring f luence  a t  temperatures above t h e  serviceable  l i m i t s  of present  
monitcr materkals ,  monftors must be developed t h a t  w i l l  not mel t ,  corrode, 
o r  become e a s i l y  contaminated by t h e i r  environments, 

One group of ma te r i a l s  t h a t  lends i t s e l f  t e  hlgh-temperature se rv lce  
1s t h e  m e t a l l i e  oxldea, Monitors prepared by mlxing oxides of metals  such 
a s  l ron  and n icke l  with aluminum oxide a r e  present ly  being t e s t e d  by t h e  
Dragon ProJeet  i n  England. The mate r i a l  i s  formed i n t o  s m a l l  p e l l e t s  t h a t  
do not r equ i re  a l a r g e  i r r a d i a t i o n  space and a r e  e a s i l y  handled and counted, 
The a r t  of mixing has not been developed t o  t h e  po in t ,  however, where t h e  
same amount of metal  i s  contained i n  each individual  p e l l e t .  Ca l ib ra t ion  
of  each p e l l e t  i s  requi red  and 1 s  accomplished by exposing t h e  p e l l e t  t o  a 
r eac to r  neutron f l u x  f ~ r  a shor t  period of  t ime,  sounting t h e  induced 
a c t i u ~ t y ,  and caPePnPatrng t h e  mount of metal t h a t  each p e l l e t  con ta ins ,  

We have obtained some of these  p e l l e t s  and have i r r a d i a t e d  a por t ion  of 
them f o r  e d i b r a t i o n ,  After  c a l f b r a t i o n  they w i l l  be used for  low-temperature 
monftcrs ahsng with t h e  standard metal monitors t o  determine t h e i r  usefulness .  
Attainment of a l o c a l  source of supsly and of improved mixing and fo,ming 
methods i s  des i red ,  Cal ibra t ion  of t h e  monitors would then be reduced t o  
l o t  sampling a s  i s  t h e  case wfth metal monitorso 

Fast  Neutron Meehanlsms --- - - -- 
Preliminary t e s t i n g  and c a l i b r a t i o n  of t h e  mass spectrometer gas de tec t ion  

system for t h e  hydrogen permeation apparatus has been completed, Hydrogen 
flows on t h e  order  ef i x l oz7  atm ee/sec can be detec ted  wfth t h e  present  
equipment, This s e n s s t i v l t y  is adequate f o r  t h e  i n i t i a l  higher temperature 
( ~ 4 0 0 " ~  3 ,  s teady-s ta te  hydrogen permeatf on exper~ments  t h a t  w i l l  be conducted 
on t h e  r e l a t i v e l y  permeable i ron  and nickel-base a l loys ,  I n  add i t ion ,  t h e  
ve r sa tzP l ty  a f  t h e  present  cyclordal-focussing spectrometer system i s  requi red  
f o r  projec ted  s u ~ f a e e  e f f e c t  s tudlea  i n  order  t o  i d e n t i f y  hydrogen ccmpounds 
formed by t h e  r eac t ion  of ef fus ing hydrogen with earbide ,  n i t r i d e ,  o r  oxide 
componenzs of  surface  car ros ion product l a y e r s ,  

A high s e n s i t i v i t y  hydrogen l eak  de tec to r  w i l l  be requi red  a s  t h e  primary 
sensing element i n  t h e  gas de tec t ion  system f o r  lower temperature permeation 
work, t h e  more-demmdzng dynamic pemeat ion  experiments, and in-reactor  
pemea t ion  skudies,  These specialized mass spectrometers a r e  capable of mea- 
suring hydrogen flaws a s  Xsw as P x 10-lo atm cc / secG 



Work is also progressing on the development of simple gas-metal ana- 
logue systems that can be used for ancillary investigations of helium 
bubble behavior and effects in fast reactor alloys, Bubble growth and 
mobility, bubble-defect interactions, and other basic aspects of normal 
bubble behavior are essentially independent of all but the P-V-T properties 
of the occluded gas, provided that the particular gaseous element or com- 
pound involved is neither appreciably soluble in nor reactive with the 
matrix over the temperature range of interest, Thus, internally precipitated 
water vapor bubbles can, for example, be used to simuhte inert gas bubble 
behavior in iron, nickel, cobalt, copper, silver, lead, and many of their 
alloys, 

The advantages of such an analogue approach are numerous, In many 
cases, one of the analogue gas reactants and a matrix component represent 
a solid-state system that is amenable to heat treatment, Hence, some control 
can often be exercised over both the size and the spatial distribution 
(including intergranular versus intragranular distribution) of the resultant 
bubbles. The internal bubble pressure can also be regulated in the case of 
hydrogenous analogue compounds by varying the fugaeity of the hydrogen in 
the specimen environment. 

An analogue approach is particularly valuable when possible vacancy 
effects are of coneern, Since the diffusivrties of the interstitial eom- 
ponents of the normal analogue gases are not a function of either vacancy 
availability or mobility, it is possible to increase bubble pressure and 
thus induce swelling without involving or In any way perturbing the vacancy 
f l u  to the growing bubbleso The formation of strain centers in helium- 
metal systems under conditions of restricted vacancy supply can also be 
readily simulated inasmuch as interstltiajb elements are relatively mobile 
and can react at temperatures substantially less than thcse required for 
appreciable vacancy diffusfsn, 

The initld experimental work in these areas rs being conducted using 
a hydrogen-cuprous-oxide-water vapor analogue sys%ew, A special reaction 
cell with prsvfsion f ~ r  %he filamentary dissociation of molecular hydrogen 
has been constructed to facilitate hydrogen charging at Jew reaction 
temperatures, 

Two internal documents, oVUltra-High Pressure Research - Its Present 
Status and Capabilities" and "Effects of Pressure on Point Defects Present 
in Irradiated SoEids," have been written and distributed. These papers are 
the first two in a series of six outlining the applications sf ultra-high 
pressure in irradiation damage studies, 

The irradiation-induced phase transfopmation in Zr02 has been investi- 
gated. It 1s known that the transfornation from the monoclinfe %o the cubic 
form occurs after the solid experiences, at 1 atmosphere, 1016 fissisns/"cc 
from the uranium and %horiurnn impurities in Zr62, Zircsnia has also been 
transformed from the monoe%ini e to the tetragonal (pseudo-cubic 1 form under 
the action of pressure alone. This raises the questions: what is the com- 
bined effect of irradiation and pressure on the phase trsnsfsmatlon, and will 



the t~msformatfon requfre a fewer number of fissions/cc under pressure 
than at 1 atmosphere, In an attempt to answer some of these questions, 
msnoclinfc ZrO2 is being doped with small amounts of fissionable materials 
and subjected to various pressures under irradiation. The high pressure 
device, described previously, has been improved to conduct x-ray diffraction 
analysis of a material under pressure, before and after irradiation, In 
this manner, the required fission density for the transformation under iso- 
baric conditions can be isolated. This infomatlon should verify the effec- 
tiveness of a 'fission spikeu in promoting phase transformations at 1 atmos- 
phere. 

ATR GAS LOOP OPERATION AND MAINTENANCE % G o  A, Last ) 

ealuatlon of the Struther-Wells Heater ----- 
The microstructure and hardness survey of the molybdenum heating elements 

has been completed and is summarized in the following table. These data show 
that some softening of the molybdenum occurred over the first four to five 
feet of the heater length, but the wrought structure is still maintained, In 
the last seven to eight feet of the heater, the molybdenum is completely re- 
crystallized with only small variations in grain size, Metallographic 
examination revealed no indication of second phase particles resulting from 
contamination by the helium gas, although the materfal contains some large 
carbide particles which are typically found in commercial purity molybdenum. 

Tensile specimens of standard molybdenum material were recrystallized at 
2500°F (1370"~) in vacuum to provide a baseline for later tests on material 
from the recrystallized section of the heater, Results of the room temperature 
tenslle tests are also presented below. The elongation values show that re- 
crystallized standard materlal has a ductile-brittle transition below room 
temperature, Experiments In the eleztron beam tensile furnace have led to a 
specimen deslgn for which acceptable temperature gradients can be maintained 
at 2500°F (1370'~ j , Specimens for elevated temperature testing are now being 
fabricated, 

Shlelded Filter - 
Several materials that would operate at 1600°F (870~~) without undue 

swelling or reactions with the Hastellsy pipe have been examined as possible 
sabstitutes for the iron beads specifled for the shielded filter, Unfor- 
tunately, the mater~als selected are costly and hard to procure, Based on 
the data accumulated, it would be to our advantage to insulate the Hastelloy 
pipe to reduce the temperature of the shielding material. This concept 
permits the use of either lead or iron shot and would result in a considerable 
savings in shielding material, Insulating the Hastelloy pipe with approxi- 
mately 3 inches of Min-K insulation reduces the shielding material temperature 
from 1600"~ (870'~ 1 to about 200°F 193°C). These recomrnendati ons have been 
transmitted to the Architect Engineer for his cmsideration, 



Microstructure and Hardness of Molvbdenum Heating Elements 

.Micro- 
D i  stance from hardne s s ASTM 

Sample I n l e t  End, f t .  S tmc  tu re  DPH Grain Size 

Standard heat - 
ing element 

Fin 
Weld 

- Wrought 280 - 
- Large grained, 177 - 

two phase 

Heater 

Fin 2 0 Wrought 291 - 
3 Wrought 240 
6 Recrystallized 182 8 
9 Recrystallized 182 8 

12 Recrystall.. zed 177 7'0 5 

0 Wrought 283 - 
3 Wrought 250 - 
6 Recrystallized 180 8 
9 Recrystallized 179 8 

12 Recrystallized 195 '7'0 5 

Fin 14  0 Wrought 282 - 
3 Wrought 253 - 
6 Recrystal%fzed 182 8 
9 Recrystall$ zed - - 805 
l2 Recrystallized - 

Fin 23 0 Wrought c2. m 

3 Wrought - c3 

6 Recrystallized 178 8.5 
9 RecrystaLli zed 1-84 8 0 5 
l2 Recrystallized 1.80 7.5 

Weld 0 Large grained, 171, - 
two phase 

l2 Large grained, 177 = 

two phase 



Sample Y i e l d  Tensi l e  Elongation 
No , S t r e n g t h , p s i  S t r e n g t h , p s i  % i n l i n .  - 

2 
Review of eont rac t  submit ta ls  f o r  t h e  ATR gas loop continued. Magor 

e f f o r t s  during t h e  pas t  month were devoted t o  a  review of t h e  gas p u r i f i c a t i o n  
system, main instrument panel,  and t h e  t r a n s m i t t e r  panel .  A meeting was held  
a t  Johnson Service Company i n  Sauso l i to ,  Cal i fornia ,  on August 11, at tended 
by PNL, I N C ,  F luor ,  I D O ,  and Ebasco Services t o  present  comments on t h e  main 
instrument panel submit ta ls ,  and t o  assure  t h a t  t h e  vendor i s  aware of h i s  
r e s p o n s i b i l i t i e s  f o r  t h e  e n t i r e  instrument system. A meeting of  t h e  cognizant 
agencies was held t o  make a complete review of t h e  system and t o  resolve  and 
consolidate t h e  comments t o  be presented,  

METALLIC FUELS DEVELOPMENT (G, A, Last ) 

I r r a d i a t i o n  of Thorfwn-Uranium-Zirconium Fuel Elements 

The i r r a d i a t i o n  of s i x  tubu la r  Zircaloy-2 c lad ,  thorium - 2,5  w t %  uranium, 
1 , O  w t %  zfrconiwn f u e l  elements continued successful ly  i n  t h e  ETR-P7 and M3 
loops,  The current  condit ions f o r  t h e  s i x  elements a r e  summarized i n  t h e  f o l -  
lowing t a b l e ,  The volume increase  of  2,5% f o r  t h e  element having t h e  highest  
exposure i s  only s l i g h t l y  g r e a t e r  than t h a t  required t o  accommodate t h e  s o l i d  
f i  ss ion  product atoms, 

I r r a d i a t i o n  S ta tus  of Th - 2.5 w t %  U - 1 .0  w t %  Z r  Fuel Elements 

BU M a x i m u m  Surface Heat Flux Spec i f i c  Power Fuel Volume 
Fuel ~i ssfons/cm3 Core Temp, callsec-cm2 wattslgram Increase 

No, ( ~ ~ d f t o n )  --- O C  (Btu/hr-f t  ) (KW f t )  % 
65 5 ,3~1020  465 43 4 o 2.5 

(15,2009 ( 5 . 7 ~ 1 0 5 )  (120) 



Pos t i r r ad ia t ion  Evaluation of Thorium-Uranium-Zirconium Fuel Element 

Optical  and e lec t ron  metallography of a Th - 2.5 wt% U - 1 wt% Z r  a l l o y  
f u e l  element i r r a d i a t e d  t o  1 . 4  a t .  % burnup (11,850 MWd/ton) i n  t h e  ETR 
pressurized hot water loops i s  being compared with metallography of un i r rad ia ted  
f u e l ,  Both un i r rad ia ted  and i r r a d i a t e d  specimens were etched by ion bombardment 
f o r  1 /2 ,  1, and 2-hour periods,  A s u p e r f i c i a l  subs t ructure  has been observed 
i n  t h e  g ra ins  of t h e  i r r a d i a t e d  sample t h a t  i s  not evident i n  t h e  uni r radia ted  
sample. Additional metallographic examinations w i l l  be made t o  v e r i f y  o r  r e f u t e  
t h e  exis tence  of t h e  observed subs t ructure  and t o  provide add i t iona l  da ta  on 
t h e  damage imparted t o  t h e  f u e l  by i t s  i r r a d i a t i o n  exposure. The accumulated 
i r r a d i a t i o n  exposure has not produced microporosity o r  dimensional i n s t a b i l i t y  
i n  t h e  f u e l  a l loy ,  

Chemical burnup and uranium i so top ic  analyses have been made on a sample 
of t h e  f u e l  ma te r i a l .  The uranium i so top ic  analyses before and a f t e r  t h e  
i r r a d i a t i o n  a r e  a s  follows: 

Uranium Isotope % Before % After  

Burnup by t h e  cesium fission-product method i s  1.3 a t . %  compared t o  1 , 5  a t , %  
ca lcu la ted  from t h e  i so top ic  analyses ,  The accumulated ETR exposure d a t a  in-  
d ica ted  a burnup of 1 . 4  a t  .%. These t h r e e  independent es t imates  of t h e  burnup 
a r e  i n  good agreement and lend credence t o  t h e  ETR exposure da ta ,  

High Exposure Uranium I r r a d i a t i o n  Test 

A f u e l  element i r r a d i a t i o n  t e s t  has been designed t o  operate uranium f u e l  
rods a t  high temperatures t o  burnups g r e a t e r  than 10,000 MWdfton, The va r i ab les  
t o  be s tudied  include f u e l  composition, ex te rna l  r e s t r a i n t ,  and i n t e r n a l  void 
volume. The combined e f f e c t s  of t h e  uranium p l a s t i c i t y  and t h e  r e s t r a i n t s  
from t h e  cladding and system pressure  a r e  expected t o  cause t h e  uranium 
swelling t o  be accommodated by a c e n t r a l  hole,  Two uranium compositions a r e  
being used: U -+ 350 ppm Fe -+ 800 ppm Al, and U -+ 150 ppm Fe -+ 100 ppm Sf ,  
Fuel rods 0.450-inch diameter were f a b r i  ca ted  by coextrusion with e i  t h e r  
0.025 OP 0,050-inch t h i c k  Zr-2 cladding, Central  voids ranging from 5 t o  20% 
of t h e  f u e l  volume w i l l  be provided. Fuel enrichment of 4.5% i s being used 
t o  achieve t h e  des i red  temperatures and burnup r a t e .  

