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Reactor-Neutron Monitoring with Multiple Activation

Detectors

Hiromitsu MATSUOKZ and Toshiaki SEKINE

Division of Radicisotope Production,

“JAERI

( Received June 10, 1981)

A method of the reactor-neutron monitoring for irradiation
experiments and radioisotope production has been studied by
means of multiple activation detectors. For the convenience
in routine works, wires of metal and alloy were used as the
activation detectors, and the radiocactivities of the products
were determined by Ge(Li) y-ray spectrometry without chemical
separation.

Ten kinds of wire were irradiated for a short period (2 hr)
and for a long period (264 hr) in order to asses the capability
of each material. As a result several kinds of wire were
recommended for the monitoring of the neutron flux and the
epithermal index. The applicability of the double-neutron-capture
of 181Ta to the neutron-temperature monitoring was examined.

183

In addition, the half-life of Ta was determined expermentally.

Keywords : Activation Detector, Epithermal Index, Thermal Neutron,

y-ray Spectrometry
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Table 1 Nuclear data

8)
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and self-absorption facter, G , for

the vy ray used for the determination of radicactivities

Material Radius

Nuclide of Half-life

Detected y ray

{rm) interest Energy (keV) &
Intensity (%) EY
Fe 0.115 39 44.6 4 1099 (56.5) 0.996
1292 (43.2) 0.996
Nb 0.255 AN 2.0x10% v 703(98) 0.988
871 (100) 0.989
By - 35.04 766(99.82)  0.988
Ta 115 d 1121(35.1) 0.991
1221 (27.5) 0.991
183 *
Ta 4.98 d 744+4245+246 0.971
(36.0)
354 (11.7) 0.980
Mo 0.255 Mo 66.02 h  141(89.0) 0.908
739 (12.6) 0.986
778(4. 4) 0.986
110m
Ag 0.255 Ag 252 d 658(94. 4) 0.984
764 (22. 3) 0.986
885(72.8) 0.987
938(34.3) 0.987
In 0.38 114m. 49.51 4  558(3.4) 0.981
725(3.3) 0.985
Ta 0.19 Ta 115 4 1121(35.1) 0.985
1221(27.5) 0.986
Ta 4.98 d°  244+245+246 0.890
(36.0)
354 (11.7) 0.945
Co(0.475%) 0.38 604, 5.272 y  1173(100) 0.995
-Al 1332 (100) 0.996
Cu(19.8¢) 0.38 cu 12.70 h  511(38.6) 0.982
~Mn
177
Lu(2.2%)  0.255 Lu 6.71 d 208(11) 0.993
-a1
198
Au(0.061%) 0.255 Au 2.696 4  412(95.5) 0.995

-al

*
Present work.
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Table 2 Data used for the calculation of effective cross
section
. l l‘d f > * &
Material Nuclide o Cq g Sin Sy (Eogepi)exp
interest {b}
Fe *%Fe  1.15  1.00 0.997 0.66  0.65+0.02
94
Nb Nb  1.15  1.00 0.998 9.0 - - -
#59b 13.6  1.00 3.9 - -
1820, 21.0 1.00 37.7 - - - -
1835, 8200 @ —— -0.72 - - - -
Mo Mo  0.130 1.00 0.994 53 45.0+0.6
Ag Lom, . 4.5 1.00  0.891 18.53% 3.20+0.06
4 358
In ll4my, 9,45 1.00 0.731 30 24.340.2
Ta 1820, 21,0 1.00 0.971 37.7  10.5+0.1
1830, g200 @ —— -0.72 - - - -
co(0.4758) %%o 37.2 1.00 0.999 1.83 Standard
-Al
cu(l9.8s)  %cu 5 1.00  0.953 0.7 0.51+0.01
-Mn 6§
.0
Lu(2.2%) 1770y 1978%%% __ 0.999 -0.18 ~0.22+0.03
-Al
au(0.061%) Y%%au  98.8  1.01 0.999 17.02 Standard
_al '
* *x . §
Ref. [12]. Calculated using the data of Ref.[12]. Ref. [6].
55 555

Recommended by the authors.

resonance parameters of Ref, [12].

Calculated using the
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Table 3 Data of the half-life of

183Ta

¥y-Ray energy

Obtained half-life

(keV) (day)
291.7 4.93+40.12
313.2 (313.0+313.3} 4.98+0.07
354.0 5.01+0.08
Averaged 4.98+0.05
. 183
Table 4 Half-life of Ta
Half-life Year Reference

(d)

4.8 1951 Butement[21]

6.0 1951 Moses and Martin{22]
5.240.1 1953 DuMond et al. [23]
5.0+40.1 1955 Poé {24]

5.050.4 1957 Sumbaev([25]
5.040.4 1966 Bashandy et al.[26]
4.98+0.05 1981 Present work

Table 5

Results obtained from the long-time (264 h)

irradiation in the VT-4 hole of the JRR-2 reactor,

by using Co-Al and Kb (containing Ta) wires.

Sample Observed Estimated
T NV, r/T/T, /T/T,
(cc )y (10Y3em Zsec™h) (107 (1073
A-1 8§0+17 2.81+0.05 8.8+1.8 12+2
A-2 77+18 2.71+0.05 8.5+1.8 12+2
B-1 5849 1.17+0.02 1.7+1.4 1.6+40.2
B-2 70+17 1.14+0.02 0.9+1.4 1.6+0.2
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176

Fig.l Westcott's g factors for Lu(n,y)177Lu and

182Ta(n,Y)la3Ta reactions. The data were taken

from Ref. [11].

1.0
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0.8
o
- =]
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0.7 N
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Fig.2 Thermal neutron self—shielding factor G, for

an infinite cylinder. T is defined in the text.

The data were taken from Ref., [13].
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Fig.3 Determination of the values of 530£/§7§3 for two
irradiating positions by using Co-Al and Au-Al wires.
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Fig.4

Determination of nv,,

activation detectors.

EVE/EO and T by using multiple
The straight line was fitted

by means of weighted least squares method to the data

177Lu, lBSTa’ 64Cu, llOmAg and 11lm

Lu and 183Ta the value of g is assumed to be unity.

cther than
177

In.
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