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TECHNICAL A C T I V I T I E S  QUARTERLY REPORT 

AEC REACTOR DEVELOPMENT 

AND TECHNOLOGY PROGRAMS 

JULY, AUGUST, SEPTEMBER 1971 

FOREWORD 

This  r e p o r t  c o v e r s  a l l  programs excep t  t h e  Waste S t u d i e s  Program con- 

ducted a t  t h e  P a c i f i c  Northwest Labora to ry  f o r  t h e  U.S.  Atomic Energy 

Commission's Reac to r  Development and Technology D i v i s i o n .  The o b j e c t i v e  of 

t h e  Techn ica l  A c t i v i t i e s  Q u a r t e r l y  Report  i s  t o  inform t h e  s c i e n t i f i c  

community i n  a  t i m e l y  manner of t h e  t e c h n i c a l  p r o g r e s s  made on t h e  programs. 

The r e p o r t  c o n t a i n s  b r i e f  t e c h n i c a l  d i s c u s s i o n s  of accomplishments i n  a l l  

a r e a s  where s i g n i f i c a n t  p r o g r e s s  h a s  been made dur ing  t h e  r e p o r t i n g  p e r i o d .  

The r e s u l t s  p r e s e n t e d  shou ld  b e  cons idered  p r e l i m i n a r y  and do n o t  c o n s t i t u t e  

f i n a l  p u b l i c a t i o n  o f  t h e  work. A l i s t  of p u b l i c a t i o n s  and p a p e r s  i s  g iven  

i n  t h e  r e p o r t .  Anyone wish ing  t o  o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  on t h e  

work p r e s e n t e d  i s  encouraged t o  c o n t a c t  t h e  a u t h o r  d i r e c t l y .  
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1 .  SUMMARY 

HIGH TEMPERATURE REACTOR PHYSICS 

The a n a l y s i s  of t h e  Molten S a l t  Breeder  Reac to r  l a t t i c e  exper iment  i n  

t h e  HTLTR has  been completed. The t empera tu re  c o e f f i c i e n t  was found t o  b e  

s m a l l e r  t h a n  t h e  c a l c u l a t e d  v a l u e  a t  a l l  t empera tu res .  

Experiments i n  t h e  HTLTR w i t h  a Tho -PuO HTGR l a t t i c e  have been 
2  2  

s u c c e s s f u l l y  concluded.  R e l a t i v e  r e a c t i v i t y  wor ths  of f u e l  and poison 

b l o c k s  were measured as a f u n c t i o n  of t empera tu re  up t o  1 0 0 0 ° ~ .  The e f f e c t  

of n e u t r o n  u p s c a t t e r  i n t o  t h e  low-lying resonances  of plutonium on t h e  

temperature-dependent r e a c t i v i t y  behav ior  i s  i n c r e a s i n g l y  impor tan t  a t  

e l e v a t e d  t empera tu res .  

STEADY STATE AND TRANSIENT SUBCHANNEL CODE DEVELOPMENT AND DATA ANALYSIS 

The major e f f o r t  of t h i s  r e p o r t i n g  p e r i o d  w a s  t h e  f u r t h e r  development 

of a n  improved t r a n s v e r s e  momentum and f o r c e d  c r o s s f l o w  mixing model f o r  

t h e  COBRA-I11 computer program. A new t r a n s v e r s e  momentum e q u a t i o n  w a s  

d e r i v e d  and now i n c l u d e s  t h e . t e m p o r a 1  and a x i a l  component of s p a t i a l  

a c c e l e r a t i o n .  The a x i a l  momentum e q u a t i o n  was s i m p l i f i e d  by assuming t h e  

a x i a l  v e l o c i t y  o f  t h e  c r o s s f l o w  t o  b e  e q u a l  t o  t h e  v e l o c i t y  of t h e  sub- 

channel .  T h i s  s i m p l i f i c a t i o n  i s  j u s t i f i e d  and s i g n i f i c a n t l y  improves com- 

p u t a t i o n  speed.  A w i r e  wrap f o r c e d  mixing model h a s  been i n c o r p o r a t e d  

i n t o  t h e  COBRA-111 program. 

EFFECT OF 2 4 1 ~ u  ON C R I T I C A L I T Y  SAFETY L I M I T S  FOR 2 3 9 ~ u  

C r i t i c a l i t y  exper iments  were c a r r i e d  o u t  w i t h  a  p lutonium n i t r a t e  

s o l u t i o n  c o n t a i n i n g  42.9 wtX 240Pu and 10.9 wt% 2 4 1 ~ u .  Plutonium concen- 

t r a t i o n s  were v a r i e d  from 40 t o  140 g/R and a c i d  m o l a r i t y  v a r i e d  from 

1 . 5  t o  5 M .  - A s t a i n l e s s  s t e e l  c y l i n d r i c a l  v e s s e l  was used.  Data o b t a i n e d  

from t h e s e  exper iments  a r e  p r e s e n t e d .  



NUCLEAR GRAPHITE 

Compressive creep capsules operating at 550 and 800°C and a tensile 

creep capsule operating at 800°C were charged into the ETR in September. 

The first two are scheduled for a three-cycle irradiation and the latter 

for a one-cycle irradiation. 

The gas phase radiolysis study of helium diluted equimolar mixttzes 

of CO and H 0 has been extended to 100, 240, and 465 vpm. The data were 
2 

fit to equations of the form G (molecules/100 eV) = aT 112 .-E/RT . The 

constants (a) and activation energies (E) are shown to vary as a function 

of reactant concentration. 

The cold-seeding capsule was ready for shipment to Idaho Falls to 

begin the third high-temperature irradiation period starting in November. 

The high-temperature graphite-irradiation capsule, GM-13-422, was 

inserted in the ETR at the beginning of Cycle 113. 

A report (BNWL-SA-3985) on irradiation-induced changes in glassy car- 

bons, has been issued and submitted to Carbon. The results reported 

therein appear to resolve a previously reported anomaly in regard to the 

effect of irradiation on crystallite perfection. 

PHOENIX FUEL STUDIES 

Fuel burnup information has been obtained from nondestructive and 

destructive examinations of fuel plates and flux monitor wands removed from 

the MTR-Phoenix fuel core. The isotopic data have been used in a multi- 

variable least squares analysis to derive ratios of effective cross sections 

for the fuel isotopes. Marked differences were noted in the effective cross 

sections for fuel located in the core interior and in the core boundary 

regions. 