The f u e l  rods have been fabr i ca ted  and beta  heat  t r e a t e d .  Metallographic 
examination of both as-extruded and heat  t r e a t e d  sec t ions  has been made, in-  
d ica t ing  s a t i s f a c t o r y  q u a l i t y  and dimensions. The clad-to-core bonds a r e  uni- 
form, and no unusual condit ions were observed i n  t h e  b e t a  t r e a t e d  uranium 
s t r u c t u r e ,  Current work involves preparat ion of  t h e  c e n t r a l  voids,  



ENGINEERING DEVELOPMENT 

NEUTRON FLUX MONITORS (w, G o  spea r )  

Regenerating Detectors 

Arrangements were nearly completed f o r  procurement of  a  new s e t  of 
0,25-inch diameter chambers f o r  r eac to r  in-core inves t iga t ions  t o  e s t a b l i s h  
a more complete d e f i n i t i o n  of opera t ional  c h a r a c t e r i s t i c s  use fu l  i n  t h e  
commercial exp lo i t a t ion  of t h e  concept, This s e t  w i l l  include de tec to r s  
with a regenerat ive coating (approximately 90% ~~3~ and 10% ~ ~ ~ 5 1 ,  with 
conventional u235 coating,  and with no f  i s s i l e  mater ia l .  This se lec t ion  
should provide valuable comparison da ta ,  adequate experimental con t ro l ,  and 
thorough inves t iga t ion  of regenerat ing detec tor  constant s e n s i t i v i t y  and 
pe la t ive  gamma c h a r a c t e r i s t i c s .  

Because of t h e  emphasis on f a s t  f l u x  reac to r s ,  inves t iga t ions  a r e  i n  
progress regarding candidate isotopes f o r  appl ica t ion of t h e  regenerat ing 
concept t o  in-core measurement of f a s t  f lux ,  

Beta Current Generator Detectors 

Laboratory t e s t s  conducted a t  t h e  1.8 x 105 C i  gamma f a c i l i t y  (co6') 
v e r i f i e d  t h a t  a  balanced gamma response c h a r a c t e r i s t i c  was achieved between 
t h e  two e lec t rode elements of t h e  new dual-chamber detec tor ,  The matched 
response i s  important t o  t h e  achievement of gamma compensation, which w i l l  
be obtained by sub t rac t ion  of t h e  carbon s i g n a l  from t h e  boron-11 s igna l ,  
This dual-chamber de tec to r  concept f o r  in-core reac to r  neutron f l u x  measure- 
ment i s  being developed t o  provide f a s t  response and long- l i fe  opera t ional  
e h a r a c t e r i s t i  cs  . The B~~ captures thermal neutrons and transmutes t o  B ~ ~ ,  
which decays by t h e  emission of a  13.4 MeV be tas  t o  c12 with a r e l a t i v e l y  
shor t  h a l f - l i f e  of about 20 mil l iseconds,  The be ta  p a r t i c l e  emission 
generates an e l e e t r i e a l  s i g n a l  current  proport ional  t o  t h e  thermal neutron 
f lux  l e v e l ,  

Planned i n i t i a l  laboratory t e s t s  w i l l  determine t h e  de tec to r  neutron 
8 e h a r a e t e r i s t i c s  a t  low f lux  l e v e l s  (about 10 nv).  When these  t e s t s  a r e  

completed, high f l u x  l e v e l  in-core t e s t i n g  w i l l  be conducted t o  a s c e r t a i n  
t h e  opera t ional  c h a r a c t e r i s t i c s .  

Microwave Detectors 

Change i n  t h e  resonant frequency of a  microwave cav i ty ,  due t o  t h e  change 
i n  d i e l e c t r i c  constant  caused by neutron bombardment of an appropriate gas,  
can be used a s  a measure of t h e  neutron f l u x  densi ty .  The neutron ( n s p ]  
r eac t ion  and subsequent fonizat ion of t h e  gas by t h e  r e s u l t i n g  charged 
p a r t i c l e s  c r e a t e ,  within t h ?  cavi ty ,  a  plasma with an e lec t ron  number densi ty  
proport ional  t o  t h e  neutron f l u x  densi ty ,  where t h e  d i e l e c t r i c  constant  of 
t h e  plasma i s  proport ional  t o  t h e  e lec t ron  densi ty .  

Inasmuch a s  t h e  e l e c t r i c  f i e l d  within t h e  cav i ty  tends t o  concentrate 
within t h e  wal ls  of  any capsule used t o  contain t h e  gas,  techniques a r e  being 
sought t o  e s t a b l i s h  a gas-t ight  s e a l  between t h e  cavi ty  and waveguide, It 
now appears t h a t  appropr ia te  f a c i l i t i e s  a r e  ava i l ab le  f o r  t h e  brazing of  t h e  



required metalized ceramic s e a l s ,  which have been ordered, Test c a v i t i e s  
have been designed f o r  use with t h e  sea l s .  Successful cav i ty  sea l ing w i l l  
permit accelera t ion of  t h e  planned reac to r  in-core experimentation, FOP 
fu tu re  e f f e c t ,  a t t e n t i o n  i s  being given t o  appl ica t ion of  t h e  microwave 
techniques f o r  f a s t  f l u x  measurements. 

MICROWAVE AND INFRARED DETECTION OF COOLANT IMPURITIES AND MEASUREMENT OF 
IN-REACTOR TEMPERATURES (w. G o  spear )  

Microwave Detection of I m ~ u r i t i e s  i n  Coolant Gases 

The d i e l e c t r i c  constant of  a gas i s  a function of  t h e  cons t i tuen t s  of  t h e  
gas. If a gas,  such a s  helium, i s  mixed with water vapor, t h e  d i e l e c t r i c  
constant of  t h e  mixture w i l l  depend upon t h e  r e l a t i v e  amounts of  helium and 
water vapor, Since t h e  resonant frequency of a microwave cavi ty  i s  inversely 
proport ional  t o  t h e  d i e l e c t r i c  constant of  t h e  media contained within t h e  
cavi ty ,  t h e  s h i f t  i n  frequency of the  cav i ty  can be u t i l i z e d  i n  measuring t h e  
amount of water vapor a t  a given pressure and temperature. For experimenta- 
t i o n ,  a microwave generator  i s  s t a b i l i z e d  t o  t h e  resonant frequency of t h e  
designed sample cav i ty  through use of a reference cavi ty ,  The amount of de- 
tuning of t h e  sample cav i ty  i s  then measured i n  a simple fashion t o  give an 
indicat ion of water vapor present .  

Short-term t e s t s  a r e  being performed using t h e  developed va r iab le  pressure  
s a t u r a t o r  t o  introduce control led  amounts of moisture i n t o  t h e  helium gas 
stream, For these  t e s t s ,  a standing wave r a t i o  meter i s  used a s  a tuned vo l t -  
meter t o  provide a measurement of  moisture. A water vapor change of  approxi- 
mately 8000 ppm gave a f u l l  s c a l e  reading, with changes a s  low a s  400 ppm 
being detected a t  l e v e l s  of 1200 ppm, where t h e  1200 ppm l e v e l  was t h e  
minimum opera t ional  l e v e l  of t h e  sa tu ra to r ,  The ac tua l  value of t h e  corres-  
ponding microwave frequency s h i f t  was not determined due t o  d i f f i c u l t i e s  i n  
measuring s h i f t s  of  t h i s  magnitude, I n  planned experimental work, measure- 
ments a t  both lower and higher concentrat ions of moisture w i l l  be made along 
with determination of  t h e  frequency s h i f t  va lues ,  with f u t u r e  e f f o r t  phnned  
a t  higher temperatures and f o r  long-term s t a b i l i t y  determinations, 

High Temperature Measurements 

Measurement of extremely high temperatures subgects t h e  sensor and i t s  
associated lead-in wires t o  an environment i n  which l imi ted  accuracy and shor t  
l i f e  i s  expected. The requirement t o  monitor high temperatures i n  nuclear 
r eac to r s  i n  a - r e l i a b l e  fashion with long-lived sensors d i c t a t e s  t h a t  new 
techniques be used, 

A method t o  accura te ly  monitor r eac to r  in-core temperature a s  high a s  
1500°C (higher ,  using s p e c i a l  meta ls )  would be t o  measure t h e  temperature- 
induced frequency s h i f t  of  an inse r t ed  microwave cav i ty ,  By se lec t ing  t h e  
proper e x c i t a t i o n  mode and cav i ty  geometry, t h e  temperature may be r e l a t e d  t o  
one l i n e a r  cav i ty  dimension. A completed cav i ty  design should permit achieving 
a s e n s i t i v i t y  of about 360 kHz per degree Centigrade change i n  temperature 
( o r  about 3 p a r t s  i n  105 frequency change per O C  temperature change), This 
va r ia t ion  i n  frequency should be detec table  using heterodyne techniques and 
phase s e n s i t i v e  detec tors .  Laboratory t e s t s  f o r  t h e  technique a r e  not complex 



and will permit verification of the linearity of temperature change with 
frequency shift over the extended range of temperature monitoring contem- 
plated, For the initial step, fabrication of the high melting point 
cavities and waveguides has been resolved, 

Infrared Techniaue 

Calibration of equipment (variable pressure saturator) used to add 
csntroPled mounts of water vapor to a gas stream was completed. The 
equipment proved effective in producing dew points between 10°F and ~O'F, 
where these dew points correspond to gas inlet pressures of 75 lb/in2 and 
8 lbs/in2, respectively, above atmospheric pressure. 

The Mark I hygrometer calibration data were obtained using the developed 
rotating filter wheel and several balancing wedge filters, where the best 
filter yielded a calibration extending, in a smooth fashion, from dew points 
of -50°F, with '5°F sensitivity, to +55"F, with a resulting *l0F sensitivity, 

This hygrometer derives its signal from the 2.6 micron water vapor 
absorption band, which is very close to an absorption band at 2.7 microns 
for carbon dioxide, The instrument showed considerable sensitivity to carbon 
dioxide, a fault to be corrected by modification of the rotating filter wheel, 
Two other filter wheels peaking at 2.5 microns should provide the desired 
sensitivity to water vapor, while avoiding the carbon dioxide absorption 
band. In addition, a filter wheel is being assembled for operation at the 
1,87-micron water vapor absorption band. Absorption strengths are less in 
this region, but there is no interference with absorption bands of other 
gases, Furthermore, lead sulphide detection sensitivity is more uniform in 
this region, and suitable optical materials for lenses and filters are fully 
available. 

PLUTONIUM RECYCLE P R O G W  [F. G. Dawson) 

FUELS DEVELOPmNT 
= -- 

The results of a Joint BNW-ANL program on the transient irradiation be- 
havior of Zircaloy clad, vibrationally compacted UO2 fuel rods in the Transient 
Reactor Test Facility are described in a paper submitted for publication in 
Nuclear Applications. The paper, entitled "Transient Meltdown Irradiations 
of Vibrationally Compacted U02 Fuel Rods in TREAT," was authored by 
R, C, Liimatainen, M. D. Freshley, and F. J. Testa. In these transient ex- 
periments particular emphasis was placed on determining the extent of 
cladding-fuel-water reaction, the peak pressure produced during transient 
meltdown, the rate of pressure rise, and the particle size distribution for 
the fragmented fuel and claddingo These experiments provided data for a com- 
parison between the transient irradiation behavior of vibrationally compacted 
U02 fuel rods and fuel rods containing U02 sintered pellets. 

The PRTR irradiation program, which was outlined in the fiscal 1967 
through fiscal 1970 Plutonium Utilization ~ocument(l), has been presented 



in detail in a topic report entitled "Plutonium Utilization Program: 
PRTR Irradiation Planst8 by M, D, Freshley, R. E. Sharp, and R, E, Skavdahl, 
This report is currently being prepared by Technical Publications for dis- 
tribution, The PRTR irradiation plan includes fuel element irradiation 
tests to be conducted in the Plutonium Recycle Test Reactor with the Batch 
Core Experiment and in the Fuel Element Rupture Test Facility, Individual 
fuel rod reactivity measurements will be made in the Plutonium Recycle 
Critical Facility, The Batch Core Experiment wfll provide statistically 
significant performance data on vibrationally compacted, mixed-oxide fuel 
elements operating at maximum fuel temperatures being considered for power 
reactors and to maximum fuel element burnups of 15,000 MWd/MTfUel. These 
tests wfll provide needed information concerning the feasibility of operating 
full core loadings of plutonium-bearing fuels of speclfic powers to burnups 
of interest for commercial power reactor applfcatfons. 

Irradiation testing of nondefected and deliberately defected fuel rods 
will be conducted in the FERTF at maximum rod powers to 28 kw/ft with fuel 
temperatures above melting. Because a commercial power reactor should be 
capable of accommodating in-core leaker fuel elements, a study of the defect 
behavior of oxide fuel rods constitutes an important part of the fuel element 
testing program. Another important obgective of the program is to provide 
a direct comparison of irradiation behavior of pelleted and vibrationally 
compacted oxide fuel rods operating under high performance conditions, i.e,, 
maximum linear rod powers in the range of 20 - 28 kw/ft and with significant 
fuel melting, The FERTF fuel testing program will be performed in three 
sets of experiments conducted at nominal maximum linear rod powers of 20, 
24, and 28 kw/ft , Each set of experiments wi 11 be conducted in essentially 
the same way with the only significant difference being maximum rod powero 

One thoria-fflled, pressure test element is still being held by Plu- 
tonium Fuels Engfneering, With this exception, all fuel and test elements 
for the Batch Core Experiment in the PRTR have been shipped. An inventory of 
hardware and fuel component items for replacement elements has been accom- 
plished, and work is being initiated to procure needed material. 

PRTR Fuel Rod Pressurc T c s i  
=- - - < -  

Three instrumented 1J02 - 2 wt% PuOg fuel rods were charged in PRTR, 
Each rod is equipped with a themocouple and a pressure sensor to indicate 
the temperature and pressure in the gas plenum during reactor operation, 
Two of the rods located in one 19-rod cluster are positioned near the center 
of the reactor core. The other instrumented fuel rod is contained in a 19- 
rod cluster located near the periphery of the batch core, 

Mark I-R Pellet Fuel Rods 

The order placed with General Electric Company for design and fabrication 
of 77 Mark I-R high power density fuel rods containing pelleted U02 - Pu02 
fuel is progressing on schedule, These rods will be irradiated in the PRTR 
to provide a direct comparison of the irradiation behavior of pelleted and 
vibrationally compacted oxide fuel rods operating under high performance 
conditions, 



Fifty-three fuel rods have been completed by General Electric Company 
and will be shipped to Battelle-Northwest Laboratories this month. The 
remaining 24 fuel rods are scheduled for delivery in September, 

Plutonium Characterization Studies 

The determination of the low energy gammas and x-rays emitted by the 
three Shippingport plutonium samples has continued during this reporting 
period with limited success, Several problems have been encountered, 
primwily electrical noise, whfch has limited resolutions to 4 keV (FWHM) 
at 60 keV, This has to be improved to between 2 and 3 keV (FWHM) at 60 keV 
before this phase of the program can be continued. The resolution of our 
present detector-dewar, electronics system is limited because of the fol- 
lowing rea- pons : (1) The noise level of our present pre-amplifier is 
approximately a factor of two too high because the imput transistor, a 
Field Effect Transistor, has to be replaced. (2) Moisture condenses and 
collects at the electrical connectors inside the detector sample chamber 
of the dewar, (3) The solid state detector, itself, does not meet speci- 
fications, These problems are being worked on, 

EBWR DEMONSTRATION PROGRAM -- 
Irradiation Testing of EBWR Prototype Fuel Rods 

Three capsules, the last of a group of 32, are still under irradiation 
in the MTR and have attained a maximum burnup of 25,100 MWd/tonne of fuel 
(6,23 x 1020 fissions/cm3), The maximum goal burnup is 27,500 MMd/tonne of 
fuel, The double-clad capsules (see table below) contain short lengths of 
EBWR fuel rods. The Zircaloy-clad rods (1,07 cm OD) were made by the vibra- 
tional compaction technique and utilized pneumatically impacted U02 - 
1,5 wt$ Pu02 fuel, The following capsules were charged into the MTR in 
February 1964, and have operated at an estimated maximum linear power of 
535 W/cm (16.3 kw/ft) : 

EBWR UO? - lo? wt% PuO? Capsule Tests 

Capsule No, Fuel Bulk Density Est imated Current Burnup 
GEH-14- ( $  of theo,) MMd/tonne of fuel fissions/cm3 

Thirty-three production-run EBWR rods, 1,07 cm OD by 148 cm long 
% includes a plenum, 14.6 cm long), are presently in reactors. Irradiati on 
Fuel Element No, 6501, a 21-rod bundle, in the PRTR will continue when the 
reactor resumes operation. Present burnup on Fuel Element No. 6501 is 
2690 MMd/tonne of fuel (0,7 x 1020 fissions/cm3, and goal burnup is 
10,000 MWd/tonne of fuel. Rods can be removed and replaced in the bundle, 
The other 12 rods are being tested elsewhere in 3-rod cluster form, Cluster 
goal burnups to 27,500 MWd/tonne of fuel are planned, A total of 58 - 64 
full-size rods are to be irradiation tested, and, of these, 25 have been ir- 
radiated and discharged. 



