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Abstract. This paper presents an overview of the reactor core internals replacement project carried 
out at the Ikata Nuclear Power Station in Japan, which was the first of its kind among PWRs in the 
world. Failure of baffle former bolts was first reported in 1989 at Bugey 2 in France. Since then, 
similar incidents have been reported in Belgium and in the U.S., but not in Japan. However, the 
possibility of these bolts failing in Japanese plants cannot be denied in the future as operating hours 
increase. Ageing degradation mechanisms for the reactor core internals include irradiation-assisted 
stress corrosion cracking of baffle former bolts and mechanical wear of control rod guide cards. Two 
different approaches can be taken to address these ageing issues: to inspect and repair whenever a 
problem is found; and to replace the entire core internals with those of a new design having advanced 
features to prevent ageing degradation problems. The choice of our company was the latter. This paper 
explains the reasons for the choice and summarizes the replacement project activities at Ikata Units 1 
and 2 as well as the improvements incorporated in the new design. 
 
1. Introduction 
 
Ikata Units 1 and 2 have been in operation for a very long time. Unit 1, in particular, is one of the 
longest operating PWRs in Japan. In view of this history, preventive and proactive strategy has been 
adopted for the maintenance of major primary system components. As seen in Figure 1, both units 
successfully completed the replacement of steam generators and reactor vessel heads approximately 
ten years ago.  

 
Figure 1. Overview of the Ikata Nuclear Power Station 

 
With regard to the reactor core internals, baffle former bolts (BFBs) were found to have been damaged 
by stress corrosion cracking (SCC) in 1989 at Bugey 2 in France. Since then, similar incidents have 
been reported in other European and U.S. plants, resulting in the replacement of failed BFBs. Concern 
about possible failure of this bolt in Japan has led to nuclear-related industries’ efforts to develop 
techniques to efficiently inspect and replace BFBs and to seek techniques to carry out a more drastic 
countermeasure, i.e., replacement of the entire core internals. 
 
The BFB issue can be dealt with either by replacing bolts when damage is found or by replacing the 
entire core internals with those of a new design. Ikata Units 1 and 2 chose the latter and carried it out 
in 2004 and 2005, respectively [1,2]. This decision was made after having considered various factors, 
including the length of refuelling outage to be extended, economic efficiency, and public trust.  
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2. Maintenance policy for core internals 
 
2.1. Points of consideration 
 
Figure 2 shows the schedule for the reactor core internals replacement (CIR) project at Ikata Units 1 
and 2. Discussion on replacing the entire core internals began around 1999, followed by the licensing 
procedures from 2002 to 2003. The replacement was completed in 2004 for Unit 1 and in 2005 for 
Unit 2. As shown in Figure 1, Unit 2 is younger than Unit 1 by approximately five years. But both 
units underwent CIR one after the other, because cost reductions were expected from successive 
production of core internal components at the manufacturing shop and sharing of the same handling 
equipment (e.g., temporary gantry crane, tools for preventive maintenance) on site.  

 

Figure 2. Schedule of CIR at Ikata Units 1 and 2 
 

The decision of our company to opt for CIR as a maintenance policy for core internals was based on 
the following four considerations: 
(1)  Failure of BFBs began to be reported in plants outside Japan. 
(2)  Additional rod cluster control assembly (RCCA) guide tubes were needed to accommodate high 

burn-up fuel. 
(3)  Inspection and repair of internal components would result in extension of outage period and 

consequent loss of production.  
(4)  There were other preventive maintenance activities which could be performed together with CIR. 
Each of these is discussed in details in the following sections. 
 
2.2. Baffle former bolt damage reported in plants outside Japan 
 
The detailed investigation of the cracked BFBs removed from Bugey 2 revealed that the bolts were all 
located in regions with high neutron irradiation fluence and high temperature. Many of them were in 
high stress locations. The cracking occurred at the bolt head-shank interface (see Figure 3). The 
probable cause is considered to be irradiation-assisted stress corrosion cracking (IASCC).  
 