HIGH TEMPERATURE REACTOR PHYSICS 

MEASUREMENT OF PHYSICS PARAMETERS FOR AN MSBR LATTICE I N  THE HTLTR 

E. P. L i p p i n c o t t  

Analys i s  of measurements made on t h e  Molten S a l t  Breeder  Reac to r  

(MSBR) l a t t i c e  i n  t h e  HTLTR h a s  been completed. A d e t a i l e d  d e s c r i p t i o n  

of t h e  r e s u l t s  is  b e i n g  p repared  and w i l l  b e  p r e s e n t e d  a s  a document w i t h  

t h e  ab ove t i t l e  . 
The b a s i c  l a t t i c e  and p r e l i m i n a r y  r e s u l t s  have been d e s c r i b e d  i n  pre-  

v i o u s  q u a r t e r l y  r e p o r t s .  (1'2' The exper imenta l  v a l u e  of k, a t  e a c h  t e m -  

p e r a t u r e  i s  p r e s e n t e d  i n  T a b l e  2 . 1  and is  compared t o  v a l u e s  c a l c u l a t e d  

u s i n g  EGG NIT'^) f o r  t h e  n e u t r o n  energy r e g i o n  above 0.683 e V  and GRANIT (4) 

f o r  t h e  the rmal  r e g i o n .  The e x p e r i m e n t a l  k, l ies below t h e  c a l c u l a t i o n  a t  

a l l  t empera tu res ,  and t h e  change w i t h  t empera tu re  i s  much s m a l l e r  t h a n  

p r e d i c t e d .  The r e s u l t  f o r  the change of k, w i t h  t empera tu re  i s  i n  q u a l i -  

t a t i v e  agreement w i t h  two prev ious  Tho - 2 3 3 ~ 0  l a t t i c e s  i n  t h e  HTGR series 
(5 ,6)  

2 2 
i n  t h e  HTLTR. 

TABLE 2.1. I n f i n i t e  Medium M u l t i p l i c a t i o n  F a c t o r s  

Temperature,  O C  Experiment a 1  k, C a l c u l a t e d  k, 

2 0 1.0291 + 0.0012 1.0479 

30 0 1.0127 + 0.0010 1.0269 

627 1.0065 + 0.0010 1.0136 

1000 1.0037 + 0.0012 1.0051 

I n  a d d i t i o n  t o  t h e  e v a l u a t i o n  o f  k, f o r  t h e  b a s i c  l a t t i c e  c e l l ,  an  

e v a l u a t i o n  was made i n c l u d i n g  t h e  g r a p h i t e  end cap r e g i o n .  To c a l c u l a t e  

L f o r  comparison, t h e  end cap g r a p h i t e  was smeared i n t o  t h e  c e l l  moder- 

a t o r .  The r e s u l t  o b t a i n e d  f o r  t h e  t empera tu re  c o e f f i c i e n t  w a s  l i t t l e  

a f f e c t e d  bv t h i s  t r e a t m e n t .  
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REACTIVITY MEASUREMENTS FOR A Thop-PuO, HTGR LATTICE I N  THE HTLTR AS A 

FUNCTION OF TEMPERATURE 

D. F. Newman 

Experiments i n  t h e  HTLTR u s i n g  a  High Temperature Gas-Cooled Reac to r  

(HTGR) l a t t i c e  f u e l e d  w i t h  a  Tho2-Pu02 f u e l  blend'') were  s u c c e s s f u l l y  

concluded d u r i n g  September. Measurements of r e l a t i v e  r e a c t i v i t y  wor ths  of 

t h e  Tho PuO c e n t r a l  c e l l ,  t h e  V 0  PuO c e n t r a l  c e l l ,  and t h e  n o r m a l i z i n g  
2- 2  2  3- 2  

copper a b s o r b e r  were  completed w i t h  t h e  r e a c t o r  i n  t h e r m a l  e q u i l i b r i u m  a t  

t empera tu res  of 20,  300, 500, 750, and 1000°C. I n  a d d i t i o n ,  t h e  r e a c t i v i t y  

wor ths  of s i n g l e  2 3 5 ~ ~ 2  and 2 3 3 ~ 0 2  f u e l e d  HTGR b l o c k s ,  po i son  b l o c k s ,  and 

g r a p h i t e  were  measured a t  e a c h  t empera tu re .  

I n  g e n e r a l ,  t h e  r e l a t i v e  r e a c t i v i t y  worths  of f u e l  and p o i s o n  b l o c k s  

were  q u i t e  d i f f e r e n t  t h a n  i n  p r e v i o u s  HTGR l a t t i c e s .  (2  y3)  Comparison 

(Figure  2.1) of r e l a t i v e  r e a c t i v i t y  wor ths  of t h e  Tho -Pu02 c e n t r a l  c e l l  2  



4 0 0  6 0  0  8 0 0  

T E M P E R A T U R E ,  " C  

FIGURE 2.1. Reactivity Worth (Normalized to Copper) as a Function of Temperature 



and t h e  V 0  -PuO c e n t r a l  c e l l  normal ized t o  copper w i t h  s i m i l a r  measure- 
2 3  2  

ments i n  t h e  T ~ ~ ~ - ~ ~ ~ u c ~  HTGR l a t t i c e  shows t h e  e f f e c t  of t h e  low-lying 

resonances  of 2 3 9 ~ u  and 2 4 0 ~ u  on t h e  temperature-dependent r e a c t i v i t y  

behav ior .  The p o s i t i v e  r e a c t i v i t y  c o n t r i b u t i o n  from n e u t r o n s  s c a t t e r e d  

up i n t o  t h e  0 . 3  eV resonance o f  2 3 9 ~ u  t e n d s  t o  compensate f o r  t h e  n e g a t i v e  

r e a c t i v i t y  c o n t r i b u t i o n s  from Tho Doppler broadening a t  i n c r e a s i n g  t c m -  2  
p e r a t u r e s .  A s  t h e  t empera tu re  is  i n c r e a s e d  above 750°C, t h e  n e g a t i v e  

r e a c t i v i t y  c o n t r i b u t i o n  from n e u t r o n s  s c a t t e r e d  up i n t o  t h e  1 .0  eV reso-  

nance of 2 4 0 ~ u  becomes i n c r e a s i n g l y  i m p o r t a n t ,  and when combined w i t h  t h e  

Tho a b s o r p t i o n s  produces  a  r a p i d  d e c r e a s e  i n  t h e  r e a c t i v i t y  worth .  
2  

The p r e d i c t i o n s  of n e u t r o n i c  c h a r a c t e r i s t i c s  of p lutonium-fueled HTGR 

l a t t i c e s  r e q u i r e s  more s o p h i s t i c a t e d  c a l c u l a t i o n a l  methods t h a n  have been 

used f o r  HTGR l a t t i c e s  f u e l e d  w i t h  e i t h e r  235U o r  233u . An improved ver -  

s i o n  of GRANIT!~) w i t h  t h e  35-group energy mesh from t h e  LASER v e r s i o n  of 

THERMOS (0 + 1.855 eV), was used t o  c a l c u l a t e  the rmal  group c o n s t a n t s  f o r  

t h e  Tho2-Pu02 HTGR l a t t i c e  a t  23, 127,  327, 527, 927, and 1327OC. E p i t h e r -  

ma1 group c o n s t a n t s  were  c a l c u l a t e d  a t  each t empera tu re  u s i n g  EGGNIT. (5) 

The change i n  k, a s  a  f u n c t i o n  of t empera tu re ,  c a l c u l a t e d  i n c l u d i n g  

u p s c a t t e r  above t h e  1.0 eV resonance o f  240F'u, i s  i n  b e t t e r  agreement w i t h  

t h e  measured shape o f  t h e  temperature-dependent r e a c t i v i t y  wor th  of t h e  