REACTOR PHYSICS 

Dp0 Moderated Systems 

Corre la t ion  of Theore t ica l  and Experimental La t t i ce  Parameters 

An attempt i s  being made t o  t h e o r e t i c a l l y  p red ic t  t h e  l a t t i c e  parameters 
f o r  a U02 fueled - D20 moderated and cooled 19-rod c l u s t e r  whi h w i l l  corre- 
l a t e  t h e  experimental values.  Results  of  previous s tud ies  (1s25 i n  co r re la t ing  
t h e  thermal u t i l i z a t i o n ,  f ,  f o r  t h e  8-inch l a t t i c e ,  showed a 3% discrepancy 
between theory and experiment, The a n a l y t i c a l  ( t h e o r e t i c a l ]  r e s u l t s  f o r  
these  s tud ies  were obtained assuming Zircaloy claddfng and process tube .  The 
experiment, however, was performed using aluminum f o r  t h e  c lad  and t h e  
process tube.  A subsequent ca lcu la t ion  whereby t h e  aluminum replaced t h e  
Zircaloy r e s u l t e d  i n  a value of f which compares favorably with t h e  measured 
value,  

The scope of t h e  study was extended t o  include a ?'-inch and 9-inch 
l a t t i c e  and t o  compute values of k- t o  compare with experimental va lues ,  
The comparison of preliminary ca lcula ted  values of f and k- t o  experiment 
a r e  shown i n  t h e  following t a b l e ,  The t h e o r e t i c a l  r e s u l t s  were obtained from 
ca lcu la t ions  using t h e  THERMOS and HRG codes, The t h e o r e t i c a l  and experi-  
mental values of f and a r e  i n  reasonably good agreement, whereas a 3% d i s -  
crepancy i n  k- r e s u l t s ,  This discrepancy i s  apparently r e s u l t i n g  from t h e  
computation of t h e  product p ~ ,  The Bel l  correc t ion  was u t i l i z e d  i n  determining 
t h e  mean chord length  L, which i s  used i n  t h e  s p a t i a l  se l f -sh ie ld ing cor rec t ion  
i n  t h e  HRG code. Other means of obtaining t h i s  f a c t o r  a r e  cu r ren t ly  being 
inves t iga ted  along with t h e i r  e f f e c t s  on k-, 

Photoneutron Ef fec t s  

Calculat ions have continued t o  determine t h e  ef fec t iveness  of gamma rays  
i n  producing photoneutrons i n  deuterium using t r anspor t  theory methods. Cal- 
cula t ions  have been completed f o r  various 19-rod c l u s t e r s  a t  room temperature 
i n  t h e  PRTR, 

Results  show t h a t  a uranium-carbide ( U C )  c l u s t e r  which i s  l ight-water  
cooled and heavy-water moderated i s  25,82% a s  e f f e c t i v e  i n  producing gamma 
rays  i n  deuterium a s  i s  a point  source. A Pu-A1 c l u s t e r  which i s  heavy-water 
cooled and moderated is  7,20% a s  e f f e c t i v e  i n  producing gamma rays  i n  deu- 
terium a s  i s  a point  source. These values a r e  compared t o  28,06% o r  1T058% 
which was reported previously f o r  a 2 wt% Pu02 - U02 c l u s t e r  with heavy o r  
l i g h t  water coolant ,  r e spec t ive iy ,  

oXellPuPcrell, and R ,  C .  L i ika la ,  "Modifications t o  t h e  
Computer code, THERMOS, and- Comparative Studi  e s  on Sca t t e r ing  Kernels ," 

BNWL-193, 

( 2 %  J, R ,  Worden, W ,  L. Purce l l ,  and R ,  C ,  L i ika la ,  "Sens i t iv i ty  of Thermal 
Reactor Parameters t o  Sca t t e r ing  ~ o d e l , "  Physics Research Quar ter ly  
r ,  March, 1966, BNWL-284, Apr i l  1 5 ,  1966, 
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Batch Core Experiment i n  t he  PRTR 

Fuel loading and c r i t i c a l  t e s t i n g  have begun f o r  t h e  Batch Core 
Experiment i n  t h e  PRTR. Measurements have been made of f u e l  worths, boron 
worths, moderator l eve l  coef f i c ien t s ,  and some void coef f i c ien t s  i n  t h e  
range of 6 t o  55 f u e l  c l u s t e r s  and boron concentrations from 0 t o  25 q p m  
glO.  Analysis of these  r e s u l t s  i s  i n  progress, There i s  qua l i t a t i ve  agree- 
ment between t he  measurements and previous predic t ions .  

Axial f l u  t r averses  have been made i n  t he  PRTR using bare gold f o i l s .  
The r e s u l t s  of counting have been analyzed using t he  computer code FDCRLP 
and then f i t t e d  t o  cosine d i s t r i bu t i ons  using t he  computer code GLEX, The 
cosine f i t s  a re  very good a t  t he  center  of the  f u e l ,  with s l i g h t  deviat ions 
a t  t he  ends due t o  r e f l e c t o r  e f f e c t s ,  The peak-to-average f lux  r a t i o s  ob- 
ta ined from these  t raverses  a r e  gfven i n  t h e  foElowing t ab l e :  

No, of Fuel Boron-10 Moderator Peak-Average Flux 
Elements Concentration Level Measured Calculated 

9 0 wppm 9 8 . 5 i n 0  1.26 1,25 
12 3.5 99.75 1.27 1.26 
16 6.9 94.55 1.32 1 ,29 
23 1 0 , l  95015 1032  1030  
31 14.2 96.7 1, 31 1 ,31  
5 5 14,2  72.2 ~ 8 6  1078 

Cel l  t r averses  using lutet ium f o i l s  a r e  being made, 

A paper summarizing t he  ana ly t fca l  and experimental r e s u l t s  of t h e  Batch 
Core Experiment conducted i n  t h e  PRCF has been accepted by t h e  American Nuclear 
Society f o r  presentat ion a t  t h e  November meeting, 

Additional ca lcula t ions  f o r  t he  FERTF have been made a t  t h e  request of 
t he  Fuels Development Section of t he  Ma te r fd s  Department. These calcula t ions  
determined t h e  power generation r a t e  i n  t h e  FERTF with a borated s t a i n l e s s  
s t e e l  basket and U02 f u e l  rods,  a s  a function of u235 enrichment i n  t h e  f u e l ,  

Determination of boron concentration i n  D20 moderator solut ions  has con- 
t inued i n  t h e  Thermal Test Reactor (TTR). A 1 1  samples taken from t h e  PRCF 
during t h e  Batch Core c r i t i c a l  experiments have been evaluated f o r  boron eon- 
centra t ion by r eac t i v i t y  measurements f n  t h e  TTR, Measurements have begun on 
samples taken from the  PRTR during c r i t i c a l  t e s t s ,  

Hz0 Moderated Systems 

CPitf@al - UO? Fuel Rods 

C r i t i c a l  experiments have continued i n  t h e  PRCF using H20 moderator and 
112-inch diameter, 2 wt$ Pu02 - U02 f u e l  rods containing plutonium which has 
24 wt% ~ ~ 2 4 0 ,  The l a t t i c e  p i t ch  i s 0.85 inch, The temperature coef f i c ien t  
of r e a c t i v i t y  has been measured over t h e  temperature r m g e  2 2 " ~  t o  4 5 O ~ ,  
Dysp~osium-aluminum pins have been act ivated t o  determine s p a t i a l  d i s t r ibu t ions  
of thermal f lux  i n  several  d i f f e r en t  un i t  c e l l s ;  t he  c e l l s  contained a fllel rod, 
a t e f l on  rod ( t o  simulate a vo id) ,  a cadmium s leeve,  or  H20, Reactor noise 
experiments have been performed t o  measure t he  quanti ty B/ao  



Calcula t ions  have been performed us ing  t h e  s e r i e s  of computer codes 
THERMOS, HRG, and HFN t o  ob ta in  a n a l y t i c a l  r e s u l t s  which can be compared 
with t h e  r e s u l t s  of  t h e  c r i t i c a l  experiments which involve f u e l  elements 
conta in ing  va r ious  concent ra t ions  of  Pu240, The ca l cu la t ed  c r i t i c a l  mass 
i s  3.3% high, and t h e  ~ a l c u l a t e d  e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r  i s  0 ~ 4 5 %  
(4 ,5  m i l l i - k )  low f o r  t h e  loading  cocta in ing  24 wt$ Pu240, For a loadifig 
of f u e l  rods which conta in  8 w t %  h 2 4 0 ,  t h e  ca l cu la t ed  c r i t i c a l  mass i s  
2,2$ low, and t h e  c a l c u l a t e d  e f f e c t i v e  mi ' i l t fpl icat ion f a c t o r  i s  0,40% 
( 4 , 0  mi l l i -k )  h igh ,  Far both loadings ,  ca l cu la t ed  r a d i  a 1  d i s t r f  but ions  
of thermal copper a c t i v a t i o n  a r e  i n  good agreement with measured d i s t r i b u -  
t f e n s  and c a l c u l a t e d  worths of p e r i p h e r a l  m e 1  rods agree t o  wi th in  r ~ 5 %  
with measured worths,  

-ite Moderated S y s t e m  -- - 
P C _ T R E x p e P i m e n t s R o d  Geometry 

A s e r i e s  of  km measurements a r e  being made f o r  square g r a p h i t e  l a t t i c e s  
conta in ing  0,5-inch diameter f u e l  rods at  spacings of  2,O inches ,  4 ,0 inches ,  
and 5.0 inches ,  The f u e l  c o n t a m s  0 ,9  w t %  b 0 2  - U020 The plutonium has a 
Pu240 content  of  9 , 3  w t % ,  and t h e  uranium i s  deple ted  t o  0 ,23  wt$ u235, 

The experimental  phase of  che 4,O-inch l a t t i c e  i s  i n  progress  now, A 
64-cell  square a r r a y  has been loaded i n t o  t h e  PCTR, m d  r e a c t i v i t y  measure- 
ments have been made using t h e  c e n t r a l  fou r  e e l l s  as t h e  t e s t  c e l l ,  The un- 
poisoned l a t t i c e  has  been f l u x  matched t o  g ive  a neutron energy d i s t r i b u t i o n  
i n  t h e  t e s t  e e l 1  t h a t  i s  t y p i c a l  sf t h e  d i s t r f b u t i o n  i n  an i n f i n i t e  a r r a y  of 
e e l l s ,  F o i l  a c t i v a t i o n  measurements have been made i n  t h e  t e s t  c e l l  t o  de t e r -  
mine t h e  r e l a t i v e  absorpt ion  r a t e s  of t h e  c e l l  components, 

R e a c ~ i v i t y  measurements have been made t o  d e t e m i n e  t h e  worth of" t h e  
c e n t r a l  t e s t  e e i l ,  t h e  worth af copper on t h e  boundary of t h e  t e s t  c e l l ,  and 
t h e  worth of copper i n  t h e  cav i ty  c rea t ed  by remsual of t h e  t e s t  e e l P o  Flux 
measurements have been made on t h e  surface of t h e  c a ~ i t y  and i n  t h e  copper,  
The f l u  and r e a z f ~ v f t y  da ta  w i l l  be used t o  eva lua te  a r e c e n t l y  developed 
technique f o r  measurements In  an unpofsoned , a t t i e e ,  The r e a c t i v i t y  d a t a  
a l s o  y i e l d s  a pre l iminary  estimake of  t h e  mass of  copper which w i l l  be r e -  
qui red  a t  t h e  c e l l  bonndary t o  reduce t h e  neutron m u l t i p l i c a t i o n  t o  unnty, 
The next szep  wlEd be ZD ecmplete t h e  s tandard  experiment t o  d e t e m i n e  t h e  
cer rec% mass sf copper, 

XTR Pu62 P a r t i c l e  S ize  S tudies  -- - - - 
Reactor experiments a r e  planned t o  s t ~ d y  t h e  r e a c t i v i t y  e f f e c t  of 

lumping -02 i n  var ious  s i zed  p a r t n e l e s ,  Fuel reds  a r e  being f g b r i e a t e d  
which w i l l  conta in  2 w t %  Pu02 i n  Pu02 - UC2. Two i s o t o p i c    on cent rations 
sf Pu2k0 w i l l  be s tud ied ,  and t h e  cancent ra t ion  sf ~ 2 3 5  w i l l  be t h a t  o f  
n a t u r a l  uranium. The Pd02 p a r t i c l e s  w i l l  be o b l a t e  spheroids with major t o  
minor axis r a t i o  l e s s  than  l , 5  and w i l l  cover a s i z e  range of 0 micron 
( s o l i d  s s ~ u t i o n ]  t o  T O O  m i e ~ ~ n s  i n  d l m e t e r ,  

The exper2ments w i l l  be conducted w i ~ h  both g raph i t e  and l i g h t  water  
moderator, The g r a p h i t e  phase o f  t h e  s tudy w i l l  be coordinated wlCh t h e  
boo-inch s i n g l e  rod  Pu02 - U02 l a t t f  ee which i s  i n  t h e  r e a c t o r  now, I n i t i a l  



design of a water tank for the experiment in the PCTR test cavity has been 
completed, and drawings are being prepared for its fabrication. 

The first delivery of fuel rods is in preparation and should be received 
next month. 

Neutron Physics 

Slow-Neutron Scattering 

Work has continued on the analysis of scattering law data for H20 at 20' 
and 95°C previously obtained with the triple-axis spectrometer, Reduction 
of data to scattering law format is nearly complete. The identification of 
measurements which were invalid due to systematic errors caused by subtle 
order effects is in progress, A formal report is being prepared on these 
results . 

