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ABSTRACT 

A portable, solid-state, single-channel, gamma-ray spectrometer has been 
used experimentally for the rapid field measurement of uranium-235 ( 235u) 
enrichment. The uranium was contained in urani urn hexafluoride. (UF6) in 

·cylinders and in impure uranium compounds in cans. The method involves 
measuring the 2 35u peak at 185 kev, subtracting the background; and 
correcting for the 'compton effect from higher-energy radionuclides. The 
c;M~IT~a-r~y ~t;>t.i vit.y frnm 2 3Su in the sampl~ is compared to the gamma-ray 
activity from 2 3 5u of known abundance in uranium references of similar 
uranium compounds in similar containers. 

· The method :can be used to assign large containers for which calibrating 
data are available to broad isotopic ranges or categories . 
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FIELD DETERMINATION OF URANIUM-235. ENRICHMENT 
BY PORTABLE GAMMA-RAY SPECTROMETRY 

INTRODUCTION 

A rapid, nondestructive method was needed for measuring uranium-235 (235u) 
enrichment in impure uranium oxides and in uranium hexafluoride (UF6) in 
various containers for assignment or verification of isotopic categories 1 

or 2 35u inventory. The 2 35u measuring device needed to be readily porta
ble, relatively trouble free, and reliable enough for in-the-field assign
ment of isotopic categories. 

A portable, inexpensive, commercial gamma-ray spectrometer appeared to .be 
atla!JLault: Lu 5uch mea.::JUrcmcnto. 

SUMMARY 

The method which has been deveioped meets the above requirements for the 
measurement of 235u in UF6 and in impure uranium compounds in several 
types of containers. The 185-kev gamma-ray activity from 235u in the 
sample or container is measured and compared to the gamma-ray activity in 
carefully measured containers of similar uranium reference compounds. The 
time required to measure the gamma activity is approximately 10. min. 

A high degree of reliability was achieved with a commercial solid-state, 
single-channel analyzer. 

EXPERIMENTAL 

INSTRUMENTATION 

Measurement of the 185-kev gamma-ray emitted by 2 3 5u appeared most prom1s1ng 
for this application. The measurement is influenced, however, by several 
factors su~h as the compound and its gamma absorption characteristics, 
purity, and age since its separation from various other radioactive nuclides.· 
In general, the influence from these factors can be minimized by using a 
cRlibration reference having characteristics identical or very similar to 
those of the material being measured, and confined in similar containers. 

The background. contribution of imperfectly resolved nuclides having ener
gies near that of the 185 kev gamma emitted by 2 35u is an important factor 
which must be accounted for in some way. The most prevalent contribution 
is from the Compton effect 2 of the 1001-kev gamma of 2 34mPa, a 238u daugh
ter. Because the penetration of the 2 3 4~Pa ·gamma through the uranium is 
many times that of the 235u gamma, an increase in the thickness of the 
material being measured increases the background from the 234mPa faster 
than it increases the 2 3 5u peak. In order to obtain a reasonable count 
raLe with a low backgro1llld count, ·a 2~in.-dia hy :J,-.rin.-thick thallium 
activated sodium iodide crystal was used as the detector. This detector 
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was con~ected to the commercial,* portable, solid-state, single-channel, 
pulse-height analyzer to make the system shown in figure 1. Placing a 
lead collimator with a 0.75-in. orifice over the end of the detector 
failed to improve its performance . 

The system supplies all electronic functions required t'or nuclear raili.ation 
detectors. The high-voltage supply is adjustable from 200 to 2400 v 
positive and will support a 100-megohm scintillation load. The system has 
a built-in preamplifier with adjustable discrimination level of 1 to 100 
mv, allowing operation with scintillation, proportional or Geiger-MUeller 
detectors. · 

PEAK VOLTAGE ADJUSTMENT 

A uranium reference highly enriched in 235u was used to adjust the instru
ment voltage to·the 185-kev peak. The reference was placed on the detector, 
the high voltage was adjusted to approximately 1100 v, and the amplifier 
gain was adjusted for maximum count in the 2 35u peak at 185 kev, covering 
a 50-kev: window 3 rang!= from i6o to 210 kev. 

CALCULATIONS 

An instrument calibration factor, K, is needed to convert counting rates 
to enrichment. A factor can be determined by using a refe~ence whose 
matrix material and configuration closely approximate the samples or 
materials to be analyzed, as follows: 

where 

K = %E/(Cp- 1.3 Cb) 

E = 235u· enrichment in reference, 
Cp = counts/min in 2 3 5u peak, 
C:b = counts/min in background, and 

1.3 = correction for the Compton effect. 

