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The cross-sections of 1°B and °Be
(from EXFOR)
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Nx10% counts

v-spectra fragments of "@B irradiated targets
by bremsstrahlung y-quanta with Emax = 20, 40, 55 MeV
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The y-ray beam was monitored
by the ¥1Ta (y, n)-reaction
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Estimation of the flux
of bremsstrahlung y-quanta
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The spectrum of accelerator bremsstrahlung y-quanta
modeled using Geant4
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Estimation of the flux of bremsstrahlung y-quanta

m The bremsstrahlung y-quanta fluxes were calculated using the formula
(n,x cm=2x st x MeV1):
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S is the area of photopeaks corresponding to the 18°Ta decay; n is the quantum yield of
the 189Ta y-quanta decay; € is the detection efficiency of y-quanta accompanying the
decay of 181Ta(y, n)18Ta reaction; ¢, t_, t,, are times of irradiation, cooling, and
measurement, respectively (in seconds); k is the self-absorption coefficient of y-quanta
of the decay; p is the 181Ta absolute content in the natural mixture; N, = 6.02 x 1023 is
the Avogadro's number (in nuclei number x g1 x mol=1); Y is the yield of the 181Ta(y,
n)189Ta reaction calculated according to (1) (in bn); m is the mass of tantalum targets
per area (in g x cm2); A = 181 is the mass number of tantalum atoms (in a.m.); A is the
180Ta decay constant (in s™1). The A, n, A, p values are taken from (Briesmeister, 1997); S
is taken from experimental y-spectra, and € is taken from calibration curves, additionally
verified by simulation using the Geant4 program code.




Experimental and theoretical yields of the 'Be
population reaction at different boundary energies
of bremsstrahlung y-quanta
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Radioecological monitoring
at Nuclear Power Plant

Solid waste sorting place Capacity of liquid radioactive waste
at nuclear power plant at nuclear power plant




Activated non-gamma emitters
INn structural materials of the reactor core
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Description of the proposed method

9Be (n,y) 1°Be

|deally, for the studied RW sample, it is known:
9Be content (%) in the sample volume

¢ is the thermal neutron fluence

0 is a cross-section of °Be neutron capture

Then the number of 1°Be atoms in the RW sample:
A(Be) =N ¢ o (1 — e Atirr),

where N is the number of °Be atoms in the sample, t.. is the time of reactor operating

Irr




Description of the proposed method

.
& 53.20 ¢
9Be(y’ 2n)7Be § 3/2-:T=1/2 0
10 4 o 7 =
B (y, 2np) "Be 5 4Be
¥ Q.=861.815
&
73 fs 1/12-: T=1/2 X 477.612 10.52% 3.6
stable S2-T=112 0 8948% 33




Description of the proposed method

Emax

A('Be) = N(Be)(1 — e~ MBetirr) [V o(E) - ®(E)-dE

Ethreshold
where N is the number of °Be atoms in the irradiated sample,

o (E) is the reaction cross section, 37MeV and 55 MeV irradiation:

® (E) is the flux density of quanta, '°B: 0 (37MeV) = 220 pb
_ . _ _ 0 (55 MeV) =101 nb
A (Be) is the ’Be radioactive decay constant, 9Be: 6 (37MeV) = 180 ub

t.. is the target irradiation time. 0 (55 MeV) =44 ub
37 MeV: ¢ (1°B, °Be) = 200 ub



Description of the proposed method

Intensity
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Description of the proposed method
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Description of the proposed method

The mass ratio of B, Be and °°Fe will be:
m(Be’ B) Ny (BG+B)(1— e—?antirr )(1_ e_antm )e_antc ‘YMH}\“BE
m(Fe) N, (Fe)(L—e et )(1—e~*eeim e~ eele Y oy

where N (Be) is the number of °Be atoms, N (Fe) is the number of 5°Fe
atoms, t;, is the time of target irradiation with the linear accelerator, t; is
the exposure time of the irradiated target before the start of
measurements, t. is the time of measurement of the irradiated target on

the spectrometer, A (Mn) is the constant of >*Mn radioactive decay, A (Be)
is the constant of 'Be radioactive decay.
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Description of the proposed method

m(Be,B) _, , N, (477)-£(834). gt
m(Fe) | Ny(834) . §(477) . e—kBetC

m Ny(834)is the number of counts in the 834 keV gamma peak, Ny(477) is the
number of counts in the 477 keV peak, t, is the exposure time of the irradiated
target before the start of their measurements, A, is the *Mn decay constant, Ag, is
the "Be decay constant, & (834) is the relative detection efficiency of the 834 keV
gamma line, & (477) is the relative detection efficiency of the 477 keV gamma line.




Thermal neutron flux estimation
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Thermal neutron flux estimation
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Thermal neutron flux estimation

From the measured data, it was found
that the °3Nb impurity is 2.7 x 107,

The activity of %*Nb was determined

from the 871 keV gamma line and was co o ﬂ(SBCO) _
found to be 2.5 Bg/g. 2 el |
Using these data, it was obtained that S : ]
the thermal neutron fluence is 7.5 x j “Nb+**Mn Co
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10Be activity (Bg/g)

Sample of reactor core Solid RW Solid RW Solid RW
construction materials sample 1 sample 2 sample 3

<0.1

In accordance with TLV the activity level
for RW samples is ~10° (Bqg/g)

Masses of our samples were 50 mg, thus their activities
were in 1-2 Bg/g range
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Conclusion

m The activation method for the 1°Be

determination can simplify the
procedures for the identification,
control, and certification of this
isotope in reactor core constructional
materials and various types of
radioactive waste.

The proposed method is unique and
efficient as compared with
traditional radiochemical methods
especially because of the huge
volume of radioactive waste
generated at nuclear power plants.
The calculated error of the method
is about 20%, the sensitivity of the
method is 102 Bg/g.

18



