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9.14E-10 5.26E-11 3.40E-11 1.71E+04 4.99E+03 Ba-139 1

6.80E-13 9.43E-14 1.00E-09 6.34E+02 1.10E+06 Ba-140 2

3.25E-10 6.01E-12 2.20E-11 3.31E+03 1.91E+03 Br-84 3

2.99E-11 2.76E-13 2.40E-09 1.50E+02 2.81E+06 Ce-141 3

421E-11 6.77E-14 1.00E-07 2.43E+01 2.46E+07 Ce-144 4

1.38E-14 3.08E-12 2.90E-09 5.46E+01 6.12E+06 Co-58 5

1.58E-10 7.13E-12 5.90E-08 3.37E+02 1.66E+08 Co-60 6

4.97E-12 1.07E-13 2.00E-11 8.41E+01 2.39E+06 Cr-51 7

4.07E-10 4.93E-12 1.30E-08 4.29E+04 6.50E+07 Cs-134 8

2.58E-13 8.46E-15 8.60E-09 6.96E+04 9.46E+08 Cs-137 9

4.14E-10 8.14E-12 2.40E-11 2.00E+04 1.93E+03 Cs-138 10
2.02E-10 3.96E-12 2.20E-09 8.15E+00 3.86E+06 Fe-59 11
1.32E-12 1.27E-12 8.10E-09 6.77E+04 6.95E+05 I-131 12
3.74E-10 7.34E-12 9.70E-11 7.88E+05 8.28E+03 1-132 13
9.68E-11 2.07E-12 1.50E-09 1.83E+06 7.48E+04 1-133 14
4.32E-10 8.32E-12 3.50E-11 3.42E+05 3.15E+03 1-134 15
2.61E-10 4.64E-12 3.10E-10 1.26E+06 2.38E+04 1-135 16
5.33E-11 1.43E-12 1.20E-10 1.37E+04 4.45E+04 K-42 17
8.21E-13 0.00E+00 0.00E+00 2.75E+07 3.38E+08 Kr-85 18
2.60E-11 0.00E+00 0.00E+00 1.60E+08 1.61E+04 Kr-85m 20
1.43E-10 0.00E+00 0.00E+00 1.14E+08 4.55E+03 Kr-87 21
3.55E-10 0.00E-+00 0.00E+00 4.00E+08 1.02E+04 Kr-88 22
3.85E-10 6.88E-12 1.30E-09 9.29E+01 1.45E+05 La-140 23
1.38E-10 2.85E-12 2.00E-09 3.60E+01 2.70E+07 Mn-54 24
2.58E-11 6.26E-13 1.10E-09 1.11E+02 2.38E+05 Mo-99 25
7.49E-10 1.29E-11 2.70E-10 2.97E+04 5.40E+04 Na-24 26
1.25E-10 2.42E-12 1.60E-09 2.31E+00 3.04E+06 Nb-95 27
1.08E-10 2.43E-12 2.10E-11 2.40E+03 4.33E+03 Nb-97 28
9.54E-12 5.87E-13 1.80E-11 2.28E+00 1.04E+03 Pr-144 29
1.20E-10 2.67E-12 1.60E-11 2.28E+04 1.07E+03 Rb-88 30
3.64E-10 7.09E-12 1.40E-11 7.42E+03 9.26E+02 Rb-89 31
7.60E-11 1.56E-12 2.40E-09 9.84E+01 3.39E+06 Ru-103 32
1.36E-12 2.43E-13 1.10E-08 3.05E+02 4.35E+06 Sr-89 33
3.30E-13 4.97E-15 3.50E-07 1.08E+00 9.18E+08 Sr-90 34
1.14E-10 2.36E-12 4.50E-10 1.11E+04 3 42E+04 Sr-91 35
2.31E-10 4.43E-12 9.80E-11 1.11E+04 9.76E+03 Sr-92 36
6.91E-11 1.71E-12 6.80E-11 1.60E+03 1.50E+03 Te-131 37
1.14E-12 3.46E-14 8.60E-11 1.44E+03 2.81E+05 Te-132 38
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1.56E-10 3.45E-12 1.90E-11 1.43E+03 7.47E+02 Te-133 39
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3.96E-11 0.00E+00 0.00E+00 3.88E+08 3.27E+04 Xe-135 41
3.96E-11 0.00E+00 0.00E+00 2.00E+07 8.48E+02 Xe-138 42
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3.11E-11 8.32E-13 1.20E-09 7.42E+03 6.08E+04 Zr-97 44
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Ci ged between Omand 100m
Integrated from 0000 01 Jan to 1100 11 Nov 10 (UTC)

