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Fig. 1. Estimate deviations 6« and De for scoping cases. 

Various estimates were examined using earlier calibrations' 
for scoping cases given in Table 1. The table includes values for 
the refined estimated c, deviation бе of measured calibration, 
and De limits. Figure 1 presents scatter plots of (6t,Dt) pairs 
for both conservative and refined estimates corresponding to 
the cases in Table 1. The refined estimates yielded f with Dt 
noticeably smaller than the Dt for conservative estimates. The 
largest De for refined estimates are less than 35%, and their 
V differ from V0 by a factor of 4. Agreement of the refined t 
with measured calibrations was even better because discrep-
ancy |6c| ranged from 0.1 to 26.5%, and about two-thirds 
were <10%. 
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4. Activation Analysis of AI2O3 Samples at 
the RB Reactor, Marina Šokčić-Kostić, Dragoljub 
Antić, Milan Pešić (Inst Nucl Sci-Yugoslavia-
Serbia) 
INTRODUCTION 

The basis of performed measurements is the low-background 
gamma spectrometry that makes it possible to measure low activ-
ities induced by (/1,7) reactions in low-flux neutron sources.1 

This is the first time that activation analysis has given good 
results on a zero-power reactor. Although low-flux reactors are 
not conventionally used for neutron activation analysis (NAA), 
these results open a new field of investigation and material test-
ing for communities that own only this type of reactor. In 
high-flux NAA on power reactors (Ф > 1013 n/cm2-s), irradi-
ated samples have a mass of — n x 10 mg, where n is any inte-
ger. The reduction of flux by low-flux irradiation is partially 
compensated for by increasing the mass of samples to a few 

grams. This increases the self-absorption in irradiations and 
measurements, which has no great significance when good 
standards exist. Thus, relative NAA is used in this experiment. 
The performed measurements have made it possible to deter-
mine the sensitivity of NAA using a flux of ~ 107 n/cm2-s for 
detecting different "impurities." 

ACTIVATION ANALYSIS ON THE RB REACTOR 

The samples made of A1203 (aluminum ore), mG = 9.9928 g, 
and a mixture of A1203 and Ga203 (standard), ms = 9.9824 g, 
are used in this experiment. The standard is prepared accord-
ing to obvious chemical techniques. They are irradiated in the 
HERBE fast thermal system2 of the RB reactor3 in specific 
positions. The irradiation on 10 W of power lasted 30 min. The 
gold foil was used as a flux monitor. 

The RB reactor is practically the only means of irradiation 
in Serbia. It was designed as an unreflected zero-power heavy-
water/natural-uranium critical assembly. Later, during reactor 
operation, 2% enriched metal uranium fuel and 80% enriched 
U0 2 fuel were obtained and used in the reactor core. Mod-
ifications of reactor control, safety, and dosimetry systems 
converted the RB critical assembly to a flexible heavy-water 
reflected experimental reactor with 1-W nominal power, oper-
able up to 50 W. HERBE is a coupled fast thermal system con-
structed with minimal modifications of the existing system. 
The central zone of HERBE contains natural uranium, sur-
rounded by a filter zone (cadmium and natural uranium) and 
a converter zone (enriched uranium-without moderator). The 
coupling zone is filled with heavy water. The thermal core con-
tains 80% enriched uranium in a 12-cm-pitch lattice in heavy 
water. 

RESULTS 

The activity measurements are made with the low-background 
high-purity germanium detector CANBERRA. The neutron 
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flux measured with gold foil as the flux monitor is Ф = 8 x 
107 n/cm2-s (±6%). 

The first spectrum of standard is measured an hour after 
irradiation and the second of Al203 after I day. The efficiency 
for measurement geometry is determined by measuring the 
activity of ™Ga and 72Ga according to Eq. (1): 

• = • (t) 
л i, 

where l's and VB are the intensities of y lines, e{E,) is the effi-
ciency for given energy, A0 is the activity, X is the disintegra-
tion constant, and /,„, to, and /, are the measurement, live, 
and real times, respectively. The amount of 72Ga in aluminum 
ore is determined according to the relation of relative NAA: 

I?: / / = mG: ms , (2) 

where m are the masses, while G and S are the aluminum and 
standard sample, respectively. In the analysis, the correction 
for cooling time is taken into account. The obtained amount 
is 7.26 x 10 -5 g (±1%), which makes it possible to recom-
mend the extraction of this element from aluminum ore. 

C O N C L U S I O N 

An activation analysis successfully performed on a zero-
power reactor on a specific sample has been presented in this 
paper. This is the first time in our country that this low-flux 
activation analysis has given good results. These experiments 
are performed because the zero-power RB reactor is our only 
source of neutron irradiation. For analytics of low concentra-
tion, the isotopes must have cross sections of a few barns and 
periods of a few days with profitable disintegration schemes. 
That concerns irradiation of n x - 1 0 min and flux n x 107 

n/cm2-s. The specific results of this and similar experiments 
provide global information for the industrial treatment of trace 
elements. This technique can be used for sample analysis in 
environmental research, biology, biotechnology, agriculture, 
and nutrition. We intend to apply it for food sample analysis 
in the near future. 
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