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THE NONDESTRUCTIVE ASSAY 
OF EBR-II FUEL PINS 

by 

R, W. Brandenburg 

ABSTRACT 

The expanding safeguards program and the inc reas ­
ing use of reac tors as a source of power point up the des i r ­
ability of having a program to assay large quantities of reactor 
fuel. 

This repor t discusses the use of gamma-ray assay 
as an effective means of verifying ^̂ Û content for account­
ability purposes. There were 3423 fuel pins assayed; the 
difference betv^een the fuel content as determined by gamma 
assay and that reported by the vendor was less than 1% at 
the 95% confidence level. 

INTRODUCTION 

Fuel pins for the Experimental Breeder Reactor II (EBR-II) were 
nondestructively assayed by the Quality Evaluation Section of the Special 
Materials Division at Argonne National Laboratory. The purpose of the 
assay was to verify for accountability purposes that the fuel met the speci­
fications of the t ransfer document within prescr ibed tolerances . 

The EBR-II dr iver fuel pins assayed in this project are about 
95% uranium, enriched to approximately 52% ^^^U. They are about 18 in. long 
and 1/8 in. in diameter (as shown in Fig. 1), and contain 31.5-32 grams of 
^^^U, of 36,000 pins produced, approximately 10% (3423) were assayed. 

BASIC PRINCIPLES 

The "̂ ^̂ U content was assayed by counting the number of 185-keV 
gamma rays emitted by the fuel pins. The basic equation relating to radio­
active decay is 

N = Noe-A.t, 

where 

N = number of atoms at time t. 





N„ n u m b e r s of a t o m s a t t i m e t = 0, 

and 

X = d e c a y c o n s t a n t = (in 2 ) / T I / 2 , w h e r e Tj / j i s the ha l f - l i f e of 
the i s o t o p e . The d i s i n t e g r a t i o n r a t e i s then 

- ^ - -NoXe -NX. 

F o r an i s o t o p e of long ha l f - l i f e , such as ^'^U whose ha l f - l i f e i s 7 x 10* y e a r s , 
the d i s i n t e g r a t i o n r a t e can be c o n s i d e r e d c o n s t a n t . 

- 1 8 - M A X , AFTER WELDING-

.180 OIA. 

SODIUM 

€3= 

18^ 16 

RESTRAINER-PLUG 

EBR n FUEL ELEMENT 

BLANKET SECTION 

^ ^ 
2^90 

Fig. 1. EBR-II Subassembly. ANL Neg. No, 108-7599. 

U r a n i u m - 2 3 5 d e c a y s by a l p h a e m i s s i o n to ^^'Th. A s s o c i a t e d wi th 
the a l p h a d e c a y a r e a n u m b e r of g a m m a - r a y e n e r g i e s . The 185-keV g a m m a 
r a y is e m i t t e d in a c o n s t a n t f r a c t i on of the to ta l d i s i n t e g r a t i o n s . H o w e v e r , 
on ly a f r a c t i o n of the 185-keV g a m m a r a y s e m i t t e d a r e a c t u a l l y d e t e c t e d 
and coun ted . If th i s f r a c t i on is he ld c o n s t a n t , the n u m b e r of 185-keV g a m m a 
r a y s d e t e c t e d i s p r o p o r t i o n a l to the to ta l n u m b e r of ^'^U a t o m s p r e s e n t . The 
t a s k i s to d e t e c t a s l a r g e a f r a c t i on a s p o s s i b l e of the 185-keV g a m m a r a y s 





w h i l e c o n t r o l l i n g f a c t o r s s u c h a s b a c k g r o u n d r a d i a t i o n and g e o m e t r y which 
m i g h t change th i s f r a c t i o n . In th i s way , the n u m b e r of 185-keV g a m m a r a y s 
d e t e c t e d f r o m a p r o d u c t i o n pin can be r e l a t e d to the n u m b e r d e t e c t e d f r o m 
a s e t of s t a n d a r d p ins wi th known ^^^U con ten t . T h r o u g h th is r e l a t i o n s h i p 
the ^ U c o n t e n t of the p r o d u c t i o n pins can be c a l c u l a t e d . 

E Q U I P M E N T 

The d e t e c t i o n e q u i p m e n t i nc ludes a l i t h i u m - d r i f t e d g e r m a n i u m (GeLi) 
d e t e c t o r hav ing a v o l u m e of about 20 cc and a r e s o l u t i o n of about 8 keV at 
1.33 MeV. The da t a c o l l e c t e d w e r e fed to a 4 0 0 - c h a n n e l a n a l y z e r u s e d in 
the m u l t i s c a l e m o d e . A s i n g l e - c h a n n e l a n a l y z e r bui l t into the 4 0 0 - c h a n n e l 
a n a l y z e r w a s u s e d to s e l e c t the 185-keV peak f r o m the s p e c t r u m . The 
coun ts for e a c h pin w e r e s t o r e d in a s e p a r a t e channe l of the a n a l y z e r . 

