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APPL ICATICIN OF GAYMA .RAY SPECTS~~ETRY 

AS A SUPPLEMENTARY MIST TECHNIQl.lE 

The determinat ion o f  neutron exposure o r  f u e l  burnup by nondest ruc t ive  

gamma scanning techniques has the  po ten t i a l .  o f  being the  on1.v p r a c t i c a l  
. . 

safeguards check aga ins t  d i v e r s i o n  o f  p lutonium du r inq  the t ime- f o l  lowing 

discharge o f  f u e l  from the  reac to r  u n t i l  i t  i s  chemical ly  processed. The 
. .  . 

i n fo rmat ion  one u1t imatel .y hopes t o  o b t a i n  from the  a p p l i c a t i o n  of  the 

technique t o  power r e a c t o r  f u e l s  i s  t he  plutonium content  of a g iven fuel  

bundle, thus p rov id ing  a check on numbers auoted by the  chemical processor 

of t he  fue l .  The technique i s  a l so  use fu l  f o r  i d e n t i f v i n g  and s o r t i n g  

nuc lear  f u e l .  

The use o f  gamma scanning t o  determine fue l  burnup i s  envisioned as 

a suppl emen t a r y  MIST technique wherein a 'redundant check on the  p l  utonium 

content  o f  f u e l  i s  obtained. The MIST technique, when appl i e d  t o  the 

chemical reprocessing data, w i l l  i n d i c a t e  whether the chemical processor 

has f a l s i f i e d  h i s  numbers. However, by a l s o  havinq determined the  p lutonium 

content  v i a  nondest ruc t ive  gamma scanning techniques, there  i s  a redundant 

check on t h i s  i n fo rma t ion  and both  methods are  enhanced ... .For example, the 

number of mass spectrometr ic  ,remeasurements o f  'd issolved f u e l  samples r e -  

qu i  red  by the safeguards agency ma.y be great1 y reduced due . t o  the conf idence 

gained from gamma scanning. . . 
. . 
. . 

An add f t i ona l  advantage o f  gamma scanning the  r e a c t o r . f u e 1  i s  t h a t  i t  

provides an e s s e n t i a l l y  absolute check on the, f u e l  dur ing  t ranspor ta t i on .  

If one were t o  gamma scan the f u e l  be fore  and a f t e r  t r a n s p o r t a t i o n  one would 

expeet t o  sce e s s e n t i a l l y  reproduc ib le  r e s u l t s .  Hence one cou ld  verv 

accurate1 y asce r ta in  whether f u e l  was subs t i t u ted% o r  d i v e r t e d  du r inq  t rans-  



p o r t a t i o n .  This  i n  i t s e l f  ma,y be reason enough. t o  f u r t h e r  develop the 

technique. 

There have been sca t te red  attempts i n  the 1  i t e r a t u r e  . to:  apply t h i s  

technique t o  the de terminat ion  'of  exposure o f '  i r r a d i a t e d  fuels,  b u t  the  

e x i s t i n g  data i s  i n s u f f i c i e n t  t o  demonstrate the f e a s i  b i l  i t.v of t he  techni  - 

que o r  t o  pu t  an absolute e r r o r  bar  on the  exoosure so obta ined.  However, 

t h e  research t h a t  has been done t o  da te  leads one t o  conclude t h a t  there  

i s  a  p o t e n t i a l  t o  determine burnup o f  i r r a d i a t e d  f u e l  t o  w i t h i n  5%, and 

t h a t  the technique i s  indeed a  f e a s i b l e  safeguards method. 

I n  t h i s  paper, we w i l l  f i r s t  present  a  bas ic  d e s c r i p t i o n  of the  

method i t s e l f .  Then we w i l l  rev iew two research e f f o r t s  which have 

' been performed a t  Bat te l le -Nor thwest  w i t h  regard t o  the gamma scanning 

tec  hnique and, f i n a l  l y ,  we w i l l  present  how we f e e l  the  method 'could be 

app l ied  d i r e c t l y  as a  supplementary M I S T  technique i n  the safeguards 

sys tem. 



I.ION-DESTRUCT1 VE DETERMI NATION OF RlJRNlJP  

The f o l l o w i n g  w i  11 b r i e f l y  summarize what i s  i n v o l v e d  i n  the  a p p l i c a t i o n  
. . 

o f  a non -des t ruc t i  ve gamma scanning technique( ' )  t o  t he  determi  n a t i o n  o f  

abso lu te  f l u x  and exposure as w e l l  as what may be necessary t o  demonstrate 

i t s  p o t e n t i a l  and r e l i a b i l i t y .  Consider f i r s t ,  f o r  s i m p l i c i t y  sake; t he  

de te rm ina t i on  o f  exposure a t  a p o i n t  on a f u e l  p i n .  I n  app ly ing  the  technique,  

one u t i l i z e s  measured and c a l c u l a t e d  f i s s i o n  p roduc t  a c t i v i t y  r a t i o s .  The 1 
measured a c t i v i t y  r a t i o s  a r e  i n f e r r e d  from photopeak areas i n  t h e  qamma r a y  .I 

spec t ra  o f  t h e  f i s s i o n  p roduc ts  as observed w i t h  a h i g h  r e s o l u t i o n  Ge (L i )  > 

gamma r a y  spectrometer.  . . . . 

Having determined t he  photopeak a r e a  . .. r a t i o s ,  w e  must now'~con 'ver t  these  . ' . ' . . 
. . . . . . .  

t o  a c t i v i t y  r a t i o s .  To deve lop  t h e  r e l ' a t i o n s h i p  necessary f o r  t h i s  c6nve.rs ionj  . ,  ' , . 

cons ider  t h e  r e l a t i o n s h i p  between t h e  number o f  gamma rays  o f  energy i from 
.d 

i s o t o p e  ,j - t h a t  a r e  de tec ted  ( f u l l  energy abso rp t i on  i n  t he  c r y s t a l  ) p e r  u n i t  

t ime ,  i .e., t he  photopeak area, Ai j, r e l a t i v e  t o  t h e  number o f  decay events 

p e r u n i t t i m e o f  t h e r a d i o a c t i v e i s o t o p e ,  i.e., t h e a c t i v i t y , P l . x  S ince 
J j. 

on t he  average o n l y  a g i v e n  f r a c t i o n  o f  t h e  r 4 . x .  decay events r e s u l t  i n  a 
J J  

gamma r a y  o f  energy i , the  number o f  gamma rays o f  eneryy i per- decay c v e n t  

must be known. O f  t h i s  number o n l y  a c e r t a i n  f r a c t i o n  a r e  t r a v e l i n g  i n  the  

d i r e c t i o n  o f  the  d e t e c t o r  and o n l y  t he  f r a c t i o n  which escape removal by 

abso rp t i on  o r  s c a t t ~ r i  ng between t he  source and d e t e c t o r  a c t u a l  l y  reach the  

de tec to r .  O f  .thnsF! gamma ra*ys t h a t .  do reach t h e  de tec to r ,  o n l y  a f r a c t i o n  a re  

detected,  i .e., those whose t o t a l  energy i s  absorbed i n  t he  c r y s t a l .  These 

gamma rays  produce t he  photopeak a t  energy i (whose area is '  A .  .). I n  equa t ion  
7 .I 

form \de have: 



