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INTRODUCTION 

On February 12
th

 2013, monitoring stations of the Preparatory Commission of the Comprehensive Nuclear-

Test-Ban Treaty Organization (CTBTO) detected a seismic event with explosion-like underground 

characteristics in the Democratic People’s Republic of Korea (DPRK)
 (1)

. The location was found to be in 

the vicinity of the two previous announced nuclear tests in 2006 and 2009 (Lat.: 41.313 degrees north; long.: 

129.101 degrees east) and the signal had the characteristics of a shallow event
 (1)

. The nuclear test was also 

announced by the government of the DPRK. 

After an underground nuclear explosion (UNE), radioactive fission products (mostly noble gases) can seep 

through layers of rock and sediment until they escape into the atmosphere. The fission products are 

dispersed in the atmosphere and may be detected thousands of kilometers downwind from the test site.  

Indeed, more than 7 weeks after the explosion, unusual detections of noble gases was reported at the 

radionuclide station in Takasaki, Japan (JPX38). The radionuclide station is a part of the International 

Monitoring System (IMS), operated to verify the CTBT.  

The purpose of this study is to provide an estimation of the possible source region and the total radioactivity 

of the release using Atmospheric Transport Modeling (ATM).  

 

METHODS 

During the period of 8-9 April 2013, unusual concentration of 
131m

Xe and 
133

Xe (half-lives of 11.8 and 5.2 

days, respectively) were measured at the radionuclide station in Takasaki, Japan, shown in Table 1
*
.  

 

Table 1. Measured concentrations of 
131m

Xe and 
133

Xe at the radionuclide station at Takasaki, Japan in the period of 8-9 April 

2013 

Collection time 
131m

Xe  

[mBq/m
3
] 

133
Xe  

[mBq/m
3
] 

 Ratio 
131m

Xe /
133

Xe 

08-APR-2013 06:54 0.27 2.08 0.13 

08-APR-2013 18:54 0.73 3.05 0.24 

09-APR-2013 06:54 0.35 1.87 0.19 

09-APR-2013 18:54 0 0.72 0 

 

Assuming that the detections were the result of fission, the isotopic ratio indicates that the fission occurred 

approximately 52 days before the detections (+/- 4 days). Therefore, it is possible that the unusual radio-

xenon detections at Takasaki are related to the DPRK nuclear test on February 12
th

 2013. 

Based on the radio-xenon concentration, ATM was performed using the Lagrangian particle dispersion 

model FLEXPART version 6.2 
(2)

. The model was assimilated by meteorological grid every 3 hours for the 

entire simulation period.  

 

                                                 
*

  The data was received by the Israeli NDC from the International Data Center (IDC), which is part of the CTBTO. 

 

http://www.ctbto.org/verification-regime/featured-stations/types/radionuclide/rn38-takasaki-japan/
http://www.ctbto.org/index.php?id=280&no_cache=1&letter=a#atmospheric-transport-modelling
http://www.ctbto.org/verification-regime/featured-stations/types/radionuclide/rn38-takasaki-japan/


RESULTS 

The simulation was performed in two modes:  

 

1. Backward ATM, which identifies the area from which radionuclides may have been released, calculated 

backward in time from Takasaki. This mode provided an estimate of the dilution factor (the ratio between 

the detected concentration and the released concentration) and can indicate possible source regions as a 

function of time. A map of dilution factor contours on 7 April 2013 (24 hours before the first detection) is 

shown in Figure 1.  

 

 
Figure 2. Backward ATM - dilution factor contours of radio-xenon on 7 April 2013 calculated from Takasaki, Japan (indicated in 

the map as JPX38) to the DPRK test site (indicated by blue circles); blue dots indicate nearby international radionuclide stations, 

radioactivity symbol indicates nuclear power plants. 

 

The results in Figure 1 correspond to a possible source in the region of the DPRK test site, 24 hours before 

the first detection at Takasaki. Assuming that the possible source caused the detection at Takasaki, the 

released activity was found to be 15 orders of magnitude higher than the concentrations at Takasaki. Hence, 

the total released activity is estimated to be of the order of 10
12

 Bq.    

 

2. Forward ATM, which predicts where radionuclides may travel from their known point of release. Based 

on the backward ATM, we define a release of 10
12

 Bq of radio-xenon isotopes at the DRPK test site on 

April 7, 2013. The isotopes are transported by the atmospheric flow as a function of time. Each time-step the 

model calculates the concentration at each grid point. A map of predicted concentrations on 06:00 UTC 

April 8, 2013 is shown in Figure 2. 

 

 
Figure 3. Forward ATM –predicted concentrations of radio-xenon on 06:00 UTC April 8, 2013, assuming a release of 10

12
 Bq 

from the DPRK test site on April 7, 2013 (indicated by blue circles); Blue dots indicate nearby international radionuclide stations. 

http://www.ctbto.org/verification-regime/featured-stations/types/radionuclide/rn38-takasaki-japan/


 

The results in Figure 2 show that the winds transported the emitted radionuclides to the east, from the site 

over the Sea of Japan. The predicted concentrations at Takasaki station are in agreement with the actual 

measured values. For a release occurred on April 7
th

, the forward ATM suggests that no other international 

station would be significantly affected. 

 

CONCLUSIONS 
The fact that two radioactive isotopes of the noble gas xenon, 

131m
Xe and 

133
Xe, were identified provided 

reliable information on the nuclear fission nature of the source.  

A release from the DPRK test site was found to be consistent with the possible source region results from 

the ATM. The ATM also showed that the detections in Takasaki are consistent with a release activity of 10
12

 

Bq, early in the morning of 7 April 2013, i.e. 54 days after the explosion.  

Any actions possibly performed at the DPRK test site (and their timing) are unknown. However, according 

to American estimations, based on UNE at the Nevada Test Site (NTS), 1-10 % of the noble gases total 

activity could be released to the atmosphere 
(3)

.  

Based on the above, the nuclear yield of the explosion is in the range of 1-10 kilotons TNT equivalent.  This 

estimation is in agreement with the estimated yield in another study based on the CTBT international 

monitoring system 
(4)

. 
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