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ORAL PRESENTATIONS: 

 

JS-O1. Source process and broadband waveform modeling of 2011 Tohoku earthquake using Spectral-

Element Method 

Seiji Tsuboi, Takeshi Nakamura, Akiko To 

JAMSTEC, Japan 

Contact: tsuboi@jamstec.go.jp 

 

We have calculated broadband synthetic seismograms for Mar. 11, 2011 Tohoku earthquakes using the Spectral-

Element Method. We use finite source models by using a set of sub-events distributed along the fault surface, 

retrieved by inversion of body waves (Nakamura et al, 2010). The finite source model used in this simulation 

estimates Mw to be 9.1. The fault dimension is 460 km times 240 km with the source duration time of 150 sec. 

We use the Earth Simulator2 of JAMSTEC to calculate preliminary synthetic seismograms for this finite source 

model. We used 726 processors of the Earth Simulator 2, which should provide synthetic seismograms that are 

accurate up to about 5 second and longer. The comparison of the synthetic seismograms with the observation for 

this event shows that synthetic P-waveforms model the observed seismogram quite well, reflecting that the finite 

source model is quite precise. This source model shows that the maximum slip occurs at depth of 20 km and 

propagates to shallower region, which is consistent with the fact that the tsunami excitation was significant for 

this event. Azimuthal dependence of misfits of synthetic waveforms and observation, especially for surface 

waves, may reflect the discrepancies of three-dimensional mantle structure used in this simulation with the 

actual Earth. We also will discuss some of the phases recorded in association with these earthquake and tsunami 

on infrasound monitoring station at Isumi, Japan. 

 

 

JS-O2. Magnitude determination using duration of high frequency energy radiation for the 2011 Off the 

Pacific Coast of Tohoku Earthquake 

Tatsuhiko Hara 

International Institute of Seismology and Earthquake Engineering, Building Research Institute, Japan 

Contact: thara@kenken.go.jp 

 

We applied a technique to determine earthquake magnitudes using durations of high frequency energy radiation 

and the maximum displacement amplitudes to the 2011 Off the Pacific Coast of Tohoku Earthquake. The 

estimated duration of high frequency energy radiation is 170.5 s, which is consistent with the centroid time shift 

69.8s from the Global CMT solution. The estimated magnitude is 8.96, which well agrees with preliminary 

analyses for this earthquake. Compared to the December 26, 2004 Sumatra earthquake (Mw 9.0), this event is 

characterized by shorter duration of high frequency energy radiation and larger displacement amplitude. We 

found azimuthal dependence of the measured durations of high frequency energy radiation, which suggests the 

rupture propagation in the southwest direction. 

 

 

JS-O3. Analysis of the Fukushima accident by the French National Data Centre 

Gilbert Le Petit, Pascal Achim, Guilhem Douysset, Philippe Gross, Marguerite Monfort, Christophe 

Jutier 

CEA, DAM, France 

Contact: gilbert.le-petit@cea.fr 

 

From 11th of March 2011 following the Earthquake/Tsunami leading to a severe accident at the Fukushima 

nuclear power plant, CEA-DAM through its National Data Centre has automatically and interactively processed 

and analysed the whole daily set of data provided by the Particulate and Noble gas Network radionuclide 

stations. In addition, the French laboratory, as support of the network of the International Monitoring System 

(IMS) in the frame of CTBT, has performed expert assessment of some IMS particulate samples, notably 

regarding specific fission products likely to help the understanding of the Fukushima accident scenario. More 

generally very useful feedback was achieved from these analyses dealing with the chronology of detections, 

amount of nuclear material released in the atmosphere, isotopic and chemical signatures. It was found that the 

high activity concentrations observed at the Takasaki, Japan stations, led to dead time and memory effect on the 

radionuclide detection systems, especially those related to the beta-gamma detection module for analysing 

xenon isotopes. As a consequence, the French NDC had to applied special procedures to be able to analyse the 

sample. 



In parallel, atmospheric transport modelling at mesoscale and global scale was performed in order to predict the 

evolution of the plume on Japan area and on a worldwide scale. Atmospheric transport simulations exhibit good 

spatial and time agreement with detections from the radionuclide Network stations. 