Tho -PuO c e n t r a l  c e l l .  Comparison of c a l c u l a t i o n s  of k, f o r  t h e  Tho2-PuO 
2  2  2  

HTGR l a t t i c e  a s  a  f u n c t i o n  of t e m p e r a t u r e ,  i n  F i g u r e  2.2, n e g l e c t i n g  

u p s c a t t e r  of n e u t r o n s  above 0.683 eV and above 1.855 eV shows t h e  i n c r e a s i n g  

importance of u p s c a t t e r  a t  e l e v a t e d  t empera tu res  f o r  p lutonium f u e l e d  

l a t t i c e s .  
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3. STEADY STATE AND TRANSIENT SUBCHANNEL CODE 

DEVELOPMENT AND DATA A N A L Y S I S  

D. S.  Rowe a n d  B.  M. J o h n s o n  

The o b j e c t i v e  of t h i s  s t u d y  i s  t o  develop improved methods f o r  analyz-  

i n g  h e a t  t r a n s f e r  and f l u i d  f low i n  rod bundle  n u c l e a r  e lements  d u r i n g  b o t h  

s t e a d y  s t a t e  and t r a n s i e n t  c o n d i t i o n s .  The s t u d y  i n c l u d e s  t h e  con t inued  

development of t h e  COBRA computer program and exper iments  t o  h e l p  v e r i f y  

and implement t h i s  computer program. 

C O B R A - I 1 1  COMPUTER PROGRAM 

The o b j e c t i v e  of t h i s  p o r t i o n  of t h e  s t u d y  is  t o  develop improved 

mathemat ical  models and computer program f o r  p r e d i c t i n g  t h e  s t e a d y - s t a t e  

and t r a n s i e n t  the rmal -hydrau l ic  performance of rod  bundle  n u c l e a r  f u e l  

e lements .  

The major e f f o r t  f o r  t h i s  r e p o r t i n g  p e r i o d  h a s  been d i r e c t e d  toward 

t h e  con t inued  development of a n  improved t r a n s v e r s e  momentum and f o r c e d  

c r o s s f l o w  mixing model f o r  t h e  COBRA-I11 computer program. 

Transverse  Momentum Equation 

The f o l l o w i n g  assumptions  were used t o  d e r i v e  t h e  new t r a n s v e r s e  

momentum equa t ion :  

The c r o s s f l o w  v e l o c i t y  r e l a t i v e  t o  t h e  a x i a l  v e l o c i t y  is  s m a l l  a t  t h e  

i n t e r i o r  of a subchannel .  

e The t r a n s v e r s e  momentum f l u x  e n t e r i n g  a gap i s  e q u a l  t o  t h e  t r a n s -  

v e r s e  momentum f l u x  emerging from a gap. 

These assumptions  imply t h a t  t h e  c r o s s f l o w  moving from one subchannel  

t o  a n o t h e r  l o s e s  i t s  d i r e c t i o n  upon e n t e r i n g  a subchannel .  I n  o t h e r  words,  

t h e  v e c t o r  d i r e c t i o n  of t h e  c r o s s f l o w  i s  on ly  c o n s i d e r e d  i n  t h e  gap. The 

v e c t o r  d i r e c t i o n  of c r o s s f l o w s  p a s s i n g  through a subchannel  a r e  n o t  con- 

s i d e r e d .  T h i s  t r e a t m e n t  can b e  j u s t i f i e d  i f  t h e  c r o s s f l o w  v e l o c i t i e s  away 

from t h e  gap a r e  s m a l l  r e l a t i v e  t o  t h e  subchannel  a x i a l  v e l o c i t y .  



Now cons ider  a r ec t angu la r  c o n t r o l  volume placed i n  t h e  gap between 

two subchannels.  

Applying t h e  conserva t ion  of momentum equat ion t o  t h i s  c o n t r o l  volume i n  

t h e  t r ansve r se  d i r e c t i o n  g ives  

By rear ranging  t h i s  equat ion and tak ing  t h e  l i m i t  a t  Ax -+ 0,  t h e  fol lowing 

equat ion is  obta ined  

where w = p*sv. The Fij r ep re sen t s  t he  f r i c t i o n  and form p res su re  l o s s  
i j 

due t o  crossf low.  For s teady  flow l e t  



There fore ,  

To p u t  t h i s  i n  t h e  form used p r e v i o u s l y  i n  COBRA-111, l e t  

2 
where C = K ~ W  1 12s gcp*. The l o s s  f u n c t i o n ,  C,  cou ld  have o t h e r  forms 

based on exper imenta l  d a t a .  

By u s i n g  t h e  p r e v i o u s  g e n e r a l i z e d  form of t h e  e q u a t i o n s  (BNWL-B-82), 

Equat ion (2) can now b e  w r i t t e n  a s  

The f i r s t  two t e r m s  o f  Equat ion (6)  can  b e  recognized  as b e i n g  equiva- 

l e n t  t o  t h e  s u b s t a n t i a l  d e r i v a t i v e  of t h e  c ross f low;  t h e r e f o r e ,  t h e  c r o s s -  

f low i s  c a r r i e d  by t h e  f low a t  a x i a l  v e l o c i t y ,  u*. Th is  i m p l i e s  t h a t  once 

c r o s s f l o w s  are s t a r t e d  t h e y  t end  t o  p e r s i s t  u n l e s s  changed by p r e s s u r e  o r  

v i s c o u s  f o r c e s .  Th i s  t y p e  of behav ior  i s  n o t  c o n t a i n e d  i n  t h e  e a r l i e r  

v e r s i o n  of COBRA. 

The parameter  (s/R) i s  new t o  t h e  t r a n s v e r s e  momentum e q u a t i o n .  

From t h e  geometry, i t  r e p r e s e n t s  t h e  e f f e c t i v e  r a t i o  o f  t h e  gap wid th  t o  

some t r a n s v e r s e  l e n g t h .  From Equation ( 6 ) ,  (SIR) a l s o  r e p r e s e n t s  t h e  

r e l a t i v e  importance of t h e  i n e r t i a l  f o r c e s  t o  t h e  s u r f a c e  and v i s c o u s  

f o r c e s .  The magnitude o f  t h i s  term w i l l  have t o  b e  determined e x p e r i -  

m e n t a l l y .  T e n t a t i v e  v a l u e s  of (SIR) and C a r e  be ing  determined by analyz-  

i n g  s e l e c t e d  exper imenta l  d a t a .  

A x i a l  Momentum Equat ion 

The a x i a l  momentum e q u a t i o n  used i s  t h e  same as i n  earlier v e r s i o n s  

of COBRA (BNWL-B-82) e x c e p t  t h a t  t h e  a x i a l  v e l o c i t y  o f  t h e  c r o s s f l o w  i s  

assumed t o  b e  e q u a l  t o  t h e  v e l o c i t y  of t h e  subchannel  under  c o n s i d e r a t i o n .  

