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Summary and purpose of document

This document summarized the emergency response services of RSMC Beijng on Fukushima Nuclear Accident. The services consist of international and domestic services. The improvement of technologies and products were also introduced. Some suggestions and lessons from the Nuclear Accident were discussed in this report.
Action Proposed
The meeting is invited to report responses and experiences in relation to the 
Fukushima Daiichi NPP accident and emergency.
Annex(es): 1. The statistics of EER Request by IAEA for Japan Fukushima Accident…

                    2. The statistics of EER Request by CTBTO for Japan Fukushima Accident
1. Introduction
On 11 March 2011, one of the most powerful earthquakes in history struck the northeastern coast of Japan and caused multiple secondary disasters. Fukushima Daiichi Nuclear Power Plant was hit and suffered major damage, leading to nuclear radioactive leaks into the atmosphere and sea. On received the International Atomic Energy Agency (IAEA) request at 17:52 (Beijing local Time, following the same) on 11 March, RSMC Beijing immediately started the nuclear emergency response system for the first time. At 18:30 , the first nuclear emergency response analysis report was produced and sent to IAEA. At 23:20 , the first decision-making suggestion on the environmental impact of the nuclear accident was provided to the State Council of China Government and timely issued the information that the Japan nuclear power plant accident would have no impact on China’s environment in three days (from 12 to 14 March). The information was then quickly publicized by television, radio, internet, newspapers and other media. The first-time issued authoritative voice effectively alleviates the panic of the public. The RSMC Beijing Fukushima Nuclear Accident emergency response services are summarized in the following.
2. The International Emergency Response Services of RSMC Beijing on Fukushima Nuclear Accident 
From 11 Mar. to 7 Oct., RSMC Beijing received 49 requests from IAEA, 40 requests from CTBTO, 512 email contacts, 113 pieces of information and 24 product comparisons from IAEA. The statistics of EER Request by IAEA for Japan Fukushima Accident were in annex 1.
2.1 Products on request of IAEA 
From 11 Mar. to 7 Oct., RSMC Beijing received and completed 49 IAEA requests. On receiving IAEA requests, RSMC Beijing initiates an immediate launch of the nuclear emergency response transportation model and implements agreed standard products. The products consist of trajectories starting at 500, 1500 and 3000 m above the ground, time-integrated airborne concentration within the layer 500 m above the ground and total deposition (wet + dry) within 72 hours. Fax and joint websites are then used to distribute these products. The receivers include IAEA, WMO Secretariat, RTH Offenbach and other National Meteorological Services in Region II (RAII).The statistics of EER Request by IAEA for Japan Fukushima Accident were in annex 1.
In 2011, RSMC Beijing for EER is the chief RSMC in RAII, which is in charge of organizing the emergency response activities among RSMC Beijing, RSMC Tokyo and RSMC Obninsk and composition of the joint statements of RAII.
2.2 Products on request of CTBTO 

From Mar. 11 to Oct. 7, RSMC Beijing received and completed about 40 CTBTO requests. On receiving CTBTO requests, RSMC Beijing promptly run the backtracking model. The backtracking products consist of 3 hour averaged concentration backtracking products for several days from multiple monitoring sites. Then the products are uploaded to CTBTO separately. The uploaded backtracking integration results from eight RSMCs are analyzed and accessed by CTBTO to infer the possible ranges of pollutant sources and concentrations. The statistics of EER Request by CTBTO for Japan Fukushima Accident were in annex 2.

2.3 Communication test and questionnaire on the review of the IAEA Safety Standard Series (GS-R-2)  
In March 2011, RSMC Beijing, according to memorandum C of the RSMCs for EER in RAII, conducted a communication test to members in RAII. In the test, 4 feedback requests for modifying contact information were received and corresponding corrections were made. In addition, in Fukushima Nuclear Accident emergency response services, three requests for changing fax addresses were received successively and were responded timely.

In August 2011, IAEA committee invited counterparts in Member States to express their views on the content of The IAEA Safety Standard Series Requirements, GS-R-2, "Preparedness and Response for a Nuclear or Radiological Emergency". The obtained results would be used for the review and the revision of the GS-R-2, 2002. Based on the experience from Fukushima Nuclear Accident, RSMC Beijing made careful and detailed replies and suggested some advice for the revision. 

