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PROCEDURAL CHANGES IN THE 
QUALITY EVALUATION 
OF CP-5 REACTOR FUEL 

by 

R. W. Brandenburg, R. C. Gehrke, 
and V. Dentamaro 

ABSTRACT 

The gamma assay of the CP-5 reactor fuel is a part 
of a quality verification program that includes radiographic 
as well as ultrasonic testing. This report concerns the mod-
ificationof the gamma-ray scintillation spectrometric tech
nique and how this modification improved the precision of 
the resul t s , simplified the fuel handling, and increased the 
efficiency. Under this new method, scanning time was r e 
duced approximately 50% while the relative precision was 
increased approximately 7%. 

INTRODUCTION 

This report describes the modification of the gamma-ray scin
tillation spectrometr ic technique used in th^ nondestructive assay of the 
CP-5 fuel elements . The general principles of this nondestructive technique 
remain the same as those stated by Beyer and Kuncl, i.e., determining 
for accountability purposes the " ' U loading by measuring the intensity of 
the 185-keV gamma rays . The modification of the technique has been in 
the physical setup and control of the equipment and the means and methods 
of analyzing the data. These changes have improved the procedure in the 
follo^ving ways: 

1. The counting precision has been improved to increase the 
accuracy of the resu l t s . 

Z. The handling of the fuel has been simplified to minimize 
possible fuel-element damage during handling. 

3. The overall counting and recording time has been reduced to 
bring about greater efficiency. 





DESCRIPTION AND OPERATION 

A machinist 's lathe was modified to function as a unidirectional 
scanning device. ' The lathe was equipped with an electrically controlled 
pneumatic gear-shifting mechanism that controlled the carr iage for X 
scanning. Mounted on the car r iage were a scanner control unit that con
trolled all scanning functions, and a long metal rod, which supported the 
lead-shielded Nal detector. The fuel tube or standard tube to be assayed 

was placed on V supports and 
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centered to allow the detector 
probe to be passed through the 
center of the stationary fuel tube. 
The carr iage was positioned so 
that the Nal detector, in beginning 
its scan, was lined up with the 
end of the fuel elements. A dia
gram of the system is shown in 
Fig. 1. 

L 
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Fig. 1. Diagram of Scanning System 

The c a r r i a g e a u t o m a t i c a l l y 
p e r f o r m e d two r u n s - - f o r w a r d and 
r e t u r n . When the d e t e c t o r p a s s e d 
t h r o u g h the tube , the {orward 

m o t i o n of the c a r r i a g e t r i p p e d the B m i c r o s w i t c h , which s topped the count 
unt i l the c a r r i a g e began i ts r e v e r s e m o v e m e n t . Count ing con t inued unt i l 
the r e v e r s e m o t i o n of the c a r r i a g e t r i p p e d the A m i c r o s w i t c h . 

^ C P - 5 FUEL T U B E 

\Lf 
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U r a n i u m foils of a known weight and e n r i c h m e n t w e r e p l aced on the 
s t a n d a r d tube , as shown in F i g . 2. T h e s e fo i l s , s t a n d a r d t u b e s , and c o m b i 
na t i ons t h e r e o f w e r e counted and u s e d to 
d e t e r m i n e a l i n e a r r e l a t i o n s h i p be tween 
coun t s and known e n r i c h m e n t s . F r o m 
the s t a n d a r d s and the C P - 5 tubes was 
ob ta ined the count i n f o r m a t i o n , which 
was m a n u a l l y t r a n s f e r r e d to p a p e r t ape 
v ia a t e l e t y p e . T h i s i n f o r m a t i o n was 
input into a P D P - 8 Dig i t a l E q u i p m e n t 
C o r p o r a t i o n C o m p u t e r , and a l ine was 
g e n e r a t e d f r o m the s t a n d a r d d a t a . The 
f inal output inc luded the s t a n d a r d da ta , 
the f u e l - e l e m e n t iden t i f i ca t ion n u m b e r , 

the m e a s u r e d fuel con ten t , conf idence in the m e a s u r e m e n t , v e n d o r ' s fuel 
con ten t , and the d i f f e r ence be tween v e n d o r and m e a s u r e m e n t v a l u e s . An 
e x a m p l e of the output is shown in T a b l e I. As an ind ica t ion of the a c c u r a c y 
of o u r m e a s u r e m e n t s of the ^ U con ten t , the d i f f e r ence be tween the v e n d o r ' s 
c h e m i c a l a n a l y s i s and ANL g a m m a a s s a y was l e s s than 1%. 

Fig. 2. Standard Tube Arrangement 
with Various Enriched Foils 

T h e p r e c i s i o n of the w e i g h t s d e t e r m i n e d , b a s e d on count ing s t a t i s t i c 
for two s t a n d a r d d e v i a t i o n s , was l e s s than 1% for the t h r e e tube s i z e s . 