 

 

JS-O4. Tsunami infrasound: 2004 Sumatra and 2011 Tohoku case studies 

Milton Garces¹, Nickles Badger¹, Yoshiki Yamazaki¹, Fai Cheung¹, Alexis Le Pichon², Kris Walker³ 

¹University of Hawaii, United States of America 

²CEA/DASE, France 

³University of California, United States of America 

Contact: milton@isla.hawaii.edu 

 

Infrasonic signal associated with tsunamigenesis appear to possess recurrent signal features which could be used 

for early event identification. From the 2004 Sumatra earthquake and tsunami we learned that infrasonic signals 

associated with the coseismic ground displacement near the epicenter appear to radiate primarily above 0.2 Hz. 

Deep infrasound in the 0.02-0.2 Hz range may be radiated by the vibration of distant mountain as well as be 

indicative of the interaction of a tsunami with coastline features and bathymetry. Below 20 mHz, acoustic-

gravity waves can provide information on the very large scale (~1000 km) coseismic uplift and subsidence of 

the sea bottom and associated swelling and depression of the sea surface over the source region. We present 

observations of the 11 March 2011 Tohoku earthquake and tsunami by the IMS infrasound network and 

compare these observations with seismic and tsunami models, as well as with other geophysical 

characterizations of this event. 

 

 

JS-O5. Canadian monitoring of Fukushima incident 

Ian Hoffman
1
, Kurt Ungar

1
, Weihua Zhang¹, Ed Korpach¹, Marc Bean¹, Brian White¹, Laurel 

Sinclair², Henry Seywerd², David McCormack², Réal D’Amours³, Richard Fortin², John Carson², 

Patrick Saull², Maurice Coyle², Reid Van Brabant², John Buckle² 
1
Health Canada 

²National Resources Canada 

³Environment Canada 

Contact: ian.hoffman@hc-sc.gc.ca 

 

The March 11 seismic event near Japan and subsequent radionuclide observations caused by damage to the 

Fukushima Nuclear facility resulted in a verification scenario similar to the one that would arise after an 

atmospheric nuclear test. Large data sets generated from the International Monitoring System of the 

Comprehensive Nuclear Test Ban Treaty Organization and Canadian national equipment were analyzed to 

determine the nature and magnitude of the event. Various Canadian assets were used including: a network of 

NaI detectors, aircraft surveillance, high volume aerosol samplers, and soil samples to provide guidance to 

decision makers on the nature and impact of the event. A discussion of the tools used, their capabilities, and 

results will demonstrate how national technical means can complement the information received from the IMS 

and IDC. 

 

 

JS-O6. A window into the complexity of the dynamic rupture of the 2011 Mw 9 Tohoku-Oki earthquake 

Lingsen Meng, Asaf Inbal, Jean-Paul Ampuero 

Caltech, United States of America 

Contact: lsmeng@caltech.edu 

 

The Mw 9 earthquake that occurred off-shore Tohoku, Japan, on March 11 2011 is by far the best recorded 

earthquake in the history of seismology and will undoubtedly spawn a broad range of studies that will deeply 

transform earthquake science. In particular, this event provides a unique opportunity to address, through high 

resolution observations, fundamental questions about the physics of dynamic earthquake rupture, including the 

initiation of rupture, the complexity of its propagation and its arrest. Here we focus on key direct observations of 

the spatio-temporal evolution of the rupture process of the Tohoku earthquake. We analyze seismic data 

available soon after the event using source imaging methods that are weakly dependent on model assumptions. 

We backprojected teleseismic waveforms applying high-resolution array processing techniques to obtain a high-

frequency (HF) image of the rupture process of this mega-earthquake. We then identified prominent features of 

the local strong-motion recordings that we associate to the main phases of the rupture process. Our results reveal, 

with unprecedented detail, rich patterns of high frequency radiation from the deep portions of the seismogenic 



zone. Our observations open a direct window into the complexity of dynamic rupture, including phases of slow 

and extremely fast rupture, and its relation to the heterogeneous nature of the subduction interface. 

