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Measurements of Uranium Enrichment by Four Technigues

of Gamma-ray Spectrometry
Takac TOJO

Radioisotope and Nuclear Engineering School, JAERI

(Received November 22, 1983)

Measurements of uranium enrlchment with the uses of the LMRT
(France) UO2 standards have been made by four techniques of gamma-
ray spectrometry, in order to‘examlne measurement characteristics
of each technique. The following results were obtained by the
three techniques based on the direct determination of the peak
area of the 186-keV gamma-rays from 235U, when the standard_
sample of 6.297 a/o.was used for measuring enrichments ranging
from 1.4 a/o to'9 6. a/o ; (1) In a LEPS HP Ge gamma-ray spectro-
metry, standard dev1at10n of the measured enrlchments from the
certified ones was 1 4%, {(ii) in a Ge(L;) gamma ray spectrometry,
the standard deviation was 2.0 %, (iii) in a NaI(Tl) gamma-ray
spectrometry, the standard deviation was 1.2 %. In the fourth
technique, the method of multiple single-channel analyzers,
enrichments of 1.4 - 9.6 a/o were measured in the standard devi-
ation of 0.51 %, when the most suitable pairs of standard samples
were used for each sample. A part of sources of systematic errors
which were caused by each technique adopted was revealed through-
out the measurements. And also, it was recognized that the LMRI's
values of enrichment were certified precisely, and the UO2 standards
were very useful for enrichment measurements in the four technigues

of gamma-ray spectrometry used here.

Keywords : Uranium Enrichment, Uranium Reference Material Standard,

Gamma-ray Spectrometry, Ge Detector, NaI(Tl) Detector, Two Scaler

Method, Method of Multiple Single-channel Analyzers
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Table 1 Enrichments and dimensions ©of LMRI UO2

reference material standards.

Enrichment . | Dimensions of Outer
Sample UO2 pellet . dimensions -
{w/0) {(a/0) {d x h, mm) - (D x H, mm)
070 0.7112 0.7202 113.1 x 20.0 18 x 31.5
* *%

+0.0012 +0.0562
14U 1.416 1.434  [13.1 x 19.0° 18 x 31.5

+0.004 +0.094
28U 2.785 2.820 8.1 x 11.0 18 x 22.5

+0.013 +0.156

51U 5.111 5.173 8.1 x 10.3 18 x 22.5
+0.046 +0.300

62U 6.222 6.297 8.1 x 10.0 18 x 22.5
+0.055 +0.295

96U 9.548 9.658 9.1 x 13.5 18 x 25.5
+0.121 +0.422

* Three sigma

¥* Percent error(one sigma)

+ calculated from weight percent under the assumption that
238 235U_

uranium consists only of U and

++ For meanings of abbreviations, see fig. 1.
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Dimensions in mm 216
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/b ==

Spring {steel)

et

Retaining cap {duralinox)

Cladding (duralinox) |

Thin window (thickness 0.5 = 0.03)

Composition of duralinox: type AGS
Al + Cu(0,1 %), Mg (5 %), Si(0,4 %), Fe(0,5%), Mn(0,6 %), Zn(0,2 %), Cr(0.4 %), Ti (0,2 %)

Fig. 1 Cladding of standard UO2 references.
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Fig. 2 Collimated geometry detection assembly of the
LEPS HP Ge gamma-ray spectrometer.
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Fig. 3 Collimated geometry detection assembly of the

NaI(Tl) gamma-ray spectrometer.
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— Window-1 — -

186 keV
235U . 1

"k Window-2

20

5

50 100 150 200 250
Channel Number |

Pulse-height distribution of gamma-rays from a uranium
sample by a NaI(Tl) gamma-ray spectrometer.
Window-1(186-keV peak region) and Window-2(background
region) in the figure, indicate a pair of conditions
of window setting in the methbd of multiple single-~

channel analyzers.
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Fig. 7 Pulse-height distributions centering the full-energy

peak of 185.715-keV gamma-rays, measured with the
LEPS HP Ge gamma-ray spectrometer. Uranium samples
are the 07U(0.7202 a/o) for the distribution A and

the 96U(9.658 a/o) for the distribution B.



I , ] l l
241 sy s
A 185715~ B
) keV
22| 4 + ~22
185.715 keV
201 - F —20
181~ 1 118
Sample 14U Sample:
s L. Time : 4 B o 16
40 ks L. Time:
Hr 395 eV/Ch. 4 F 10ks 403
= N
g =
- Si2 -] FWHM 1.46 keV _p) S
S 5
S ~—
260 1 L k4
%HJ —40 é
(] (4]
8 1 r 8
6 M R . s I 16
4 . —4
2 . -2
0 | | | | T
440 460 480 450 460 480
Channel  Number Channel  Number
8 Pulse-height distributions centering the full-energy

Fig.

JAERI ~— M 83—222

peak of 185.715-keV gamma-rays, measured with the

Ge(Li) gamma-ray spectrometer. Uranium samples are

the 14U(1.434 a/o) for the distribution A and the

96U(9.658 a/0) for the distribution B.
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Fig. 10 Illustration of "window setting condition I" named

here, in the method of multiple single~channel
analyzers. Gated spectrum(B) coincidenced with the
outputs from the two single-channel analyzers show
that the pulses belong to the 186-keV peak region
(WP) and to the background region(WB) are counted
by the two scalers in fig. 4, respectively.

single spectrum(A) was measured under the same

conditions without coincidence.
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Fig. 11 Illustration of "window setting condition II" named

here, in the method of multiple single-channel
analyzers. Single spectrum(upper) and gated natural
background spectrum(lower) are also shown with the

illustration(middle).
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Background distributions in the full-energy peak

of the 186 keV of the 07U(0.7202 a/o) uranium sample
in the NaI(Tl) gamma-ray spectrometry. The solid
straight line shows Compton distribution taken in
calculating the peak area'by the method of Covell in
which the distribution is considered as a linear
distribution. The dotted straight line shows the linear
extrapolation of Compton distribution in the higher
energy region than the full-energy peak. The dot-dash-
line shows Compton distribution taken in calculating
the peak area by the method in which the distribution

is considered as a parabola.
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Backyground distributions in the full-energy peak

of the 186 keV of the 28U(2.820 a/0) uranium sample

in the NaI(Tl} gamma-ray spectrometry. The solid
straight line shows Compton distribution taken in
calculating the peak area by the methed of éovell in
which the distribution is considered as a linear
distribution. The dotted straight line shows the linear
extrapolation of Compton distribution in the higher

energy region than the full-energy peak.
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Background distributions in the full-energy peak

of the 186 kevrof the %6U({(9.658 a/c) uranium sample

in the NaI(Tl) gamma-ray spectrometry. The solid

straight line shows Compton distribution taken in

calculating the peak area by the method of Covell in

which the distribution is considered as a linear

distribution. The dotted straight line shows the linear

extrapolation of Compton distribution in the higher

energy region than the full-energy peak. The dot-dash-

line shows Compton distribution taken in calculating

the peak area by the method in which the distribution

is considered as a parabola.



