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Measurement of Neutron Capture Cross Sections of
Long-lived Radioactive Waste Nuclides(I)™*

Toshio KATOH™™
ABSTRACT

The thermal neutron cross section of the °°Tc(n, y)*°°Tc
reaction has been measured by means of an activation method
for the purpose to obtain fundamental data for the research
of the transmutation of nuclear waste.

Targets containing about 360 kBg of °°Tc were irradiated
for 2 m with reactor neutrons. Activation detectors of
Co/Al and Au/Al alloy wires were irradiated to monitor the
neutron flux and the Westcott's epithermal index r{T/To)*”72.

Spectra of <v-rays from the irradiated Tc samples were
measured with a high purity Ge detector. Decay of the
540-keV and the 591-keV ¥ -rays were followed. A half-life
of the decay of the y-rays was 15.5 + 0.1 s and in good
agreement with the half-life of %°°Tc.

The amount of the produced *°°Tc was obtained from the
intensities of the 540-keV and the 591-keV y~rays.

The specific activity of °°Tc in the targets were obtained
by measuring the specific pg-activity of sample solution by
the liguid scintillation counting method. Then, the amount
of °°Tc¢ in the targets were determined. A cross section of
the ®°°Tc(n, ¥)*°°Te¢ reaction for a reactor neutron spectrum
was determined from the number of ®°Tc atoms of the target,
the activity of the produced 2°°Tc¢ and the neutron flux
data. The cross section obtained is 22.7 + 0.5 b and is
almost same as the values reported in references. The
resonance integral was also measured by a Cd-ratio method,

and is 395 + 34 b.

*  Work performed by Toshio Katoh, Nagoya University under
the contract with Power Reactor and Nuclear Fuel
Development Co.

**x Department of Nuclear Engineering, Nagoya University
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Table 1. Activity and number of nucleus in the °°Tc targets

Target No. Weight(g) Activity(kBq) No. of nucleus
#3 0.80810 372.228 3.63 x 10*'°
14 (.80470 370.661 3.61 x 10'®
#5 0.81460 375.222 3.65 x 10'°®
16 0.80760 371.997 3.62 x 10*'®

(Specific activity of sample solution: 460.82 kBq/g)

Table 2. Nuclear data of monitors

Nuclide Half-life Gamma-ray Energy(keV) Gamma-ray Intensity

#%Co 5.271 y. 1173 1.00
1332 1.00
198Au 2.696 d. 412 0.955




Table 3, Results of half-life measurement of '°T¢
Half—11ife
Target No.
E 1:540 keV E 1:591 keV
#3 no Cd shield 15.51 + 0.10 s 15.49 t 0.11 s
$3 with a Cd shield 15.50 t 0.14 15.30 * 0.15
#4 no Cd 15.49 + 0.10 15.57 + 0.09
#4 with Cd 15.53 t 0.18 15.32 £ 0.18
#5 no Cd 15.50 ¢ 0.09 15.52 + 0,09
#5 with Cd 15.58 + 0,14 15.45 1 0.14
#6 no Cd 15.53 t 0.11 15.55 + 0,09
#6 with Cd 15.42 + 0.14 15.46 1 0.14

Weighted average of measured half-life: 15.50

s

+ 0.04 s




Table 4. Data used for the determination of nvo and r{T/To)!”2

from radioactivities_in flux monitors

Nuclear Reaction o o(b) g G.n S o Geoi
9Co(n, v)%°% o 37.2 1. 00 1.00 1.83 1.00
197Au{n, v )'%%Au 98.8 1. 00 1. 00 17.02 1.00

Table 5. Result of neutron flux determination

Irradiation Irradiation ¢, or ! @ ’
type period th nﬁ:ﬁlz-s) ?10 nﬁ:m *s)
without Cd 10 min 4,615 + 0.076 0.152 + 0.009
with Cd 10 min 0.196 * 0.014 0.168  0.004
R/Aoce = ¢, 4+ @3- 50G.e;:
for irradiation without a Cd shield,
R’/Uo - ¢1' + ¢’2" SOGapi

for irradiation with a Cd shield.



Table 6-1. Results of measurement of neutron capture cross section

and resonance integral

Measurement by the 540 keV ¥ -ray
(B -branch: 5.7 + 0.54%, relative v -intensity: 100%)

Run Target no. R/R’ S o o o(b) Io(b)

1 13 2.16 £ o0.16 19.9 ¢+ 1.8 22.7T + 1.4 409 = 47
4 2.18 £ 0.186 19.4 £ 1.7 22.82 2 1.4 401 * 46
t5 2.24 1 0.16 18.6 + 1.7 23.4 + 1.4 397 45
i€ 2.24 £ (.16 18.6 + 1.7 23.3 + 1.4 384 * 45

2 #3 2.17 + 0.186 19.7 £ 1.8 22.1 + 1.4 396 * 46
4 2.19 t 0.16 18.5 + 1.6 22.8 + 1.4 383 43
£5 2.21 t 0.16 19.1 + 1.7 22.4 + 1.4 389 - 44
i6 2.16 + 0,16 19.8 + 1.8 21.9 + 1.3 394 ¢ 45

-+

1.2 22.7

1<

weighted average: 19.2 1.1

395 ¢



Table 6-2(D0J %),

Measurement by the 591 keV v -ray

(8 -branch: 5.7%,

relative 7 -ray

intensity: 82 + 6%)

Run Target no. R/R’ S o ToiD) Io(b)
1 3 2.16 t 0.16 19.8 + 1.8 23.1 + 1.4 417 + 48
14 2.24 t 0.16 18.7 + 1.7 24.3 t 1.5 413 = 47

#5 2.25 £ 0.17 18.4 £ 1.7 24.4 + 1.5 411 + 47

16 2.22 t 0,186 18.9 + 1.7 24.1 = 1.5 417 + 47

2 #3 2.13 £ 0.16 20,3 + 1.9 22.8 £ 1.4 421 * 49
4 2.22 + 0,16 18.8 + 1,7 23.7 + 1.5 409 + 47

#5 2.26 + 0.16 18.4 + 1.6 23.8 + 1.5 398 + 45

16 2.20 + 0.18 19.3 + 1.7 23.3 1t 1.4 409 t 47
weighted average: 19.0 + 1,2 23.7T 1.2 411 + 36