TABLE I. Sample of Assay Results , 
Including Calibration Line 

Leas t - squares Calibration Line 

"^U Weight 
Determined 

from Line, g 

33.534 
35.299 
37.259 
38.404 
39.594 

C. onfidence, g 
+ or -

0.683 
0.567 
0.534 
0.570 
0.644 

W l 

"^U Standard 
eight Determined 

from Chemistry, g 

33.700 
35.180 
37.090 
38.320 
39.800 

Residual, 

-0.166 
0.119 
0.169 
0.084 

-0.206 

g 

Slope: 0.366 
Intercept: -2.350 
Variance: 0.040 

Assay Results 

Weight of "^U, g, 
as Determined by 

Tube 
Number 

3E12 
3D14 
3D32 
3D13 
3D33 
3D44 
3E52 

Total 

Gamma 
Assay 

34.86 ± 
35.01 ± 
35.43 ± 
35.36 ± 
35.52 + 
35.19 ± 
35.27 + 

246.64 ± 

0.60 
0.59 
0.57 
0.58 
0.57 
0.58 
0.58 

4.01 

Vendor 
Chemistry 

34.08 
35.67 
35.86 
35.80 
35.99 
35.61 
34.48 

247.49 

Difference, g 

0.78 
-0.66 
-0.43 
-0.44 
-0.47 
-0.42 

0.79 

-0.85 

RESULTS 

Improved Counting Prec is ion 

In the past, the fuel tube or standard was rotated by means of a 
machinist ' s lathe beneath a scanning detector. The fuel tubes had to be fit 
to a lead-filled aluminum inser t . This shield-tube insert was placed inside 
the fuel tube to ensure that only the tube surface nearest the detector was 
counted. Under this method, for a given period of t ime, the Nal detector 
scanned only a small section on the circumference of the fuel tube. In 
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c o n t r a s t to t h i s , u n d e r the new 
m e t h o d , for a given p e r i o d of t i m e , 
the d e t e c t o r s c a n n e d the t o t a l c i r 
c u m f e r e n c e of a s e c t i o n of t u b e . 
F i g u r e 3 shows th i s c o n t r a s t . 

S ince the even t s o c c u r r i n g 
in a d e t e c t o r can be r e p r e s e n t e d 
by a P o i s s o n d i s t r i b u t i o n , it can be 
shown tha t 

Fig. 3. Comparison of Setup of Past 
and Present Methods 

w h e r e o = the s t a n d a r d dev i a t i on 
and N = the to ta l n u m b e r of c o u n t s . 

T h e p r e c i s i o n of the m e a s u r e m e n t can be c o n s i d e r e d the r a t i o of 
a / N o r ,/N/N. T h e r e f o r e , an i n c r e a s e in N wil l i m p r o v e the p r e c i s i o n of 
the m e a s u r e m e n t . 

T h e s i gn i f i c ance is tha t even though the r e l a t i v e i n c r e a s e in p r e c i 
s ion w a s s l i gh t ( a p p r o x i m a t e l y 7%), the count ing t i m e was r e d u c e d by m o r e 
t h a n 50%. When count ing t i m e was ex tended to equa l tha t of the old m e t h o d , 
the r e l a t i v e p r e c i s i o n i n c r e a s e was a p p r o x i m a t e l y 25%. 

S impl i f i ed F u e l Handl ing 

C P - 5 fuel i s f a b r i c a t e d in t h r e e d i f fe ren t d i a m e t e r s , which in the 
p a s t r e q u i r e d t h r e e d i f f e ren t sh ie ld i n s e r t s . F i t t i n g the fuel o v e r the l e a d -
f i l led i n s e r t s and pos i t i on ing t h e m in the la the chuck was a d e l i c a t e o p e r 
a t ion . The o p e r a t o r had to be c a r e f u l not to d a m a g e the fuel a s we l l a s h i s 
f i n g e r s . At t i m e s , due to the we igh t of the sh ie ld , th i s c a u s e d the o p e r a t o r 
s o m e anx ious m o m e n t s . 

U n d e r the p r e s e n t m e t h o d , the fuel e l e m e n t o r s t a n d a r d is p l a c e d 
in the V s u p p o r t s . The only a d j u s t m e n t needed is to c e n t e r the fuel to 
a l low the d e t e c t o r to p a s s t h r o u g h the fuel t u b e . A l l en s c r e w s in the V 
s u p p o r t s , as shown in F i g . 4, a r e u s e d to s e c u r e the b r a c k e t s tha t a r e u s e d 
to r a i s e o r l o w e r the fuel to i t s p r o p e r l o c a t i o n . 

G r e a t e r Ef f ic iency 

T h e s e t u p t i m e r e q u i r e d to get r e a d y to count an e l e m e n t has been 
r e d u c e d , s i nce the need to hand le the i n s e r t h a s been e l i m i n a t e d . A l s o 
e l i m i n a t e d is the r e q u i r e m e n t of pos i t i on ing the fuel in the la the chuck . 
T h e d e t e c t o r , r e c e i v i n g coun ts f r o m the e n t i r e fue l - tube c i r c u m f e r e n c e 
r a t h e r t h a n a s e c t i o n thereof , h a s a l lowed a g r e a t e r n u m b e r of coun ts to be 





obtained over a shor ter scanning t ime. A 
has been reduced approximately 50%. 

s a result , the scanning time 
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Another advantage to this method is that in some instances the in
dividual wrapping covering the fuel tube did not have to be removed. 

CONCLUSION 

The procedural change has simplified the operation and brought 
about a more efficient and effective means of nondestructively assaying 
the CP-5 reactor fuel elements. 
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