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' SUMMARY 
. . 

As p a r t  o f  the Advanced Fuel Recycle'Program, c r i t i c a l  mass measurements 

:havebeen made o f  severa l  l a t t i c e s  cons is t ing  o f  mixed oxide (Pu0,-UO,) f u e l  

, p ins  i n  water. ) 1 "  :addi t ion t o  p rov id i ng  a re1 i a b l e  technological  basis 
' . . .  . 

. f o r  nuclear c r i t i c a l  i ty.contro1,  ' these measurements are .designed t o  provide 
. . . . . . 

: . 
benchmiirk -data f o r  val . idat ion of cross sect ions .and ca l  cu.1 a t i ona l  techni,ques 

~. 

used f o r  mixed plutonium and uranium systems. . I n  order t o  character ize some 
. . 

o f  the l a t t i c e s  more thoroughly, s p a t i a l  f i s s i o n  r a t e  d i s t r i b u t i o n s  were 

measured using so l  i d  s ta te  . . t rack  recorders (SSTR) . These f i s s i o n  r a t e  t raverses 

cannot o n l y  be compared. w i t h  ca lcu la ted shapes, bu t  s ince SSTR observations 
. . . . 

provide:,absolute f i s s i o n  rates, the data '  were a1 so used as i n p u t  t o  the  
. , . . ' 

.mu1 t i p l e - f o i l  unfo ld ing code, SAND-.II,(~) t o  der.ive ad justed neut ron spectra. 
. . . . .  . '. . . .  

The extremely h igh s e n s i t i v i t y  o f  the,  SSTR method a f fo rds  i n - s i t u  dosimetry 
. , ., . . 

,for c r i t i c a l '  mass measurements w i t h  negl i g i  b l e  spa t i a l  a n d  spec t ra l  perturbat ions.  

The SSTR measurements were c a r r i e d  o u t  using mica t r ack  recorders w i t h  ' -  

. - 

i so top ic  f iss ion'  deposits o f  235U, 238U, 232Th, and 237Np. Fissions i n  the . 

deposi t  create damage t r a c k s  i n  the'mica, which can be counted under an o p t i c a l  
- 
. - 

microscope' a f ter  su i tab le  etching. (3) To measure spatial.  and i s o t o p i c  f i s s i o n  
. -, -- . ... - .. - . . 
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ra tes  simultaneously, i t  was necessary t o  ad jus t  deposi t  thicknesses t o  ob ta in  

.< rack .dens i t i es .as  c lose as poss ib le  t o  the optimum range f o r  manual scanning.' ! 

The optimum range f o r  hi,gh ,.accuracy. r e s u l t s  var ies  from l o 4  tracks/cm2 ..( to 
, . 

ob ta in  :s ta t is t ic_a l  .accuracy) up t o  2 x l o 5  tracks/,cm2 ( t o  avo id  t rack  p i le -up)  . 
- .  ---_ , 

-. - . ----_ .----- --.- -- . . . ..-.-- -. -- . . . _ ---- 
, .- --_I -- 

I n  order t d  ob ta in  these dens i t ies ,  two types o f  deposi ts were used. Thin . . 

deposits provide low.. f lss ion t rack .  dens i t i es  w i t h  n e g l i g i b l e  f i s s i o n  fragment 
. . .7. 

self .abs6rption.  he exact  mass o f  such deposits mus t .  be determined and, i f  

on ly  p a r t  . o f  the t r ack  recorder . i s  t o  be counted, the depos i t  must. be h i g h l y  
. . a  , . 

uniform. The second,deposit  type I s  one 'w i th  a thickness greater  than the 

range o f  a l l  f i ss ion . f ragments .  . . The s e n s i t i v i t y  o f  these "asymptotic" f o i l s  .. . 
(334) i s  independent o f  the thickness a n d  has been previously determined. 

. . 

