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ABSTRACT 

A method is presented for the determination of uranium (as U-238) in 
uranium-loaded graphite fuel elements by a non-destructive or direct radio- 
activity analysis technique. A 200-channel pulse-height analyzer, equipped- 
with a 3 in. x 3 in. thallium-activated sodium iodide crystal, is used to 
measure the neptunium-239 (2.33 d) radioactivity of the neutron-irradiated 
samples. The amount of U-238 in the test samples is determined quantita- 
tively by comparing the ~ ~ ~ 3 9  radioactivity induced in each sample with the 
~ ~ 2 3 9  radioactivity induced into known standards of U- 238 and processed 
under the same conditions as the test saanples. The limit of detection for 
U-238 in samples of normal uranium composition for this method is about 
1.0 x 10-4 pg. 
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This nondestructive analysis technique involving gamma spectrometry 

by pulse-height analysis(4) has been used to supplement quantitative radio- 

chemical analytical procedures. Its use has made it possible to obtain 

very rapid and positive qualitative identification of radionuclides and 

very accurate quantitative determination of radionuclides. By combining 

this and conventional analytical procedures according to the requirements 

of a particular analysis problem, it is possible to realize significant 

benefits in speed, simplicity, accuracy and precision in making suck deter- 

minations. The nondestructive technique employed, as reported here, has 

all of the above benefits. It consists of neutro~ irradiation followed by 

gamma spectrometry of the induced radionuclide. To obtain quantitative 

results, the gamma-spectral data are converted to grams/gram data by use 

of a known standard and absolute methods of calculation. (2) 

Procedure 

The procedure consists of five parts: (a) preparation of sample for 

irradiation, (b ) irradiation, ( c ) preparation for analysis, ( d) analyzing, 

and ( e ) calculations. 

(a) The preparation of a sample for irradiatiolz consists of weighing 

out portions of the dry U-graphite test sample into a small plastic vial, 

(10 mm dia x 30 mm height). The sample is then placed into a 6 oz poly- 

ethylene bottle together with UgJ8 standard solutions of known U concentratio;;. 

(b) The irradiation of the samples and standards was made in Hole No. 71 

of the Oak Ridge Graphite Reactor. This is a water-cobled,dry hole, irradiation 

0 
facility, maintaining a temperature of -70 F; the flux in this position is 

2 ,7 x lo1' n/cm /set. Irradiation tines of 62 hours were used in order to 
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produce a measurable amount of N~~~~ r ad ioac t iv i ty .  Np-239 i s  produced 

238 
a s  the  r e s u l t  of an (n ,y)  react ion upon U 

( c )  After  the  i r r ad i a t i on ,  the  samples a r e  re turned from the  reac to r  

t o  a "hot" laboratory  f a c i l i t y .  The U-graphite mater ia l  and U-standard 

so lu t ion  contained i n  the  small p l a s t i c  v i a l s  a r e  removed from the  poly- 

ethylene bo t t l e ,  surveyed fo r  safe  rad ioac t iv i ty  work l eve l  and visual ly  

inspected f o r  defects  which would o r  could cause a rea  and personnel con- 

tamination. I f  sa fe ,  the  samples a r e  then removed from the  "hottt  labora- 

t o ry  f a c i l i t y  t o  a work a rea  hood and prepared f o r  counting. This prPpara- 

t i o n  consis ts  of t r ans fe r r ing  the  i r r ad i a t ed  t e s t  samples i n t o  a pyrex 

cu l tu re  tube (10 rnrn x 75 mm). Sui table  a l iquo ts  of standard U-solution a r e  

pipetted i n to  other  cu l tu re  tubes.  The a l iquo t  i s  adequate enough t o  

provide an a c t i v i t y  of the same order of magnitude a s  the  samples i n  questior,. 

( d )  The nondestructive analys is  of the samples i s  performed by use of a 
-K 

200-channel pulse-height analyzer (Model 34-2) equipped with a 3 i n .  x 3 i n .  

thal l ium-activated sodium iodide s c i n t i l l a t i o n  c ry s t a l .  The samples ar.d 

standard a r e  counted under the same c o n d i t i o ~ s ,  i . e . ,  counting time, ge~rne?,r;;~, 

and instrument gain.  The photopeak of i n t e r e s t  i n  t h i s  ana lys i s  is  the ga1:~19 

ray photopeak energy 0.105 Mev of Np-239. ( ~ i g u r e  1) Thus, an instrument 

gain of 0-1 Mev f o r  the  200 channels is  used f o r  the  r ad ioac t i v i t y  measure- 

ments; the count r a t e  per sanple includes the  t o t a l  count of seven channels 

O.OgO-O.l20 Mev over the  0.195 Mev photopeak. 

* 
Radiation Instrument Detection Laboratories (RIDL),  Northlake, I l l i n o i s  
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( e )  The calculations for determining the u~~~ content of the test 

samples are very simple. Since all of the terms in the activation analysis 

equation,. 

A = Radioactivity, dps 

)l = atomic weight of the target element 

6.02 x = Avogadrot s number 

2 
f = neutron flux, n/cm /sec 

-24 2 
6 a c  = activation cross-section for the isotope, barns, 10 cm 

0 = fractional abundance of the target isotope 

-kt l-e = saturation factor 

e = decay factor 

W = weight in grams 

are the same for both the comparator and the unknown samples, except those 

for weight (w) and activity (A), then a simplified equation can result: 

w of L ? ~ ~  in Test Sample - - ~p~~~ Radioactivity in Test Sample 
3 W of LJ2 in Comparator Sample ~p~~~ Radioactivity in Comparator Sample 

(2 

Discussion 

The high sensitivity of the activation analysis method' 3, makes it 

possible to see low concentrations of many elements including uranium. In 

this report the limit of sensitivity is not approached from the concentration 

of the uranium in the graphite, but rather from the sample weight used (as 

shown from the results presented in Table I). Nondestructive methods of 



TABLE I 

URANIUM IN GRAPHITE 

uranium-238 Concentration, 
Graphite Sample Micrograms per gram)c 

1 512, 516 

3C 
Sample portions in the range from 0.060 to 0.072 
gram were irradiated in this work. 



analysis in neutron activation analysis are useful when employing a sample 

matrix such as graphite that has a low neutron absorption cross-section and 

will produce only very low-energy radiations or a minimal amount of radio- 

activity during an irradiation. Thus, an analysis of the type reported here 

may be completed by a direct measurement without chemical separation and with 

a high degree of sensitivity, speed, accuracy, and reproducibility. 

Since the gamma ray spectrums of the test and standard samples are com- 

pared to detect any impurities in the test samples, the non-destructive method 

may easily be employed. This technique may be applied to any single radio- 

nuclide in either a solid or a liquid sampbe, where it is directly neutron 

induced or fission produced. Also, this method may be utilized where the 

desired radionuclide has the highest gamma energy present in a sample of sev- 

eral radionuclides. When the garnma energy or radionuclide of interest has 

other gamma energies higher or near the desired gamma energy, the technique 

of complement subtraction may be applied successfully to strip out the desired 

radionuclide. 
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