Data reduction has continued on scattering law data taken on H20, D20, 
and ice using the rotating-crystal spectrometer. Several inconsistencies in 
the results obtained from overlapping experiments have been identified and 
are being investigated, Attempts to fit the observed scattering law results 
with asswned phonon frequency distributions have been started using the 
LEAP/ADDELT caleulational programs, 

The first draft of a paper describing a method of high-resolution mono- 
chromatization of slow neutrons has been completed, Subsequently, it has 
been realized that certain crystalPographic principles may be used to show 
that an appreei able fracti on of the "forbidden" reflections whi ch are vi tal 
to the success of the method are in fact strictly forbidden by crystal 
symmetry, These points are now being developed for inclusion in the paper, 

Fast-Neutron Cross Sections -- 
A draft of an article which compares the experimental neutron total 

cross section results on deuterium with theoretical predictions has been 
completed, 

Work has continued on the processing of previously obtained total cross- 
section results for publication, The work of combining the results of 
individual runs is essentially complete, Detailed examinatfon of these 
results to remove input errors and inadequate corrections for systematic 
effects is in progress, 

Cross Section Evaluation 

Work has continued on the evaluation of nuclear data on a dozen isotopes 
for the AEC Evaluated Nuclear Data File/B, In the course of this work it has 
been determined that the BNW results of Foster and Glasgow on the n-p total 
cross sections are represented quite accurately by the semi-phenomenological 
predictions of Gammel (~ast Neutron Physics, J. B. Marion and J, Lo Fowler, 
Editors, Part 11, pp. 2221-2222, 19639. On the other hand, the BNW results 
on the n-d total cross section obtained with the same experimental technique 
as used for the n-p measurements and the same sample that was used in the 
precision measurements at Livermore show significant areas of disagreement 
with the Livermore and some other measurements, These discrepancies are still 
being studied, 



A r ecen t  pub l i ca t ion  from Haawell (AE~~-R51661 makes a d r a s t i c  r e v i s i o n  
i n  t h e  va lue  o f  a. (2200 mlsec)  f o r  puB41 der ived  from c o n t r o l l e d  transmuta- 
t i o n  measurements i n  a r e a c t o r  spectrum, The p r e s e n t l y  r epor t ed  va lue  of a. 
i s  0,356 *O,Ol7, The o r i g i n a l  Harweil va lue  of  0,388 *0,023 was t h e  only  
input  value i n  t h e  leas t -squares  adgustment of  Westcott ,  e t  al, which r e -  
s u l t e d  i n  a recommended value or" 0,379 X0.0210 It i s  apparent  t h a t  a r ev i sed  
adjustment us ing  t h e  new value  wouid r e s u l t  i n  a much lower output  va lue  f o r  ao. 

BNW Master Libpapy -- 
Updating of t h e  BNW Master Library continued with t h e  fol lowing i so topes  

rece iv ing  extens ive  modif ica t ions :  

1. ~~3~ was updated by using t h e  resonance parameters contained i n  BNL-325, 
Sup, 2,  Vol, 3, The c r o s s  s e c t i o n  d a t a  above 1 keV was obtained from 
t h e  ENDFfA l i b r a r y  wi th  t h e  source l i s t e d  a s  AWRE 0 30/64, The i n f i n i t e  
d i l u t i o n  resonance i n t e g r a l  f o r  t h i s  vers ion  w a s  310 barns with 0,45 eV 
c u t o f f ,  The recommended va lue  i n  BNL-325 i s  400 barns,  but  t h i s  value 
could not  be obta ined  wi th  t h e  rec~mmended resonance parameters,  

2. P u ~ ~ ~  was a l s o  updated, but  t h e  2200 mfsec capture  c r o s s  s e c t i o n  w a s  
assumed t o  be 3Oo0 barns fclLowlng t h e  measurements of  Auchampaugh, 
e t  a1, a t  Livemore ;  Pattenden at Harwell; and Young a t  P h i l l i p s ,  
The resonance parameters were obtained from t h e  values published i n  
AERE-PRfNP 9 and Phys ica l  Review Voi, 146, Noo 3. The c r o s s  s e c t i o n s  
above 1 keV were assumed t o  be i d e n t i c a l  t o  those  of puZ4O which i s  t h e  
nea res t  even plutonium i so tope ,  The resonance i n t e g r a l  obta ined  from 
t h e  above record  w a s  1 ~ 7 5  barns f o r  a 0,45 eV c u t o f f .  The measured 
i n t e g r a l s  average 1280 barns wlth an e r r o r  of 60 barns,  Severa l  changes 
will. s t i l l  be made t o  t h l s  isoespe frem t h e  a v a i l a b l e  f l s s f o n  c r o s s  - 
s e c t i o n  da te ,  This  cpange should no; a f f e z t  any c a l c u l a t i o n s  because of  
i t s  s i m n l a r i t y  LO ~a~~~~ 

3, N~~ was updated us ing  UNC-5002 as  he sousse,  Fret-ious ve r s ions  of  
n i t rogen a i s o  used t h e  same re fe rence  but  had been updated under t h e  
l i m i t a t i o n  of on ly  50 po in t s  r ep resen t ing  d i f f e r e n t i a l  e l a s t i c  s c a t t e r i n g  
d a t a ,  The caz ren t  record  has 69 such p o i n t s  with improved s t r u c t u r e  i n  
t h e  resonance reg ion ,  

4, $2 w a s  updated wi th  moLPe differential s c a t t e r i n g  da ta ,  The source of 
c r a s s  s e c t i a n s  was KF'K-12OO Differentia!. s c a t t e r i n g  c o e f f i c i e n t s  were 
abtafned from UNC-5002, A e c c ~ a e y  far t h e  t o t a l  c ros s  s e c t i o n  of carbon 
i n  t h e  resonance reg ion  i s  s i g n i f i c a n t l y  improfed, 

5, I n  t h e  updated vessnsn 0% ~1~x240 t h e  resonance regfon has s e v e r a l  new 
parameters for f i s s i o n  wndlhs, and t h e  new record w i l l  r e f l e c t  t h e s e  
changes, The new d a t a  was obtained from LA - DC - 9 6 ~ 3 ~  The c r o s s  
s e c t i o n s  above I keV were obts ined  from AWRE 91/64. The f i s s i o n  c r o s s  
s e c t i o n s  I n  t h n s  energy region need t o  be re-updated t o  r e f l e c t  t h e  

* P a r t i a l l y  funded by 02, 



"PETREL" data  which i s  much higher than t he  Aldermaston record i n  t h e  
energy region of 1 keV t o  100 keV, The Aldermaston record drops t o  
0,001 barn f i s s i o n  where t h e  Los Almos da ta  remain approximately 
0 , l  barn, 

The val ley  a t  10 eV has an experimental measurement f o r  sigma t o t a l  
of approximately 32 barns, and t h e  s ing le  l eve l  parameters have always es- 
timated a value of approximately 10 barns, To account f o r  t h e  vas t  d i f -  
ference, a very l a rge  po ten t ia l  sca t t e r ing  term was assumed as  recommended 
by So  Pear l s t e in  at BNL, 

Pu Cross Sections Update 

The l a s t  magor e f f o r t  of updating t h e  resonance and thermal energy cross  
sections f o r  t h e  plutonium isotopes on t he  BNW Master Library was f n  1963, 
( ~ t  t h a t  time known as t h e  R,B,U, Basic Library, 1 New eross-section da ta  f o r  
these  isotopes have been measured and reported i n  t h e  interim, Also, new 
evaluations of t he  2200 m/sec constants f o r  t he  f i s s i l e  nuclides have been 
made. I n  addi t ion,  changes have been made t o  t he  Master Library t o  improve 
t h e  f i t  of p a r t i a l  cross  sect ions  a s  a function of energy, The new cross 
sect ion data  and descr ip t ions  a re  included now on t h e  BNW Master Library. 

The thermal cross sect ions  f o r  ~ ~ 2 3 9  and Pu241 (below 5,O e ~ )  a r e  now 
more accurately described a s  a function of energy, Also, some "spurious" 
points  have been removed. The compari son of t h e  g values a t  20°c shown i n  
t h e  following t a b l e  along with resonance i n t eg ra l s  f o r  i n f i n i t e  d i l u t i on  
r e f l e c t  t h e  e f f ec t  of these  changes. 

The resonance cross  sect ions  f o r  Pu241 and ~u~~~ have been updated, New 
resonance parameters which a r e  used i n  t h e  Breit-Wigner s ing le  l eve l  fomu- 
l a t i o n  of t h e  cross  sect ion a r e  on t h e  l i b r a ry .  The comparison of t h e  
resonance in tegra l s  f o r  i n f i n i t e  d i l u t i on  a s  shown i n  t h e  t a b l e  r e f l e c t  these  
changes. 

The thermal cross sect ions  fo r  ~u~~~ have been updated. The 2200 m/sec 
values of a, and us now on t h e  l i b r a r y  a re  30,O and 8,9 barns, respect ively ,  
These values a r e  t h e  r e s u l t s  of recent  measurements of t he  2200 m/sec t o t a l  
cross sect ion,  These new da ta  y i e ld  a s l i g h t l y  d i f f e r en t  g value than t h e  
previous da ta  a s  shown i n  t h e  t ab l e ,  

The e f f ec t s  of updated cross  sectfons of plutonium on t h e  t heo re t i c a l  
predict ion of r e ac t i v i t y  and burnup a r e  being investigated.  

RBU Code 

A comparison of RBU ca lcula t ion with an HRG ca lcula t ion showed t h a t  RBU 
had an incorrect  formulation of t he  resonance parameter cross  sections.  This 
has been corrected and a t e s t  case w i l l  be run with RBU. 

Another comparison of t h e  RBU Monte Carlo and THERMOS calcula t ion was 
made f o r  a c e l l  containing a boron rod i n  water. Ideal  gas and sca t t e r ing  
cross  sect ions  were used i n  both codes. The average cross sect ion of t he  
boron i n  t h e  rod agreed t o  within 0,1%, while t h e  average water cross  sect ions  
a r e  within 1,2%. There i s  a 10% disagreement i n  t h e  r a t i o  sf t h e  f l ux  i n  t h e  
water t o  t h e  f l ux  i n  t h e  boron rod, RBU had a higher f lux  i n  t h e  boron rod. 
The di f ference i s  believed t o  be caused by t he  assumption i n  THERMOS of 
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i so t rop ic  sca t t e r ing  i n  t h e  laboratory system. A simular system using t h e  
Nelkin Model f o r  water showed a 5% change i n  t h e  f l ux  r a t i o  when a correc- 
t i o n  fo r  anisot ropic  sca t t e r ing  was made, The change should be l a rge r  f o r  
an idea l  gas so it i s  believed t h a t  the  RBU Monte Carlo calcula t ion i s  
probably correct .  PROGRAM S w i l l  be used f o r  t h i s  problem with P1 scat -  
t e r i ng  t o  try and ge t  a more accurate number f o r  comparison with RBU. 

FUEL CYCLE ANALYSIS 

Fast Reactor Economics 

Preliminary analys is  of the  Allis-Chalmers f a s t  r eac to r  ca lcula t ions  
indicates  t h a t  plutonium from thermal reactors  i s  a b e t t e r  f ue l  ( ~ e r  gram 
f i s s i l e )  than t h e  plutonium produced i n  a f a s t  r eac to r  blanket. Based on 
u235 a t  $12/g, plutonium from a f a s t  reactor  blanket i s  worth $17 t o  $18 per 
gram f i  s s i l e  and plutonium from thermal reac to rs ,  $19 t o  $20 per gram f i s s i l e ,  
Recycled plutonium i s  worth s l i g h t l y  more than t h a t  from t h e  f i r s t  cyc l e  plu- 
tonium discharge. Further ca lcula t ions  w i l l  be required t o  determine how 
much of t h i s  i s  due t o  t he  higher value of ~ u ~ ~ 1  r e l a t i v e  t o  Pu239 and how 
much i s  due t o  t h e  "frees' f e r t i l i t y  of I f  Pu242 de t rac t s  from t h e  
value of plutonium ( t h a t  i s ,  has a negative value a s  i n  thermal r e a c t o r s ) ,  
it i s  masked by t he  increased value of ~u~~~ o r  P U ~ ~ ~ .  A s  a rough measure 
of t h e  breeding po ten t ia l  of various fuel ing schemes, t h e  da ta  i n  t h e  
accompanying t a b l e  a r e  presented. 

Four-Groua ALTHAEA Chain 

The remaining bugs seem t o  have been eliminated from the  7090 (four- 
group) chain, and t h e  QUICK and PLOTTER codes a r e  functioning properly. 

ALLIS-CHALMERS FAST REACTOR STUDY 

Net Change i n  
F i s s i  l e  Inventory, 

Core Blanket kg/Mwe-yr 

Enriched U02 Depleted U02 -0.33 
Depleted U02, Blanket Pu02 Depleted UO2 +o. 06 
Depleted U02, PWR Pu02 ( 2 )  Depleted U02 +O, 11 
Depleted UOp, Recycle Pu02 (3 )  Depleted UOp +O, 12 
Depleted U02r PWR Pu02 ( 2 )  Depleted U Metal +O .20 

71)  Blanket plutonium compositions 96% Pu239, 4% Pu2400 

(2 )  PWR plutonium compositions 58v 5% Pu239, 23% ~u~~~~ 14% Pu241, 4.5% Pu2420 

( 3 )  Recycle plutonium compositions 47% Pu239, 23% Pu2409 17% Pu241, 13% pu2420 



REACTOR ENGINEERING DEVELOPMENT 

BWR and PWR wi th  Pu02 Fuel Study 

The computer code REPP, a thermal  and hydraul ic  core  s i z i n g  r o u t i n e  
f o r  l ight-water  moderated r e a c t o r  power p l a n t s ,  was completed. The p resen t  
problem i s  l i n k i n g  REPP i n t o  t h e  chain of  nodes used by t h e  Advanced 
Concepts and Fuel Analysis  Sec t ion  s o  t h a t  a complete a n a l y s i s  of  BWR and 
PWR may be aeeomplished, 

REPP uses  a f o u r t h  order  polynomial t o  determine f u e l  temperatures  
a t  t e n  var ious  l o c a t i o n s  along a f u e l  rod.  This  adds some f l e x i b i l i t y  i n  
f u e l  design,  such as annular  f u e l  p i n s ,  and con t r ibu te s  t o  an easy method 
of I n t e g r a t i o n  of  t h e  hea t  t r a n s f e r  equat ion f o r  cy l inde r s ,  Three sub- 
rou t ines  were w r i t t e n  t o  provide an exac t  s o l u t i o n  t o  t h e  polynomial and 
t h e  proper  r o o t  i s  s e l e c t e d  as t h e  f u e l  temperature,  

Reactor Components Development 

FERTF Support Work 

The t e s t ,  t o  eva lua te  t h e  charging and discharging f o r c e s  of  t h e  new 
FERTF f u e l  element baske t ,  was completed, 

The t e s t  cons i s t ed  of  bowing t h e  p res su re  tube  i n  small increments and 
charging and d ischarg ing  t h e  basket  a t  each s t e p ,  measuring t h e  f o r c e  f o r  
each opera t ion ,  The tube  was bowed wi th  a s i n g l e  poin t  l oad  at t h e  c e n t e r  
of t h e  tube  wi th  t h e  tube  r e s t r a i n e d  at t h e  t o p  of t h e  t o p  s h i e l d  and bottom 
of  t h e  bottom s h i e l d ,  

The basket  has  an o u t s i d e  diameter  of  3.150" t o  3.1711', and t h e  p res su re  
tube  has an i n s i d e  diameter of 3.254" t o  3.258" i n  t h e  v i c i n i t y  used f o r  t h i s  
t e s t ,  The p res su re  tube  w a s  bowed 0.250" at t h e  midpoint be fo re  t h e r e  was 
any de tec t ab le  f r i c t i o n  when i n s e r t i n g  o r  removing t h e  s h e l l .  When t h e  bow 
was increased  t o  0.325", t h e  f u e l  element s h e l l ,  wi th  26 pounds added ( t o  
s imula te  t h e  weight of t h e  f u e l ) ,  would not  s l i d e  down t h e  tube  under i t s  
own weight,  From t h e  t e s t  r e s u l t s  it i s  ind ica t ed  t h a t  a 0.330" bow i s  t h e  
abso lu te  maximum t o  be t o l e r a t e d ,  i f  t h e  tube  dimensions a r e  similar t o  t h o s e  
described above, 

Deta i led  d a t a  on t h e  t e s t  were forwarded t o  Fuel Element Design and 
Evaluation Uni t ,  

Rupture Loop P a r t i c u l a t e  Removal Study 

Deta i led  design i s  complete f o r  e n t i r e  system and a l l  necessary a u x i l i a r y  
equipment i s  on o rde r ,  Separa tor  f a b r i c a t i o n  has been delayed by HAMTC s t r i k e  
and o f f s i t e  f a b r i c a t i o n  i s  now planned. 