- 1 .I = { p i . -  -1 $1 - }  b R i j }  re i }  { G }  {exp ( -  i, jkx)} :  

" j Area o f  photo-peak o f  energy i from decay o f  i s o t o p e  j 

N . A .  Decay r a t e  o f  i s o t o p e  j 
J J 

BRij z Branching r a t i o :  Unconverted gamma rays  o f  energy i per  
da ta  even t  o f  i s o t o p e  j 

i 
I E f f i c i e n c y  o f  d e t e c t o r  f o r  gamma rays  o f  energy i 

G = Geometry f a c t o r  f o r  t h e  source-de tec to r  geometry used 

pipkx "emoval o f  gamma rays  o f  energy i i n m a t e r i a l  k 
exp ( ) .between source and d e t e c t o r  . % 

The l a s t  t h r e e  f ac to r s  i n  t h i s  equa t ion  y i e l d  t he  abso lu te  e f f i c i e n c y  o f  

t h e  d e t e c t o r  sys tem f o r  qamma rays  o f  energy i . Since  we a r e  i n t e r e s t e d  i n  
. . 

a c t i v i t y  r a t i o s  r a t h e r  than ahsol  u t e  a c t i v i t i e s ,  i t  i s  o n l y  necessary . . t o  

determine r e l a t i v e  e f f i c i e n c i e s  under ac tua l  coun t ing  cond i t i ons .  To i 11 u s t r a t e  

how these r e l a t i v e  e f f i c i e n c i e s  a r e  ob ta i ned  cons ider  t he  area r a t i o  o f  two 

photopeaks r e s u l t i n g  from gamma rays  a t  energyes 1  and 2 e m i t t e d  d u r i n g  t h e  

decay o f  a  s i n g l e  i s o t o p e  j.. From ( 1 )  we have 



P A R A M E T E R S  T H ' A T  I N F L U E N C E  T H E  F O R M A T I O N  A N D  . - - -  

D E T E C T I O N  O F  R A D I O A C T I V E  F I  S S  I O N  P R O D U C T  
N U C L I D E S  B Y  G A M M A  S C A N N  I N G  

w h e r e  
A.. = AREA OF PHOTO-PEAK OF ENERGY i FROM DECAY OF ISOTOPE j 

I J  

N . A .  
J j 

DECAY RATE OF I SOT0 PE j 

BR.. BRANCHING RATIO: UNCONVERTED G A M M A  R A Y S  OF ENERGY i 
11 PER DECAY EVENT OF l SOT0 PE j 

EFF I C  I ENCY OF DETECTOR FOR G A M M A  R A Y S  OF ENERGY i ei . 

- '  . G '  . . .  GEOMETRY FACTOR FOR THE SOU RCE-DETECTOR GEOMETRY USED 
. . 

. . .  

i I N   MATERIAL^ BETWEEN '.' 



R E L A T I V E  E F F l C  l E N C Y  D E T E R M I N A T I O N  

L E ~ I N G  ei exp \: p i  $9 E .  W E  HAVE 
I 



b l u i l t i o n  ( 2 )  q i ves  t h e  d e t e c t o r  e f f i c i e n c y  f o r  cjanma rays o f  energy 2 

r e l a t i v e  t o  t h a t  f o r  gamma rays o f  energy 1. Thus i f  we have a  f i s s i o n  p roduc t  

i s o t o p e  i n  the  f u e l  e m i t t i n g  severa l  gamma rays  whose branching r a t i o s  o r  

r e l a t i v e  i n t e n s i t i e s  a r e  w e l l  known we can o b t a i n  t h e  r e l a t i v e  e f f i c i e n c y  

curve  from the  measured photopeak areas. 

Having determined t h e  r e l a t i v e  e f f i c i e n c i e s  from one o f  t he  gamma r a y  

spec t ra  we a r e  now i n  a p o s i t i o n  t o  g e t  t h e  d e s i r e d  a c t i v i t y .  ra . t ios  f rom 

t h e  photopeak area r a t i o s .  Again us ing  equat ion  (1 )  we have f o r  t he  area 

r a t i o  o f  two photopeaks a t  d i f f e r e n t  energ ies  from d i f f e r e n t  i so topes  

So l v i ng  f o r '  t h e  d e s i r e d  a c t i v i t y  r a t i o s  we have. I 
. . 

W . A .  A . .  E 
BRLI:I P , ' A==.-.- 

A BRi ~ . .. NmXm 9. m 

Thus t h e  : des i r ed  a c t i  v i  ty  r a t i o s  a r e  ob ta ined .  as p e r  equa t ion  ('3) f rom t h e  

measured photopeak area r a t i o s .  t h e  branching o r  r e l a t i v e  i n t e n s i t y  r a t i o s  

tabu1 a ted  i n  t h e  l i t e r a t u r e  and t he  measured r e l a t i v e  e f f i c i e n c y  r a t i o s .  

. . 

tie see I l l a t  the c o n v e r s i ~ n  o f  '.photopeak area r a t i o s  measured a t  a  g i v e n  

cool  i n y  t ime  t o  a c t i v i t y  r a t i o s  a t  r e a c t o r  shutdown r e q u i r e s  t h e  f o l l o w i n g  

i n f o m a t i o n :  

1. Cool ing t ime. . . 

. . 
2. ~ a l f - l i v e ' s  o f  f i s s i o n  products .  

3. Branching r a t i o s  o f  gamma rays  i n  t he  decay scheme.. 

4.. R e l a t i  ve e f f i c i e n c y  . o f  t h e  Ge(Li  ) de tec to r .  



R E L A T I V E  E F F I C I E N C Y  C A L I B R A T I O N  F O R  
T H E  G e (  L i )  S P E C T R O M E T E R  

ENERGY (keV)  



A C T I V I T Y  R A T I O S  F R O M  
M E A S U R E D  P H O T O  P E A K  A R E A  R A T I O S  

. . 
. . A * .  N.A BR.. E~ 

11 ~ j . .  -= 'J  .- 
A  N A a m  m m E Bram . a  

SOLVING FOR THE DESIRED ACTIVITY RATIOS WE HAVE 

N .A A * .  
IJ B R ~ m  

E e  
J j  =-. .- 

N A A  BR.0 i m m a m  IJ 



R E Q U I R E D  I N F O R M A T I O N  
F O R  C O N V E R S I O N  O F  P H O T O P E A K  A R E A  R A T I O S  

. . 

