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Abstract

In nuclear devices, the large number of neutrons produced by the core leads to severe activation
of the materials in the device, and the radioactivity level around the device remains high after the
reactor shutdown, making it difficult for the maintenance of the device. The analysis of activation
problems such as activity, decay heat and photon dose of radionuclides in fusion devices is an in-
dispensable study in shielding calculations, and accurate activation calculations and photon dose
calculations after reactor shutdown are also of great importance for reactor maintenance and
radiation safety of personnel. ABURN program is an activation calculation program developed by
the source project team of North China Electric Power University, which uses TTA and CRAM. It can
perform activation calculation, decay calculation, uncertainty and sensitivity analysis, nuclide
tracing and pulse calculation, and can output key parameters such as nuclide atomic number, ac-
tivity, decay heat and y spectrum under various operating conditions. In this paper, based on the
international mainstream dose rate calculation method for deactivation, the rigorous two-step
method (R2S), the coupling of the autonomous activation procedure ABURN and Monte Carlo pro-
cedure MCNP is realized, and the automatic coupling interface of neutron transport calculation,
material activation calculation and photon transport calculation is developed, which leads to the
deactivation dose rate distribution around the nuclear device. The results of the ABURN are com-
pared with those of the FISPACT and experimental measurements using the ITER-T426 experi-
mental device model for benchmark validation, and the small deviations are within acceptable
limits, the usability of the ABURN program in shutdown dose rate calculate of the deactivation pile
is verified.
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Figure 1. Flow scheme of R2S method
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Figure 2. MCNP model of ITER-T426 experimental facility
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Table 1. Irradiation conditions
F= 1 EEEH

IR 7 (s) TR (n/s) T RN
17,480 3.04*10™ 5.31*10™
7820 4.29*10"° 3.35%10"14
54,140 0.00 0.00
22,140 4.29%10"*° 9.50*10™*
900 0.00 0.00
3820 3.38*10"° 1.29*10™4
420 0.00 0.00
140 2.86*10™° 4.00%10"*

Table 2. Shielding material composition

® 2. MRS

B C Si P S \Y Cr

SS-316 (%) 0.0075 0.04 0.45 0.022 0.006 0.16 16.8
SS-316 (new) (%) 0.005 0.003 0.69 0.021 — 0.12 17.8
Mn Fe Co Ni Cu Mo Pb

SS-316 (%) 1.14 68.4235 0.04 10.7 0.09 212 0.001
SS-316 (new) (%) 1.64 66.234 0..07 11.3 0.09 2.0 —
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Figure 3. Decay gamma energy spectrum at 2.08 h
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Figure.4. Shutdown dose rate for each energy interval at 2.08 h
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Figure 5. Decay gamma energy spectrum at 19.3 d
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Figure 6. Shutdown dose rate for each energy interval at 19.3 d
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Figure 7. Shutdown dose rate as a function of cooling time of ITER-T426
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