Scope design o f  t h e  loop t o  t e s t  t h e  FERTF a x i a l  flow s e p a r a t o r  w a s  
completed, The loop w i l l  be a r e c i r c u l a t i n g  type  wi th  t h e  pump suc t ion  and 
sepa ra to r  d ischarge  connected t o  an atmospheric p re s su re  s to rage  tank ,  The 
tank  i s  s i z e d  and b a f f e l e d  such t h a t  p a r t i c l e  carry-over w i l l  be minimum. 

Ins t rumenta t ion  t o  measure flow and p res su re  drop i s  included i n  t h e  loop,  



MATERIALS DEVELOPMENT 

PRTR Pressure  Tube Evaluat ion 

The PRTR r e a c t o r  safeguards program inc ludes  an experimental and ana- 
l y t i c a l  eva lua t ion  o f  t h e  f a i l u r e  behavior o f  t h e  p re s su re  t ubes  and a  
s tudy of  t h e  e f f e c t  of  r e a c t o r  environment on t h e s e  p r o p e r t i e s ,  

Tube 5696 w a s  s e l e c t e d  f o r  d e s t r u c t i v e  examination because of i t s  
exposure and because t h e r e  was evidence of  s u p e r f i c i a l  damage t o  t h e  i n s i d e  
o f  t h e  t o p  of  t h e  t ape red  po r t ion  of  t h e  p re s su re  t ube .  

Zirconium hydride a n a l y s i s  of a specimen obta ined  near  t h e  damaged a r e a  
revea led  27 ppm, This  low concent ra t ion  would i n d i c a t e  t h e  mark on t h e  t u b e  
has not  a c t e d  as a s i t e  f o r  a c c e l e r a t e d  hydriding,  

Lnves t iga t ion  o f  t h e  e f f e c t  of  temperature on t h e  response o f  s t r a i n  
gage c i r c u i t s  mounted on t h e  OD and I D  o f  a PRTR tube  specimen i n d i c a t e d  
apparent s t r a i n s  o f  about 400 micro-s t ra in  and 100 micro-s t ra in ,  r e s p e c t i v e l y ,  
at a temperature o f  about 175OF ( 8 0 ' ~ ) .  This  experiment i s  t h e  t h i r d  of 
t h r e e  r equ i r ed  f o r  de te rmina t ion  o f  t h e  a n i s o t r o p i c  e l a s t i c  cons tan ts  of a 
PRTR tube  specimen. 

PRTR A c t i v i t y  Monitoring 

Monitoring t h e  PRTR moderator system a c t i v i t y  i n  t h e  water  during t h e  
r ecen t  c r i t i c a l  t e s t s  has  shown a marked inc rease  i n  t h e  co60 concent ra t ion ,  
The co60 concent ra t ion  w a s  0.08 x 10-3 p C i / m l  be fo re  b o r i c  a c i d  a d d ' t i o n .  
Af te r  one week of  b o r i c  a c i d  a d d i t i o n s  t o t a l i n g  7 pprn boron, t h e  Cob' concen- 
t r a t i o n  w a s  1 . 7  x 10-3 p C i / m l .  A s  t h e  boron concent ra t ion  was increased  t o  
14  ppm boron and 24 ppm boron, t h e  ~ 0 6 0  concent ra t ion  w a s  2.9 x 10-3 p C i / m l  
and 4 . 1  x  l om3  p C i / m l ,  r e s p e c t i v e l y ,  T o t a l  a and B counts  were obta ined  f o r  
t h e  f i r s t  and second week a f t e r  b o r i c  a c i d  add i t i on .  Both a counts  Ere n e g l i g i b l e ,  The B counts  were more than  90% accounted f o r  by t h e  Co emission, 
It appears  t h a t  t h e  b o r i c  a c i d  i s  r ep lac ing  co60 depos i ted  i n  t h e  moderator 
system and causing t h e  ~ 0 6 0  t o  go i n t o  s o l u t i o n .  The l a c k  of ormal system 
p u r i f i c a t i o n  dur ing  t h i s  per iod  may have con t r ibu ted  t o  t h e  Cog' bui ldup 
observed. The opera t ion  of  c leanup ion  exchanger a t  t h e  conclusion of t h e  
c r i t i c a l  t e s t s  should decrease t h e  co60 concent ra t ion ,  The absorp t ion  of  
a c t i v i t y  on r e a c t o r  component su r f aces  w i l l  be  t h e  sub jec t  of  l a t e r  s t u d i e s ,  

Chemical Shim S tud ie s  

The procedure f o r  t o t a l  s o l i d s  a n a l y s i s  of  borated PRTR moderator water  
i s  being i n v e s t i g a t e d .  The t o t a l  s o l i d s  a n a l y s i s  i s  u t i l i z e d  i n  d e t e c t i n g  
off-s tandard water  q u a l i t y  and t h e  presence of cor ros ion  products  i n  t h e  
moderator system, The a d d i t i o n  of  150 ppm b o r i c  a c i d  t o  t h e  moderator system 
has made t h e  t o t a l  s o l i d s  a n a l y s i s  temperature dependent. When bora ted  water 
i s  evaporated t o  dryness  at 120°C i n  a vacuum dry ing  oven, t h e  b o r i c  a c i d  i s  
removed, bu t  when evaporated t o  dryness  a t  105OC, t h e  b o r i c  a c i d  i s  on ly  
p a r t i a l l y  removed. The t e s t s  i n  progress  w i l l  determine t h e  lower tempera- 
t u r e  l i m i t  t o  a s s u r e  complete removal o f  t h e  b o r i c  a c i d .  The t o t a l  s o l i d s  
a n a l y s i s  w i l l  t hen  measure t h e  m a t e r i a l  o t h e r  t han  b o r i c  a c i d  present  i n  t h e  
water  sample, 



Cermrc  Fuel  D i s so lu t ion  S tud ie s  - ,- 

Cermie f u e l  dissolution work dur ing  t h e  p a s t  month has  been cen t e r ed  
1 5  

on ,ad determkning PuO2 d i s s o P ~ t ; o n  r a t e s ,  ( b )  f a m i l t  a r i z a t f  on work wi th  
l i q u i d  a m c n i a  s o l v e n t s ,  and ( e )  d e t e m l n i n g  co r ros ion  e f f e c t s  i n  coneen- 
t r a t e d  a%;d s o l v e n t s ,  

FolZswing t h e  experimental  r e s u l t s  ob ta ined  i n  June which showed t h a t  
t h e  d i s s o l u t i o n  r a t e s  f o r  Pu02 s i n t e r e d  at  1 6 5 0 ~ ~  were much lower t h a n  
those  obta ined  wi th  Pu02 f i r e d  a t  903'C e f f o r t s  were made t o  f i n d  more 
e f f e c t i v e  procedures ,  Emphasis has  been placed on us ing  more concent ra ted  
H3P04 a t  hf ghep t empera twes  , Phosphor Pc a c i d  of about 99% eoncen t r a t  ion  
predueed by hea t ing  85% H3P34 a t  210°C f o r  one hour gave h ighe r  d i s s o l u t i o n  
rates,. Use o: ~ h f s  a c i d  a t  200°C r e s u l t e d  i n  a  d i s s o l u t i o n  r a t e  f o r  s i n -  
t e r e d  Fa02 of 0,165 gmdcm2/hr, I n h i b i t i o n  wi th  6 g m j l i t e r  F ~ ( N O  
r e h c e d  s t a m l e s s  s t e e l  co r r c s ion  by a f a c t o r  of  t e n  t o  0,12 m i l  h r  b ~ t  H20 
aLse Lowered t h e  d i s s o l u t f o n  r a t e  t o  0,024 gm/cm2/hr. The l a t t e r  w a s  s t i l l  
more t han  four t imes  a s  e f f e c t i v e  a s  t h e  un inh ib i t ed  85% H3PO4 at  155"C, 

Lrquid m c n f a ,  f m i l f a r f z a t i o n  work was begun during August wl th  t h e  
prime o b J e c t l v e  being t h e  u se  of sodf3m metal-ammonia s o l u t i o n s  t o  reduze 
c e r m i c  P ~ e l  m a t e r i a l s ,  Ehphasls has  been placed on l e a r n i n g  s a f e  handl ing 
techniques ,  During t h l s  f a m i l i a r i z a t i o n  work r u s t e d  s t e e l  specimens and 
roagnetfte have been exposed t o  scdiuln metal-ammonla s o l u t i o n  t o  o b t a i n  
q u a l l t a t l - ~ e  i n f o m a t i o n  3n t h e n  behavlor ;n a h ighly  b a s i c  reducing en- 
virosanent, Atmospheric s t e e l  c s r r o s i s n  products  a r e  reduced, The r u s t  
es,or rapidly changes t o  b l azk ,  Subsequent exposare t o  a i r  Leads t o  t h e  
re format ion  of t h e  r edd l sh  brswn Fe2G3 Treatment of  magnet i te  under p r e s s u r e  
~t 100DC r e s u l t s  i n  scme Fe304 r eduz t ion .  The primary r e a c t i o n  appears  t o  be 
t h e  f e m a ~ i o n  o f  s e d i m  m i d e ,  The l a t t e r  r e a c t i o n  w i l l  s e r i o u s l y  a f f e c t  t h e  
f e a s i b i l ~ t y  09 t h i s  p rocess  u n l e s s  t h e  formation k i n e t i c s  f o r  sodium m i d e  
e m  be zhmged,  

C o r ~ e s i o n  s t : ~ d i e s  h s & e  been d l r e e ~ e d  toward determining gene ra l  and 
n u ~ u n i f ~ r m  e f f e c t s  i n  ccrl.'zntr sted a:.ld s v l v e r r t s ,  Average corrosion Posses  
~nder.  d u ~ e s ~ . e n :  .~.:.nd,t~:~r~:, it:.;- :.rl-. .:'fir; -6uC and AISI 446 s t a i n i e s s  s t ' e e l  i n  
5 5 ° C  csneentrat ,ed sLiifdrL82 a:ld were Oa033 and 0,039 m i l ,  r e spee t . fve ly ,  i n  
seven d&ys, Expssure of t h s s e  a l l e y s  t o  a 90 vol% concent ra ted  H2S94 -. 

5 701% concentrated HN63 - 5 v;l% concent ra ted  H3PO4 s d u t i o n  a t  240°C f o r  
seven days r e s .u l t ed  i n  c o r ~ s s i o n  l c s s e s  of  0 ,03 mil and 0,007 m i l o  A seven- 
d ~ f  t e s z  ~f am ~ n c s n e l - 6 3 0  - carbon s t e e l  ga2ran ie  couple  i n  155°C coneen- 
t r a t e d  s ,dkfurie  a c i d  r e s u i t e d  i n  an a c c e l e r a t e d  a t t a c k  on t h e  carbon s t e e l ;  
about T O %  o f  , the eaabon s t e e l  specinen w a s  d i s so lved ,  Only mincr co r ros ion  
l o s s e s  were fsund ag 1nco3e--600 - AISI 304 s t a i n l e s s  couples  a f t e r  seven 
days i n  255''.C cancen t r a t ed  s u l f u r i c  a c i d  and 140°C 90 ~ 0 1 %  concent ra ted  H2S04 - 
5 -,rol% concent ra ted  HNOg - 5  pol% cancen t r a t ed  H3P04 s o l u t i o n s ,  

m lEsT <- REkCTGft  OFERATION 
- - - - - - - - -- 
C&e~a:in- 

The ba t zh  e e r e  c r i t i c a l  t e s t s  were completed i n  August, Work d i r e c t e d  
toward t h e  start  of power ope ra t i on  i ~ c l u d e d  t h e  fo l lowing:  



1. The process tubes in position 1053 and 1550 were reconnected to the 
primary system, These tubes were left empty of primary coolant during 
the critical tests, 

2, Due to the critical test program, the primary system was drained twice 
in August, The primary system drain and refill were accomplished without 
difficulty, 

3, The primary activity on the core blanket system was directed toward 
eliminating air in-leakage, The seals were replaced on the core blanket 
blower. The 35 lines from the penetrations in the bottom primary shield 
have been returned to service, The sample lines from the process tube 
expansion bellows are being returned to service at month-end. The silica 
gel in drying tower No, 1 was replaced, eliminating the flow restriction 
present in that tower, 

4, The cartridges for the moderator side leg filter were replaced for the 
third tfme in Augusto The activity being removed by the filter is 
predominately cobalt60 ~ 5 t h  some fission products included. 

50 The boron shim system was completed. The flow control system was con- 
nected to BIX-5 and checked for proper operation, BIX-5 was deuterized, 
and the moderator cleanup ion exchange unit was saturated with boron. 

Indicated helium loss for the month was 114,000 scf, Heavy water loss 
for July and August was 1239 pounds, 

Maintenance Experience 

The magor accomplishments in August were the completion of the reflector 
conversion to light water and the completion sf the boron shim system, 

Improvement Work Status 

Work Completed 

Diesel Well Pump - Remete Start 
bergency Visual Alarms 
Contai nment Valve Addition  elf um) 
Integration of Neutron Probe and Flux Recorder 

W o P k s  
New Instrument Power Suppiy 
Traveling Flux Wire Probes 
Reactor Hall Crane Work Platform 
Effluent Monitor System Calnbration Modifications 
Instrumented h e 1  Element Installation 
Relocate IX-4 
Helium Compressor Compensating Pump 
RL Annex Ventilation Enclosure 
Second Moderator Temperature Probe 

Helium Supply to Core Blanket 
D20 Addition to Primary from Outside C.V. 
Rupture Loop Bypass for In-Reactor Sectfon 



Design Completed 

Analysis of HX-1 and Primary Pump Supports 
Improvement of pH Monltor 

\ to r  Physics 

The c r i t i c a l  t e s t  r e s u l t s  were genera l ly  a s  expected. Nine elements 
were required f o r  t h e  i n i t i a l  c r i t i c a l  loading a s  compared with seven 
elements i n  t h e  PRCF, This d i f ference  es  probably due mainly t o  t h e  in- 
creased absorptions i n  various s t a i n l e s s  s t e e l  assemblies i n  t h e  ca landr ia  
i n  t h e  shroud tubes  and i n  t h e  primary coolant ( ~ 9 6 ~ 4 %  D20), The annular  
gas gaps within t h e  s h r ~ u d  tubes a l s o  contr ibuted t o  t h e  r e a c t i v i t y  l o s s ,  
A b a ~ t  2lppm B1° were required t o  balance t h e  excess r e a c t i v i t y  of t h e  55- 
element core ,  a s  compared with a predic ted  25 ppm B l o o  Most of  t -h i s  d i f -  
ferenae can be a t t r i b u t e d  to  he increased absorptions mentioned e a r l i e r ,  

Measurements of t h e  r eac t ivz ty  change due t o  l o s s  of coolant f o r  t h e  
e n t f r e  55-element core showed a l o s s  of r e a c t i v i t y  with l o s s  of coolant ,  
measured a9 mil l i -k ,  a s  compared with a predic ted  5 - 8 mi l l i -k ,  

Several  of  t h e  Arehive samples of borated moderator have been t e s t e d  
i n  TTR, with exce l l en t  r e s u l t s ,  

A 1 1  of t h e  scheduled power t e s t  descr ip t ions  have been prepared and 
issued,  with t h e  exception of t h e  OscilZatoi- Test which i s  rout ing  f o r  
approvals,  

Two single-rod THERMOS c a l c ~ i l a t i o n s  were c a r r i e d  out  on 5 wt$ PuO2 - 
Tho2 f u e l  rods f o r  t h e  Fuel Element Desfgn and Analysis Unit ,  

Moderator water q u a l i t y  has remained s a t i s f a c t o r y  throughout PRTR 
c r i t i c a l  t e s t i n g ,  even though cleanup has been very l imi ted  i n  order  t o  
mafnfann t h e  boron eoncentrat i3ns needed f o r  t e s t i n g ,  Laboratory analyses 
ind lca te  a eonductivrty genera i ly  belsw 1 mieromho/em and a pH i n  t h e  range 
5.5  LO ' 7 0 5 0  

PRTR Test 124 ( ~ i  ss ion  Gas Pressure Measuremenx i n  HPD Fuel Elements 
During I r r a d i a t i o n )  has been i ssued,  and t h e  two instrumented f u e l  elements 
have t een  ~ R a r g e d  i n  t h e  r e a c t o r o  

Doe-ment BNWL-CC-940 was ~ s s u e d  to r epa r t  t h e  r e s u l t s  of t h e  In-Reactor 
Monitoring of Zircaicy-2 PRTR Pressure Tubes, 

Technical Guidance = Progeet CBB-001 - Increased Power Level ---- - .  - - - - -- 
Bcron shim system e o n s t r ~ ~ z t  ion (phase IIJ i s  c ~ m p l e t e  (except for  t h e  

d e f e r ~ e d  i n s t a l l a t i o n  sf t h e  b o r ~ n  anakyzerj,  

The chemical shim cleanup ion  exchanger piping was t e s t e d  and f i l l e d  
with moderator D20, The system was placed i n t o  service ,  with t h e  exception 
of t h e  ion-exchanger, and checked f o r  o p e r a b i l i t y  with flow through a l l  
valves and flow measuring devices,  

The ingeet ion  pump w i l l  be aepisced when t h e  new one i s  received e a r l y  
i n  September, 

Scheduled Phase I items a r e  complete, 



Technical Guidance - Project  BCP-007 - PRTR Waste Handling 

This projec t  i s  t o  provide improved waste handling capab i l i ty  and control  
of r eac to r  systems during accident s i t u a t i o n s ,  Design o f  t h e  1 4  items i s  95% 
complete, A l l  engineered equipment items a r e  on order ,  and some valves have 
been received, No progress on construction because of t h e  s t r i k e .  

