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Absglracl The spatial and temporal variations of wind field and the atmospheric turbulence characteristics are important factors that
affect the migration and dispersion of local atmospheric pollutants. Considering the complexity of meteorological and landform conditions
around the inland nuclear power plant, the 3-Dimensional wind field and concentration field distribution of airborne radionuclide particle
B7Cs, aerosol T and conventional gas pollutant CO dispersion in the atmosphere were carried out by a 3-Dimensional CFD
(computational fluid dynamics) model Fluidyn-PANACHE. This method can be used to reasonably simulate the turbulent and
circumferential flow awund large cooling towers in the inland nuclear power plant, compensating the shortage in subtleness of the
standard Gaussian model, as well as shortage in realizing multi-wind direction simulation in the calculation by the traditional CFD model.
The calculation results of annual average atmospheric dispersion factor under normal operation indicated the seasonal differences, with

maximum average dispersion factor in autumn, which were consistent with those suggested by Gaussian mixture model. Consequently, it’s
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reasonable to arrange refueling overhauling in autumn to diminish pollution. The numerical simulation results from four typical fixed

wind directions were compared and they are consistent with the observed values of wind tunnel experiments, providing new references

for atmospheric dispersion research and evaluation on inland nuclear power plants in China.

Keywords multi-wind direction simulation; atmospheric dispesion factor; Fluidyn-PANACHE; Gaussian model; wind field
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(a) BAHBERTE 10m 5SELRH
(@) Wind field at 10m with cooling towers

(c) BRAEBEEIHITF 70m & EL A
(c) Wind field at 70m with cooling towers
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(b) A AEBEEHIFE 10m BELRH
(b) Wind field at 10m without cooling towers

(d) TREEEEHIF 70m & E 4 iEH
(d) Wind field at 70m without cooling towers
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Fig. 6 Wind field at 10m and 70m above the ground in WNW direction with and without cooling towers

(a) B A HE T 10m B ELRREE
(a) Turbulent kinetic energy at 10m with cooling towers

(b) iéﬁ]ixﬂﬁ%ﬂ: 10m ﬁF&LIfﬁlllLd)ﬁE
(b) Turbulent kinetic energy at 10m without cooling towers
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Fig. 7 Profile comparison of the turbulent kinetic energy at 10m above the ground with and without cooling towers
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(a) BAHEHELTEMRES R
(a) Pollutant concentration field with cooling towers

(b) T4 HEMEL T LEYIRES M
(b) Pollutant concentration field without cooling towers
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Fig. 8 Profile comparison of the pollutant concentration field at ground with and without cooling towers
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Table 3 Comparison between CFD simulation and wind tunnel test in the maximum atmospheric dispersion factors and the

occurrence distance
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Table 4 50 typical categories of wind directions and frequencies distribution