2.4 The joint page for RSMC Beijing was established and maintained. 

In April 2011，RSMC Beijing established an international joint page. The website is http://rsmc.cma.gov.cn/rsmc-bin/jntrsmc.pl.

2.5 Products from all RSMCs were compared and analyzed.
In Fukushima Nuclear Accident emergency response services, products from eight RSMCs were compared and analyzed. Especially the products from RSMC Obninsk, RSMC Tokyo and RSMC Beijing long-period comparisons and analysis were made. In most cases, trajectories from RSMC Beijing and RSMC Tokyo were similar, but were of some differences from the ones from RSMC Obninsk. Concentrations and depositions from the three RSMCs were similar.

2.6 Cooperation and communications were made between RSMC Beijing and Russian experts.
In May 2011, four experts from Russian Hydrometeorology and Environmental Monitoring Agency arrived at CMA to make communications. Meteorological numeric models and atmospheric diffusion models of two RSMCs were introduced separately, and a talk on Fukushima Nuclear Accident emergency response services was made.
3. The Domestic Emergency Response Services of RSMC Beijing on Fukushima Nuclear Accident 
Until 7 Oct., RSMC Beijing’s issued 84 daily reports, 5 special reports and 40 emergency consultations. 
3.1 Daily disaster monitoring

From IAEA information, observation data on Japan MEXT (Ministry of Education, Culture, Sports, Science and Technology) website, NISA (Nuclear and Industrial Safety Agency) latest information update, other websites and televisions, messages were gathered and summarized to help RSMC Beijing have a comprehensive understanding on Fukushima Nuclear Accident. 
3.2 Daily reports and daily products

In the Assumption that Fukushima Nuclear Power Plant would leak continually at the rate of 1 Becquerel per hour (Bq/h) in the future 3 (or 7) days, Global atmospheric environmental emergency response model and regional model were operated respectively to make products, including trajectory, concentration and deposition forecasts. Fukushima Nuclear Accident daily reports and daily products, based on the local weather forecast, described and analyzed nuclear radioactive material trajectory, concentration and deposition forecast in the atmosphere, and analyzed the ocean circulation to make conclusions and suggestions. The reports and products were provided to national decision-making departments and other related institutes, such as Office of the National People's Congress (NPC) Standing Committee, State Council, Office of the Chinese People's Political Consultative Conference (CPPCC) National Committee, Chinese Communist Party Propaganda Department of the Central Committee, Development and Reform Commission, State Nuclear Safety Bureau, the Ministry of health, Seismological Bureau, Energy Bureau, Office of National Nuclear Emergency, the headquarters of the general staff, and other district bureaus.  

3.3 Fukushima nuclear accident special reports

The Fukushima Nuclear Accident impacts on China’s atmosphere in the extremely easterly wind conditions were analyzed. In addition, RSMC Beijing analyzed the influence on the southeast coast of China in the conditions of April sustained easterly winds. After the nuclear accident was provisionally rated on the International Nuclear Event Scale (INES), stage analysis was made to estimate the global air-borne diffusion of nuclear radioactive materials.
3.3.1 Special reports about impacts on China’s atmosphere of the extremely easterly wind in the area between Japan and Northeast China
Weather conditions (especially wind direction and speed) are an important factor that affects the dispersion paths of Japanese nuclear leaks. To estimate the impacts of Fukushima Nuclear Accident under the conditions that continuous easterly winds happened in Japan and China, RSMC Beijing made the simulation and analysis as below.

Assumptions are supposed as follows: (1) five days of continuous easterly wind, similar as that from 23-27 Mar. in 2008; (2) Nuclear leaks occurred in Fukushima and lasted for five days. The total release amount was equal to that of Chernobyl nuclear explosion.