Technical Guidance - Project  BCP-013 - PRTR Contamination and Waste Control 

This p ro jec t  i s  t o  provide improved contamination and waste control  
during accident s i t u a t i o n s  a t  PRTR, ( ~ o m e r l y  BCP-007 Phase 11) The work 
includes a new ' P ~ t B  Cell  sump pump, charcoal f i l t e r s  f o r  vent u n i t s ,  manhole 
#3 monitor, sump l e v e l  ind ica to r s ,  a i r  sampling s t a t i o n ,  remote D20 t r a n s f e r  
and a pumpout f i t t i n g  a t  manhole #2, The projec t  i s  requested t o  be Ba t t e l l e -  
managed, The p ro jec t  proposal,  c a l l i n g  f o r  e igh t  items f o r  PRTR a t  a  cos t  of 
$65,000, has been approved by B a t t e l l e  and i s  awaiting approval of t h e  AEC 
review board. 

Technical Guidance - Project  CAH-119 - PRTR Storage Basin Addition and 
Experimental F a c i l i t i e s  Modifications 

This projec t  i s  t o  provide a storage basin addi t ion  and equipment f o r  
experimental work and add i t iona l  s torage  space. The building port ion of t h e  
projec t  is e s s e n t i a l l y  complete with minor exceptions and addi t ions  remaining. 

AMF has been ins t ruc ted  t o  proceed with t h e  underwater equipment con t rac t  
and t o  supply galvanized carbon s t e e l  o r  s t a i n l e s s  s t e e l  f o r  immersed p a r t s  
and t o  comply with o ther  contrac t  requirements. 

Technical Guidance - Project  AEC-193 - F i r e  Protec t ion Improvements 

This projec t  i s  t o  provide sp r ink le r  protec t ion i n  t h e  309 Building i n  
a l l  a reas  except t h e  control  room and containment vesse l .  Detailed design 
f o r  detec tors ,  alarms, and sp r ink le r  r i s e r s  i s  being done by Vitro,  

T i t l e  I1 comment drawings of underground l i n e s ,  spr inkler  r i s e r s ,  and 
sp r ink le r  system scope were received and comments returned during t h e  month, 
Design and construction of t h e  a c t u a l  sp r ink le r  system i s  t o  be done by a 
sp r ink le r  system contrac tor ,  

Reactor Safeguards 

A descr ip t ion of  t h e  plans f o r  PRTR approach-to-power t e s t s  and i n i t i a l  
power operation was forwarded t o  t h e  AEC i n  f u r t h e r  support of our request  
f o r  approval t o  s t a r t  t h e  t e s t s .  

Additional information r e l a t i v e  t o  t h e  PRTR batch core experiment was 
compiled and t ransmit ted  t o  t h e  AEC i n  response t o  quest ions received from 
t h e  Division of  Reactor Licensing, This information should enable Division 
of  Reactor Licensing t o  complete the  review of document BNWL-CC-345, "PRTR 
Final  Safeguards Analysis, Supplement 8, Batch Core Experiment," and l ead  t o  
AEC approval t o  resume PRTR power operat ion,  



NUCLEAR SAFETY 

CONTAINMENT SYSTEMS EmERIMENT ( 3 ,  M, Batch) 

Experimental F a c i l i t i e s  

Construction a c t i v i t y  remalned a t  a s t a n d s t i l l  due t o  t h e  continuation 
of t h e  s%r ike  agains t  Battelle-Northwest. Not i f ica t ion was received from 
t h e  vendor of a change i n  t h e  shipping da te  of t h e  reac to r  simulator vesse l  
frsm September 9 t o  October 24, Design and fabr ica t ion  est imates were ob- 
t a i c e d  f o r  a 1000 efm a i r  cleaning system f o r  t h e  containment vesse l ,  The 
system would allow t h e  use of commercial s i z e s  of p a r t i c l e  and charcoal 
f i l t e r  modules plus condensers, demisters ,  and scrubbers, Scope drawings 
were prepared t o  ob ta in  cos t  est imates on poss ib le  modifications of t h e  high 
temperature h e a t ~ n g  loop t o  allow blowdown of t h e  reac to r  simulator vesse l  
through t h e  loop piping and then l n t o  t h e  containment vesse l ,  and a l s o  t o  
provlde a p ressur ize r  vesse l  and c i r c u l a t i n g  pump t o  increase t h e  experimental 
c a p a b i l i t i e s  of t h e  system, 

Aerosol Studies 

Studies of t h e  behavior of aerosols  were continued using t h e  s t a i n l e s s  
s t e e l  aerosol  tank i n  t h e  Aerosol Development Laboratory, Run 67 involved 
re lease  s f  elemental iodine i n  a dry a i r  atmosphere and had t h e  primary obgec- 
t i v e  of examining t h e  e f f e c t  t f  a i r  ve loc i ty  on airborne concentrat ion versus 
tlme, Because of an unexpectedly shor t  airborne half-time, t h e  iodine ex i s t ed  
aalnPy i n  nsnreactlve chemnzal f o m s  during t h e  period of a i r  speed v a r i a t i o n ,  
and any a l rbs rne  concentration changes due t o  a i r  speed were obscured, 

Runs 68 and 69 involved injection of s t a b l e  xenon labeled  with 5 , 3  day 
~e~~~ t o  t e s t  mixing e f f e c t s  and sampling equipment f o r  xenon i n  a i r  and i n  
s t e m - a i r  atmospheres, Data from sample po in t s  a t  0,3 and 0 ,9  vesse l  radius  
a r e  being f i t t e d  t c  t h e o r e t i c a l  aarwes representlng solut ions  of t h e  diffusion 
equations to obta in  a measure of mo,ecular p l ~ s  eddy d i f f u s i v i t i e s .  Bulk motion 
s f  t h e  xenon In  t h e  vesse l  f a r  overshadowed t h e  molecular d i f f u s i v i t y  of about 
0,P em2Isee f o r  xenon In a i r o  The observed t o t a l  d i f f u s f v i t y  i s  estimated t o  
be i n  the  order  of 1 , O  cm2/sec, G e c e ~ a l l y  s imi lar  r e s u l t s  were obtained i n  
R&n 69 with a steam-air atmosphere a t  8OoC, but t h e  r e s u l t s  have not yet  been 
analyzed, Run 70 re leased hydrogen zodide (HI.) i n t o  a steam-air atmosphere, 
Results  a r e  not a a a l l a b i e ,  

The penet ra t ion  s f  xenon through t h e  CSE backup t r a p s  f o r  t h e  aerosol  
sampling system was measured f o r  a i r  flow r a t e s  of 0.85 and 12.0 l f t e r s /min .  
The penet ra t ion  1s l e s s  than 2% for  a 1-hour perlod a t  l 2  l i te rspmin f o r  a 
t r a p  containing 110 g ~ m s  of ac t iva ted  coconut charcoal a t  -47"C, 

The re ten t ion  of xenon on t h e  charcoal paper and charcoal bed of Maypack 
samplers was observed during Runs 68 and 69, There was no re ten t ion  by t h e  
charcoal  paper; however, t h e  charcoal bed re ta ined about 9% of t h e  inc ident  
xenon during a 5-min sample period with a i r  a t  26% The corresponding re- 
t e n t i o n  with a steam-air sample a t  8 1 V  was a b o ~ t  1%,  



The f e a s i b i l i t y  of c o l l e c t i n g  xenon t r a c e r  gas  leakage a s  an inde- 
pendent check of  t h e  leakage ca l cu la t ed  from pressure-volume-temperature 
measurements w a s  determined. The xenon s to rage  system had a known leaky 
f i t t i n g ,  The l e a k  w a s  bagged with p l a s t i c  and sweep a ir  w a s  drawn through 
t h e  bag and xenon c o l l e c t e d  i n  a t r a p ,  The c o l l e c t e d  xenon t r a c e r  w a s  
counted and t h e  leakage r a t e  determined from t h e  known s p e c i f i c  a c t i v i t y  
of t h e  s t o r e d  gas ,  The leakage r a t e  ca l cu la t ed  from P-V-T measurements 
w a s  72 cm3/hr, and from xenon counting,  67 cm3/hr0 

Aerosol Generation 

Both r ap id  and slow r e l e a s e  r a t e s  of  ae roso l  components i n t o  t h e  contain-  
ment v e s s e l  a r e  being plannedo Test  runs were completed of r a p i d  r e l e a s e  
methods i n  which up t o  100 grams of elemental iodine  were r e l eased  i n  l e s s  
than  1 0  minutes.  For t h e  slow r e l e a s e s ,  t h e  goal  i s  t o  r e l e a s e  iodine  at a 
uniform r a t e  of about 330 mg/min f o r  a r e l e a s e  du ra t ion  of 300 min, Uniform 
r e l e a s e  r a t e s  were obtained f o r  per iods  of 100 mini sweep gas f low r a t e  and 
genera t ion  temperature a r e  being va r i ed  t o  achieve t h e  des i r ed  r e l e a s e  ra tes :  

A s c i n t i l l a t i o n  c r y s t a l  d e t e c t o r  system w a s  s e t  up t o  count t h e  80 Kev 
gamma rays  from xe133 i n  t h e  c h a r c o d - f i l l e d  s t a i n l e s s  s t e e l  xenon t r a p s .  

Blowdown Tes t s  

Nine blowdown t e s t s  were conducted on t h e  SM-2 v e s s e l  with 2 5 0 " ~  and 
200 p s i g  water and 8-inch rup tu re  d i s c s .  A pressure  t ransducer  w a s  i n s t a l l e d  
i n  t h e  top  of  t h e  v e s s e l  t o  monitor t h e  vapor phase pressure ,  Osci l loscope 
t r a c e s  of t h e  pressure  t ransducers  were t r i g g e r e d  success fu l ly  by a technique 
us ing  a wire cemented t o  t h e  upstream rup tu re  d i s c ,  Data from t h e s e  t r a c e s  
have not been completely analyzed y e t ,  

I n  seve ra l  t e s t s  t h e  blowdown was i n i t i a t e d  by increas ing  t h e  p res su re  
between t h e  two rup tu re  d i s c s  i n s t e a d  of r e l e a s i n g  pressure ,  

Decontminat  f on 

Containment system decontamination e f f o r t s  during August have been 
centered  on determining t h e  e f f ec t iveness  of vapor phase cleaning procedures 
on pa in ted  su r faces ,  Low e f f i c i e n c i e s  were obtained wi th  s t e m  suspended 
so lu t ions  of H3POb-HBr and a l k a l i n e  pemanganate followed by HN030 Iodine 
decontamination f a c t o r s  were two o r  l e s s .  The a l k a l i n e  permanganate-HN03 
process a l s o  l e d  t o  b l i s t e r i n g  of t h e  pa in ted  su r faces ,  

CSE Instrumentat ion 

A Norwood 0 - 500 p s i  s t r a i n  gage pressure  t ransducer  has been c a l i b r a t e d  
and i n s t a l l e d  on t h e  SM-2 v e s s e l  t o  measure vapor p res su re  during blowdown 
t e s t s ,  

Tes t s  were conducted on e l ec t rodes  t h a t  were proposed f o r  use as conduc- 
t i v i t y  probes t o  measure t h e  l i q u i d  l e v e l  i n  CSE, The Auburn model ~ ~ ~ - 1 1 3 8 - ~  
Alumina in su la t ed  e l ec t rode  f a i l e d  a f t e r  four  hours exposure t o  3000 p s i  and 
6 4 9 ' ~  temperature,  Inspec t ion  of  t h e  f a i l e d  e l ec t rode  ind ica t ed  t h a t  t h e  
Alumina i n s u l a t o r  had cracked along t h e  s k i r t  on t h e  low pressure  (ambient) 



s i d e .  Also, t h e  e l e c t r o d e  t o  Alumina s e a l i n g  compound w a s  eroded o r  d i s -  
so lved  i n  t h e  same a r e a .  The Auburn model F-140 Alumina i n s u l a t e d  e l e c t r o d e  
has  s i n c e  been t e s t e d  i n  t h e  same environment over  a p e r i o d  o f  800 hours  
without  f a i l u r e .  Res i s tance  o f  t h e  e l e c t r o d e  from t h e  t i p  t o  t h e  base  when 
completely submerged i n  water  was found t o  be 4 3 ~  ohms, 

The Namak I n c , ,  high-speed thermocouple probes have been r ece ived  and 
a r e  being eva lua t ed  f o r  accuracy i n  t h e  Standards Laboratory,  The p r e s s u r e  
v e s s e l s  w i l l  r e q u i r e  mod i f i ca t i ons  t o  permit  t h e  use  of  t h e s e  t hemoeoup le s ,  

PRESSURE VESSEL CRACK MONITORING (J, C ,  Spanner) 

Detec t ion  of Metal Ove r s t r e s s  by Acoust ic  h i s s i o n  

A r e p o r t  ( B N W L - C C - T ~ ~ ~ ,  summarizing p rog re s s  i n  developing a system t o  
monitor  c rack  growth I n  r e a c t o r  p r e s s u r e  p ip ing  by sens ing  a c o u s t i c  emission,  
was prepared  and i s sued  i n  aeco rdmee  wi th  a  d i s t r i b u t i o n  l i s t  fu rn i shed  by 
t h e  AEC-DRDT program monitor ,  This  r e p o r t  covers  t h e  pe r iod  March t h r u  June 
1966, 

