
 

DEVELOPMENT OF DEFENCE-IN-DEPTH EVALUATION METHOD 
AGAINST EXTERNAL EVENTS 

 
MASAKATSU INAGAKI, MASANORI OHTANI 

Safety Improvement Department, Japan Nuclear Safety Institute 
 5-36-7 Shiba, Minato-ku, Tokyo 108-0014, JAPAN 

 
ABSTRACT 

 
Japanese new regulatory requirements based on the lessons learned from the Fukushima 
Daiichi accident were issued and applied in the licensing of existing reactors. However, the 
concept of defence-in-depth against external events does not seem to become clear in the 
new regulatory requirements as well as in the process of the new regulatory compliance 
review of several Japanese NPPs. In this paper we propose an idea to develop the 
evaluation method of defence-in-depth against external events. This is a sequel to the 
technical paper which was presented to PSAM13 (Ref.1). 

 
1.   Introduction 
 
Japan Nuclear Safety Institute (JANSI) was established after the Fukushima Daiichi accident as a 
new entity that can serve as a powerful industry driver and also has autonomy of making judgments 
unaffected by the intentions of nuclear operators. JANSI evaluates safety improvement measures 
from advanced and broader perspectives, and play the powerful function of extending proposals or 
recommendations to nuclear operators, while working in coordination with related organizations in 
and outside Japan. JANSI has mainly been focusing on the assessment of defence-in-depth against 
severe accidents using IAEA SRS-46 (Ref.2, Ref.3). In addition, we need to expand our scope to 
the assessment of defence-in-depth against external events.  

 
2.   Action plan 

 
We are making an effort to develop the evaluation method of defence-in-depth against external 
events according to the three steps as shown in Figure-1. 

 
Figure-1: Action plan 

 
3.   Japanese new regulatory requirements related to the defence-in-depth concept 
 
According to Nuclear Regulation Authority (NRA), several policies related to the defence-in-depth 
concept are applied to the new regulatory requirements, and the structure of new requirements is 
shown in Figure-2. 



 

 
Figure-2: Japanese Structure of New Requirements (Ref. 4) 

 
4.   Safety improvement activities of Japanese nuclear operators 
 
According to the Federation of Electric Power Companies of Japan (FEPC), all the Japanese 
nuclear operators have been implementing extensive safety improvement activities including the 
measures against earthquake, tsunami, and severer accidents as shown in Figure-3. 

 
Figure-3: Emergency power and emergency cooling ensure, and inundation measures (Ref. 5) 

(JANSI has translated Japanese explanation into English by its responsibility) 
 
5.   Assessment procedure of defence-in-depth for Japanese NPP against severe 
accidents conducted by JANSI using IAEA SRS-46 
 
Figure-4 through Figure-6 and Table-1 shows the assessment procedure of defence-in-depth 
against severe accidents for Japanese NPP conducted by JANSI using IAEA SRS-46. Figure-4 
shows the idea of objective trees described in IAEA SRS-46. Table-1 shows the list of the relevant 
18 objective trees selected by JANSI. Figure-5 shows how to assess the defence-in-depth about 
each figure for objective trees in terms of sufficiency ratio. The calculation process is a little bit 
complicated, but if calculated sufficiency ratio is 100%, it means that all the provisions in objective 
trees are satisfied by the existing or planned severe accident measures. Figure-6 shows an 
evaluation result in terms of sufficiency ratio. The sufficiency ratios greatly increase with measures 
after the Fukushima Daiichi accident and become roughly equivalent to those of an existing 
European NPP. The evaluation is basically conducted based on the open information. There are two 
dents with low sufficiency ratio at the left and right side. The reason of low sufficiency ratios in the 



 

No.39, 44, and 46 of SRS-46 is that these objective trees contain several advanced permanent 
severe accident measures including “In-vessel retention by external cooling”. It is unlikely to apply 
these measures to the existing plants not only in European countries but also in Japan because it 
requires too much money and period. The reason of low sufficiency ratios in the No.74, 75, 76 of 
SRS-46 for an existing European NPP is that we cannot obtain the trade secret information 
including “Determination of performance of equipment outside design range”. 

 
Figure-4: Idea of objective trees described in IAEA SRS-46 

 

 
Table-1: List of 18 objective trees selected by JANSI 

 
Figure-5: Assessment of the defence-in-depth about each figure for objective trees 



 

 
Figure-6: An evaluation result in terms of sufficiency ratio 

 
6.   Idea of the defence-in-depth concept against external events 
 
Regarding the evaluation method development of the defence-in-depth, we have a plenty of 
discussion with Dr. Misak (of Nuclear Research Institute – UJV Rez, Czech Republic), who is one of 
the key contributors to drafting and review about IAEA SRS-46 (Ref. 6). We planned to use the 
above mentioned IAEA SRS-46 method not only to assess defence-in-depth against severe 
accidents but also against external events. However, Dr. Misak pointed out that IAEA SRS-46 had 
not been changed since its first publication in 2005, and it had not been reflected the lessons 
learned from the Fukushima Daiichi accident especially against extreme external events beyond 
design basis. To address these issues, we decided to develop the evaluation method of defence-in-
depth against external events according to our action plan. 
Figure-7 shows the idea of the defence-in-depth concept against external events relevant to the 
sequential defence-in-depth. Left-pointing arrows in the middle show the sequential defence-in-
depth concept. Sequential defence-in-depth is popular among nuclear safety experts and generally 
divided into five levels. Should one level fail, the subsequent level comes into play. In contrast, the 
concept of defence-in-depth against external events does not seem to become clear in the new 
regulatory requirements. Therefore, we propose the idea of the defence-in-depth concept against 
external events. Up-pointing arrows in the lower part show the defence-in-depth against external 
events. As for the defence-in-depth against external events, the assumed strength of external 
events and the relevant area in sequential defence-in-depth are different at each level. 