1. COOLING TIME.' 

2. HALF-LIVES OF F I  SSION .PRODUCTS. 

3. 'BRANCHING RATIOS OF GAMMA RAYS I N  THE DECAY 
SCHEME. 

4. RELATIVE EFF I C I ENCY OF THE Ge(Li 1 DETECTOR. 



I tems ( 2 )  a r e  we.11 known, w h i l e  i tems ( 3 )  a re  genera l  1y:not as we1 1  

known. I tern ( 4 )  i s  rncasurable w i t h  reasonable accuracy. I t  may 'be p o s s i b l e  

t o  g e t  t h e  c o o l i n g  t ime from the  gamma r a y  spec t ra ,  b u t  f o r  p resen t  purposes 

we w i l l  assume i t  i s  known from f u e l  d ischarge  records.  We now have a  s e t  

o f  r a t i o s ,   of measured' f i s s i o n  p roduc t  r e a c t i v i t y  r a t i o s  a t  r e a c t o r  

shutdown. 
. . 

C I t  i s  a l s o  p o s s i b l e  t o  c a l c u l a t e  t he  s e t  o f  r a t i o s ,  Ri, w i t h  r e l a t i v e l y  

s imp le  a n a l y t i c a l  equat ions based on t h e  bas i c  processes i nvo l ved .  There 

a r e  however, a  cons iderab le  number o f  "cons tan ts "  i n v o l v e d  i n  these equat ions 

which have va ry i ng  degrees o f  i n f l u e n c e  on t he  r e s u l t s .  Optimum subsets of  

these can be a r r i v e d  a t  by a  sys temat ic  v a r i a t i o n  and eva lua t i on ,  e.g., f o r  

cons is tency  between and w i t h i n  d i f f e r e n t  s e t s  o f  data.  The cons tan ts  needed 

i n  t h e  a n a l y t i c a l  de te rm ina t i on  o f  t he  r a t i o s  are:  

1. I n i t i a l  n u c l e i  d e n s i t i e s  o f  a l l  f i s s i l e  and f e r t i l e  f u e l  isotopes.  

2. One group mic roscop ic  c ross  sec t i ons  f o r  absorp t ion ,  . . cap tu re .  and 

f i s s i o n  f o r  a l l  f i s s i l e .  and f e r t ' i l e  f u e l  isotopes.  

3. F i s s i o n  p roduc t  y i e l d s  f o r  each f i s s i o n  p roduc t  from each f i s s i o n a b l e  

i so tope .  

4. M ic roscop ic  d l s o r p t i o n  and cap tu re  cross s e c t i o n  f b r  each f i s s i o n  

p roduc t  o f  i n t e r e s t .  

5. H a l f - 1  i f e  o f ,  each f i s s i o n  p roduc t  o f  i n t e r e s t .  
. . 

I n  t he  above' i tems (1,) and ( 5 )  a re  u s u a l l y  w e l l  known. I tem (3 )  i s  

thought  t o  be w e l l  known f o r  235U and 239Pu. I tems ( 2 )  can-be  ob ta ined  i n  a  

number of  ways and an optimum s e t  c o u l d  be cons t ruc ted  f o r  a  , p a r t i c u l a r  

r e a c t o r  from the  a n a l y s i s  o f  a  few s e t s  o f  da ta  from t h a t  r eac to r .  I t e n  ( 4 )  

i s  u s u a l l y  e i t h e r  r e l a t i v e l y  uni .mportant ( l  37Cs, g 5 Z r )  o r  v.ery impo r tan t  

( l  3 3 ~ ~ ,  3 4 C ~ ,  5 3 E ~  and 5 4 E ~ )  b u t  g e n e r a l l y  p o o r l y  known. 



C O N S T A N T S  N E E D E D  I N  
T H E  A N A L Y T I C A L  D E T E R M I N A T I O N  O F  . R A T I O S  

1. INITI .ALNUCLEI DENSITIES OF A L L F I S S I L E  ANDFERTILE FUEL 
I SOT0 PES. 

2. ONE GROUP MICROSCOPIC CROSS SECTIONS FOR 
ABSORPTION, CAPTURE AND F I S S I O N  FOR A L L F I S S I L E  
AND FERTI LE FUEL I SOT0 PES. 

3. F I S S I O N  PRODUCT Y lELDS FOR EACH F l  SS ION PRODUCT 
FROM EACH F~SSIONABLE ISOTOPE. 

4. MICROSCOPIC ABSORPTION AND CAPTURE CROSS 
SECTION .FOR EACH. F l SS ION PRODUCT OF INTEREST. 

5. HALF- LIFE OF EACH F I SSION PRODUCT OF INTEREST. 



Add i t i ona l  i n fo rma t ion  requ i red  f o r  the c a l c u l a t i o n  i s  the  opera t inq  

h i s t o r y  o f  the reac to r ,  i.e., r e l a t i v e  power versus t ime histograms. The 

p r e c i s i o n  t o  which t h i s  must be known depends on the  f i s s i o n  products o f  

i n t e r e s t  which i s  i n  t u r n  r e l a t e d  t o  the  coo l inq  t ime a t  which the  qamma 

scan measurements a r e  made. 

With the  above i n fo rma t ion  as i n p u t  f o r  q iven f u e l  ma te r i a l ,  the  

computer program DRAFT(') ca l cu la tes  i n fo rma t ion  concerning f i s s i o n  events  such 

as fuel  i s o t o p i c  concentrat ions and f i s s i o n  product '  d i s i n t e g r a t i o n  ra tes  

a t  se lec ted  times dur ing  and a f t e r  i r r a d i a t i o n .  I r rad ia t i on . " .h i s to ry  o f  the 

f u e l  i s  i n p u t  i n  t he  form o f  a  histogram t o  a1 low an accurate d e s c r i p t i o n  o f  

, f i s s i o n  product  formation. The f o l l o w i n g  i n fo rma t ion  i s  ca l cu la ted  and p r i n t e d  

a t  as many as 100 values o f  t i n e  as s p e c i f i e d  by the  user i n . f h e  i n p u t  through 

the power h i s  to ry .  

o Accumulated exposure t ime 

e Time averaged f l ux  and accumulated exposure 

@ Fuel i so tope  (235U, 238U and 2 3 9 P ~ )  concentrat ions,  

e Accumulated f i s s i o n s  i n  each f u e l  i so tope  ( 2 3 5 ~ ,  2 3 8 ~  and 2 3 9 P ~ ) ,  

accur~u lh ted  f i s s i o n s  i n  a l l  f u e l  isot.npes, and the f r a c t i o n  o f .  

accumulated f i s s i o n s  f o r  each f 1 ~ 1  i so tope  

e D i s i n t e g r a t i o n  r a t e  f o r  each f i s s i o n  product  

e Rat ios o f  se lec ted  f i s s i o n  product  d i s i n t e g r a t i o n  ra tes .  