For a p a i r  of subchannels  t h e  a x i a l  momentum e q u a t i o n  can b e  w r i t t e n  i n  

t h e  form 



The new assumption i s  t h a t  u* = u . t he re fo re ,  
i' 

o r ,  i n  genera l ized  form 

This  s i m p l i f i c a t i o n  s i g n i f i c a n t l y  improves t h e  computation speed s i n c e  i t  

l e a d s  t o  t h e  s o l u t i o n  of symmetric mat r ices  when so lv ing  f o r  t h e  crossf low.  

It a l s o  provides g r e a t e r  numerical s t a b i l i t y .  Previously,  i f  u* 2 2u t h e  
i 

s o l u t i o n s  were uns tab le .  

The s i m p l i f i c a t i o n  can be j u s t i f i e d  when t h e  crossf low v e l o c i t y  is  

small  compared t o  t h e  a x i a l  v e l o c i t y  and when ad jacent  subchannel v e l o c i t i e s  

a r e  r a t h e r  uniform. These condi t ions  a r e  c o n s i s t e n t  wi th  t h e  assumptions 

made e a r l i e r  f o r  t h e  t r a n s v e r s e  momentum equat ion .  

Numerical So lu t ion  

Except f o r  t h e  momentum equat ions t h e  numerical s o l u t i o n s  a r e  i d e n t i c a l  

t o  t hose  previous ly  descr ibed  f o r  COBRA-I11 (BNWL-B-82). 

The momentum equat ions a r e  now solved without  combining t h e  t r a n s v e r s e  

and a x i a l  momentum a s  done previous ly .  That procedure can be used, bu t  i t  

does no t  a l low d ive r s ion  crossf low t o  b e  s p e c i f i e d  a t  s e l e c t e d  l o c a t i o n s  

wi th in  t h e  bundle.  

The new scheme uses  t h e  fol lowing d i f f e r e n c e  approximation t o  Equa- 

t i o n  (6)  

w(x,t)}+ {u*ix,t+At, w (x, t + ~ t )  - w (x-AX, t+At) 
gcAx 



The p r e s s u r e  {p(x-Ax, t+at) )  i s  o b t a i n e d  from t h e  f o l l o w i n g  f i n i t e  d i f f e r -  

ence approximat ion t o  Equat ion (9 )  

Combining t h e s e  two e q u a t i o n s  g i v e s  

w (x, t+At) - w (x-Ax, t+At) 
gcAx 

u ( x y  ] [ST] w ,  A t )  I .  (12) - AX(:) [gcA(x, ,+At, 

Th i s  can be  w r i t t e n  as a  s e t  of s imul taneous  e q u a t i o n s  of t h e  form 

[A1 = { w ( x , t + ~ t ) }  = {b} (13) 

where 

and 

These e q u a t i o n s  a r e  s o l v e d  by i t e r a t i o n .  F i r s t  t h e  v a l u e s  of [S]{p(x, t+At)}  

a r e  assumed e q u a l  t o  ze ro .  Next, f o r  each x ,  {w(x,t+At) i s  c a l c u l a t e d  by 

s o l v i n g  t h e  s e t  of s imul taneous  Equat ions  (13) and t h e n  [ ~ ] { p ( x , t + A t ) )  i s  

c a l c u l a t e d .  T h i s  i t e r a t i o n  scheme s u c c e s s i v e l y  sweeps t h e  c a l c u l a t i o n s  

through t h e  channe l  u n t i l  t h e  p r e s s u r e  d i f f e r e n c e  between subchannels  con- 

v e r g e s .  The i t e r a t i o n  keeps  t h e  p r e s s u r e  s o l u t i o n  one i t e r a t i o n  behind 

t h e  c r o s s f l o w  s o l u t i o n .  



Forced c r o s s f l o w  can b e  c o n s i d e r e d  w i t h  t h i s  d i f f e r e n c e  scheme by 

s imply modifying Equat ion (13) .  Suppose t h e  c r o s s f l o w  i n  gap R i s  t o  be  

s p e c i f i e d .  F i r s t  t h e  r i g h t  s i d e  {b)  must b e  modi f i ed .  For each k  p u t  

k #  2 

b  = b k - a  w 
kmo d  ' forced 

and f o r  k  = R 

b  
= W~ 

kmo d  f o r c e d  

The m a t r i x  [A] i s  modifed by s e t t i n g  row R and column R e q u a l  t o  ze ro  

excep t  A = 1. A s  an  example i f  R = 3  t h e  m a t r i x  m o d i f i c a t i o n  would be  
RR 

W3 f o r c e d  

W3 
f o r c e d  

The same procedure  a p p l i e s  i f  more t h a n  one c r o s s f l o w  i s  b e i n g  f o r c e d .  

Wire Wrap Forced Mixing Model 

The f o l l o w i n g  f o r c e d  c r o s s f l o w  mixing model h a s  been i n c o r p o r a t e d  i n t o  

t h e  l a t e s t  v e r s i o n  of t h e  COBRA-I11 computer program. 



Consider t h e  w i r e  wrap a s  i t  passes  from one subchannel t o  another  a s  

shown i n  t h e  ske tch .  

Where t h e  wrap c ros se s  t h e  minimum p a r t  of t h e  gap, t h e  s l o p e  of t h e  wrap 

imposes a t r a n s v e r s e  v e l o c i t y  given by 

I f  t h i s  i s  m u l t i p l i e d  by t h e  f l u i d  dens i ty  and gap spacing,  t h e  crossf low 

pe r  u n i t  l eng th  becomes 

This  equa t ion  a p p l i e s  a t  t h e  gap only.  When t h e  wrap is  s u f f i c i e n t l y  f a r  

away from t h e  gap i t  probably has  l i t t l e  o r  no e f f e c t  on fo rc ing  flow 

through t h e  gap i n  ques t ion .  I t  i s  now pos tu l a t ed  t h a t  t h e r e  is  some 

func t ion ,  f ( x / ~ ) ,  t h a t  p e r i o d i c a l l y  de f ines  t h e  importance of Equation (20) 

f o r  de f in ing  t h e  fo rced  c ross f low through a chosen gap. This  func t ion  may 

look something l i k e  t h e  one i n  t h e  fol lowing ske t ch  f o r  one wrap c ros s ing  

i n  a gap per  p i t c h  l eng th .  



The rise i n  t h e  f u n c t i o n  r e p r e s e n t s  t h e  approach of t h e  w i r e  toward t h e  gap. 