The RSMC Beijing simulation results show that under the easterly wind condition, the nuclear pollutants from Fukushima could diffuse to Heilongjiang Province, Jilin Province , Liaoning Province , North of Hebei Province , East of Beijing, Shandong, Northeast of Inner Mongolia (shown in Figs 1,2,3).  From the analysis of Nuclear Pollutant concentration and deposition, the radiation of Shenyang, Haerbin and Changchun is 0.7 mSv/h (shown in Table 1), which is about ten times of the normal condition (0.07 mSv/h).
Table 1 The pollution conditions in some Chinese cities in extremely easterly wind
	City
	Radiation in normal condition

(Unit：mSv/h)
	Times in normal condition
	Radiation in extremely easterly wind condition (Unit：mSv/h）

	Shenyang
	0.07
	10.1
	0.71

	Haerbin
	0.08
	9.0
	0.72

	Changchun
	0.08
	9.0
	0.72

	Beijing
	0.07
	1.21
	0.085

	Qingdao
	0.085
	1.18
	0.1003
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3.3.2 Special reports on the influences analysis of continuous easterly wind on the sea east to China

From 4-6 April, there were continuous easterly winds in the sea south to Japan. To access the impacts on China, RSMC Beijing analyzed the influence as follows. On 3 April, there were northerly winds in the lower layer in Fukushima. Japan. Nuclear radioactive materials were blowing southward and concentrated above the sea south to Japan. From 4-6 April easterly winds were blowing continuously in the lower atmosphere above the sea south to Japan, and transported the nuclear radioactive substances to westward. Fukushima is about 2000 kilometers away from the east coast of China. According to the calculation, the radioactive materials released on 3rd day would arrive in China’s eastern coast on about 6 April. After 7 April, a cold air was coming from the northwest and the lower atmosphere along the eastern coast began to blow northwesterly winds. As a result, the further influence of radioactive pollutants from Fukushima on China’s eastern coast was stopped.

In addition, RSMC Beijing did an extensive simulation in conditions of this extreme situation. Assuming that Fukushima Nuclear Plant continuously released nuclear pollutants for 12 days from 25 March to 6 April and total release amount is 1 Bq, the results showed that nuclear radioactive substances released on 3 April from Fukushima would spread to the sea east to China on 6 April , but the concentration would be very low, which would be 25 orders of magnitude lower than that at the source. Therefore, there might be very limited influence on the eastern coast of China and the sea east to China.
3.3.3 Special reports on the global influence of Fukushima Nuclear Accident

On 12 April, Japanese government raised the level of Fukushima Nuclear Accident to Level 7. According to the estimation of released amount by METI Nuclear Safety and Security Institute and Japan Atomic Energy Safety Committee, the total amounts released from Fukushima Daiichi Nuclear Plant into the air are 3.7×1017 Bq for Iodine-131 and 6.3×1017 Bq for Caesium-137. These two data were far above the international standards for INES Level 7.

RSMC Beijing did numerical simulations on the global influence of Fukushima Nuclear Accident. It was assumed that the total release amount of the plant were 6.3×1017 Bq from March 12 to April 14. The daily averaged concentration results within the layer 500m above ground showed that until March 26, radioactive materials spread to Northeast China, North China, East China and Southeast China (Fig. 5a), and the order of the concentration was ten-millionth of that in Fukushima; until April 14, the radioactive materials has been spread to the entire northern hemisphere (Fig. 5b), and the large value concentration area covered Japan, the US, Canada, Mexico, UK, Russia, China and many other countries. In China, the nuclear pollutants from Fukushima mostly concentrated in the eastern part, especially in South China. Judging from the deposition, the deposition coverage and the concentration coverage are almost the same (Figs. 5a, 5b; 5c and 5d). On March 26, the deposition in the eastern part of China was about ten millionth of that in Fukushima, and the values are between 1.0×10-5 Bq/m2 and 1.0×10-3 Bq/m2   .
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Figure 5a The averaged concentration distribution of nuclear pollutants on March 26 (Unit: Bq/m3); 
Figure 5b The averaged concentration distribution of nuclear pollutants on April 14 ;
Figure5c Total deposition distribution of nuclear pollutants integrated from March 12 to March 26 (Unit: Bq/m2) ;
Figure 5d Total deposition distribution of nuclear pollutants integrated from March 12 to April 14 (Unit: Bq/m2)
4. Improvement of technologies and products in the services 
4.1 Optimizing and improving the global diffusion numerical prediction system

Global Atmospheric Transportation System developed by RSMC Beijing is driven by T213L31 (and T639L60), CMA operational numerical prediction models and Hybrid Single Particle Lagrangian Integrated Trajectory Model (HYSPLIT). The HYSPLIT model has good operational ability and forecast ability. In Fukushima Nuclear Accident emergency response services, the system has been improved to be more suitable for the operation. The improvements are detailed as below:
(1) The atmospheric diffusion model has been updated from HYSPLIT 4.8 to HYSPLIT 4.9.