 

 

JS-O7. Detection of elevated Xe-133 following the Fukushima nuclear accident 

Ted Bowyer, Steven Biegalski, Matthew Cooper, Paul Eslinger, Derek Haas, James Hayes, Harry 

Miley, Daniel Strom, Vincent Woods 

PNNL, United States of America 

Contact: ted.bowyer@pnl.gov 

 

We report on the first measurements of short-lived gaseous fission products detected outside of Japan following 

the Fukushima nuclear releases, which occurred after a 9.0 magnitude earthquake and tsunami on March 11, 

2011. The measurements were conducted at the Pacific Northwest National Laboratory (PNNL), located more 

than 7000 km from the emission point. First detections of 133Xe were made starting early March 16, only days 

after the earthquake. Maximum concentrations of 133Xe were in excess of 40 Bq/m3, which is more than 

×40,000 the average concentration of this isotope in this part of the United States. 

 

 

JS-O8. Response of the Austrian Meteorological and Geophysical Service and the National Data Centre 

Austria to the nuclear accident in Fukushima: Atmospheric transport modelling and situation assessment 

based on CTBTO radionuclide data 

Gerhard Wotawa, Ulrike Mitterbauer 

ZAMG, Austria 

Contact: gerhard.wotawa@zamg.ac.at 

 

On 12 March 2011 at about 6:30 UTC (7:30 CET), the first explosion was reported from block 1 of the nuclear 

power plant in Fukushima Daiichi. Only minutes afterwards, the Meteorological and Geophysical Service of 

Austria (ZAMG) started its model simulation of the event. As transport model the Lagrangian Particle Diffusion 

model FLEXPART Version 8 based on input data from the European Centre for Medium-Range Weather 

Forecasts (ECMWF) was used. In its assignment as National Data Centre of Austria, ZAMG has real-time 

access to the global radioactivity data of CTBTO. These data were used to validate the model simulation, and to 

estimate the emission sequence of key radionuclides. Data and modeling results related to the accident were 

made available to the public. Results show that the ZAMG model worked well in describing the hemispheric-

scale transport. CTBTO data and information disseminated to the member states through the secure web page 

and briefings proved to be extremely valuable for the assessment of the situation. 

 

 

JS-O9. Operational experience of CTBTO related to the Fukushima nuclear accident and long term 

perspectives 

Mika Nikkinen, Xuhui Wang, John Coyne, Denys Rousseau, Monika Krysta, Matthias Auer, Robert 

Werzi, Ulrich Stoehlker, Abdelhakim Gheddou, Dongmei Han 

CTBTO 

Contact: mika.nikkinen@ctbto.org 

 

The release of fission and activation products from the Fukushima nuclear power plant on the aftermath of the 

11 March 2011 Tsunami posed a number of challenging questions for the CTBTO radionuclide network. The 

challenges applied to the sample analysis, sample handling, sample dispatch, laboratory analysis, data analysis 

and atmospheric transport modeling. All the operational radionuclide stations in the northern hemisphere 

detected the release; most of the detections were initially level 5 samples (multiple fission products detected). 

The CTBT radionuclide system performed well during this event. Some lessons were learned about procedures 

needed for this kind of situation handling in the future and also on possible dynamic range of the future 

measurement equipment.  

The CTBTO is involved in the worldwide response to the Fukushima events. Although this response was not 

based on any preparedness plan and procedures, it appears to fit well the purpose because of the performances of 

the network and the usefulness of the measurements that are made available to the Member States and the 

international community. The results provided by the network will continue to have a key role to facilitate the 

various decision-making processes also during post event phase. In that perspective, the relationships need to be 

considered between CTBTO and the other international organizations involved in the response to nuclear 

emergencies, including Fukushima. The presentation identifies some subjects that need to be considered in this 

kind of co-operation. 



 

 

POSTER PRESENTATIONS: 

 

JS-P1. Pressure signals on IMS hydrophones at Wake Island due to the M9.0 event on March 11th 2011 

off the coast of Japan 

Mark Prior
1
, David Salzberg

2
, Ronald ‘Çhip’ Brogan

3
 

1
CTBTO Preparatory Commission 

2
Science Applications International Corporation, United States of America 

3
ENSCO, Inc., United States of America 

Contact: Mark.Prior@ctbto.org 

 

International Monitoring System Hydrophone sensors at Wake Island measured three different types of pressure 

signal as a result of the magnitude 9.0 event that occurred off the coast of Japan on the 11th of March 2011. 