Work has  been i n i t i a t e d  t o  develop a conceptual  design of  t h e  p ro to type  
monitor ing in s t rumen ta t i on  system f o r  f u l l  s c a l e  a p p l i c a t i o n  t o  p r e s s u r e  
p ip ing  s u r v e i l l a n c e  by acous t i c  emission,  The obJec t ive  i s  t o  de f ine  a 
complete instrument  system t o  ~ e c e i v e  d a t a  from m u l t i p l e  t r a n s d u c e r s ,  ana lyze  
t h e  d a t a  f o r  s i g n i f i c a n t  consent ,  and p r e s e n t  t h i s  information i n  a  d i r e c t l y  
u sab l e  form. It must a l s o  e i t h e r  d i r e c t l y  l d e n t i f y  t h e  s i g n a l  source  l o c a t i o n  
o r  p rovide  t h e  i n f o m a t i o n  necessary  t o  c a l c u l a t e  source l o c a t i o n ,  

A bonding m a t e r r a l  eapabie  of withstanding l cng  s e r v i c e  at  high tempera- 
t u r e  i s  needed f o r  t r ansduce r  mounting, Seve ra l  epoxy cements a r e  being 
t e s t e d  t o  determine t h e i r  l ~ n g  term r e l i a b i l i t y  at  e l eva t ed  tempera ture  
(600 - 6 5 0 " ~ ) .  To d a t e ,  one epoxy m a t e r i a l  (w, T. Bean Type H )  has  wi ths tood  
two weeks z f  exposure at  6 0 0 9  s a t i s f a c t c r i i y  

A s e r l e s  o f  t e s s s  i s  I n  p rog re s s  t o  s tudy  a z o u s t i c  emission from c rack  
f o m a t i o n  and growth I n  double e a n t l i e s e r  beam specimens, The obgec t ive  i s  
t o  subscan t r a t e  e a r h e r  indications of emission p a t t e r n s  c h a r a c t e r i z i n g  c r ack  
f o m a t i o n  and growth, Specimens cf various th i cknes se s  f a b r i c a t e d  from 304-L 
s t a i n l e s s  s t e e l  and A212 s a ~ b ~ n  szee; a r e  belng used, So f a r ,  t h e  same g e n e r a l  
p a t t e r n  a s  be fo re  has  genera ted  from Zracs  f a m a t i o n ,  I n  a d d i t i o n ,  however, 
it has been found that inc reased  an ;p l i f ica t ion  c f  t h e  s i g n a l s  ob t a ined  from 
a h igh  s e n s i t i v i t y  acce l e rok~~e te r  shsws t h a t  cons ide rab l e  a c o u s t i c  emission 
s l g n a l s  a r e  genera ted  by ex tena lcn  of a preformed c rack ,  E a r l i e r  t e s t s  at  
lower g a l n s  showed s t r o n g  signals dur ing  c r azk  formation b u t  very  l i t t l e  
a c t i v i t y  dur ing  c rack  growth, The c ~ m b i n a t i o n  o f  a h igh  sensitivity t r ansduce r  
wi th  addl  t i o n a l  moderate m p l i f  nz-atlon appears  adVfantageous from t h e  s tand-  
p o i n t  of  s i g n a l  ts n o i s e  r a t f o  as compared t o  a lower s e n s i t i v i t y  t r ansduce r  
wi th  h igh  (105 - 106% mp;af;catlon, 

An improved s e l f - a i i g n l n g  electrostatic t r a n s d u c e r  i s  being developed 
f o r  d e t e c t i o n  o f  a c o u s t i c  emission, The t r ansduce r  housing u n l t s  have been 
redesigned and pro to types  a r e  being f a b r i c a t e d  o n s i t e ,  Thls  t r ansduce r  w i l l  
f e a t u r e  an e l e c t r o s t a t i c  s h l e l d ,  law capacity, and a  sp r ing  loaded,  s e l f -  
a l i g c l n g  h o t  e l e c t r o d e  m d  should be capable  o f  ope ra t i ng  a t  tempera tures  t o  
100O0F o r  h ighe r  w i th  l i t t l e  change i n  e f f l c f e c e y  as a func t lon  of  t empera ture .  



A s p e c i a i  low no i se ,  charge s e n s i t i v e  p r e m p h f i e r  has been f a b ~ i c a t e d  
fop use  with t h e  e l e c t r o s t a t i c  t ransducer  i n  an e f f e ~ t  t o  a l l e v i a t e  t h e  
ppoblem of  low s e n s i t i v i t y "  I n l t l a Y  evaluation of  t h i s  preamp i n d i c a t e s  
t h a t  ga ins  sf up t o  3000 can be obtained through a frequency range of 100 Hz 
t o  2 MHz, This  ampl i f i e r  can a l s o  be used t o  advantage with o t h e r  types  of 
t ransducers ,  

REACTOR SAFETY ANALYSIS AND EVALUATION ( R ,  G ,  Wheeler) 

Subsize Vessel F a i l u r e  A n a l p i s  - 
Two subs ize  A-212-B t e s t  v e s s e l s ,  18 fnzhes long,  were obtained from t h e  

ETR r e a c t o r  a f t e r  an exposure of two r e a c t o r  cyc les  i n  %he M 3  p o s i t i o n ,  A 
l ong i tud ina l  s l o t ,  1 C-bnch ~ ; n g ,  0 0 6 - r n ~ h  wide, and 0,2-inch through t h e  
0,25-lnch wal l  thickness, was machlned nn t h e  tublng  samples. One t e s t  w a s  
made at 5692, t h e  o t h e r  a t  72'C, The specimen a t  5 6 ' ~  f a a l e d  by f u l l  l eng th  
cleavage when t h e  hoop s t r e s s  reached 60,500 p s i  The specimen a% 92'C 
f a i l e d  i n  a p a r t i a i l y  ductile Kanner at a  hosp s t r e s s  of 7 l ,000  p s i ,  Thus, 
t h e  n i l  ductility t r a n s i t i o n  temperature 1s approxlmateiy 33°C f o r  A-212-B 
p res su re  v e s s e l  s t e e i  a f t e r  two ETR r e a z t o r  cyc le s  or  an approximate t o t a l  
f l u x  of 5 x 1018 nvt ( E  a 1  ~ e o ) ,  

The acous t i c  emlssion l i s t e n i n g  teehnnque was appl ied  to t h e s e  t e s t s  t o  
s tudy t h e  emission pac te rnso  The t e s t s  were recorded and a r e  now belng 
played-back f o r  maPys r s ,  

COLUMBIA RIVER SEDIMENTATION STUDIES iJ , M ,  Nlclsen j 

Spec ia l  s m p l l n g  of water ,  suspended sediment, and bottom sedkment i n  t h e  
Columbia River ,  contlnued during t h e  prolonged shutdawn of a L I  r e a c t o r s ,  w i l l  
a l s o  be extended t o  bnclude c t e  per iod  of  t h e i r  r e a c t i v a t i o n ,  These samples 
should provide unique d a t a  f o r  d e t e m l n i n g  t h e  r e l e a s e  and uptake of s e v e r a l  
radfonuclndes by r l v e r  sedimznts-  

WASTE SOLIDIFICATION CONDENSATE TREATMENT \5 J ,  Alk l re )  ---------- 
Experiments on t h e  twc=atep scsvenglng treatment  of g l a s s  mel te r  conden- 

s a t e s  were contlnued, A s e l e r t l o n  or t h e  optimum concentratasn of  monarun 
phosphotungstate (AWF)) w a s  based ulpvn t h e  premlse t h a t  a decontamanatlon f a c t o r  
of  20 f o r  Cs wsjlld permit s to rage  or" che t r e a t e d  supernate I n  a spha l t  without 
d e l e t e r i o u s  r adzo lys i s  e f f e c t s ,  An AWP ccncentra-anon of 0,005 M - was s e l e c t e d  
f o r  f u r t h e r  use ,  

I n  t h e  mlxed hydraus oxide step.,  0'05 - M ~ n * ~  w a s  added t o  t h e  AWP super- 
n a t e ,  and p r e c r p i t a t l o n  was e f f e c t e d  at pH 10 ,  Thbs concent ra t ion  w a s  s e l e e t e d  
on t h e  b a s i s  of previous work, 

For t h e s e  concent ra t ions  t h e  two-step pro2edu-e was inves t iga t ed  f o r  
optimum mixing and quiescent  %imes, A s t a t i s t i c a l  a n a l y s i s  showed t h a t  AWP 
samples which were mixed vlgorousBy f o r  ane hoar and then  cent r i fuged gave 
r e s u l t s  comparable t o  samples whish were mixed androz q u ~ e s c e n t  f o r  longer  
per iods ,  Far  t h e  mnxed hydrous oxlde s t e p  only 5-mnnute mixlng w a s  requl red  
p r i o r  t o  c e n t r i f u g a t i o n ,  



The s t a t i s t i c a l  a n a l y s i s  a l s o  r evea l ed  t h e  fol lowing:  

1, I n  t h e  AWF s t e p  on ly  C s  remeval w a s  h igh ly  r ep roduc ib l e ,  i . e . ,  
9T06 2 0,6%,  Ru, Ce, and Zr removals v a r i e d  t o  a much g r e a t e r  
e x t e n t ,  i . e , ,  1 8 , l  f 5,0%, 2g47  t 7.6?i0 Oc8 ? 1.8%, r e s p e c t i v e l y o  

2, I n  t h e  hWP s t e p  on ly  Z r  removal appeared t o  be app rec i ab ly  a f f e c t e d  
by longer  con tac t  t imes ,  however, t h e  a d d i t i o n a l  removal was ve ry  
s l i g h t  s o  t h a t  l onge r  t ime pe r iods  involved were not  warranted,  

3 ,  I n  t h e  mixed hydrous oxide s t e p  Ce and Z r  removals were h igh ly  repro-  
duc ib l e  as expected,  i , e , ,  98,7 f 0.5% and 97.1 f 0,9%,  r e s p e c t i v e l y ,  
This  n s  a t t r i b u t e d  t o  t h e  c o l l o i d a l  na tu re  o f  t h e s e  r ad ionuc l ides  a t  
pH 10 .  On t h e  o t h e r  hand C s  removals were q u i t e  v a r i a b l e  (67 ,8  f 12,0$!, 
a s  observed I n  prev ious  s t u d i e s o  Once aga in ,  Ru removals were f a i r l y  
v a r l a b l e ,  belng 6 5 c 3  Z 7 0 2 %  

4 ,  Over-all  removals f o r  t h e  two s t e p s  were ve ry  good s t a t i s t i c a l l y  f o r  
Ce, C s ,  and Z r ,  i . e o ,  99,O t 0 ~ 4 % ~  99,2 t 0 . 4 % ~  and 9 7 , l  f 0.9%, 
respectively. Ru v a r i a t i o n  was s t l l l  f a i r l y  l a r g e ,  bu t  b e t t e r  than  f o r  
e l t h e r  s t e p  a lone ,  i , e , ,  7 6 = 5  2 4.2%? 

Future  work w i l l  be d i r e c t e d  toward determining whether t h e  K ion  can be 
s u b s t i t u t e d  f o r  NH4 i on  I n  t h e  AWF precipitation and main ta in  s a t i s f a c t o r y  
C s  removals, 

FISSION PRODUCT AEROSOL CONTAINMENT 

Removal of  O r e n i e  Iod ide  w i t h a y d p a z l n e  (L, C ,  ~chwendiman) - - 

The efficiency of  sprays  con ta in ing  hydrazine f o r  removing a i r b o r n e  
methyi fod lde  was de temhned f o r  t h r e e  hydrazine concen t r a t i ons ,  An i n i t i a l  
aeroscP t e m p e r a t ~ r e  3P 75 - 8oEC w a s  used,  Four l i t e r s  o f  t h e  hydraz ine  
s o l u t l o n  was r e c ~ r c u l a t e d  through t h e  sp ray  nozz le  f o r  a pe r iod  o f  60 minutes  
I n  twc experiments  and 90 minutes  i n  a  t h l r d ,  The fo l lowing  t a b l e  shows t h e  
remeosl e f f l c l e n z i e s  ob t a ined ,  

SPMY REMOVAL EFFICIENCY FOR CH-41 

Spray Composition, Run Durat ion,  % CH3I 
Run 2- min, Removal 

I n  Run SC-20 t h e  change i n  coneen t r a t l on  wi th  t ime was measured by sampling 
t h e  gas  phase every 1 5  minutes ,  The decrease  i n  concen t r a t i on  of  methyl i o d i d e  
w a s  exponen t i a l  wfth t ime,  e x h i b f t l n g  t h e  characteristics o f  a  f i rs t  o r d e r  r e -  
a c t i o n  wi th  a h a l f - l i f e  of 50 m i n ~ t e s ,  h l a r g e  excess  o f  hydrazine was p r e s e n t ;  
hence, t h e  r e a c t i o n  r a t e  was c o n t r c i l e d  by t h e  concen t r a t i on  o f  methyl fod ide  
as was a n t i c i p a t e d ,  To reduce t h e  methyl lodfde  t o  1% of  t h e  o r i g i n a l  eoneen- 
t r a t r o n  weuBd have r equ i r ed  about 5 hours  of spray ing  wfth t h e  5 wt% hydrazfne - 
5 wt% ammoniac 



The f r a c t i o n  of methyl iodide pernowed i n  a given time f o r  a given 
hydrazine concentrat ion was not s fgcs f i can t ly  different a t  80°C than a t  
room tempe~a tu re .  This observation is somewhat annexpertedb however, it 
must be remembered t h a t  although the s t a r t i n g  temperature was 75 - 80°C, 
t h e  f i n d  temperature was about 50°C ,n t hese  experiments, 

Physfeal ( L o  Lo  urger) 

The study of r eac t i cns  i n  t h e  hetersgenervs sysf em, hydraalne, water,  
methyl iodfde,  and s o d i m  hydroxidev cbntxnaed wkth t h e  obdectfves of deter-  
mining t h e  r a t e  con t ro l l ing  s tep  and 2hsra"terlzing t h e  r eac t ion  mechanisms. 

Some experiments were pepformed t o  measure t h e  temperature dependence 
of  t h e  r a t e  of methyl aodlde removal Lrcm che gas phase o-fer scdutaons of 
hydrazine, Results  a r e  shown l n  t h e  fs , lcw~rig t a b l e ,  

VARIATION OF REACTION HALF-LIFE POW 0,0504N NaOH 
SOLUTION AND SURFACE AREA CF 5065  em2 AS A FUNCTION 

OP WEIGHT PER CENT HSDRXZZNE PSJD TEWEFUTURE 

W t  % Temperasure, Half-Life, 
3 ni 

- LC,, - msn, -- 
5 0 56 6 a 7 
5 0 29,T 733 
~ " ~ 5  50.1 24,5 
i 7 . 5  29 T 82  

These r e s u l t s  showed a rather ama,l fernperat- re dependence f o r  t h e  re-  
ac t ion  over 50 w t %  hydraelne soiur~oas, A more ssgnsfleanc increase  i n  r a t e  
with temperature was shown f o r  the l 7 , 5  wt% hydrazine s o l u t ~ o n ,  

The poss iba l f ty  of rnereasing Transfer r a t e s  t o  t h e  Ylqnid surface  by 
adding ethanol  t o  t h e  hydrazlne was ~n%eseuga ted  I n  a s rngle  experiment, No 
s i g n i f i c a n t  change i n  r a t e  of remGra~ of CH3I was noted when 35 w t %  hydrazine, 
O , O 5 N  NaOH were used, Other wrganlc compourds w i k i  be eonsndered whfch a r e  
more-surface-active than e t h a m i  30r r h l s  purpose 

The gas phkse reac t ion  between hydrazlne and rr.ethyi iodnde In t h e  
absence of an aqueous hydrazine surface  was m ~ e s t ~ g a t e d ,  I n  t h e  e a r l i e r  
experiments a l i q u i d  surfa2e was avaklable whlch eouid a c t  t; remove some 
of t h e  products o r  to p r o v ~ d e  a phase i n  whaeh reac.&loC could proceed more 
rap id ly  than nn t h e  gas phase, The r a t e  sf removwl 3f methyl iodide from 
t h e  gas phase was measured sn a gessei  i n  which only gaseous methyl iodide 
and hydrazine were aliswed ts r e a c t ,  The n c ~ t r a l  p a r t r a l  pressure of hydra- 
zfne was about 12 m, and the  p a r t l a i  pressure oZ methyr i sd lde  about 
0,004 mm of Hg, The methyi ~ o d a d e  decreased 11% I n  73 minutes. In  eom- 
parable gas concentrat ions ose r  hydraenne s s k ~ z i s n s ,  t h e  methyl fodide i s  
removed with a half-time of abcut 7 mnnutes, Thxs experrment emphasizes t h e  
importance of t h e  Piquid-gas phase reactLon, 

A study of t h e  r eae t fon  of methyl lodide and hydrazsne i n  a l k a l l n e  
aqueous solu t ions  was s t a r t e d ,  I n i t i a l  experiments usLng methyl i o d ~ d e  
tagged with radioiodane suggest t h a t  acetone present  i n  t h e  tagged methyi 



iodide influences t h e  r a t e  of r eac t ion ,  Previous experiments had indica ted  
t h a t  t h e  aqueous phase r e a c t i o n  was f i r s t  order  with respect  t o  hydrazine. 
The r e s u l t s  shown i n  t h e  following t a b l e  show t h a t  t h e  acetone apparently 
causes t h e  r eac t ion  r a t e  t o  be much l e s s  s e n s i t i v e  t o  hydrazine concentrat ion.  