 
Figure-7: Idea of the defence-in-depth concept against external events 



 

Table-2 summarizes the objectives of each level and the corresponding means (or strategies) that 
are essential for achieving them with related to Sequential Defence-in-Depth. Table-3 summarizes 
the objectives, the assumed strength of external events, the relevant areas in sequential DiD, and 
the strategies in Japan, with related to Defence-in-Depth against external events. 

 
Table-2: Summary of Sequential Defence-in-Depth 

 

 
Table-3: Summary of Defence-in-Depth against external events 

 
As a premise of a discussion, the following Japan’s unique situation should be considered. 
(1) Automatic shutdown system that is operated by the earthquake sensing device located on the 
base mat of Reactor Auxiliary Building of PWR and Reactor Building of BWR is installed at all 
Nuclear Power Stations in Japan. The system works by an earthquake smaller than the design 
basis earthquake. (DiD-E1) 



 

(2) External natural events in Japan including earthquake and tsunami are evaluated much more 
conservative way reflecting the lessons learned from the Fukushima Daiichi accident. (DiD-E2) 
(3) Japanese new regulatory requirements shall be applied to new Nuclear Power Stations as well 
as existing Nuclear Power Stations without exception. This special requirement is called “back-fit 
rule” in Japan. (DiD-E3) 
(4) In Japan, the reactor operators shall submit “Safety Improvement Evaluation Report” within six 
months after the second restart of their Nuclear Power Stations during the commercial operation 
period. It includes the latest stress test results, and the submission would be after about two years 
from the first restart at the earliest. We believe that the report will be helpful to confirm an adequate 
margin in “Defence-in-Depth against external events”. (DiD-E4) 
(5) Design basis accident measures in Japan include both Operating systems and Safety systems. 
In other words, Design basis accident measures are involved in Sequential Defence-in-Depth at 
three different levels (i.e. DiD-1, 2, 3). 
(6) Severe accident measures are involved in Sequential Defence-in-Depth at level 4 (i.e. DiD-4). 
Table-4 through Table-8 summarizes the strategies in Japan, the descriptions, the relevant areas in 
sequential DiD, and several examples with related to Defence-in-Depth against external events at 
DiD-E1 through DiD-E4.  

 
Table-4: Summary of Defence-in-Depth against external events at DiD-E1 

 

 
Table-5: Summary of Defence-in-Depth against external events at DiD-E2 

 



 

 
Table-6: Summary of Defence-in-Depth against external events at DiD-E2 (continued) 

  

 
Table-7: Summary of Defence-in-Depth against external events at DiD-E3 

 

 
Table-8: Summary of Defence-in-Depth against external events at DiD-E4 



 

7.   A renewal of the related ‘objective trees’ which are described in IAEA SRS-46 
 

Based on our idea of the defence-in-depth concept against external events mentioned above, we 
have started to prepare a proposal of a renewal of the related ‘objective trees’ which are described 
in IAEA SRS-46. For example, Figure-8 shows the original objective tree of FIG.23 described in 
IAEA SRS-46 regarding CCF (common cause failure). We believe that FIG.23 of SRS-46 should be 
updated to cover not only all the levels of Sequential Defence-in-Depth except for DiD-5 but also all 
the levels of Defence-in-Depth against external events. Although it is on the midway, an idea of a 
renewal of the FIG.23 of SRS-46 focusing on CCF due to external events, especially for earthquake 
and tsunami is shown in Figure-9 through Figure-11. 

 
Figure-8: Original objective tree of FIG.23 described in IAEA SRS-46 (Ref. 3) 

 

 
Figure-9: An idea of a renewal of the FIG.23 of SRS-46 focusing on CCF due to external events 

 



 

 
Figure-10: An idea of a renewal of the provisions focusing on CCF due to earthquake 

 

 
Figure-11: An idea of a renewal of the provisions focusing on CCF due to tsunami 



 

8.   Conclusions 
 
JANSI has mainly been focusing on the assessment of defence-in-depth against severe accidents 
using IAEA SRS-46, but the scope should be expanded to include the assessment of defence-in-
depth against external events. We planned to use the IAEA SRS-46 method not only to assess 
defence-in-depth against severe accidents but also against external events. However, we realized 
that IAEA SRS-46 had not been reflected the lessons learned from the Fukushima Daiichi accident 
especially against extreme external events beyond design basis. To address these issues, we 
decided to develop the evaluation method of defence-in-depth against external events. We have 
been making an effort to develop the evaluation method of defence-in-depth against external events 
according to our action plan. We propose an idea of the defence-in-depth concept against external 
events and we have started to prepare a proposal of a renewal of the related ‘objective trees’ which 
are described in IAEA SRS-46. 
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