MEASUREMENT OF 235u ENRICHMENT 

I. The 2 3 Su enrichment measurements were made on UF6 which had been 
analyzed previously with a precision of ± 0.1% (standard deviation). 
The UF5 was contained in 11 steel cylinders 30 in. in diameter and 
approximately 80 in. long. These measurements were made by placing 
t,he end of the detector shield, which extends J. in. beyon<l Lhe eud 
of the detector, against the side of the cylinder and making a 2-min 
measurement on the 185-kev peak and a 2-min background measurement 
covering a range of 230 to 280 kev. One of the cylinders having 

*Model 22A, Ludlum Measurements, Incorpo~ated, Sweetwater, Texas. 
identification iR mP.~.nt to be descriptive, rather than limiting. 
equipment· with equal specifi<::ations may work equo.lly well. 

This 
Other 
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know·n enrichment was used as a reference to determine a calibration 
factor. The results are listed in table 1~ 

II. An aliquot of 7 g was taken from each of 14 samples of very impure 
uranium oxides (0.03 to 0.20 g U/g sample) which had been analyzed 
previously with n precision of ± 1% (standard deviation). Each 
aliquot was placed on the gamma-ray detector and a 2-min measurement 
made on the 23 5u peak and a 2-min measurement made on the background, 
covering a range of 230 to 280 kev. One of the samples was used as 
a reference to determine a calibration factor for calculating the 
2 3Su enrichment in the other samples. The results are shown in 
table 2. 

In order to further evaluate the gamma-ray spectrometer, 2 3 5u enrich
ment measurements were also made on other impure uranium compounds 
(0.03 to 0.20 g U/g sample) in 6-in.-dia by 15-in.-high steel cans. 
This material had been analyzed previously with a precision of ± 1%. 
Each can was analyzed 4 times by making a 2-min count on the 235u 
peak and on the background at each of 4 places arourid the can 90 
degrees apart and 7 in. from the bottom. One of the samples was 
used as a calibration reference to determine a calibration factor 
for calculating the weight percent 23Su in the other samples. The 
results are shown in table 3. 

CONCLUSIONS 

The portable gamma-ray spectrometer can be used to me.asure the 2 35u en
richment with a standard deviation of less than ± 5% on pure uranium com

_pounds and less than± 16% on highly impure uranium compounds. Careful 
reference to known materials ·is necessary. 
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Table 1 

URANIUM-235 IN UF5 

Cylinder Enrichment 2 wt % 23su Known Enrichment 
Number Known Measured Measured Enrichment 

• 
1 2.8356 2.80 1.01 

2 2.8356 2.91 0.97 

3 2.8356 2.81 1.01 

4 2.8356 3.00 0.94 

5 2.8351 Calibration reference 

6 2.8351 2.72 1.04 

7 3.2866 3.27 1.00 

8 3.2866 3.33 0.99 

9 3.2866 3.43 0.96 

10 3.2956 3.24 1.02 

11 3.2956 3.17 1. 04 



• > 

Table 2 

URANIUM-235 IN IMPURE URANIUM OXIDES . 

Aliquot Enrichment 2 wt % 23su Known Enrichment 
N·..lillber Known Measured Measured Enrichment · 

l 5.67 5.41 . l. 05 

2 8.10 7.96 1.02 

3 4.71 4.74 0.99 

.4 t.o8 Calibration reference 

5 5.84 5.88 0.99 \0 

6 3.53 3.55 o·.99 

7 5.87 5.92 . 0.99 

8 5.16 5.24 0.98 

9 6.19 5.97 1.04 

10 5.64 5.30 1.06 

ll 4.48 4.56 0.98 

12 5.18 4.99 1.04 

13 11.64 11.09 1.05 

14 6.34 6.39 0.99 
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Sample 
Number 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Known 

3.708 

3.143 

3.876 

3.990 

6.090 

5.780 

5.100 

4.359 

5.250 

4.560 

Table 3 

URANIUM-235 IN IMPURE URANIUM OXIDES 
IN 6-IN.-DIA BY 15-IN.-HIGH STEEL CANS 

En ri chmen t 2 wt % 23su 
Measured 

3.72 

3.33 

Calibration reference. 

4.52 

6.40 

6.59 

5.15 

3.80 

4.80 

4.95 

.. 

Known Enrichment 
Measured Enrichment 

1.00 

0.94 

0.88 
....... 
0 

0.95 

0.88 

0.99 

1.15 

1.09" 

0.92 