SUMMARY OF THE REACTION BETWEEN METHYL IODIDE AND 
HYDRAZINE I N  AQUEOUS SOLUTION AT ca ,  22'C 

( C3H60) 
( C H ~ I  ) I n i t i  a 1  

[ N2H4 ( N ~ O H  1 Approx i mate T1/2 
M wt% M M M min . - - 

5.2 16,7  0,08 0.085 Not determined 0.4 
0,bT l c 5  0.050 01112 3.4 x 10-7 4 
0,235 0,75 0.050 05112 3.4 x 10-7 4 
0,235 0.75 0,050 0,224 6,8 x 10-7 8.7 
0,12 0,38 0,050 0.224 6,8 x 8-8 

These a r e  prel iminary d a t a  and f u r t h e r  inves t iga t ions  w i l l  be undertaken. 
Acetone i s  commonly present  i n  tagged methyl iodide a s  received;  hence, any 
inf luence  on t h e  r eac t ion  r a t e  should be determined t o  assure  v a l i d  labora tory  
r e s u l t s  . 
DISPOSAL OF REACTOR OFF-GAS INTO SOIL SYSTEMS Haney ) 

Before beginning computer sc lu t fon  of gas ingeetion problems involving 
confining l a y e r s ,  a  r a t i o n a l  approach t o  f a s t e r  so lu t ion  has been sought. 
It was found by numerical experimentation t h a t  using one acce le ra t ion  f a c t o r  
(over-relaxation f a c t o r )  throughout t h e  problem i s  probably b e t t e r  than 
allowing t h e  f a c t o r  t o  change. The bes t  approach appears t o  be: ( 1 )  de ter -  
mine t h e  b e s t  f a c t o r  with a coarse g r i d ;  ( 2 )  r e f i n e  t h e  g r i d  and determine t h e  
bes t  f a c t o r  f o r  t h e  smaller  g r l d  s i z e ;  ( 3 )  ex t rapo la te  a  curve of acce le ra t ion  
f a c t o r  vs ,  g r i d  s i z e  t o  t h e  f i n a l  des i red  g r i d  s i z e  f o r  so lu t ion  of t h e  
problem; and ( 4 1  choose t h e  f a c t o r ,  Thls approach appears t o  save considerable 
so lu t ion  time over methods used In t h e  pas t .  

The seismic explora t ion  program performed f o r  IDO-AEC a t  NRTS was com- 
p le ted ,  and r e s u l t s  were t ransmit ted  t o  t h e  Waste Management Branch. The 
a rea  surveyed, about 1000 f t  south of t h e  LOFT s i t e ,  i s  t h a t  chosen f o r  
preliminary gas fnJec t ion  t e s t s  and f o r  t h e  a c t u a l  r eac to r  off-gas i n j e c t i o n  
severa l  years  i n  t h e  f u t u r e .  The shal low-refract ion survey covered an a r e a  
of about 1 mi2 on a 600-ft g r i d ,  Depths of  t h e  b a s a l t  from ground surface  
va r i ed  between 8 and 60 f t ,  Generally, good q u a l i t y  records were obtained 
from t h e  shooting, 

RADIOACTIVE RESIDUE PROCESS DEVELOPMENT ( A .  M ,  P l a t t  - G. J .  Alkfre)  

-el Wastes 

The f i n a l  r epor t  on t h e  propcsed experimental and opera t ional  plan f o r  
t h e  waste s o l i d i f i c a t i o n  and evaluation program was reviewed with p a r t i c u l a r  
emphasis on t h e  experimental designs f o r  labora tory  and p lan t  s c a l e  "hot" 
runs,  



Work was continued on a response surface study of the effect of various 
additives on the closure temperature and drip temperature in the waste 
solidification process. Special cubic response surfaces were selected, and 
the contours are being mapped for graphical presentation. Reports on both 
the phosphorous-boron-silicon system are being prepared. 

Waste Solidification Engineering Prototypes (WSEP) 

An exploratory rfsing-level glass run with a modified, simulated PW-1 
feed performed in the WSEP equipment in B-Cell was aborted because of corro- 
sion failure of the 310 stainless steel pot, Relatively uniform corrosion 
rates within the pot of 100 to 200 milslday were experienced at the 950'2 
temperature used, Corrosion failure of the 304-L stainless steel themo- 
couple well occurred at an even greater rate than with 310 stainless steel, 
Laboratory data have confirmed the attack of 304-L stainless steel but have 
indicated attack of 310 stainless steel 1 to 2 orders of magnitude lower than 
that experienced, The utility of the double-containment feature of the 
prototype pot furnace was demonstrated by the containment of the 30 liters 
of molten waste that leaked from the failed pot without damage to any equip- 
ment, Successful demonstration of separate addition of modified feed and 
liquid glass-making additive to the pot was accomplished, Self-cleaning 
of the total off-gas line and pot neck by controlled reflux techniques was 
demonstrated, 

The film feeding technique made possible the predicted 30 liters/hour 
feed rate achieved into the 12-ineh-diameter pot, 

Testing of the modified ultrasonic station for pot wall thickness mea- 
surements is nearing completion, and the unit is working satisfactorily, 
Testing of the gamma scanner system, the pot deesntamination and storage 
systems are well under way. Final elean-up of remotability testing of WSEP 
in-cell equipment is nearly done, 

Installation of the WSEP phosphate glass equipment in the Engineering 
Development Laboratory 102 is complete and is ready for the forthcomfng 
design verification tests, 

The addition of 5 5  Piters/hour sf water to a hot Qgoooe] pot furnace 
susceptor as an emergency cooling technique was demonstrated to be safe, 

The operation of the G,E,-412 ecmputer was reasonably satisfactory 
during the recent WSE pot ealcfnataon cold run, While there was only one 
failure of the machine itself during the four-day run, the data reduction 
and data presentation programs are still in need of reffnement. Areas of 
improvement include the calculation of tank depletion rates, furnace power 
input, and the establishment sf reasonable upper and lower limit alarm values, 
The one failure of the machine apparently stemmed from an electrical power 
surge experienced about 3: 45 a,m, , August 9, the transient causing the machine 
to branch to a nonexfstent core location, where it stopped, 

Since the next most probable run that will be made with the WSE facility 
will be a spray cdciner run, the 412 computer has been reprogrammed accordingly 
with a previously prepared program, An initial check proved the spray calcina- 
tion data logging program to be operable, but, again, considerable refinement 
is indicated in the same areas as was apparent in the pet calcination program, 



Process Chemistry 

Ef fec t s  of Aluminum on Waste Melt C h a r a c t e r i s t i c s  

An i n v e s t i g a t i o n  of  t h e  e f f e c t s  o f  varying aluminum concent ra t ions  i n  
wastes during spray s o P i d i f i e r  and BNL phosphate g l a s s  process ing  i s  i n  
progress ,  The aluminum concent ra t ion  i n  r ad ioac t ive  wastes which w i l l  be 
processed i n  WSEP w i l l  be somewhat higher  than  i n  t h e  PW-1 and PW-2 com- 
p o s i t i o n s  on which flowsheet development was based,  Much h igher  aluminum 
eoncent ra t ions  which a r e  of l o n g - t e ~ m  i n t e r e s t  a r e  included i n  t h e  s tudy.  

Amounts o f  aluminum expected t o  be present  f n  t h e  WSEP r a d i o a c t i v e  waste 
s o l u t i o n s  d i d  not  s i g n i f i c i a n t l y  a f f e c t  t h e  melt ing po in t  o r  slump po in t  of 
spray s o l i d i f i e r  product.  The slump poin t  of  BNL phosphate g l a s s  product 
was increased  and flowsheet modif ica t ion  would be requi red  t o  accommodate t h e  
h igher  aluminum concent ra t fon .  

Corrosion s t u d i e s  have not defined a cause f o r  t h e  f a i l u r e  of  t h e  310 
s t a i n l e s s  steel.  r e c e i v e r  pot used during t h e  recent  ORNL r i s i n g  l i q u i d  g l a s s  
run RLG-B, Cor r s s i  on r a t e s  at 950°C f o r  310 coupons were about 100 mils/mo 
i n  melt prepared from feed  so lu t ions  used i n  t h e  run and 4 - 1 0  mils/mo i n  a 
sample of product from t h e  run.  A specfmen o f  s t e e l  taken  from t h e  RLG-B pot  
and exposed t o  molten RLG-B product at 950°C corroded at about 14  mils/mo. 

Platinum - 0 , s  rhodium wire  specimens (as received and a f t e r  co ld  working) 
were exposed t o  f o u r  waste melt compositions f o r  215 hours a t  1200°C, Melt 
composition parameters were s u l f a t e ,  phosphate, and l i t h i u m  concent ra t ions ,  
The exposed wlres  show no i n t e r g r a n u l a r  a t t a c k ,  Jodele  ( 2 .  Metallkde, 27 
271 [1935]) has r epor t ed  t h a t  Pt-P a l l o y s  conta in ing  .0.003 wt% P a r e  b ~ i t l e  
at 850°C due t o  t h e  f o m a t f o n  or" a b r i t t l e  f u s i b l e  e u t e c t i c ,  To see  i f  t h e  
b r i t t l e  phase can be formed under reducing condi t ions  i n  a phosphate me l t ,  a 
l e n g t h  of P t  - 0.5 Rh wlre  has been exposed at 1200°C f o r  190 hours t o  a 
phosphate melt conta in ing  one wt% carbon, A p u l l  t e s t  a t  850°C w i l l  be made 
on t h e  wire,  

Product Evaluat ion 

Melts r ep resen t ing  products  from t h e  cu r ren t  f lowsheets  f o r  processing 
PW-1 and PW-2 by t h e  BNL phosphaze g l a s s ,  ORNL r i s i n g  l e v e l  g l a s s ,  and PNL 
spray s o l i d i f i e r  processes were prepared i n  t h e  quenched and annealed forms, 
X-ray d i f f r a c t i o n  p a t t e r n s  s f  t h e  s o l i d  products  were obtained.  The phosphate 
g l a s s  products ,  even when annealed, were almost completely amorphous, The 
microcrys%al%ine ORNL and PNL process products  had very complex d i f f r a c t i o n  
p a t t e r n s  wi th  marked p a t t e r n  d i f f e r e n c e s  between quenched and annealed forms. 

CUSTOMER 

ASSISTANCE TO GENERAL ATOMIC 

Fuels  Development (w,  L. Hampson, Jr, ) 

- Graphite  Compacts 

Twelve rods  conta in ing  Pu02 - g r a p h i t e  compacts f o r  c r i t i c a l  t e s t s  a r e  
being prepared,  These rods c o n s i s t  of s i x  p a r i s  wi th  t h r e e  d i f f e r e n t  Pu02 
c o n c e n t r a t i  ons and two sepa ra t e  i sotopic  ( ~ ~ 2 4 0 )  compositions, Four s e t s  o f  



compacts were prepared using improved blending and sampling techniques. 
Difficulty in obtaining leak-free final closures has been encountered. 
Pin holes and cracks occurred in the weld of the 6061 Al components, using 
4043 filler metal. Wi th the exception of welding, process development is 
complete, and the remaining sets of compacts are being prepared, 

U, So NAVAL RESMCH LABORATORY 

Spectral analyses have been completed at the pressure-vessel position of 
the Organic Moderated Reactor Experiment (OMRE) and the Yankee Reactor, The 
purpose of the analyses is to provide a basis for correlating damage from in- 
core experiments on pressure-vessel steels to reactor pressure vessels, These 
calcepkations were made to assist the U, So Naval Research Laboratory (USNRL) 
in the pressure-vessel surveillance program, 

The neutron spectra were calculated at the reactor midplane and extended 
out through the pressure vessel of each reactora The spectral analysis was 
made using a multi-energy, multi-region, one-dimensional transport-theory code, 
with the reactors represented by cylindrical geometry. The spectra were cal- 
culated using 21 energy groups with fine group structure in the fast-neutron 
range, E >0,18 MeV, 

Results of the calculations indieate that the fast-neutron spectrum at 
the OMRE pressure vessel is similar although somewhat "softer" than the spectrum 
calculated at the upper gri d plate (reported in the July 1966 monthly report 1 ,  
This is to be expected because the neutrons must pass through several inches 
of iron thermal shields and organic moderator before reaching the pressure 
vessel, whereas only moderator separates the upper grid plate from the reactor 
core, The ratio of the integrated flux above l MeV to the integrated flux 
above 0,18 MeV at the grid plate is 0~62; at the pressure vessel the ratio is 
0.550 

The fast-flux ratio [Q(E >loo M~V)/Q(E ~ ~ 1 8  M ~ V )  1 calculated at the inner 
edge of the pressure vessel of the light-water-moderated Yankee Reactor is 0~54. 

The spectral-averaged cross section for fron based on E >1 MeV has been 
calculated for the OMRE grid plate, OMRE pressure vessel, and the Yankee 
pressure vessel, The values are 154, 140, and 169 mb, respectively, In a 
fission spectrum, the value is 121 mb, Thus, if a fission spectrum is assumed 
for the above reactor positions, the flux will be over-estimated by 30% at the 
OMRE upper grid plate, 16% at the OMRE pressure vessel, and h0% at the Yankee 
pressure vessel, 

Irradiation damage to steel test specimens that have been irradiated in 
in-core positions of the Low Intensity Test Reactor BLITR) can be correlated 
directly to pressure-vessel positions (sM~A pressure vessel, for example) if 
the neutron exposures are normalized to the integral flux above 0,5 MeV. The 
following table is a comparison of damage indices between diverse spectra 
based on the integrated flux above 1,O MeV and 0,5 MeV, 



Reactor 

Damage Index* (K,/K,) 
A 

E~ = 1.0 MeV EL = g.5 MeV 

OMRE-Upper Grid Plate 0 ~ 8 5  1.03 

OMRE-Pressure Vessel 
Position 0.89 1.03 

Yankee-Pressure Vessel 
Position 0.91 1,03 

BGR-w44 1.07 1.02 

SM-1A Pressure Vessel 1.0 1.0 

"Damage Index is the ratio K./K where 
1 J 

K = displacements per cm3 per sec per integral flux 
above EL and the g reactor position is the SM-1A 
pressure vessel, 

The damage indices between diverse spectra based on Q(E >0.5 M ~ V )  vary 
only 9%; whereas, if the damage indices were based on Q(E >1 MeV) , the varia- 
tion would be approximately 22%, 
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