The ahnve i n f ~ , ~ . s t i o n  can be generated f o r  as many as 100 i n p u t  exposure 

averaged f luxes,  20 f i s s i o n  products and 20 f i s s i o n  p r o d u c t ' a c t i v i t y  r a t i o s  

i n  a  s i n g l e  pass. A p l o t t i n g  r o u t i n e  has been added t o  the.program t o  a l l ow  , 
. . 

f o r  any o r  a l l  o f  the. f o l l o w i n g  ou tpu t  t o  be p l o t t e d :  . , 

1. Rat io  o f  f i n a l  t o  i n i t i a l  f u e l  concentrat ions versus exposure. 



C A L C U L A T E D  I N F O R M A T I O N  

@ ACCUMULATED EXPOSURE T I M E  

T I M E  AVERAGED FLUX AND ACCUMULATED EXPOSURE. 
235 23gU AND 239pu) FUEL I SOT0 PE ( U ,  

COAICENTRATIONS, 

ACCUMULATED F I SS IONS I N  EACH FUEL ISOTOPE 
235 u, 2 3 8 ~  AND 239~u),  ACCUMULATED F I S S I O N S  
I N  ALL  FUEL I SOTOPES, AND THE FRACTION OF 
ACCUMULATED F l  SS IONS FOR EACH FUEL ISOTOPE. 

DISINTEGRATION RATEFOR EACH F I S S I O N  PRODUCT. I 
2 

P 

9 RATIOS OF SELECTED F I S S I O N  PRODUCT 
I 

DISINTEGRATION RATES. 



2. l l i s i n t e g r i l t . i o n  r a t e  versus exposure o r  t ime, between any two spcc i  f i c d  

t imes, f o r  any f i s s i o n  product .  

I 3. D i s i n t e g r a t i o n  r a t e  r a t i o  versus exposure o r  t ime between any two 

, s p e c i f i e d  t imes and f o r  any two f i s s i o n  products .  

The code i s  used m a i n l y  f o r  two purposes. ' F i r s t ,  i t  i s  us'ed t o  deterrni ne 

which f i s s i o n  products  and f i s s i o n  p r o d u c t  a c t i v i t y  r a t i o s  w i l l  he most usefu l  

i n  de te rmin ing  such q u a n t i t i e s  as average f l u x ,  exposure, . f r a c t i o n  o f  f i s s i o n s  

i n  each f u e l  i s o t o p e  and t o t a l  f i s s i o n s  f a r  a  p a r t i c u l a r  r e a c t o r  t.ype. 
. . 

Secondly, t he  a c t u a l  determi  n a t i o n  o f  these q u a n t i t i e s  i s  made by c o r r e l a t i n g  

t h e  se lec ted  c a l c u l a t e d  f i s s i o n  p roduc t  a c t i v i t y  r a t i o s  w i t h  measured values 

ob ta i ned  by nondes t ruc t i ve  gamma scanninq techniques. 

I 
I 

I ~ l i  t h  Program DRAFT, then, c a l c u l a t e d  r a t i o s ,  R;, a r e  determined assuming 

d i f f e r e n t  values o f  the  abso lu te  neu t ron  f l u x .  For  each va lue  o f  t h e  f l u x  

a  p l o t  o f  a  g i ven  r a t i o  vs. exposure r e s u l t s  i n  a  f a m i l y  o f  curves f o r  t he  R:. 

(See F igu re  1 ) .  I f  a  h o r i z o n t a l  l i n e  i s  drawn which represen ts  t h e  measured 

va lue  R: , t h i s  l i n e  w i l l  i n t e r s e c t  each curve i n  t he  f a m i l y  once. (Again 

see F igu re  1 ) .  Each p o i n t  o f  i n t e r s e c t i o n  determines a ( 4 , ~ )  p o i n t  f o r  t he  

Ri. A cu rve  i s  then  cons t ruc ted  o f  4  vs. E f o r  each Ri. (See F igu re  2) .  The 

" i n t e r s e c t i o n "  o f  these curves then  y i e l d s  t h e  abso lu te  f l u x  and exposure. 

Th i s  f l u x  i s  then i n s e r t e d  back i n t o  DRAFT and t h e  end o f  1 i f e  f u e l  i s o t o p i c s  

and atom densi  ti es d e t e m i  ned. 

The l a r g e r  t h e  number o f  r a t i o s  used t h e  b e t t e r  t h e  exposure and f l u x  

can be determined a'nd t h e  e a s i e r  i t  i s  t o  p i c k  o u t  i n c o n s i s t e n t  da ta  and ass ign  

an u t i c e r t a i n t y  t o  t h e  exposure. Which r a t i o s  can be u s e d . i s . a  . f u n c t i o n  ,of 

c o o l i n g  t ime, among o t h e r  th ings .  I t  remains t o  be determined which r a t i o s  
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FIGURE 1.. Exalilple o f  a C a l c u l a t e d  F i s s i o n  P r o d u c t  A c t i v i t v  R a t i o  ( ~ 7 )  
as a Functiol-I  o f  lleatrcsn Exposul-e and Flux: 
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Exl~osurc Scr1s.i t.i ve (T:;,) a n d  [C]  . F'roi!i Ttro 1:;li;ios I l h i c l r  ;ire 
Fl ux Sells i t-i vc . ( ~ 1  ant! 1?3) . 
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EXAMPLE OF THE DETERMINATION OF FLUX AND EXPOSURE [ A ] .  

FROM RATIOS ONE OF W H I C H  I S  FLUX SENSIT IVE (R1) 

AND THE OTHER EXPOSURE SENSIT IVE (R2) A N D  [ B I .  

FROM TWO RATIOS W H I C H  ARE FLUX SENSIT IVE (R1 A N D  R3) 

EXPOSURE EXPOSURE 



arc! t he  I )cst  t o  use. The r j raph ica l  s o l u t i o n  f o r  11) and E i n d i c a t e d  p r e v i o u s l y  

works b e s t  when one r a t i o  i s  f l u x  s e n s i t i v e  (e.g., 1 4 i i ~ e / ~ ' v C s )  w h i l e  t he  

o t h e r  i s  exposure s e n s i t i v e  (e.g., 3LtCs/1 3'1Cs o r  5 ' 1 E ~ / I  ::'/cs) . . s i n c e  t h i s  

case y i e l d s  curves which i n t e r s e c t  a1r;iost p e r p e n d i c u l a r l y  (See F igu re  2A) .  

I f  o n l y  r a t i o s  o f  one t ype  a r e  used, t he  curves a r e  n e a r l y  p a r a l l e l  a t  

i n t e r s e c t i o n  and t h e r e f o r e  make i t  d i f f i c u l t  t o  g e t  + and E  ac'curately f o r  

t he  genera l  case (see F iqu re  2 E) .  