An X - Y pos i t ion ing t ab le w a s u s e d to m o v e the pins u n d e r the d e ­
t e c t o r (as shown in F i g . 2). The t ab le had a s cann ing d i s t a n c e of 27 in. in 
the X d i r e c t i o n and 8 in . in the Y d i r e c t i o n wi th a pos i t ion ing a c c u r a c y of 
0.001 in . The p ins w^ere s u p p o r t e d on the tab le •with nylon s p a c e r s so that 
the l eng th of the pin w a s along the X d i r e c t i o n and the t ip w a s he ld in a 
v e r t i c a l p o s i t i o n . The p ins could then be r o t a t e d 180° along t he i r l eng th . 
A m a x i m u m of 10 p ins could be equa l ly s p a c e d , 0.811 i n . a p a r t , a c r o s s 
the t ab le a t any one t i m e . 

Fig. 2, Scanning Table with EBR-II Fuel Pins, ANL Neg. No. 150-513. 





The tab le w a s c o n t r o l l e d by a p r e s e t i n d e x e r , wh ich w a s supp l ied 
wi th the t a b l e , and a p r e s e t - i n d e x e r c o n t r o l of our own d e s i g n . The p r e s e t 
i n d e x e r a l lowed us to s e l e c t the d i s t a n c e of t r a v e l in e a c h d i r e c t i o n . The 
d i s t a n c e t r a v e l e d w a s 16,000 in . in the X d i r e c t i o n and 0.811 in. in the 
Y d i r e c t i o n . The 16 in . in the X d i r e c t i o n was enough so tha t the d e t e c t o r 
s t a r t e d beyond one end of the fuel ( a p p r o x i m a t e l y 13 in, long) and f in ished 
p a s t the o t h e r end . The 0.811 in. in the Y d i r e c t i o n was equa l to the spac ing 
b e t w e e n ind iv idua l p i n s , so tha t mov ing the t ab le once in the Y d i r e c t i o n 
•would m o v e a new pin into pos i t ion for count ing . 

The p r e s e t - i n d e x e r c o n t r o l a l lowed s e l e c t i o n of e i t h e r ± d i r e c t i o n 
for bo th X and Y m o t i o n and the n u m b e r of p ins to be s c a n n e d . The c o n t r o l 
p e r m i t t e d the i n d e x e r to m o v e the t ab le so that e a c h pin •was s c a n n e d u n d e r 
the d e t e c t o r . When a l l the p ins had been s c a n n e d , the c o n t r o l s topped the 
i n d e x e r and •waited to be r e s e t . The pins w e r e then t u r n e d over and s c a n n e d 
in the oppos i t e d i r e c t i o n . (The e q u i p m e n t d e s c r i b e d above is sho'wn in 
F i g . 3.) 

Fig. 3. Gamma-ray Assay Equipment. ANL Neg. No. 150-515. 

P u l s e p i l eup in the e l e c t r o n i c s can c a u s e e r r o n e o u s count da t a . To 
a c c o u n t for t h i s , a c o r r e c t i o n s y s t e m w a s d e v i s e d . A pu l se of v a r i a b l e 
a m p l i t u d e and f r e q u e n c i e s of 62 .5 , 125, 250, 500, or 1000 Hz was fed into 
the p r e a m p l i f i e r t h r o u g h the t e s t input . The a m p l i t u d e of the p u l s e r pu l se 
w a s ad ju s t ed to fall into the window of the s i n g l e - c h a n n e l a n a l y z e r tha t had 





previously been set for the 185-keV peak. The output of the single-channel 
analyzer was fed back to the correction system, where the pulses in coin­
cidence with a signal from the pulser (i.e., the pulser pulses) were separated 
from the true counts, which were fed back to the multichannel analyzer to 
be counted. The pulser pulses were amplified and fed to the preset indexer, 
which fed them to the stepping motors . Since the pulser pulses were treated 
like any other pulses from the time they entered the preamplifier until they 
were just ready to be counted, a high count rate would cause some of them 
to be lost as well as some of the 185-keV pulses. If pulser pulses were lost, 
the table received fewer pulses and ran slower. Therefore, when counting 
losses were high, the pin moved slower under the detector. 

The pulser rate was selected so that the pulser pulses would not 
greatly increase the counting losses but would still sample the counting 
system frequently enough to make a good correction. The speed of the table 
could then be adjusted by means of a divider, which would divide the fre­
quency of the pulses fed to the indexer by 2, 4, 8, 16, or 32, The possible 
range was 500-1.95 pu l ses / sec , or 500-1.95 m i l s / s e c . The practical maxi­
mum was 250 m i l s / s e c , the maximum speed at which the table operated 
reliably. 