The f u n c t i o n  peaks  a t  1 . 0  accord ing  t o  Equat ion (20) and t h e n  decays  as t h e  

wrap moves away from t h e  gap. The a r e a  under t h e  c u r v e  r e p r e s e n t s  t h e  f r a c -  

t i o n  of f low d i v e r t e d  through t h e  gap as compared t o  t h e  t o t a l  p o s s i b l e  f low 

t h a t  cou ld  b e  c a r r i e d  by a wrap over  a n  e n t i r e  p i t c h  l e n g t h .  S i n c e  t h e  shape 

of t h i s  f u n c t i o n  i s  n o t  known, t h e  p u l s e  i s  assumed t o  b e  a r e c t a n g u l r r  p u l s e  

w i t h  w i d t h  6 .  The f o r c i n g  f u n c t i o n  i s  t h e n  f ( x / P )  = 0 ,  excep t  f o r  

For computat ions  i n  COBRA i t  is  p r e s e n t l y  assumed t h a t  t h e  f low c a r r i e d  

through a gap by a wrap o c c u r s  w i t h i n  one node l e n g t h ,  A x , l o c a t e d  a t  t h e  

p o i n t  of w i r e  wrap c r o s s i n g .  The t o t a l  f low d i v e r t e d  p e r  p u l s e  is ,  t h e r e f o r e ,  

Th i s  e q u a t i o n  shows t h a t  a f r a c t i o n  of t h e  subchannel  f low m i s  d i v e r t e d  
i 

from one subchannel  t o  a n o t h e r  when a wrap c r o s s e s  a gap a t  a x i a l  p o s i t i o n  

x when x l i es  between x-Ax and x .  
C C 

The computer c a l c u l a t i o n s  u s i n g  t h i s  model a l s o  c o r r e c t  t h e  subchannel  

f low a r e a  and w e t t e d  p e r i m e t e r  f o r  t h e  number o f  wraps i n  a subchannel  a t  

each a x i a l  p o s i t i o n .  

The above model h a s  been s u c c e s s f u l l y  a p p l i e d  t o  f o r c e d  f low mixing i n  

a 7-pin and 19-pin  bundle .  Larger  bundles  a r e  b e i n g  c o n s i d e r e d  t o  e v a l u a t e  

a b i l i t y  of t h e  mixing model and numer ica l  s o l u t i o n  i n  COBRA-I11 t o  d e s c r i b e  

f o r c e d  mixing i n  l a r g e  w i r e  wrapped bundles .  P r e s e n t  r e s u l t s  i n d i c a t e  t h a t  

computer t i m e  and s t o r a g e  c a p a b i l i t y  w i l l  n o t  a l l o w  economical  computat ions  

f o r  bundles  beyond 37-pin. P r e s e n t l y  19-pin c a l c u l a t i o n s  r e q u i r e  about  

30 minu tes  of UNIVAC-1108 computer t ime.  More e f f i c i e n t  numer ica l  methods 

are needed t o  improve t h e  computat ion t i m e .  



NOMENCLATURE 

A - Subchannel a r e a  

a  ' - Axial  p re s su re  g rad ien t  without  d ive r s ion  crossf low 

C - Transverse f r i c t i o n  l o s s  func t ion  

D - Fuel  p i n  diameter 

6 - Rela t ive  p i t c h  l eng th  f o r  forced  crossf low pu l se  

Fi 
- Transverse f r i c t i o n  f o r c e  per  u n i t  a r ea  

Transverse f r i c t i o n  l o s s  c o e f f i c i e n t  

E f fec t ive  t r a n s v e r s e  gap l eng th  

Subchannel mass flow r a t e  

Pressure  

Wire wrap p i t c h  

Density of t h e  d ive r s ion  crossf low 

Gap spacing 

Matrix t ransformat ion  t h a t  o rde r s  subchannel p a i r  

[ sT]  - Transpose of [S] 

t - Time 

t - Wire wrap th ickness  

u  - Subchannel v e l o c i t y  

u* - Axial  v e l o c i t y  of t h e  d ive r s ion  crossf low 

v  - Transverse v e l o c i t y  i n  gap 

w - Diversion crossf low pe r  u n i t  l eng th  

x - Axial  d i s t a n c e  





4. EFFECT OF 2 4 1 ~ u  ON CRITICALITY SAFETY LIMITS FOR 2 3 9 ~ u  

R. C.  L l o y d  

Plutonium i s o t o p e s  o t h e r  t h a n  2 3 9 ~ u  a r e  i n v a r i a b l y  p r e s e n t  i n  a l l  

plutonium. The p resence  of t h e s e  i s o t o p e s  can s i g n i f i c a n t l y  a f f e c t  t h e  

c r i t i c a l i t y  c o n t r o l  l i m i t s  e s t a b l i s h e d  f o r  2 3 9 ~ u .  The e f f e c t  on c r i t i c a l -  

i t y  of t h e  even-neutron n u c l i d e s  such as 2 4 0 ~ u  and 2 4 2 ~ u  i s  t o  c a u s e  t h e  

c r i t i c a l  dimensions and masses f o r  t h e  i s o t o p i c  m i x t u r e  t o  be  g r e a t e r  t h a n  

t h a t  f o r  2 3 9 ~ u  a lone .  The e f f e c t s  a r e  s t r o n g l y  dependent on t h e  n e u t r o n  

spectrum and any moderat ing d i l u e n t  t h a t  may be  p r e s e n t ,  such as w a t e r .  

The h i g h l y  f i s s i l e  odd-neutron n u c l i d e  2 4 1 ~ u  w i l l  c a u s e  s i g n i f i c a n t  reduc- 

t i o n s  i n  t h e  c r i t i c a l  dimensions and masses below t h a t  of 2 3 9 P ~ .  The 

minimum c r i t i c a l  mass f o r  2 4 1 ~ u  h a s  been c a l c u l a t e d  t o  b e  o n l y  260 g  f o r  

a  c o n c e n t r a t i o n  of 32 g / R  i n  w a t e r ,  and t h e  l i m i t i n g  c r i t i c a l  concentra-  

t i o n  f o r  t h i s  n u c l i d e  i n  wa te r  i s  o n l y  about  5  g/R. (1) 

A s e r i e s  of exper iments  h a s  now been completed w i t h  plutonium o b t a i n e d  

from h i g h  burnup f u e l  t o  e s t a b l i s h  t h e  combined e f f e c t s  of t h e  v a r i o u s  i s o -  

t o p e s  of plutonium on c r i t i c a l i t y .  The exper iments  were performed i n  a 

24-inch d iamete r ,  w a t e r - r e f l e c t e d ,  c y l i n d r i c a l  v e s s e l .  Ten d a t a  p o i n t s  

have been o b t a i n e d  w i t h  c r i t i c a l  h e i g h t s  and masses be ing  determined f o r  

v a r i o u s  plutonium c o n c e n t r a t i o n s  and n i t r i c  a c i d  m o l a r i t i e s  i n  t h e  p l u t o -  

nium n i t r a t e  s o l u t i o n s .  Plutonium c o n c e n t r a t i o n s  covered t h e  range  of 

about  40 t o  140 g  P U / R  w i t h  n i t r i c  a c i d  m o l a r i t i e s  rang ing  from about  

1 . 5  t o  5. A r e c e n t  (August 11, 1971) i s o t o p i c  a n a l y s i s  o f  t h e  plutonium 

used y i e l d e d  t h e  fo l lowing  r e s u l t s :  



The data from the criticality experiments (conducted during August 9-19, 

1971) with this plutonium have been reduced, yielding critical volumes and 

masses for the plutonium nitrate solutions used in the 24-inch diameter, 

water-reflected, cylindrical vessel. The results are given in the following 

tabulation: 

Data from Critical Experiments 

on High Burnup Plutonium Solutions 

Pu Critical Height 
Concentration, Nitric Acid in 24-in. Diam. Critical Critical 

glR Molarity Cylinder, cm Volume, R Mass, kg 

a. Shows e f f e c t  on c r i t i c a l  height i f  external water r e f l e c t i on  
i s  maintained a t  same height as Pu solut ion as opposed t o  the  
vessel  fu l l y  immersed i n  water. 

