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Annex 1:  Preliminary analysis on the transportation of radioactive release arising from the Fukushima Nuclear Accident to Hong Kong

In March 11, 2011, the Great East-Japan Earthquake and Tsunami triggered a beyond design basis accident at the Fukushima Daiichi Nuclear Power Plant (NPP) in Japan. The subsequent offsite release of radioactive substance led to widespread concerns worldwide. In Hong Kong, examination of airborne particulates was stepped up and samples were collected daily following the accident. Very minute amount of artificial radionuclide iodine-131 was first detected from the air sample collected between 26 and 27 March 2011 at the King's Park Meteorological Station. This short paper discusses the probable trajectory for the transportation of the radioactive release from the Fukushima NPP to Hong Kong, with reference to synoptic weather conditions and radiation readings.

At the height of the accident, HKO routinely ran the NOAA HYSPLIT model to assess the potential trajectories of the release from the NPP.  For instance, Figure 1 shows the trajectories of the air masses originating from altitudes of 50, 500 and 1000 metres at the NPP at Fukushima.  The start time is 12 March 2011, 10UTC, a few hours after the first reported explosion from the Daiichi Unit 1 NPP [1].  Initially, the air masses originating from all altitudes followed the westerlies and travelled towards the Pacific (Figure 2).  The trajectories show that the air masses starting at altitudes of 500 and 1000 metres continued to follow the westerlies and were rapidly transported across the Pacific towards the North America.  However, the air masses starting from 50 metres was caught up by a cyclonic system which intensified over the Bering Sea during 17 and 18 March (Figure 3).  Under the influence of this cyclonic circulation, the air masses were transported in an anticlockwise direction towards eastern part of Russia. In fact, as reported in the EMERCON messages from IAEA, the heights of the releases were estimated to be below 1000 metres.  Therefore, it is probable that a significant portion of the releases would follow the trajectories originating from altitudes below 1000 metres. 

On 19 March, the cyclonic circulation extended westwards.  This favoured the transportation of the air masses from Russia towards northeastern China following the northerly flow along the western flank of the cyclonic circulation (Figure 4).  The Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) operated a worldwide radiation monitoring network and its monitoring results are useful in tracking the spread of radioactive substances. The time evolution of the monitoring results suggested that the first arrival of artificial radionuclide in China was from the northeast.  On 21 March 2011, artificial radionuclide was detected by the CTBTO station at Ussuriysk in Russia, which is near the China-Russia boundary to the east of Heilongjiang [2, 3].

During the period from 23 to 26 March, a northeast monsoon dominated over China and north to northeasterlies prevailed over the region (Figure 5).  Therefore, it is likely that the radioactive substances were transported by the low level northerly flow from northeastern China to the coastal region of southern China. The backward trajectory for air masses reaching Hong Kong ending at 12UTC 26 March also shows that the source of the air masses was from northeastern China (Figure 6).  

Based on the analysis above, it is likely that the first batch of artificial radionuclide from the NPP followed a twisted path to arrive at Hong Kong.  A schematic diagram showing the probable trajectory is given in Figure 7.
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Figure 1
Trajectories of air masses released at heights of 50, 500 and 1000 m from the Fukushima Daiichi NPP starting at 10UTC 12 March 2011 as computed by the NOAA HYSPLIT model (red: 50 m, blue: 500 m, green: 1000 m).
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Figure 2
Analysis of 850 hPa geopotential height and temperature at 12UTC 12 March 2011.  Initially, the air masses from the Fukushima NPP followed the westerlies and travelled towards the Pacific. (Source: NOAA, http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 3
Intensification of a cyclonic system over the Bering Sea during 17 and 18 March 2011 as depicted on both the 850 hPa geopotential height charts and satellite images.  Under the influence of this cyclonic circulation, the air masses were transported in an anticlockwise direction towards Russia. (Source of 850 hPa charts: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 4
 Westward extension of the cyclonic circulation favoured the transportation of the air masses from Russia towards northeastern China. (Source: NOAA, http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 5
850 hPa winds and streamline analysis from 23 to 26 March 2011.  Air masses over northeastern China were transported to the south by the north to northeasterly air stream.
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Figure 6
Backward trajectory of air masses reaching Hong Kong at an altitude of 10 m at 12UTC 26 March 2011 as computed by the NOAA HYSPLIT model. 
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Figure 7
Schematic diagram showing one possible trajectory of the transportation of radioactive substance from the Fukushima Diaichi NPP to Hong Kong.



Air masses over eastern Russia were transported towards northeastern China around 21 March following the northerly flow along the western flank of the cyclonic circulation.








At the start of the Fukushima accident, release from the NPP followed the westerlies and travelled towards the Pacific.
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During 17 to 18 March, the cyclonic circulation over Bering Sea intensified and caused the air flow to turn anticlockwise towards eastern Russia.








Under the prevailing northerlies, very minute amount of radioactive substance reached Hong Kong on 26 March.
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