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Abstract 
Description of determination of thermal neutron fluences in the range from l.E+02 
to l.E+12 cm"2 for calibration of the neutron sensitive compound consisting of the 
neutron converter BN-1 and charged particle detector CR-39 is given. 

The method employs two proportional BF3 detectors supplemented by a Ge(Li) 
gamma spectometer utilizing gold foils. 

The results of the measurements are also presented. 

Experiment and results 
To measure the fluences in the range from 102 to 1012 cm"2 in one step, and with 
one type of detection is virtually impossible. For this reason we devided the whole 
range into several partially overlapping regions. At lower fluences we used two 
BF3 counting systems, and for higher values we employed the method of activation 
analysis by using gold foils with known masses and known geometrical characteristics. 

These irradiations were performed in the exposure room of our reactor. The first 
detector (A) is mounted vertically together with the samples in front of the window 
(Fig. 1). Here, at the full power of 250 KW, the thermal neutron flux is ~108 

cm2 s"1. The Cd ratio is 44, and neutron flux density varies within 2%. The second 
BF3 detector (B) stays on the symmetry axis of the tangential channel, 206 cm 
away from the reactor wall. This particular detector B is irradiated by neutrons 
coming from the walls of the tangential channel and passing through Bi filter 
located near the exhaust aperture. For both BF3 counting systems we have determined 
by experiment that dead time correction is negligible up the counting rates on the 
order of 104 c/s. However to be on the safe side we never exceeded the counting 
rate of approximately 600 c/s. 

Alltogether, there were performed 22 irradiations of samples, where the first 12 
irradiations were controlled by the system A, the next 7 irradiations by the system 
B, and the last 3 by the activation of gold foils. 

In order to determine the correspondence between the counting system B, and the 
fluence as derived from the gold foils activation analysis, we made a separate 
irradiation at the appropriate flux (circumstances of the irradiation 19). We obtained 
the following result 

f = 107,6 (1 ±0,013) cm"? NB 
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Fig. 1 Location of detectors A and B, and of compounds BN-1 & CR-39 

Here NB denotes the counts gathered in the counter B, and f the corresponding 
2200 meters-per-second fluence. Simple observation of simultaneously determined 
NA and NB gives 

f = 107,6 (1 ±0,013) cm-2 (NB / NA) NA = 0,415 (1 ±0,021) cm"2 NA . 

To check the validity of the last relation for the fluence we made an additional 
and longer measurement analogous to the measurement with which we have 
determined f(NB). The result is 

f = 0,416 (1 ±0,021) cm"2 NA . 
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Perhaps it is important to note that the ratio NB / NA depends considerable on 
the position of the compensating rod located in the south part of our reactor 
core. Therefore, this rod has to be kept at the same position. 

The foils were etched in 6N KOH at 60°C, whereby the preetching time was 15 
min, and the electrochemical etching time was 2 hours. The corresponding track 
density, p, versus neutron fluence f, is plotted in the Fig. 2. The usable interval 
lies between points I (1.39E+04 cm"2) and II (4.58E+07 cm"2). The best linear fit, 
g, in the log-log scale on this interval is 

g = 0,0230 • f0,888 , 

where the root of mean square error equals 

V 1 
N- I 2 

i=l 

log pi - log fi 
log/; 

= 0,027 

At the geometrical mean fs = ^J~Ji = 7.98 • 105 cmr1 we obtain 

~ = 5,0 • 10"3. 
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Fig. 2 Track density p versus 2200 meters-per-second fluence f [cm' ] 
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