Correlation of the experimental data and calculational methods are in 

progress using the KENO Monte Carlo Code. When calculations are completed 

they will provide an integral check on the cross sections and computational 

codes used. 

Reference 

1 .  E. D.  Clayton and S .  R. Bierman, "Cr i t i ca l i t y  Problems of Actinide 
Elements, Actinides Reviews, Vol. I ,  No. 5, p p .  409-432, September 
1971. 



5. NUCLEAR GRAPHITE 

G. L. T ingey  

IN-REACTOR CREEP 

W. J. Gray 

Constant-s t ress  i r r a d i a t i o n  creep experiments a r e  being conducted t o  

high f luences  (up t o  2.5 X n/cm2, E > 0.18 M ~ V )  t o  determine whether 

any change i n  creep behavior  occurs  fol lowing t h e  onse t  of r ap id  expansion 

a t  high f luences .  Capsules containing g raph i t e  samples under compressive 

s t r e s s e s  a r e  being i r r a d i a t e d  a t  550 and 8 0 0 ' ~ .  A t h i r d  capsule  conta in ing  

samples under t e n s i l e  s t r e s s e s  i s  being i r r a d i a t e d  a t  8 0 0 ' ~ .  A f o u r t h  

capsule  i s  planned which w i l l  con ta in  samples under compressive s t r e s s e s  

and w i l l  ope ra t e  a t  about 1100°C. This  capsule  i s  scheduled t o  be charged 

i n t o  t h e  r e a c t o r  about February 1972. 

The f i r s t  t h r e e  capsules  were shipped t o  Idaho F a l l s  i n  June f o r  

charging i n t o  t h e  ETR r e a c t o r .  Because of some problems wi th  t h e  r e a c t o r ,  

however, charging was delayed u n t i l  September. The t e n s i l e  creep capsule  

w i l l  b e  discharged i n  November a f t e r  one cyc le  of i r r a d i a t i o n .  The f luence  

f o r  t hese  samples, which a r e  being i r r a d i a t e d  f o r  t h e  f i r s t  time, w i l l  then  

be about 1 .5  x 1021 n/cm2 (E  > 0.18 MeV). The two compressive creep cap- 

s u l e s  w i l l  be  discharged i n  February, a t  which time t h e  maximum f luence  

rece ived  by t h e  samples w i l l  be about 1 .0 x n/cm3 (E > 0.18 MeV). 

RADIOLYTIC REACTIONS I N  GRAPHITE MODERATED REACTORS 

R. P. T u r c o t t e  and G. L.  T ingey  

The r a d i o l y t i c  r e a c t i o n  of carbon monoxide and water  vapor has now 

been inves t iga t ed  a t  s i x  d i f f e r e n t  equimolar concent ra t ions  between l i m i t s  

of 10 and 940 vpm i n  one atmosphere helium. During t h e  l a s t  qua r t e r ,  

r e s u l t s  a t  100, 240, and 465 vpm were obtained by t h e  continuous flow, 

chromatographic technique. The d a t a  were f i t  t o  equat ions of t h e  form G 

(molecules/100 eV) = aT 'I2 e-E/RT t o  y i e l d  t h e  cons t an t s  given i n  Table 5 . 1  

( e a r l i e r  r e s u l t s  a r e  inc luded) .  The ln(G/T 'I2) ve r sus  ~ / R T  p l o t s  from which 

a c t i v a t i o n  energ ies  were determined a r e  shown i n  Figures  5 .1  and 5.2 f o r  



C02 and H respectively. In addition, isothermal product yields have been 2' 
determined at approximately 125OC and approximately 460°C. The curves are 

shown for 125°C in Figure 5.3, but are somewhat tentative pending more data 

in the 400 to 1000 vpm region. 

TABLE 5.1. Constants a and E for the Equation G = aT 
112 .-E/RT 

as a Function of Reactant Concentration 

[H201 = [COl a -E (Kcal) 
vpm -2- H -2- CO H CO -2 -2 

FIGURE 5.1. Plot of ln(G /T1l2) Versus 1/RT for Various 
co2 

Equimolar (CO, H 0) Concentrations 
2 



FIGURE 5.2. Plot of ln(GH /T1I2) Versus ~ / R T  for Various 
2 

Equimolar (CO, H20) Concentrations 
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[ C O ]  = [ H 2 0 ]  i n  vpm 

FIGURE 5.3. Product Yields (G) for H2 and C02 as a Function 
of Equimolar (COY H 0) Concentrations 

2 

The additional results confirm negative activation energies for the 

reaction at these high dilutions and although scatter is quite high, a 

regular decrease in the constants (a) and E (at least for CO ) are observed 2 
with decreasing reactant concentration as shown in Table 5.1. 

The oxygen impurity problems discussed previously have not been 

remedied. Rather, the.system has been improved to the point that air 

in-leakage is essentially zero and it is now certain that some product of 

radiolysis at lower temperatures (presumably a solid carbon suboxide) decom- 

poses when heated to substantially increase oxygen levels. For example, 

following prolonged flow of the COY H 0 mixture at 125'~~ rapid heating to 
2 

approximately 500°C causes an increase in oxygen concentration from <0.3 vpm 

to as high as 30 vpm which passes through a maximum and decays to low levels 



only  a f t e r  s e v e r a l  hours  (depending on f low rates, e t c . ) .  Most of t h e  

p r e s e n t  d a t a  were t a k e n  w i t h  d e c r e a s i n g  t empera tu re  t o  reduce  t h i s  problem, 

b u t  v a r i a t i o n  i n  f low r a t e s  and oxygen p a r t i a l  p r e s s u r e s  f o r  t h e  v a r i o u s  

d i l u t i o n s  undoubtedly a l t e r  r e a l  oxygen p r e s s u r e s  w i t h i n  t h e  c e l l .  Deposi- 

t i o n  and v a r i a t i o n  of s o l i d  m a t e r i a l  and v a r i a t i o n  i n  oxygen l e v e l s  seem 

v i r t u a l l y  i m p o s s i b l e  t o  c o n t r o l  and may w e l l  e x p l a i n  t h e  somewhat h i g h  

s c a t t e r  i n  t h e  d a t a .  I n  g e n e r a l ,  0 l e v e l s  d i d  n o t  exceed 2  vpm i n  t h e  
2  

e f f l u e n t  gas .  Th i s  l e v e l  i s ,  however, comparable t o  p roduc t  c o n c e n t r a t i o n s  

and f o r  t h e  v e r y  low r e a c t a n t  c o n c e n t r a t i o n s  e s p e c i a l l y ,  t h e  r e s u l t s  should  

b e  cons idered  w i t h  t h i s  problem c l e a r l y  i n  focus .  