SUM Release started at 0000 01 Jan 10 (UTC)

>1.0E-09 mass/m3

'ms-w mass/m3

1.0E-11 mass/'m3
Maximum: 3.1E-09 mass‘m3

1mto 100m

1.0E-12 mass/m3
Minimum: 5.7E-14 mass/m3
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{ Legend r
@ Contour Level: 1.0E-07 Sufyr
! Contour Level: 1.0E-08 Sviyr |
@ Contour Level: 1.0E-09 Sufyr £
& Contour Level: 1.0E-10 Svfyr |
@ Contour Level: 5 DE-08 Svlyr f
& Contour Level: 5 0E-09 Suiyr ||
@ Contour Leval: 5.0E-10 Sufyr |

Google Earth

Annual Dose Equivalent Plot

Dose Equivalent (Sv) averaged between Omand 100 m
Integrated from 0000 01 Jan to 1100 11 Nov 10 (UTC)
SUM Release started at 0000 01 Jan 10 (UTC)

1.0E-07 Sv
iﬁ.OE-OB Sv
>1.0E-08 Sv
>5.0E-09 Sv
1.0E-09 Sv
5.0E-10 Sv
1.0E-10 Sv

Maximum: 2.1E-07 Sv
Minimum: 1.9E-12 Sv

1mto 100m

Source % 28.825 N 50.883 E

" r\ ‘
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Summary

The simulation and prediction of pollutants dispersion entering into the atmosphere (such as material releases
from the chimneys of industries and power plants) are important in different views, long-term environmental
monitoring and dose calculations as well as issuing an appropriate warning in the event of an accident. To this
end, a system of coupled meteorology-dispersion model can be used. In fact, a numerical weather prediction
model is coupled to a dispersion model. In the present work, the weather research and forecasting (WRF) model
is used to provide the meteorological data for the HYSPLIT (HYbrid Single Particle Lagrangian Integrated
Trajectory) dispersion model.

Sensitivity and validation of the WRF model are conducted by utilizing different combinations of physical
parameterization schemes (microphysics, longwave radiation, shortwave radiation, surface layer, land surface,
boundary layer and cumulus convection) for the prediction of meteorological parameters in an area containing the
Bushehr power plant. For this purpose, eight different configurations are used. Then, for several dates, sensitivity,
and validation of the model results is carried out to find the proper configuration of the model. Assessment of the
predictions of the WRF model is carried out by computing the statistical parameters including correlation
coefficient (CC), root mean square error (RMSE), and comparing with the collected observational data (on-site
the meteorological tower and Sodar system in Bushehr power plant and synoptic meteorological stations nearby).

After determining the proper configuration of the WRF model, dispersion simulations and annual effective
dose for the adult age group are carried out by WRF-HYSPLIT coupled model under normal conditions for
Bushehr power plant. The predicted annual effective dose for the adult age group by the coupled model for the
years 2014, 2015 and 2016, provided 5.8x10™ (Sv), 6.7x10™ (Sv) and 1.1x107 (Sv) respectively, in return value
7.7x10° (Sv) for Bushehr power plant final safety analysis report (FSAR report). Comparing these results show
that the simulation and prediction of dose by the coupled WRF-HYSPLIT model are in good agreement with
observations and indicates the validity of the simulations. The ratio of predicted annual effective dose to dose
limit for normal operation is obtained less than 0.2 percent (<0.2 %), which shows that public annual exposure
dose for normal operation of Bushehr power plant is negligible compared to the legal limit.

The results of the present work showed that the coupled WRF-HYSPLIT model can be used as a promising
tool for the prediction of dispersion and dose calculations for Bushehr power plant under normal operation. In
addition, the results of this coupled model can provide the required information for emergency management to
forecast the movement and direction of radioactive plume and exposure dose calculations.
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