Similar incidents that followed raised concern that they could occur in Japan as well with increasing 
operating hours. One way to proactively resolve this problem is CIR, which allows the introduction of 
a new baffle former structure having enhanced resistance to IASCC. It was thus implemented at Ikata 
Units 1 and 2 to maintain medium-to-long term structural integrity. 
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Figure 3. Schematic view of the core internals and an example of baffle former bolt damage 

 
2.3. Additional RCCA guide tubes to accommodate high burn-up fuel  
 
High burn-up fuel contains uranium 235 enriched to higher levels than conventional fuel and can stay 
longer in the reactor core. This type of fuel has been gradually developed and is being applied in the 
reactors in Japan, with a view to improving fuel cycle economy. 
 
Study on the use of high burn-up fuel at Ikata Units 1 and 2 found that there would be a slight decrease 
expected in the reactivity worth of the rod control cluster. To address this issue, it was decided to add 
four more RCCAs to maintain the reactivity shutdown margin at the same level as previously 
available.  
 
To add four more RCCAs, it was necessary to:  
(1)  Add four more control rod drive mechanisms to the reactor vessel head 
(2)  Add four more RCCA guide tubes to the upper core internals 
The job (1) had already been completed in 2000 for Unit 1 and in 2002 for Unit 2, when the reactor 
vessel head was replaced. For the job (2), there was an option to modify the existing upper core 
internals to accommodate the four additional guide tubes. However, in view of the costs, doses, and 
the impact on the outage schedule, it was considered more reasonable to replace the entire core 
internals and incorporate the additional guide tubes in the new design.  
 
2.4. Impact of the extension of outage period on economic efficiency 
 
Ageing degradation mechanisms of core internals include IASCC of BFBs and barrel former bolts 
(BrFBs) and mechanical wear of control rod guide cards. Two different approaches are possible to 
address these ageing degradation problems: 
(1)  To replace the entire core internals with completely new ones having advanced features to 

prevent ageing issues (Case 1 in Figures 4 and 5) 
(2)  To perform inspection and repair whenever a problem is found (Case 2 in Figures 4 and 5). 
 
Comparison was made between the two cases from the viewpoints of costs and the length of outage 
period to be extended. The conditions assumed for the comparison are presented in Figure 4. This 
comparison was made around 2000. Experience obtained since then shows that the assumptions made 
for the ageing degradation were significantly conservative. 
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Figure 4. Conditions assumed for the evaluation of costs and outage period extension 

 

 
Figure 5. Comparison of extended days of outage and costs involved (per unit) [as of July, 2010] 

 
The results of the comparison are presented in Figure 5. The results indicate that after four outages, 
Case 1 would have an advantage over Case 2 in terms of the number of days to be extended. The 
results also show that the costs would become lower for Case 1 than for Case 2 after five outages. The 
cost evaluation included the cost of substitute power associated with the extended period of outage. 
 
Despite a one-time huge investment, CIR was our company’s decision. The reasons were: (1) the Ikata 
Nuclear Power Station is the company’s most important power generating source, contributing to 
approximately 40% of the company’s total power generation; (2) Ikata Unit 1 is one of the longest 
operating plants in Japan, suggesting that there was less and less chance to learn from experiences of 
other plants in determining ageing management strategies. In addition, it was considered that a 
proactive preventive maintenance such as CIR would help enhance social trust in our company. 
 
2.5. Relations with other preventive maintenance activities 
 
In 2000, primary water stress corrosion cracking was found in nickel-based alloy 600 welds between 
the reactor vessel outlet nozzle and the primary coolant piping at V.C. Summer in the U.S. This raised 
serious concern to all the PWR operators and was taken up as a priority that needed immediate 
attention for Ikata Units 1 and 2 in view of their long operating history. 
 