(2) The operation has been simplified to the semi-automatic script operation instead of the original interactive operation. Operators, after modifying the input parameters can directly submitted the new job, and generate the standard products more efficiently.

(3) Long-period simulations have been improved. Since Fukushima Nuclear Power Plant has been leaking continuously, it is important to access the influence of released nuclear radioactive materials in the early times. RSMC Beijing did many long-period simulations with the improved long-time global diffusion model on Fukushima Nuclear Accident (the longest one is 33 days).

4.2 Establishing a regional diffusion numerical model centered in Fukushima
In 2007, RSMC Beijing developed a series of regional fine-grid environmental emergency response system covering China. Since Fukushima Nuclear Accident occurred, a 15-km resolution regional diffusion model centered in Fukushima was developed based on the existing fine-grid model. The new model was based on WRF model and  time step is one-hour and the horizontal resolution was 15-km, and combined with the HYSPLIT diffusion model.
On 15 March, an explosion was heard in Unit 2 and damaged the pressure-suppression system, causing the leaks of radioactive cooling water. Shortly afterward, Unit 4 was damaged by an explosion and a large amount of radioactive materials was released into the atmosphere. At 11:00 (Japan Standard Time) JST on 15 March, Unit 3 explored again. At that time, due to the easterly winds and precipitation in and around Fukushima, the surrounding areas including Tokyo, Nagano, Sendai and other places detected high radiation, which matched well with the simulation results.
4.3 Improving the mechanism of joint consultation
Dealing with Fukushima Nuclear Accident, CMA set up a special emergency response working group, which was led by RSMC Beijing. The establishment of the group improves not only the relevant services of National Meteorological Center (NMC), Numerical Weather Prediction (NWP) Center of CMA, National Satellite Meteorological Center, and Chinese Academy of Meteorological Services, but also the consultation mechanism on Fukushima Nuclear Accident.

National Satellite Meteorological Center(NSMC) provide, the satellite images from FY-2E helped us monitor the wind fields in different altitudes. NMC also applied weather forecast and marine forecast to the Fukushima Nuclear Accident emergency response services in order to more comprehensively analyze the diffusion of nuclear radioactive materials in both atmosphere and sea. 
4.4 Developing 3-D Google Earth trajectory products and GIS products in different scales
The trajectory date files are converted into kmz format (for use in Google Earth). Then the diffusion trajectory of nuclear radioactive materials can be displayed more clearly and vividly. In the meanwhile, observation data can be marked on the map.
5.  Suggestions and future plans
In March 2011, RSMC Beijing did a test to check if the contact information of all members in RAII was available. The results showed that many faxes, emails, phones were no longer available. As a result, in the Fukushima emergency response services, South Korea, Macao, and other national meteorological services sent requests to ask for RSMC Beijing product.

At present, the numerical weather prediction models and diffusion models used in the RSMCs are different. As a result, the study on the comparison among the products of all RSMCs will be of great benefit on the emergency response services of all RSMCs. If RSMCs could share the comparison data, the model might be improved more efficiently. In addition, If RSMCs could share observation data, the research and the services might be improved greatly.

Technology communications and training need to be strengthened. Every RSMC could establish a technology communication platform to introduce the advanced technology. In addition, technology communications and training concerning other nuclear industry need to be strengthened to have a better understanding on the nuclear emergency response.

Fukushima Nuclear Accident emergency response services unveiled the weakness, that is, current operation system was not able to fulfill the domestic demands. To improve the research and development of nuclear emergency technology, the following actions need to be taken:

(1) Important technology study of nuclear multi-scale fine-grid diffusion service system need to be developed, especially the small-scale system. An integrated multi-scale fine-grid diffusion service system should be established.