Acoustic pressure signals were first recorded as the seismic phases from the event propagated past hydrophone 

locations, causing radiation of acoustic signals into the water. Next, the acoustic T-phase was detected as sound 

that coupled into the ocean near the event epicenter reached Wake Island. Finally the tsunami generated by the 

event was observed as it passed over the hydrophones, changing local sea level and consequently generating a 

low-frequency pressure signal. These data are displayed and the features of each signal discussed. 

 

 

JS-P2. Assessment of release scenarios for the Fukushima Dai-ichi Nuclear Power Plant accident 

Rick Tinker¹, Blake Orr¹, Marcus Grzechnik¹, Stephen Solomon¹, David Jepsen² 

¹Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) 

²Geoscience Australia 

Contact: rick.tinker@arpansa.gov.au 

 

Dispersion of radioactive material released to the atmosphere from the Fukushima Dai-ichi Nuclear Power Plant 

Accident in Japan was modelled to assist the Australian Government in effectively providing public health 

advice to its citizens. This advice on protective measures required estimation of radiation doses for locations in 

Japan based on credible scenarios and atmospheric dispersion modelling. To undertake the assessment relied on 

deriving an appropriate nuclear reactor source term and accident release scenario that could be matched against 

the limited observational data. Evaluation of the atmospheric dispersion model and its input source term and 

release scenario was undertaken by comparison and refinement of predictions with concentration measurements 

taken downwind from the actual release. Short-range forward dispersion analyses were used to refine rel! ease 

magnitudes for different release times to deliver the activity concentrations measured at the Comprehensive 

Nuclear-Test-Ban Treaty radionuclide station at Takasaki, Gunma, Japan, using a 1% core release scenario with 

predictive weather conditions. Further comparisons were then made to ground based gamma dose measurements, 

estimated release rates and long range atmospheric dispersion modelling. This paper presents the approach taken 

to justify the release scenario by coupling monitoring data with atmospheric simulations. 

 

 

JS-P3. Source modeling earthquake as tsunami generation in Japan (East of Pacific Plate) 

Wiko Setyonegoro 

Meteorological Climatological and Geophysical Agency, Indonesia 

Contact: wikosetyonegoro@yahoo.com 

 

In most cases, an earthquake occurring next to a coastline segment generates a tsunami in a relatively short time. 

The West of Pacific area has experienced repeated large earthquakes, such as the Japan event on March 11, 

2011. The time at which the tsunami disaster will occur, the arrival time, how high (run-up) the waves are, and 

the extent of the resulting immersion area (Inundation) and the simulation can be calculated by creating a 

tsunami modeling scenario. To create tsunami modeling parameters, millions of fault scenarios should be tested 

in anticipation of a possible tsunami on the plate boundary segments prone to tsunamis, for instance in the 

Western Pacific in the case study on plate boundary of pacific . The Scenarios were prepared based on the 

values of fault parameters and will bemodified in such a way as to produce the fault model which match the 

future expected fault conditions on this segment. Estimating the fault location on the segment can be done by 

observing crustal deformation or relative motion of the earth's crust, or in complex cases such as the movement 

of the double-couple in the crust, can be obtained by calculating and analyzing historical data and then 

validating the result by comparing to survey results. Also, another criterion for prediction of tsunami run-up and 



tsunami inundation is to do it based on calculation of released energy of earthquake and the return period of 

earthquakes at this location. 