The ex tens ion  o f  t he  above a n a l y s i s  techn ique  t o  a  comple te ly  au tomat ic  

computer ized system i s  s t r a i g h t f o r w a r d  and' cou ld  he accomplished a f t e r  t h e  

usefu lness and adequacy o f  t h e  method f o r  hurnup de te rm ina t i on  has been 

demonstrated. 



NONDESTRUCTIVE DETERMINATIgN OF GURNUP OF YANKEE ROWE FUEL 

The feas i  b i  1  i ty  . o f  non -des t ruc t i  ve determi  n a t i o n  o f  t he  exposure o r  

burnup of  spent  f u e l  has been i n v e s t i g a t e d  by comparing non-des t r u c t i  ve and 

d e s t r u c t i v e  measurements o f  burnup from two Yankee Rowe f u e l  rods i r r a d i a t e d  

i n  cores I, I 1  and I V .  Good agreement would i n d i c a t e  t h e  d e s i r a b i l i t y  o f  

a t t emp t i ng  t o  extend t he  non-des t ruc t i  ve techniques t o  determine Pu con ten t  

o f  a  spen t  f u e l  assembly. The r e l a t i v e l y  n o n - i n t r u s i v e  techniques have t he  

p o t e n t i a l  o f  p r o v i d i n g  a p r a c t i c a l  safeguards measurement p r i o r  t o  f u e l  d i s -  

s o l  u t i o n  which i s  independent o f  subsequent measurements and. . amenable . t o  

automat ic  de te rmina t ion .  

The non -des t ruc t i ve  measurements were based on t he  u t i l i z a t i o n  o f  a  

h i g h  r e s o l  u t i o n  Ge(L i  ) spect rometer  t o  measure f i s s i o n  p roduc t  qamma r a y  
, 

a c t i v i t y .  Data were c o l l e c t e d  i n  t h e  BNW Underwater Gamma Scan F a c i l i t y  I 

l o c a t e d  i n  t he  Pluton ium Recycle Tes t  Reactor water  To app ly  b 

technique which has been descr ibed  by J .  A. ~ o v k a , "  ) measured f i s s i o n  p roduc t  

a c t i v i t y  r a t i o s  rep resen t i ng  13 photopeaks a v a i l a b l e  from lo6Ru- lo6Rh,  3 4 C ~ ,  

j7Cs, '+'+Ce-I '+'+Pr and 5 4 E ~ ,  were compared t o  c a l c u l a t e d  a c t i v i t y  r a t i o s  

ob ta i ned  from r e l a t i v e l y  s imp le  a n a l y t i c a l  burnup equat ions programmed a t  BNW 

The la4Cs and l S 4 E u  do n o t  r e s u l t  d i r e c t l y  f rom as computer code DRAFT. 

f i s s i o n  b u t  a re  formed f rom neu t ron  cap tu re  i n  33Cs and lS3Eu,  r e s p e c t i v e l y ,  

which a r e  formed d i r e c t l y ' i n  f i s s i o n .  The f l u x  and exposure.were determined 

by comparing measured and c a l c u l a t e d  a c t i v i t y  r a t i o s .  Values o f  t he  f l u x  which 

produced r a t i o s  i d e n t i c a l  w i t h  measured r a t i o s  a r e  presented i n  Table I.. The 

values rep resen t  f o u r  s e t s  o f  measurements f rom t h e  two robs; two measurements 

which have been averaged from one r o d  des ignated as an i n n e r  r o d  and two 
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P H O T O - P E A K  I D E N T I F  I C A T I O N  
FOR YANK.EE S P E C T R U M  1-4 B 

PEAK NO. , ENERGY (KeV) SOURCE 

., -1 512 1 0 6 ~  u 1 1 0 6 ~  h 
2 : 564,. '569 I% 
3 605 134~s 
4 622 106Ru/ 106R 

5 662 137~s  
154~u 6 723 

7 796, 802 1 3 4 ~ ~ .  . 

8 873 lNE u 
9 ' 996, 1005 ~NEU , . 

10 . 1173 6 0 ~ ~  (BACKGROUND) 
11' 1275 154~  u 

. 12. 1332 6 0 ~ o  (BACKGROUND) 
. . .  . . i 3  . , 1365 . : . . . . , 1 3 4 ~ ~  1 : ' .  . . . ' 

. . . . 

14 - '  1594 ' ' 154EU : . ' 

. . 
. . 

15 2186 14%e 



PROGRAM DRAFT X YANKEE CO RES 1,2  A N  D 4 FOR AC DA STUDY 
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TABLE I 

ABSOLUTE NEUTRON FLUX DETERMINED BY 
NON-DESTRUCT1 VE AND DESTRUCT1 VE METHODS 

~ b i ~ l ' u t e '  F1 ux* (1 014 :n/em2/sec) 

Method I liner  Rod ' .Outer  Rod 

Non-des t r u c t i  ve Measurements 

1 0 6 ~ ~ / 1 3 7 C s  A c t i v i t y  R a t i o  2.94 + 0.06 (1  1 2.75 + 0.06 ( 1  1 
(2  1 2.00 + 0.06 '1.70 + 0.06 (2)  

1 4 4 ~ e / 1 3 7 ~ s  A c t i v i t y  R a t i o  3.9 - 1.4 

3 4 ~ s / 1  3 7 ~ ~  A c t i v i t y  R a t i o  3.99 + 0.15 

5 4 E ~ / 1  37Cs A c t i v i t y  Ra t i o  <<I .0 <<I .  0 

Des t r u c t i  ve Measurements 
. . 

'?.8Nd con ten t  3.87 + 0..07 3.73 2 0.07 

l.37Cs A c t i v i t y  3.98 + 0.09 ' ' 3.86 0.09 

* 
U n c e r t a i n t i e s  quoted are  s tandard  d e v i a t i o n s  propagated 
from u n c e r t a i n t i e s  i n  measured eoncent ra t ions  o r  .act.i v i  t i e s .  
I n  t h e  . l a t t e r  case o n l y  random s t a t i s t i c a l  e r r o r s  were 
considered. , . ,  , 

(1) 512 KeV Photopeak 

(2)  622 KeV ,Photopeak 



A B S O L U T E  N E U T R O N  F L U X  D E T E R M I N E D  B Y  
N O N D E S T R U C T I V E .  A.N D D E S T R U C T I V E  M E T H O D S  

METHOD INNER ROD OUTER ROD 
NON DESTRUCT! VE MEASUREMENTS 

106~u/137~s  A C T l V  ITY RATIO 2.94 + 0.06 ( 1) (1) 2.75+ 0.06. 

~. 

1 3 4 ~ ~ / 1 3 7 ~ ~  A C T I V I T Y  RAT10 3.99 + '0.15 3.35 + 0.06 2 .  I 

DESTRUCTIL'E MEASUREMENTS 

14%d CONTENT 3.87 + 0.07 3.73 + 0.07 

. . . . (1) 512 KeV PHOTO PEAK . , . . 