The locations where nickel-based alloy 600 is used at Ikata Units 1 and 2 are shown in Figure 6. Those 
shown in yellow are the outlet nozzle-to-safe end welds. For these welds, cladding with alloy 690 was 
planned on the nozzle inner surface [3,4]. The welds shown in blue were subjected to underwater laser 
peening for residual stress improvement. Underwater laser peening had been new to PWRs and was 
first used again by the Ikata reactors [5,6]. 
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Figure 6. Preventive maintenance performed on the reactor vessel nozzles  
(where nickel-based Alloy 600 are used) 

 
Figure 7 summarizes the work environment and the process for the cladding operation. The core 
internals are usually removed during refuelling outage and placed in the reactor cavity, which is filled 
with water to shield high doses from the core internals. Therefore, there is water in both the reactor 
cavity and the reactor vessel during normal outage. Meanwhile, there is no water in either of them 
during CIR. This made it possible to install a specially-designed platform having shielding capability 
inside the reactor vessel, grind the nozzle inner diameter and apply cladding using special-purpose 
tools, and perform surface finishing.  
 
CIR was actually an extremely rare chance that would enable cladding operation on the outlet nozzle 
inner surface. The CIR and the cladding projects were both the top priorities for addressing ageing 
degradation problems. The fact that CIR would provide an environment necessary for performing the 
cladding operation was indeed the key factor for the decision to implement CIR.  
 

 
Figure 7. Work environment and processes for the cladding operation 
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3. Details of the CIR project 
 
3.1. Overview of structural changes 
 
Figures 8 and 9 illustrate the core internal structure before and after the CIR. Several modifications 
were made in the new core internal structure. Modifications to the upper internal structure include: (1) 
installation of additional RCCA guide tubes; and (2) a new design for the upper core support plate. 
Modifications to the lower internal structure were made from the viewpoint of improving material 
resistance to SCC and include: (1) adoption of L-shaped baffle plates, which allows the reduction of 
the number of BFBs (reduced to approximately 80% of the original design) and the use of longer 
bolts; (2) use of longer shank BFBs to reduce thermal bending stress; (3) and introduction of bolt 
cooling holes in the former plate to reduce the bolt temperature. The bolt material was also changed 
from SUS347 (or SUS316) to more SCC-resistant G316CW. In addition, the thermal shield design was 
changed to a Panel type. This resulted in a smaller thermal shielding, without compromising the 
integrity of the reactor vessel, and has allowed 100% inspection of all BrFBs. 

 
Figure 8. Comparison of the core internal structure before and after the CIR (summary)  

 

 

Figure 9. Comparison of the baffle plate structure before and after the CIR (details) 
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3.2. Overview of the CIR operation 
 
This section describes the procedures for CIR, on-site transfer of the removed core internals and their 
storage in the steam generator storage building. 
 
The CIR procedures are presented in Figure 10. One feature of the replacement operation at Ikata 
Units 1 and 2 is that a temporary gantry crane was installed within the containment vessel. This was 
because the total weight of the removed core internals and the container used for transferring to and 
storing them in the storage building far exceeded the rated capacity (95 tons) of the polar crane. The 
removed core internals together weighed approximately 100 tons and the container, being made of 
extremely thick steel plates to ensure strength and radiation shielding capability, weighed 
approximately 350 tons, making the total weight approximately 450 tons.  

 
Figure 10. Procedures for the CIR operation 

 
Figure 11 shows the container designed specifically for storing the removed core internals. Before 
being carried out of the containment vessel, the container was checked to confirm that there was no 
surface contamination. The container was designed to limit the surface dose rate to 2 mSv/h or less. 

 
Figure 11. Container specifically designed for storing the removed core internals 
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The removed core internals are now stored in the steam generator storage building built with a 
sufficient shielding capability (see Figure 12).  

 

Figure 12. Steam generator storage building 
 

4. Conclusions 
 
(1)  Reactor core internals replacement (CIR) allows several ageing degradation problems to be 

resolved simultaneously by incorporating drastic and effective countermeasures in the new design. 
It is a more effective way to deal with ageing issues than individually addressing them as the 
need arises. It is thus expected to reduce risks on reliability and safety. 

(2)  Its effectiveness was further enhanced by performing preventive maintenance on nickel-based 
alloy 600 welds of the reactor vessel nozzles during the CIR operation period. 

(3)  Having successfully completed steam generators replacement, reactor vessel heads replacement, 
core internals replacement, and preventive maintenance on nickel-based alloy 600, Ikata Units 1 
and 2 are continuing to show good operating performance.  
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