PROCEDURE 

Background count was determined by counting an empty location on 
the table loaded •with s tandards. Since the background was different for 
each position on the table and varied with the number of pins on the table, 
the one background count was related to the count at any position by a ser ies 
of actual background counts taken before the s tar t of work on the production 
pins. The time needed for background counts made it impossible to count 
background for each position during production. The data as stored in the 
400-channel analyzer •were typed out on the attached type^writer and punched 
on paper tape. The type^writer readout was used to verify the paper tapes. 

The standards included six pins ranging from a depleted pin to a 
70%-enriched pin. A 52%-enriched pin, s imilar to the production pins, 
was included. 

The standards and background were counted twice each day, once in 
the morning •with one side up, and once in the afternoon with the other side 
up. The production pins •were also counted on both s ides. The pin numbers 
and vendor weight for each day were punched on paper tape using a teletype. 
This tape along with the data tapes was read into a small computer. The 
program took the standard count data along with the known "^U content of 
each standard and calculated a straight line using a leas t - squares technique. 
The data for the production pins were fitted to the standard line, and the 
^̂ Û content of each pin was calculated along with a confidence and difference 





b e t w e e n the a s s a y va lue and the vendor va lue of " ^ U . The c o m p u t e r then 

typed a t ab le con ta in ing the i n fo rma t ion in a f o r m tha t was su i t ab l e for a 

r e p o r t . Some typ ica l r e s u l t s a r e shown in Tab le I . 

TABLE I, Typical Results of Fuel Assay of EBR-II Fuel Pins 

P i n 
Number 

41754 
43357 
45847 
46313 
47425 
47935 
48162 
48296 
48401 
48408 

Weigh t of 

G a m m a 
A s s a y 

B 

31,92 
32,17 
32,15 
31,89 
31,92 
32.02 
31,94 
31,84 
31,99 
31,83 

" 5 u , g, a s 

a t ch Numb 

D e t e r m i n e d by 

Vendor 
C h e m i s t r y 

ler 682 

32,12 
32,06 
32,13 
31,85 
32,15 
31,88 
31,92 
31,86 
31.89 
32,00 

Di f f e r ence 

-0 ,20 
0,11 
0,02 
0.04 

-0 .23 
0.14 
0,02 

-0 ,02 
0,10 

-0 ,17 

Tota l 319.66 319,86 -0,20 

B a t c h N u m b e r 683 

38411 
39318 
39748 
40379 
40397 
40800 
41002 
414-67 
41692 
42343 

32 
32 
31 
31 
31 
31 
32 
31 
31 
32 

,12 
,02 
.90 
,86 
,91 
,73 
,11 
,97 
.96 
.11 

32 
31 
31 
31 
31 

• 3 1 
31 

.04 

.78 

.87 

.94 
,81 
,86 
,88 

32.03 
31 
31 

,85 
,90 

0. 
0. 
0, 

-0 
0 

-0 
0 

08 
24 
03 
,08 
.10 
.13 
,23 

-0 ,06 
0 
0 

.11 

.21 

To ta l 319.70 318.96 0,74 

B a t c h Nt imber 684 

32152 
32338 
32509 
32904 
35327 
35379 
35801 
36727 
36734 
37028 
37101 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

,88 
,94 
,88 
,87 
,80 
,79 
,88 
.73 
.86 
,87 

32,04 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

.94 

.95 
,98 
.83 
.90 
.74 
.77 
,95 
,94 
,87 
.96 

-0 .06 
- 0 . 
-0 . 

0, 
-0 

0 
0 

-0 
-0 

0 
0 

01 
10 
04 
.10 
.05 
.11 
.22 
,08 
,00 
,08 

To ta l 350 ,53 350,83 -0,30 
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RESULTS 

A total of 3423 pins from 362 batches were counted. The total weight 
of these pins, as determined by gamma assay, was 108,815,45 g; the vendor's 
reported weight was 108,853.23 g. The difference between gamma assay and 
vendor 's weight was -37.78 ± 52.88 g at the 95% confidence level. The av­
erage weight for each pin was 31.789 and 31.800 g, respectively, giving a 
mean difference of 0.011 g or 0.035%. Chemical analysis was done by 
Argonne on 64 of the batches. Comparison of the resul ts for these batches 
follovi'S: 

Method of Determination Mean Weight of ^'^U, g 

Gamma Assay 31 .80+0 .3 
Vendor chemistry 31.80 ±0.2 
ANL chemistry 31.73 ±0.4 
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