( 2 )  622 KeV PHOTO PEAK 



-77- 

n~easurenients which have been averaqed from one r o d  des igna ted  as an o u t e r  rod. 

These r e s u l  t s  were compared t o  r e s u l  t s  ob ta ined  u s i  ng d e s t r u c t i v e  measurements 

from c u t  f u e l  samples t h a t  were taken from r o d  p o s i t i o n s  ad jacen t  t o  and i n  

between t h e  two gamma r a y  measurement p o s i t i o n s  on each rod. The samples were 

chem ica l l y  analyzed f o r  i s o t o p i c  and gamma a c t i v i t y  burnup data.  Wi th  t h e  

d e s t r u c t i v e  measurements f o r  148Nd con ten t  and ' 37Cs a c t i v i t y  a s  a bas is ,  f l u x  

values were then determined by comparing d e s t r u c t i v e l y  meas'ured' values and 
. . 

c a l c u l a t e d  values from program DRAFT. These values a r e  shown i n  Tab le  I. 

The genera l  agreement between f l  uxes as determined us ing  non-des t r u c t i  ve 

and d e s t r u c t i  ve measurements i s  good s i n c e  t he  d isc repanc ies  observed, a1 though 

l a r g e  i n  some cases, r e s u l  t e d  from v a r i a b l e s  extraneous t o  measurement 

v a r i a t i o n s .  The measured gamma r a y  spec t ra  'data which were. i n t e g r a t e d  t o  o b t a i n  

photopeak areas from which t h e  a c t i v i t y  r a t i o s  were then  determined, were found 

t o  be c o n s i s t e n t  and g e n e r a l l y  e x h i b i t e d  o n l y  t h e  expected smal l  random 

v a r i a t i o n s .  The v a r i a t i o n s  seen i n  Table I r e s u l t e d  from t h e  s t e p  i n  t h e  

procedure o f  d e t e m i  n i  ng correspondi  nq fl ux v a l  ues . L im i  ti ng v a r i  a b l  es i nc1 ude 

t h e  f o l  1 owi ng : 

a. Poo r l y  known cons tan ts  such as cap tu re  c ross  sec t i ons  ( p a r t i c u l a r l y  i n  

t h e  case o f  33Cs, 3 4 C ~ ,  5 3 E ~  and l S 4 ' ~ u ) ,  branching r a t i o s  . ( f o r  06Ru-I 06Rh) 

and f i s s i o n  y i e l d s  which a r e  a necessary p a r t  o f  t he  c a l c u l a i i o n s .  The 2 4 1 P ~  

f i s s i o n  c o n t r i b u t i o n s  have n o t  been i n c l  uded i n  program DRAFT, . r e s u l t i n g  i n  a 

d iscrepancy f o r  l o 6 R u  produc t ion .  The f i s s i d n  y i e l d  o f  l o 6 d u  f r o m  2 4 1 P ~  i s  

g r e a t e r  than t h a t  f rom 239Pu which i t s e l f  i s  11 t imes g r e a t e r  than t h e  f i s s i o n  
. . 

y i e l d  from 235U. 

b. Lack o f  c o n s i s t e n t  cross s e c t i o n  generat ion '  techniques f o r  t h e  f i s s i o n  

p roduc t  i so topes  fnvo lved.  . 



c. Low a c t i v i t y  i n  the case o f  144Ce due t o  5.5 year  co,oling t ime 

such t h a t  an b i g h t  percent  count ing unce r ta in t y  i n  the f l u x  values. The 

unce r ta in t y  was l a r g e  due t o  the  necess i ty  t o  match measured and ca l cu la ted  

r a t i o s  i n  a reg ion  wtiere the ca l cu la ted  r a t i o  had l i t t l e  v a r i a t i o n  w i t h  f lux .  

As the  l i m i t i n g  fac to rs  o f  a. and, b. are, overcome, non-destruct ive gamma 

scanning techniques t o  determine burnup o f  sho r te r  cooled f u e l  w i l l  be i n c r e a s i n g l y  

more r e l i a b l e .  This  i s  due t o  the f a c t  t h a t  the s tep  o f  conver t ing  gamma ray  

a c t i v i t y  values t o  f l ux  values i s  sub jec t  t o  unce r ta in t y  moreso than. any o ther  

s tep  i n  the procedure. The 1 as t s tep  i n  the  procedure i s  t o  conver t  f l  ux val  ues 

t o  correspondi nq burnup. val  ues. This  s tep i s  n o t  hi'ndered by ' poo r l y  known 

nuc lear  constants and cross sect ions.  To i l l u s t r a t e  t h i s ,  f l u x .  values as 

determined usinq measured 37Cs a c t i v i t y  and 14?Nd content  have been u t i  1 i z e d  

t o  determine the corresponding, burnup from c a l  cu la t i ons  o f  program DRAFT. The 

ca l  cu la ted  burnup values a re  presented i n   a able 11. a long w i t h  measured burnup 

values determined us ing both 37Cs and 1 4 8 ~ d .  The values i n  Table V I I  compare 

favorab ly  i n d i c a t i n g  t h a t  the techn ica l  problem t o  be resolved 1 i e s  w i t h  the  

fac tors  a. and h. The f i s s i o n  product  measurements t h a t  a re  p resen t l y  poss ib le  

w i t h  h igh  r e s o l u t i o n  spectrometers a re  apparent ly  adequate a t  l e a s t  f o r  f u e l  

which has n o t  cooled f o r  a subs tan t i a l  p e r i o d  o f  t ime. 

A second considerat i ,on i s  t h a t  t o  daie determinat ions have cnnc,entrated 

on p o i n t  burnup. While t h i s  i s  adequate f o r  mon i to r ing  fuel ,  i t  i s  necessar-v t o  

determine how one ex t rapo la tes  p0in.t  burnup determinat ions t o  . the  average fue l  

bundle exposure, i n  o rder  t o  r e l a t e  the  i n fo rma t ion  t o  t h a t  f rom the  thermal 

processing. -- . 
. . 

The analys is  . o f  the  ~ a n k e e  f u e l  i nd i ca ted  t h a t  t he  measurement i t s e l f  

was q u i t e  easy t o  perform and t h a t  even though one was handicapped hy lonqer  

coo le r  t i m e . t h e  r e s u l t s  were very  encouraging. A s i g n i f i c a n t  p a r t  o f  t h i s  

ana lys i s  was t h a t  the nondes t , ruc t i ve  determi na t ions  w e r e  co~rlpared t o  d e s t r u c t i v e  

determinat ions o f  bur*nup f o r  t h e  f u e l  rods. This  represents a verv unique 

ana lys is  i n  t h a t  respect.  