(2) Nuclear ensemble forecasting techniques need to be developed. Verification technology of atmospheric diffusion model needs to be developed. At the same time, long-period influence of nuclear accidents needs to be studied.

(3) New products need to be developed according to the demands, such as district influence rating, 24-hour concentration change and etc. In addition, the post treatment and display of products need to be enhanced, especially in the field of 3D simulation.

Annex 1    The statistics of EER Request by IAEA for Japan Fukushima Accident
	Time of EER Request 
	Countries/Organization of products sending  

	17:52, March 11 
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	19:35, March 11
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	00:16, March 12 
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	08:55, March 12
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	00:15, March 13
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	08:50, March 13
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	17:27, March 13
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	23:18, March 13
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	11:49, March 14
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	00:09, March 15
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	01:23, March 15
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	11:12, March 15
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	16:30, March 15
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	18:15, March 16
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	10:00, March 17
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	19:34, March 17
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	00:54, March 18 
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	17:11, March 18
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	15:56, March 20
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	17:22, March 20
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	20:47, March 20
	IAEA,WMO/CBS,RSMC Obninsk and RSMC Tokyo

	23:17, March 22
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	06:37, March 24
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	01:13, March 27
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	20:14, March 30
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	00:51, April 3
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	16:43, April 4
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	22:55, April 6
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	12:49, April 10
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	11:55, April 11
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	10:01, April 12
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	15:57, April 13
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	11:44, April 14
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	09:17, April 15
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	13:50, April 20
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	11:50, April 25
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	19:01, April 25
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	11:50, April 27
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	12:30, April 29
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and Asian countries

	13:20, May 2
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	14:36, May 4
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	12:48, May 6
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	12:00, May 9
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	12:02, May 11
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	12:00, May 13
	IAEA,WMO/CBS,RSMC Tokyo, RSMC Obninsk and other Asian countries

	13:02, May 16
	IAEA,WMO/CBS, RSMC Obninsk and RSMC Tokyo

	12:00,May 18
	IAEA,WMO/CBS, RSMC Obninsk and RSMC Tokyo

	12:00, May 20
	IAEA,WMO/CBS, RSMC Obninsk and RSMC Tokyo

	12:01, May 23
	IAEA,WMO/CBS, RSMC Obninsk and RSMC Tokyo


Annex 2   The statistics of EER Request by CTBTO for Japan Fukushima Accident
	Time of CTBTO Request
	Total No. of Locations

	00:08, March 19
	7

	22:44, March 21
	9

	21:35, March 22
	7

	22:01, March 23
	10

	23:27, March 24
	14

	23:29, March 25
	19

	20:56, March 28
	18

	21:45, March 31
	18

	20:16, April 4
	31

	22:17, April 7
	29

	22:11, April 11
	23

	20:40, April 14
	24

	20:11, April 18
	36

	18:58, May 2
	6

	19:49, May 3
	5

	21:18, May 4
	5

	21:44, May 9
	6

	21:03, May 10
	5

	21:30, May 11
	7

	21:28, May 26
	7

	17:35, May 31
	5

	20:16, June 1
	7

	18:21, June 3
	7

	20:28, June 27
	14

	20:31, June 29
	12

	17:46, July 1
	7

	17:50, July 4
	7

	17:06, July 5
	6

	17:49, July 6
	7

	14:35, July 13
	7

	14:25, July 14
	7

	21:26, July 15
	7

	16:33, July 20
	7

	15:58, July 21
	7

	21:13, July 27
	7

	15:02, July 29
	7

	18:01, August 4
	7

	21:12, September 6
	7

	21:22, September 9
	9

	15:45, September 12
	7

	19:46, October 3
	7


Figure 1 Forward trajectories in 2008 extremely easterly wind condition








Figure 2 The concentration distribution in 2008 extremely easterly wind (Total release amount is 1 Bq, the black arrows indicate averaged winds)








Figure4  0-500m average concentration distribution forecast on 6 April, 2011 (Unit: Bq/m3)








Figure 3 Total deposition simulation in 2008 extremely easterly wind condition (Total release amount is 1 Bq, the black arrows indicate averaged winds)








