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INTRODUCTION:  The national metrology institute 
of Japan (NMIJ) calibrates a response of equipment for 
monitoring a radioactivity in gaseous effluents. The re-
sponse is obtained by dividing the indication of the 
equipment by the activity per unit volume. It can be de-
termined by using an inner-through type ionization 
chamber (Ohkura ionization chamber: type I-4096 01/06) 
which is calibrated by a set of proportional counters. 85Kr
is used for calibrating the monitoring equipment [1-3]. 
For monitoring purpose, an energy dependence of the 
equipment should be assessed. 133Xe and 41Ar are useful, 
however, it is difficult to purchase them commercially.
Therefore, we planned to produce them and perform the 
assessment. We tested the response of the inner-through 
type ionization chamber using 41Ar produced in 
KUR-SLY last year [4]. This year, we tested the response 
using radioactive xenon gas.

SOURCE PREPARATION: The source of radioactive 
xenon was produced by activating stable xenon (128Xe,
130Xe, 132Xe, 134Xe, 136Xe) with irradiating thermal neutron. 
A xenon gas diluted by P-10 was poured to a small vessel 
of acrylic resin whose volume was 62 cm3. A pressure of 
the gas was 100 kPa. Then, the vessel was placed at the 
bottom of the KUR-SLY operating at 1 MW for 60 s. The 
nominal flux of the thermal neutron was 7.84×1011 [n-1 s-1 

cm-2]. The 133Xe of 17.4 kBq was produced through 132Xe
(n, ) 133Xe reaction, while impurities of 129mXe, 131mXe,
133mXe, 135mXe, 135Xe and 137Xe were also produced. The
radioactive xenon gas was then transported to Kindai
University Atomic Energy Research Institute where a
measurement system was temporally installed. The 41Ar
was also produced in KUR and used in the test.

MEASUREMENTS: A particle emission rate of radi-
oactive xenon gas was assessed by using a set of propor-
tional counters connected in series. Conventional pulse 
counting electronics were connected to the counters. The 
designs of the counters are the same except for their 
length. To eliminate distortion of counts near both ends of 
the counter, the net count rate was used which was ob-
tained by subtracting a count rate obtained by a shorter 
counter from that obtained by a longer counter. The parti-
cle emission rate can be easily converted to activity for 
85Kr and 41Ar. The pure 85Kr is commercially available 
and pure 41Ar can be produced in KUR. However, pure 
133Xe is difficult to obtain because pure stable 132Xe is 
difficult to prepare and there exist impurities (129mXe,
131mXe) of longer life. Therefore, results of this test are 
not for an activity per unit volume but for a particle 
emission rate per unit volume including from impurities.

RESULTS: Fig. 1 shows pulse height spectra of signals 
obtained from the proportional counters whose volumes 
are 100 cm3 (LL), 60 cm3 (M), 44 cm3 (S), 30 cm3 (SS). 
A continuous spectrum of beta particles from 133Xe are 
observed with several peaks of internal conversion elec-
trons and Auger electrons due to impurities. Fig. 2 shows 
a pulse count rate as a function of a volume of propor-
tional counter. A count rate per unit volume is derived 
from an inclination of approximate straight line obtained 
by the least square method. It was 35 s-1 cm-3. The output 
of inner through ionization chamber flown by the radio-
active xenon gas was 13.7 pA. Then, the response of 0.39
pA (s-1 cm-3)-1 was obtained. 

of proportional counter. 
As for the response test using 41Ar, we inserted lead 
shield of 10 cm in thickness between each proportional 
counter and the chamber. The production of 41Ar and 
measurements were performed similarly. 
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Fig. 2. Count rates as a function of a volume 
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Fig. 1. Pulse height spectra of signals. 
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