TABLE I 1  

BURNUP VALUES FROM PROGRAM DRAFT . 
COMPARED TO MEASURED VALUES 

The Values from Program DRAFT Correspond t o .  ' 

F lux Values as Determined from Measured 37Cs and ' 4 8 ~ d .  

CONCLUSIONS AND RECOMMENDATIONS 

Resul t s  from the non-des t r u c t i  ve de terminat ion  o f  burnup i n d i c a t e d  t h a t  

. 
I 

the s t a t e  o f  the a r t  f o r  ob ta in ing  h igh  r e s o l u t i o n  gamma r a y  spec t ra  and 

determin ing re1  i a b l  e photopeak areas from these data i s  f u r t h e r  advanced than 

t h e - s t a t e  o f  the  a r t  on known f i s s i o n  product  constants, i.e., cross sect ions 

I n n e r  Rod 

137Cs I .  148Nd 

and branching r a t i o s  necessary t o  t ransform photopeak area values t o  f l u x  values. 

. .. 

Outer  Rod 

! 37Cs I 14 8 ~ d  

The subsequent s tep  o f  determining corresponding burnup values appeared t o  be 

s t r a i g h t f o r w a r d  and i n d i c a t e d  t h a t  the  f u e l  i so tope  cross sec t ions  and o the r  

constants necessary t o  c a l c u l a t e  burnup a r e  adequately known. Thus, the  

f e a s i  b i  1 i ty o f  non-des t ruc t i  ve measurements depends t o  a 1 arge degree on whether 

o r  n o t  f i s s i o n  product  constants a r e  known accurate ly .    ow ever, the  p o t e n t i a l  

. F l  ux ( x '  1 0' n/cm2/sec) . . 

u t i l i t y  o f  the gamma scanning technique was demonstrated by the  ease w i t h  which 

measurements were made. I t  i s  recommended t h a t  the  nex t  phase demonstrat ing 

the  u t i l i t y  o f  t he 'non -des t ruc t i ve  technique be t o  measure i r r a d f a t e d ' f u e l  a t  

3.73 3.86 3.98 3.87 

Burnup (MWd/MTM) 

Measured 

35,777 
I 4 

DRAFT 

36,342 

Measured 

35,375 

DRAFT 

38,552 

Measured 

38,283 

DRAFT Measured 

37,593 37,110 

DRAFT 

37,494 



B U R N U P  V A L U E S  F R O M  P R O G R A M  D R A F T  
C O M P A R E D  T O  M E A S U R E D  V A L U E S  

INNER ROD OUTER ROD 

14 2 
FLUX (x 10 n l c m  isec) 

BURNU P (MWdlMTM) 

DRAFT DRAFT DRAFT DRAFT - 

38,552 37,593 37,494 36,342 

ME,ASU'RED. MEASURED MEASURED MEASURED 
28.283 37.110 35,375 35,777 

THE VALUES FROM PROGRAM DRAFT CORRES POND 



severa l  d i f f e r e n t  exposures i n  t h e  c o o l i n g  t ime range o f  1  m o n t h  t o  1  year .  

Concurrent ly ,  i t  i s  recommended t h a t  more accura te  f i s s i o n  p roduc t  constants  

be ob ta ined  by d i r e c t  measurement i n v o l v i n g  separated amounts ' o f  each f i s s i o n  

p roduc t  o r  be determined by an. expe r imen twh i ch  i s  designed t o  d e r i v e  a  con- 

s i s t e n t  s e t  o f  constants  f rom h i g h  r e s o l u t i o n  f i s s i o n  'product.qamma r a y  spec t ra  

o f  i r r a d i a t e d  f u e l .  Fur ther ,  i t  i s  recommended t h a t  DRAFT'be-expanded . . t o  

i n c l u d e  ""OPu, y.tlPu and y t 2 P ~  isotopes.  . ' 
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A second research e f f o r t  concerned i n s t a l l i n q  a snent  f u e l  aqe 

m o n i t o r  i n  the  spent  f u e l  ba.y a t  t he  NPD r e a c t o r ,  Rolphton, On ta r i o ,  

Canada, f o r  t h e  purpose o f  de te rmin ing  c o o l i n g  t ime  o f  NPD i r r a d i a t e d  

fue l  assembl i e s  from, gamma ra,y measurements. The o p e r a t i o n  of  t h e  mon i t o r  

i s  a safeguards exper iment  p l ann ing  b,y t he  j o i n t  ~ a n a d a ) ~ ~ ~ -  Idorki ng 

Group on Safeguards I ns t rumen ta t i on  as p a r t  o f  t he  CanadajUSA Tamper- 

r e s i s t a n t  Unattended Safeguards Techniques Poraram. 
. . 

The spent  f u e l  mon i t o r ,  which i s  ~ r i n ! a r i l v ,  a gamma r a v  soect rometer ,  

was. designed, f a b r i c a t e d  and t e s t e d  b,y i l a t t e l l  e-Northwest t o  demonstrate 

t h e  age de te rm ina t i on  o f  spen t  f u e l s .  The demonstrat ion was preceded by 

t e s t i n g  of t he  m o n i t o r  by a n a l y s i s  of i r r a d i a t e d  f u e l  f rom the  Hanford . 

K East Reactor (KE). 

As a r e s u l  t o f  t h e  measurements. made on t he  KE fue l  ,' a s tandard i n  

t he  form o f  a graph. o f  t h e  a c t i v i t y  r a t i o s  as a ' f u n c t i o n  o f  cool in^ t ime  

was de r i ved  f o r  c o o l i n g  t imes  between 10 and 90 days. The 1 4 0 ~ a  - 
t o  9 5 ~ r  - 9 5 ~ b  r a t i o  proved t o  be r e l a t i v e l y  i n s e n s i t i v e  t o  exnosure thus 

p r o v i d i n g  a u s e f u l  age index.. By use o f  t h e  s tandard i t  wa.s p o s s i b l e  t o  

make an age de te rm ina t i on  t o  w i t h i n  an uncer ta i 'n ty  o f  - + '3. davs. The 

demonstrat ion exper iment  a t  KE Reactor was thus  success fu l  . . and was t he  .has is  

t o  proceed w i t h  a l i k e  demonstrat ion us ing  a sodium i o d i d e  d e t e c t o r  a t  NPD. 
. . 

Resu l ts  t o  da te  a t .  NPD i n d i c a t e  t h a t  t he  d e f i n i t i o n  o f  c o o l i n g  t ime  should 

i n c l u d e  t h e  t ime an element ma,y r e s i d e  i n  a zero f l u x  p o s i t i o n  w h i l e  i n  
. . 

t h e  NPD r e a c t o r .  . . .. . 

The r e s u l t s  of these anal.yses i n d i c a t e  qood reason f o r  opt imism t h a t  
' gamma <canning can irideed p rov ide  a u s e f u l  redundant safeguards t e c h n i q l ~ e  



f o r  d e t e r m i n a t i o n  o f  p l u ton ium con ten t  o f  i r r a d i a t e d  rea.ct 'or f u e l .  We 

w i l l  now d iscuss  how one would implement 'such a techn ique  . i n t o  t h e  safe- 

guards sys tem. 