Results from exposures a t  the y i d d l e  o f  t h e  l a t t i c e  %re Shown i n  Table I . 
f o r  t w o  p i t c h e s .  I n  these measurements, each SSTR was scanned by two independent 

observers.. Each observer scanned roughly 1 O3 t racks,  so : that  the s t a t i s t i c a l  ' 
. . 

p rec i  sion-of the measurements'.i s s l  i g h t l y .  greater than '2%. . ..Errors due t o  the . . . . ' 6 . . .  . . 
uncerta inty in' the  mass o f  t h e '  f i s s i o n  h e p i s i t  we1 l;;as -the e r r o r  i n  the 

. . 

op t i ca l  e f f i c i e n c y  o f  mica- must a1 s o  b e  considered. .. I n  t h i s  manner, an  ove ra l l  

e r r o r . o f  roughly 3-5% ( a t  the l a  l e v e l )  was a t t a i ned  f o r  SSTR absolute f i s s i o n  
. . 

r a t e  observations i n  these c r i t i c a l  f a c i l  i t y  ' studies. 
. . 

The measured f i s s i o n  rates: were i n p u t  t o  the SAND-I1 code together w i t h  
. 

a s t a r t i n g  spectrum" ). ca lcu la ted  w i t h  . the K~No(:) ~ o n t e  car1 o code. . The 

SAND-I1 code produced an ad justed -calculated spect ra l  shape which agreed w i t h  

the measured data. Table I presents these SAND-I1 r e s " l t s . f o r  the thermal 
. . , . * .  .. . .  .' . ,, , , .  . .. . . 

f l  ux, f l u x  o f  neutrons w i t h  energy .greater than1.0.1 a n d  1 MeV, . t o t a l  :fl ui, and 

the mean neutron energy. A de ta i  1 ed e k o r  ana lys is  was n o t  made, b u t .  on t h e  
. . 

. . 

basis o f  s im i l a r  analyses, u n c e r t a i n t i e s . i n  these spec t ra l  values are est imated 



The extent  of modif icat ions i n  the ca lcu la ted spectra may be i n f e r r e d  - 
- . 

, by a comparison of measured and ca lcu la ted 235U (n, f )  t o  238U (n,f) r a t i o s .  

For the 0.77 cm p i t c h  l a t t i c e  t h i s . r a t i o  was measured t o  be 107 as compared 
- 

-= 

w l  t h  the calculated (KENO) value . o f  119, an ' ,  11% d i f ference.  For, the 1.90 cm 
. . 

p i t c h  these were 1140 measured and 1236 calculated,  an..8% difference. - A t  
... . 

other l a t t i c e  posi t ions,  comparable. differences were bbserved. As ind ica ted  

by t h i s  one spectral  index, therefore, the KENO ca lcu la t ions  produce a reasonable I >  

. .  . . , . .  - . . 
. . 

approximation t o  the neutron spectrum. .   ow ever, :improvements i n  flux-spectrum 

values can be obtained from SAND-11, which may then be used f o r  compar iso~s .  _. . 
w i t h  l a t t i c e  ca lcu la t ions  o r  i n  per&bation. ca lcu la t ions  t o  der i ve  e f f e c t s  

o f  po i  son o r  geometry changes. - 
The resu l t s  o f  t h i s  program . to :date have shown t h a t  accurate SSTR 

,, measurements . o f  . f i ss ion  ra tes  can be. made i n '  c r i t i c a l  mass f a c i l i t i e s  a t  

very low exposure 1 evels. Such measurements ,when combi ned w i th '  the  mu1 ti p l  e  

f o i l  technique have great  p o t e n t i a l  - f o r  use as add i t i ona l  benchmarkdata :. ,.' . . 
. . 

. . . . , >, 

f o r  improvement, and val  i d a t i o n  o f  ca l cu la t i ona l  techniques. ' , . . . .  
, . 



-?: 
- . . . Table I 

I I .  

. Mid-Lattice - Fisslon .Rates and Group Neutron F l  uxes 

L a t t i c e  P i tch  0.77 cm 
*-- "-- . 

, - - .. . .- ., . I ;  - '  
Relat ive  Fission ~ a t e s : .  - . 

( f issions/atom-sec) .-.- 
_- -- 

15 

.235U (n , f )  . 1.28 x 10- 

  el a t i  ve Flux (n/cm2-sec) 
.. 

Thermal 

E> 0.1 MeV 

E> 1 MeV 

Total 

Average Energy (MeV) 

I r r a d i a t i o n  'CS6 
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