1 R 1y T FBIR PR AR 5 KA 2y F o CPHR CEEAR AR

W% AE/(°) K m o ELC H/hPa /% W% W) K /m  JE/C H/hPa  JE/%
1 10.0 354 8.3 8.9 1020 80.9 26 0.9 76.8 1.2 16.8 1014 81.5
2 52 337 39 17.3 1014 82.7 27 0.9 333 1.4 17.1 1013 84.0
3 5.0 188.6 39 245 1008 735 28 0.9 12.2 1.5 21.1 1013 71.6
4 33 34.6 55 135 1017 81.7 29 0.9 553 1.5 21.3 1010 81.2
5 3.0 33.1 42 14.4 1016 804 30 0.9 15.6 3.6 16.5 1015 854
6 3.0 54.1 39 19.1 1012 769 31 0.9 211.7 1.3 18.1 1012 83.0
7 3.0 513 8.4 12.1 1017 73.8 32 0.8 13.7 4.1 11.2 1018 86.3
8 2.5 320 2.6 19.0 1012 85.4 33 0.8 335 1.5 20.4 1013 74.5
9 2.5 1232 1.3 13.2 1017 87.5 34 0.8 173.4 4.0 25.1 1005 744
10 1.9 187.7 7.1 19.8 1009 63.5 35 0.8 122.1 2.3 13.2 1017 85.5
11 1.9 188.6 54 20.7 1009 67.3 36 0.8 54.2 2.5 19.6 1014 67.8
12 1.7 166.6 1.2 17.3 1013 84.5 37 0.8 334 1.5 21.2 1010 87.0
13 1.5 54.6 4.0 20.6 1013 68.2 38 0.8 73.3 3.9 17.9 1015 71.1
14 1.5 190.8 1.2 17.1 1013 83.8 39 0.8 553 1.3 20.9 1011 82.6
15 1.5 159.8 1.2 20.9 1009 80.8 40 0.7 212.1 1.5 20.4 1010 88.1
16 1.4 534 54 17.6 1013 73.5 41 0.7 303.4 1.5 25.5 1010 62.4
17 1.4 143.9 1.2 12.9 1017 87.8 42 0.6 280.8 1.6 21.6 1013 56 .4
18 1.4 100.6 13 14.3 1016 85.2 43 0.6 212.2 3.9 20.3 1012 60.6
19 13 55.2 24 19.5 1012 78.8 44 0.6 354 2.6 17.1 1015 80.6
20 1.2 209.1 3.7 17.1 1012 70.8 45 0.6 533 1.5 19.3 1013 753
21 12 189.1 4.1 24.1 1009 61.3 46 0.6 190.1 2.5 20.7 1009 80.8
22 1.0 34.6 2.5 18.1 1016 73.1 47 0.6 15.7 7.0 7.1 1018 89.2
23 1.0 564 2.5 20.4 1011 76.2 48 0.6 349.7 1.4 22.0 1012 69.6
24 1.0 191.8 2.5 194 1011 76.8 49 0.6 210.5 2.5 17.7 1011 76.4
25 0.9 135 2.5 19.6 1012 84.8 50 0.6 192.2 3.9 12.7 1016 61.9

x5 FREAMZEHFRINER ¥ FHXSRBEETF
Table 5 Average atmospheric dispersion factor of ®1 with cooling towers
S RATREE F/ (1075 m™)

100m 200m 300m 400m 500m 600m 700m 800m 900m 1000m 2000m 3000m 4000m 5000m 10000m

N 11.20 427 230 131 090 0.67 0.56 0.48 0.42 0.37 0.28 0.14  0.08 0.06 0.03
NNE  25.80 4.45 237 176 1.30 0.86 0.68 0.57 0.49 0.43 0.28 020 0.09 0.06 0.02
NE 2640 1200 1010 657 5.60 398 263 1.85 1.43 1.07 0.53 029 017 0.11 0.04
ENE 2400 1550 1240 924 829 724 6.23 5.81 5.27 4.74 3.33 127 0.8  0.56 0.30
E 11.10 4.95 330 209 1.53 1.20 1.05 0.88 0.78 0.67 0.48 020 011  0.07 0.03
ESE 1040 542 377 272 205 1.65 1.34 1.10 0.94 0.87 0.48 0.15 008 0.05 0.01
SE 945 546 387 292 221 1.75 1.44 1.23 1.09 0.97 0.59 025 014 0.08 0.03
SSE - 1010 5.60 422 362 3.14 266 223 1.94 1.69 1.48 1.00 033 018 0.10 0.04
S 1340 9.26 6.68 539 495 4.95 454 4.20 3.82 3.50 2.39 092 050 032 0.17
SSW 1560 1240 831 797 7.88 7.37 722 6.77 6.48 6.01 3.66 122 078  0.56 0.25
SW 4290 2490 981 837 7.60 5.05 440 3.88 2.96 2.41 1.30 069 035 023 0.11
WSW 3890 1860 952 792 545 3.89 2.83 1.97 1.68 1.39 0.71 042 018 0.14 0.06
W 2500 1490 1060 8.62 6.65 442 330 2.82 2.27 1.78 0.91 055 027 0.17 0.09
WNW 2780 1380 1070 584 523 4.30 3.05 2.42 2.01 1.75 1.02 057 025 0.14 0.05
NW 3470 1250 797 656 490 3.85 2.53 1.84 1.43 1.12 0.60 029 010 0.06 0.02
NNW 2850 1570 1010 880 5.78 4.78 374 2.91 2.45 2.07 1.31 045 024 0.3 0.05
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