IMPLEMENTATION OF GAMPA RAY SPECTROMETRY AS ------.- -- 
A SUPPLEMENTARY MIST TECI,INIqI!E . . 

Devel opment of t h e  f undamental .method and equi  pment. needed t o  

u t i l i z e  gamma ra,y spect rometry  . . as a  safeguards t o o l  has ' ~ r o g r e s s e d  t o  the, 

p o i n t  t h a t  h i9h l .y  automated, t ran 'spor tab le  assay systems a r e  p r e s e n t l y  
. , 

f e a s i b l e .  Several areas i n  t h e  f u e l  c y c l e  a r e  espec ia l  l . y a ' p p r o p r i a t e  f o r  

t h e  u t i  1  i z a t i o n  of t h i s  nondes t ruc t i ve  method o f  m a t e r i a l  . 'assay. . These 

a re :  t h e  o u t p u t  o f  t h e  f u e l  f a b r i c a t i o n  . p l  an t ;  t he  r e c e i p t  o f  f u e l .  assem- 

b l i e s  a t  the  r e a c t o r  s i t e ;  the  shipment o f  t h e  i r r a d i a t e d  f u e l  f rom t h e  

r e a c t o r  s i t e ;  and t he  i n p u t  o f  t h e  i r r a d i a t e d  f u e l  i n t o  t h e '  f u e l  reprocess ing  

p l a n t .  I n  a1 1  these cases t he  f i s s i l e  m a t e r l a l  i s  con ta ined  w i t h i n  

c l  a'ddi ng m a t e r i  a1 and i s  n o t  amenable t o  any type  o f  d e s t r u c t i v e '  ana1,vses. 

To demonstrate the  f e a s i b i l  i t.y o f  t h i s  technique,  i t ,  i s  recommended 

t h a t  .a p ro to t ype  measuri'ng system he developed f o r  use .by i nspec to r s  a t  
. . 

e i t h e r  a  r e a c t o r  s i t e  o r  a  f l i e l  reprocess ing  p l a n t .  The . .a im . i s  t o  demon- 

s t r a t e  the  f e a s i b i l  i tv o f  measuring p lu ton ium con ten t  us ing '  a  c a l  i b r a t e d  

gamma scanning .system. The measurement would thus prov. ide a  safeguards 

team w i t h  a  means o f  a s c e r t a i n i n g  t h e  resonableness o f . r e p o r t e d  va lues f o r  

t he  nuc lea r  m a t e r i a l s  c o n t e n t  o f  spent  f u e l  by examina t i6n ;o f  f i s s i o n  p ro -  

duc t  gamma r a y  spec t ra  .emi t ted by t h e  spent  f u e l .  . . .  

The hardware sys tern r e q u i r e d  i s  e s s e n t i a l  1.y we1 1  known and development 

of ' i t cou ld  be i n i t i a t e d  immediately.  The development work r e q u i r e d  would 

be t o  p rov ide  t h e  so f twa re  s,ystems r e q u i r e d  t o  ana1,yze ' t h e  data p rov ided  

by t he  gamma' scanning hardware system and u l t i m a t e l y  t o  determine t h e  

f i s s i  l e  m a t e r i a l  con ten t .  Typ i ca l  1.v computer programs a r e  r e q u i r e d  t o  

analyze the  exper imenta l  data and t o  p rov ide  t h e  r e q u i r e d  c a l c u l a t i o n a l  

da ta  which p r e d i c t s  t h e  a c t i v i t y  r a t i o s .  The i n s p e c t o r  cannot he e x ~ e c t e d  



t o  do much more than opera te  t h e  equipment and recogn ize  ma1 f u n c t i o n i n g  ,, 

if and when they  occur .  

I n i t i a l l , ~ ,  i t  i s  recommended t h a t  t h e  d i q i t a l  computer p o r t i o n  o f  a  

safeguards s,ystem be de le ted  and t h a t  t + e  i n f ~ r m a t i o n  ob ta ined  from t h e  

d e t e c t o r  system be channeled v i a  t e l e t y p e  t o  a  computer system a n a l y s i s  

cen te r .  ' For ins tance ,  t h e  data cou ld  be ob ta ined  by the i  i n s p e c t o r  v i a  
. . 

t he  exper imenta l  equipment and t h e  da ta  t r a n s m i t t e d  v i a ' t e l e t , y p e  t o  an 

a n a l y s i s  team a t  some d i s t a n t  p o i n t  where t h e  r e q u i r e d .  so f tware  computer 

programs e x i s t .  ,The a n a l y s i s  c e n t e r  would then process t h e . d a t a ,  d e t e r -  

mine t he  r e s u l t a n t  conc lus ion  and t r a n s m i t  these v i a  t e l e t y p e  back t o  t h e  

i nspec to r .  Th i s  e n t i r e  process cou ld  be performed q u i t e  quick1.y v i a  a  

t e l  et,ype sys tem. 

Whi le  t h e  hardware system i s  be ing  cons t ruc ted ,  development work on 

the  technique cou ld  con t i nue  by analyses o f  data which a l r eady  e x i s t .  

 here i s  a  s i g n i f i c a n t  i n v e n t o r y  o f  nondes t ruc t i ve  a n d  d e s t r u c t i v e  data 

on var ious  types o f  r e a c t o r  f ue l  i n  ex i s tance  and t h i s  da ta  cou ld  he used 

. t o  f u r t h e r  develop. t h e  technique o r  techn iques . .  The i dea  i s  t o  determine 

t h e  degree o f  i n f o r m a t i o n  which i s  - r equ i red  t o  d e t i r m i n e  f ue l  burnup t o  

t h e  optimum accuracy. Such ques t ions  as whether o r  n o t  one needs t o  know 

t h e  d ischarge  da te  o f  t h e  f u e l  o r  c e r t a i n  i n f o r m a t i o n  about  r e a c t o r  types 
. . 

i s  y e t  t o  be ascer ta ined .  A f t e r  t he  protot.vpe s,ystem i s . . f u l l y  cons t ruc ted  

one cou ld  then beg in  t o  analyze f u e l  a t  a  reprocess ing  ~ l a n t  and con t i nue  

t h e  s e n s i t i v i t y  analyses t o  determine t h e  e x t e n t  o f  i n.format?on r e q u i  r t c l  

about  t h e  r e a c t o r  t ype  i n  o r d e r  t o  o b t a i n  t h e  5% a c c u r a c j  on f u e l  burnu?. 

I t  i s  env is ioned  t h a t  approx imate ly  two years  would be r e q u i r e d  t o  develop 

and prove t h e  f e a s i b i l i t y  o f  t h e  gamma r a y  technique., 

. , 