JS-P4. Experimental check of work on an adaptive algorithm for detection of onset times of low 

amplitude seismic phases based on time series analysis with use of Japan earthquakes data records in 

March 2011 

Valentin Gravirov¹, Konstantin V. Kislov¹, Tatiana Ovchinnikova², Fedor Vinberg
1
 

¹IIEPT RAS, Russian Federation 

²GosNIIAS, Russian Federation 

Contact: gravirov@rambler.ru 

 

The ultimate goal of processing is to measure the characteristics of a useful signal in a situation where the 

seismogram is a complicated superposition of very different types of wave motion. The very process of 

obtaining these characteristics can be viewed as a mathematical problem in its own right. The process is based 

on a search for patterns that connect the original signal to the physical parameters listed above, as well as 

formulating these patterns as efficient computational techniques. Unlike the Fourier transform, the wavelet 

transform provides a 2D representation of the signal under study, frequency and time being treated as 

independent variables. As a result, we are able to examine the properties of the signal in a physical space (the 

time) and a scale space (the frequency). The algorithm in question is designed for the fastest real time detection 

of a sudden change in the properties of a process as more information is becoming available. The problem is 

formulated so that the onset of low amplitude seismic phases is to be automatically identified during a time 

interval no longer than four seconds. The algorithm is based on the continuous wavelet transform. This is an 

adaptive algorithm, since it incorporates time-dependent individual characteristics of the time series of interest. 

 

 

JS-P5. The International Data Centre analysis of the aftershock sequence following the March 11, 2011 

earthquake off the coast of Japan 

Spiro Spiliopoulos, IDC Waveform Analysts 

CTBTO 

Contact: spilio.spiliopoulos@ctbto.org 

 

The M9.0 megathrust earthquake off the coast of Japan on 11 March 2011 resulted in an unprecedented number 

of aftershocks being built by the automatic processing system of the CTBTO. These aftershocks imposed a 

workload on the waveform analysts of its International Data Centre (IDC) which was many times the average, 

falling back close to the average only after some months; the ensuing analysis of the sequence therefore took 

some months to complete. The IDC draft operational manual prescribes that the daily reviewed bulletin must be 

completed within 48 hours of the end of the recording day 98% of the time after Entry into Force (EIF) of the 

Treaty. Events such as this Japanese earthquake sequence will impose an even greater challenge to this schedule 

than it does upon the current pre-EIF target of issuing the reviewed bulletin within ten days. The results of the 

analysis of the aftershock sequence are presented and examined in terms of the scientific outputs, the impact on 

analysis, and lessons learned for the IDC. In view of the cumulative delay in analysis created by a prolonged 

aftershock sequence, meeting of the post-EIF requirement is favoured by skipping days entirely early in the 

sequence, to avoid a prolonged failure to meet the imposed target. The formulation of this requirement may 

therefore need review. 

 

 

  



JS-P6. Bulgarian experience with Fukushima event in March 2011 

Rositza Kamenova-Totzeva, Victor Badulin 

National Center of Radiobiology and Radiation Protection, Bulgaria 

Contact: r.totzeva@ncrrp.org 

 

After the Chernobyl accident the Bulgarian population is extremely sensitive to radioactivity. Even follow the 

rumors of possible increasing of radioactivity in the environment a lot of people took some non-useful 

medicines ―to protect‖ their health. Due to the possible impact of the accident at the Fukushima  nuclear power 

plant we have to organize proper radiation protection for the population. It was of prime importance to know the 

level of radioactivity transferred in the air from Japan to Bulgaria.  

As the NCRRP is a part of the Bulgarian NDC to the IDC of CTBTO, we use the data from the IDC. We follow 

the IDC ATM and make our model of the level of radioactivity and data of upcoming radioactive particles in 

Bulgaria. We found 25 March was the first day of the Fukushima impact. Every day we checked the data for 

North transfer from the SEP63 FOI, Stockholm Sweden, and the data for the West transfer from DEP33 

Schauinsland/Freiburg, Germany. It was very important to know at least 2-3 days in advance the possible 

radionuclide content in the Bulgarian air.  

In the paper are presented Bulgarian measurements of the radionuclides content in the air. We sampled at least 

350 m3 of air every day and provide gamma spectrometry analyses of at least 0.017 mBq/m3 and16 hours. The 

specific activity of I-131 varies between 0.052 0.0260.018 mBq/m3. The activity of Cs-137 and Cs-134 varies 

from 0.0541.92 0.07 mBq/m3 respectively. We0.06 mBq/m3 and from MDA to 0.0477mBq/m3 to 0.63 

measured traces of Cs-136, Te-132 and I-132. The results are compared with IDC data for the DEP33, SEP63 

and JPP38 station results. 