EFFECT OF SAMPLE S I Z E  ON DIMENSIONAL S T A B I L I T Y  OF GRAPHITE 

W. J. G r a y  

The s t u d y  of t h e  s i z e - e f f e c t  problem h a s  been expanded t o  i n c l u d e  an 

i n v e s t i g a t i o n  of a phenomenon c a l l e d  "cold-seeding," wherein  g r a p h i t e  

samples a r e  b r i e f l y  i r r a d i a t e d  a t  low tempera tu res  p r i o r  t o  t h e  normal 

h igh- temperature  i r r a d i a t i o n .  A l a r g e  number of samples which have been 

p r e v i o u s l y  ".cold-seeded" a r e  c u r r e n t l y  b e i n g  i r r a d i a t e d  t o  h i g h  f l u e n c e s  

a t  h i g h  t empera tu res  i n  t h e  ETR. 

The cold-seeding c a p s u l e  h a s  been sh ipped  t o  Idaho F a l l s  f o r  charg ing  

i n t o  t h e  ETR i n  November f o r  t h e  t h i r d  p e r i o d  o f  h igh- temperature  i r r a d i a -  

t i o n .  R e s u l t s  from t h e  second i r r a d i a t i o n  p e r i o d  have been r e p o r t e d  

p r e v i o u s l y .  (1) 

HIGH TEMPERATURE IRRADIATIONS 

W. J. G r a y  a n d  W. C. M o r g a n  

Capsule GM-13-422 was i n s e r t e d  i n  t h e  ETR a t  t h e  beg inn ing  o f  

Cycle 113; t h e  c a p s u l e  i s  c o n t r o l l i n g  normal ly ,  w i t h  t h e  h i g h e s t  sample 

t empera tu res  a t  1400°C. It i s  planned t o  c o n t i n u e  i r r a d i a t i o n  o f  t h i s  

c a p s u l e  through ETR Cycle 115, w i t h  d i s c h a r g e  expec ted  d u r i n g  A p r i l  1972. 



MECHANISM OF IRRADIATION DAMAGE 

W. C. Morgan and W. J. Gray 

A r e p o r t ( 2 )  on t h e  i r r a d i a t i o n - i n d u c e d  changes i n  g l a s s y  carbons  h a s  

been i s s u e d  and submi t t ed  t o  Carbon. A s  a  r e s u l t  of a  s i m i l a r  s t u d y  on t h e  

i r r a d i a t i o n - i n d u c e d  changes f o r  pyrocarbons ,  Bokros e t  a l .  (3) had concluded 

t h a t  a l t h o u g h  t h e  a p p a r e n t  c r y s t a l l i t e  s i z e ,  LC, t e n d s  t o  d e c r e a s e  £0: c a r -  

bons w i t h  i n i t i a l  L  v a l u e s  g r e a t e r  t h a n  about  50 i, i r r a d i a t i o n  tended t o  
C 

i n c r e a s e  t h e  L_ v a l u e  f o r  carbons  having s m a l l e r  i n i t i a l  L_ v a l u e s .  T h i s  
L L 

c o n c l u s i o n  was i n t e r p r e t e d ( 4 )  a s  f u r n i s h i n g  s u p p o r t  f o r  t h e  e x i s t e n c e  of a n  

e q u i l i b r i u m  s t a t e  of d i s o r d e r ,  c h a r a c t e r i z e d  by L  v a l u e s  n e a r  50 8, and an  
C 

i r r a d i a t i o n - i n d u c e d  o r d e r i n g  (improvement i n  c r y s t a l l i t e  p e r f e c t i o n  and 

d e n s i t y )  of i n i t i a l l y  p o o r l y  o rdered  ca rbons .  

Our r e s u l t s  on g l a s s y  carbons  do n o t  s u p p o r t  t h e  hypothes ized  e q u i l i b -  

r ium s t a t e  of d i s o r d e r ,  c h a r a c t e r i z e d  by LC v a l u e s  n e a r  50 8. Re-examination 

of t h e  d a t a  p r e s e n t e d  by Bokros e t  a l .  ( 3 3 4 )  l e a d  us  t o  conc lude  t h a t  t h e  

i n c r e a s e  i n  L observed by Bokros e t  a l .  was q u i t e  l i k e l y  due t o  a n  a n n e a l i n g  
C 

change, superimposed on t h e  normal i r r a d i a t i o n - i n d u c e d  d e c r e a s e  i n  L . 
C 

Thus, we can conclude t h a t  t h e  i r r a d i a t i o n - i n d u c e d  changes i n  t h e  low- 

t empera tu re  pyrocarbons  a r e  compat ib le  w i t h  changes i n  g l a s s y  ca rbons  and 

w i t h  p r e v i o u s  r e s u l t s  on o t h e r  carbon m a t e r i a l s  i n  t h a t  t h e  pr imary e f f e c t  

of i r r a d i a t i o n  i s  t o  d e c r e a s e  t h e  c r y s t a l l i t e  p e r f e c t i o n  and c r y s t a l l i t e  

d e n s i t y .  (5) Moreover, i f  an  e q u i l i b r i u m  s ta te  of d i s o r d e r  e x i s t s ,  o u r  

r e s u l t s  s u g g e s t  t h a t  t h e  a s s o c i a t e d  L v a l u e  i s  n o t  g r e a t e r  t h a n  1 6  A. 
C 
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6. PHOENIX  FUEL S T U D I E S  

R. I. S m i t h  

DOCUMENTATION 

A document'') h a s  been i s s u e d  which d e s c r i b e s  t h e  program of  c r i t i c a l  

exper iments  conducted a t  t h e  l o a d i n g  of t h e  Phoenix f u e l  c o r e  i n t o  MTR, 

t h e  measured v a r i a t i o n s  of some of t h e  r e a c t o r  p h y s i c s  pa ramete rs  w i t h  

f u e l  burnup, and t h e  burnup h i s t o r y  of t h e  c o r e  w h i l e  i n  MTR. The r e s u l t s  

a r e  compared, where p o s s i b l e ,  w i t h  r e s u l t s  from t h e  PRCF-Phoenix e x p e r i -  

ment ( 2 )  and w i t h  pre-experiment c a l c u l a t i o n s .  (3) 

P r e p a r a t i o n  of t h e  f i n a l  r e p o r t  on t h e  MTR-Phoenix f u e l  exper iment  i s  

i n  p r o g r e s s .  

DATA C O L L E C T I O N  

T h i r t y - s i x  f u e l  p l a t e s  from n i n e  d i f f e r e n t  e lements  were gamma scanned 

t o  o b t a i n  a x i a l  and l a t e r a l  burnup p r o f i l e s .  Two samples were c u t  from 

each of two f u e l  p l a t e s  f o r  i s o t o p i c  a n a l y s i s .  One p a i r  of samples r e p r e -  

s e n t e d  t h e  i n t e r i o r  of t h e  c o r e  (asympto t ic  r e g i o n )  and t h e  o t h e r  p a i r  of 

samples r e p r e s e n t e d  t h e  c o r e  boundary r e g i o n .  The r e s u l t s  of t h e  d e s t r u c -  

t i v e  a n a l y s i s  a r e  l i s t e d  i n  Tab le  6.1. P l a t e  22-8 was from t h e  asympto t ic  

r e g i o n  and p l a t e  3-8 was from t h e  boundary r e g i o n .  