The CTBTO data from the radionuclide monitoring system are very useful for the prediction and assessment of 

the public dose, taking decisions and informing the population. 

 

 

JS-P7. Infrasound signals excited by upheaval and subsidence of ocean surface during the tsunami 

genesis related to 11 March event 

Nobuo Arai, Takahiko Murayama, Makiko Iwakuni, Mami Nogami 

Japan Weather Association 

Contact: arai@jwa.or.jp 

 

Observed infrasound records at IMS stations in East Asia relating to the disastrous tsunamigenic earthquake 

occurred at Mar. 11, 2011 in Japan had been analyzed. And long period acoustic signals which might be excited 

by uplifting and subsiding ocean surface during the tsunami genesis were detected in the records observed at 

I30JP, I34MN and I45RU. The on-set time of these signals coincided with the time predicted by the distance 

between the tsunami source region and each station, and the shape of these signals also coincided with the water 

level changes of the tsunami source estimated by the fault model of the event. I34MN and I45RU are located the 

direction along the fault width, and I30JP is located the direction along the fault length. Infrasound signals 

observed at both I34MN and I45RU had relatively shorter wave lengths than the signal of I30JP had. It also 

coincided with the geographical relation between the tsunami source and stations. When Tsunami early warning 

provides to the public, the possibility of the tsunami occurrence and its height are estimated by only using the 

hypocenter location and the magnitude and not using the information about the tsunami source area and actual 

initial height in the source region, therefore, Tsunami warning may not have enough accuracy now. According 

to the analysis results, if infrasound observation network would deploy along the coast line at the front of 

subduction zone, real-time data observed through the network would improve the tsunami warning information. 

 

 

  



JS-P8. Detection of aerosol radionuclides in the United States following the Fukushima nuclear accident 

Harry Miley¹, Ted Bowyer¹, Steven Biegalski², Paul Eslinger¹, Joel Forrester¹, Judah Friese¹, Larry 

Greenwood¹, Derek Haas¹, James Hayes¹, Martin Keillor¹, Elwood Lepel¹, Khris Olsen¹, Daniel 

Strom¹, Vincent Woods¹ 

¹PNNL, United States of America 

²University of Texas, United States of America 

Contact: harry.miley@pnl.gov 

 

Several measurements of aerosol radionuclides emitted by Fukushima reactors were made in the United States. 

These included 131I, 137Ce, and others up to a few milliBq per cubic meter. Isotopic ratios clearly distinguish 

this event from other observations, such as Chernobyl and historic weapons tests, showing a strength of the 

International Monitoring System design. 

 

 

JS-P9. Some measures to face potential impacts of Fukushima nuclear accident in Burkina Faso 

Desire Marie Alexis Belemsaga 

Autorité nationale de Radioprotection et de Sûreté Nucléaire (ARSN-MEDD), Burkina Faso 

Contact: belemsagadma@hotmail.com 

 

The probability for the Burkina Faso local population to develop deterministic effects after Fukushima nuclear 

accident is zero. However, stochastic effects remain possible as the two countries have concluded multilateral 

and bilateral agreements, particularly in the field of international trade in product for human or animal 

consumption and the possibility for their people to travel to/from Japan. Therefore, the Burkina Faso nuclear 

safety regulatory body has implemented a strong and sustainable strategy to avoid any negative impact both to 

the environment and the health of populations. Actions related to sensitization, communication and information 

with regard to the accident had been conducted in order to reduce the widespread fear of nuclear. For the time 

being, the national legislative framework has been improved, focusing on (i) authorization certificate b! efore 

food importation from Japan, (ii) in situ inspection in collaboration with customs and the National Public Health 

Laboratory prior to consumption or sale in local markets and (ii) compliance with the IAEA code of conduct 

related to radiological food analysis. The long term strategy aims to build a Radionuclide identification 

laboratory using gamma spectrometric methods. For this purpose to be achieved, staff capacity building is 

needed as technical assistance and expert advice have been obtained from the IAEA and the United States 

Department of Energy through the Global Threat Reduction Initiative already. 

 

 