S i x  f l u x  moni tor  wands were  a l s o  s t u d i e d ,  f i v e  i r r a d i a t e d  and one 

u n i r r a d i a t e d .  Of t h e  i r r a d i a t e d  wands, two were removed from t h e  c o r e  a t  

i n t e r m e d i a t e  l e v e l s  of burnup, and t h e  remaining t h r e e  wands were removed 

a t  t h e  end of t h e  c o r e  l i f e .  F i v e  wands were gamma scanned t o  o b t a i n  a x i a l  

burnup p r o f i l e s .  Samples were c u t  from two i r r a d i a t e d  wands and one u n i r -  

r a d i a t e d  wand f o r  i s o t o p i c  a n a l y s i s .  The r e s u l t s  from t h e  d e s t r u c t i v e  

a n a l y s i s  of f l u x  moni tor  wands a r e  g iven  i n  Tab le  6 .2 .  

The i s o t o p i c  d a t a  from t h e  two f u e l  p l a t e s  have been f i t t e d  u s i n g  

UBUFIT '~ '  t o  o b t a i n  r a t i o s  of e f f e c t i v e  c r o s s  s e c t i o n s  f o r  t h e  plutonium 

i s o t o p e s .  It was n e c e s s a r y  t o  f i x  two of t h e  pa ramete rs  t o  a c h i e v e  a f i t .  

The paramete rs  chosen t o  be  f i x e d  were a /.242 ^239 A241/&:39 a 
and oa /aa , and a 



TABLE 6.1. Summary of Destructive Analysis of Fuel Plate Samples 

Begi n n i  ng 
o f  l i f e  atom End o f  L i f e  Atom Concen t ra t ion  

Concen t ra t ion  ( E O L ) ~ , ~  

(BOL)a P l a t e  22-8 P l a t e  3-8 

Sample No. 

2 3 8 ~  u  

T o t a l  

Atom % 
Burnup 
(BOL-EOL) 

a. BOL = atoms o f  i so tope  pe r  100 i n i t i a l  atoms o f  p l u ton ium a t  
beg inn ing  o f  1  i f e  (1-28-70). 

b. EOL = atoms o f  i s o t o p e  p e r  100 i n i t i a l  atoms o f  p l u ton ium a t  
end o f  l i f e  (4-23-70). 

c.  Values d e r i v e d  u s i  measured i s o t o p i c  r a t i o s  and 1 4 8 ~ d  a n a l y s i s  
r e s u l t s  i n  I S O D I L .  71 1 



Sample Plo. 

2 3 8 ~ u  

T o t a l  

Atom % 
Burnup 
( BOL-EOL) 

TABLE 6.2. Summary of Destructive Analysis of Flux Wand Samples 

o f  r i f e  atom 
Concen t ra t i on  End o f  L i f e  Atom Concen t ra t i ons  ( E O L ) ~ "  

( E O L ) ~  Wand #12 Wand #8 

W 1126 LJ 1130 1.J 1131 W 1132 W 1127 W 1128 W 1129 

a. BOL = atoms o f  i s o t o p e  p e r  100 i n i t i a l  atoms o f  p l u t o n i u m  a t  beg inn ing  o f  l i f e  
(1 -28-70). 

b. EOL = atoms o f  i s o t o p e  p e r  100 i n i t i a l  atmos o f  p l u t o n i u m  a t  end o f  l i f e  
(4-23-70) .  

c .  Values de r ' ved  us ing  measured i s o t o p i c  r a t i o s  and 1 4 8 ~ d  a n a l y s i s  r e s u l t s  
i n  Iso" IL.14)  



study was performed t o  determine t h e  s e n s i t i v i t y  of t h e  f i t s  t o  t h e  va lues  

of t h e s e  f i x e d  parameters.  The r e s u l t s  of t h e s e  ana lyses  a r e  given i n  

Table 6.3. 

There a r e  s i g n i f i c a n t  d i f f e r ences  i n  t h e  va lues  of most of t h e  param- 

e t e r s  between t h e  asymptotic reg ion  ( p l a t e  22-8)  and t h e  boundary reg ion  

( p l a t e  3-8),  thus  emphasizing t h e  f a c t  t h a t  a zero-dimensional burnur ca l -  

c u l a t i o n  i s  not  adequate f o r  cores  l i k e  t h e  MTR-Phoenix. 
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TABLE 6.3. Summary of DBUFIT Analysis of Fuel Plate Samples 

Cross-Sect ion  R a t i o s  ( F i x e d )  Qua1 i ty a 
DBUFIT M a t e r i a l  ,2 3 9 ;240/;239 ;241/;239 ,2 4 1 0242102 3 9  o f  f i t  
Case No. and Data a a a a a a 22,/d. f. 

56-1 P l a t e  22-8 0.524 + 0.005 0.713 t 0.003 0.950 f i x e d  0.440 t 0.014 0.260 0.153 

56- 2 d o 0 . 5 5 7 + 0 . 0 0 5  0 . 7 4 7 ~ 0 . 0 0 3  1 . 0 5 0 f i x e d  0 . 3 8 2 t 0 . 0 1 2  0.260 0.162 

56- 3 d o 0 . 5 9 2 t 0 . 0 0 6  0 . 7 8 2 t 0 . 0 0 3  1.150 f i x e d  0 . 3 3 7 + 0 . 0 1 1  0.260 0.172 

57-1 do 0.558 t 0.005 0.748 + 0.003 1.050 f i x e d  0.359 + 0.011 0.230 0.140 

57- 2 d o 0.556 + 0.006 0.747 t 0.003 1.050 f i x e d  0.405 + 0.013 0.290 0.187 

m 
~n 56- 4 P l a t e  3-8 0.434 L 0.012 0.490 t 0.006 0.900 f i x e d  0.459 + 0.032 0.120 1.34 

56- 5 d o 0 . 4 6 4 +  0.012 0.522 + 0.006 1.00n f i x e d  0.395 + 0.026 0.120 1.34 

56-6 do 0.496 t Q.013 0.554 t 0.006 1.100 f i x e d  0.346 t 0,022 0.120 1.34 

57- 3 do 0 . 4 6 5 +  0.012 0.522 2 0.006 1.000 f i x e d  0.377 2 0.025 0.100 1.33 

57-4 do 0.464 t 0.012 0.522 + 0.006 1.000 f i x e d  0.413 t 0.027 0.140 1.35 

a. Values o f  c h i  squared d i v i d e d  by t h e  degrees o f  freedom which  a r e  reasonab ly  c l o s e  t o  
u n i t y  a r e  expected f o r  a s a t i s f a c t o r y  f i t  and reasonab le  u n c e r t a i n t i e s .  S i g n i f i c a n t l y  
smal l  e r  v a l  ues i n d i c a t e  u n c e r t a i n  t i e s  on d a t a  p o i n t s  have been ove res t ima ted  and 
the  f i t  i s  b e t t e r  than expected.  
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