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Abstract 

After the March 11 Disaster in East-Japan, Research and Development towards Ensuring Nuclear 
Safety Enhancement for LWR becomes a top priority R&D in nuclear energy policy of Japan. The 
role of high temperature non-metallic materials, such as SiC/SiC, is becoming important for the 
advanced nuclear reactor systems. SiC fibre reinforced SiC composite has been recognised to be the 
most attractive option for the future, now, METI fund based project, INSPIRE, has been launched 
as 5-year termed project at OASIS in Muroran Institute of Technology aiming at early realisation of 
this system. INSPIRE is the irradiation project of SiC/SiC fuel pins aiming to accumulate material, 
thermal, irradiation effect data of NITE-SiC/SiC in BWR environment. Nuclear fuel inserted SiC/SiC 
fuel pins are planned to be installed in the Halden reactor. The project includes preparing the NITE-
SiC/SiC tubes, joining of end caps, preparation of rigs to control the irradiation environment to 
BWR condition and the instruments to measure the condition of rigs and pins in operation. Also, 
basic neutron irradiation data will be accumulated by SiC/SiC coupon samples currently under 
irradiation in BR2. The output from this project may present the potentiality of NITE-SiC/SiC fuel 
cladding with the first stage fuel-cladding interaction. 

Introduction 

The East-Japan disaster on March 11, 2011 caused significant damages over all the systems 
in East-Japan, including severe accident of TEPCO Fukushima nuclear plants. The disaster 
had strong impact on European energy policy and the US energy policy. There is a big 
divergence within European countries about their responses to the same event. For example, 
in the United Kingdom, policy makers remained firm on their decision to increase nuclear 
power generation in the near future. On the contrary, in Germany, the federal government 
decided to, at least, temporarily shut down old generation nuclear reactors. The Japanese 
government appears rather close to the UK response while the majority of the Japanese 
public responded closely to the German [1]. The disaster caused drastic shift of the Japanese 
energy policies from The “3rd phase basic plan of science and technology of Japan” and 
“Framework for Nuclear Energy Policy”, where nuclear energy was emphasised to be the 
core energy for the society [2,3]. The “4th phase basic plan of science and technology” was 
issued on August 2011, where, as the baseline understandings followed the explanations 
about the present-status of Japan under “the after effects of the crisis” and inevitable needs 
of drastic changes/improvements of nuclear energy systems were pointed out. 

Based on the “Basic Energy Policy” (June, 2010) and the “4th Phase Basic Plan of Science 
and Technology” (August 2011), the revised version of “Framework of Nuclear Energy Policy 
for 2012” had been prepared, but was cancelled on 2 October 2012 and ended the long history 
from 1958. However, the followings were discussed and urgent needs were recognised. 
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• Restructuring nuclear energy policy towards safety assurance and recovery of 
public trust. 

• Restructuring nuclear energy policy under large drop of energy dependence on 
nuclear. 

• Establishment of “The highest level of nuclear safety”. 

Figure 1: The history of major SiC composite R&D by Kohyama Group 

 

The Japanese Ministry of Economy, Trade and Industry (METI) initiated a “Research 
and Development towards Ensuring Nuclear Safety Enhancement” programme, where 
“Innovative Silicon-carbide Fuel Pin Research” (Project INSPIRE) was approved as a five-
year termed project [4]. Also, the Japanese Ministry of Education, Culture, Sports, Science 
and Technology (MEXT) programme on “Innovative Nuclear Research and Development”, 
has been changed from 2012 to emphasise “Basic Technology Development for Nuclear 
Safety Innovation”, and started late 2012, where “R&D of Basic Fabrication Process 
Technology of SiC/SiC Fuel Cladding for Extra-Safe Reactor Core” was approved as one of 
12 proposals approved. This project called as “SiC Fuel Cladding/Assembly Research, 
Launching Extra-Safe Technology”; the SCARLET Project [4,5]. This paper is introducing 
the “INSPIRE” project; its current status and future plan. 

Application of SiC and SiC/SiC to nuclear system was intensively done in Japanese 
FBR programme and followed by fundamental research for LWR engineering. Then 
Japanese inventions of PAN type carbon fibres and PCS type SiC fibres were becoming 
strong basis for C/C and SiC/SiC R&D activities for nuclear application in Japan. Those 
were basic research activities under JAERI (now, JAEA) and Universities/National 
Institutes. Figure 1 briefly summarises SiC/SiC related activities under Kohyama research 
group. In this figure, shift from mmC (metal matrix ceramic composite; SiC/Al, C/Al) to 
CMC (ceramic matrix ceramic composite; C/C, SiC/SiC) can be seen together with 
continuing efforts in nuclear and aero-space areas including domestic programmes for 
fission. In addition, nuclear engineering related international activities have been 
continuously conducted and many radiation effect data has been accumulated [6]. 

What is “INSPIRE” Project? 

The “Research and Development towards Ensuring Nuclear Safety Enhancement” 
programme funded by Japanese Ministry of Economy, Trade and Industry (METI) has been 
initiated late 2012 and “Innovative Silicon-carbide Fuel Pin Research” (Project INSPIRE) 
was approved as a five-year termed project. Under the same programme, Toshiba Corp. 
has approved a joint project with IBIDEN, Tohoku University and University of Tokyo, 
where R&D of innovative CVI technology for fabricating fuel pin for LWRs is ongoing. 
Both projects aim to establish SiC/SiC fuel cladding for advanced LWRs with Nuclear 
Safety Enhancement. 
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Figure 2: The current project plan (April 1, 2013) 

 

The “INSPIRE” project aims to establish technological basis and to verify the feasibility 
of the NITE-method based on SiC/SiC fuel pin elements and fuelled with SiC/SiC fuel pin 
segment to be used as the replacement of Zircaloy fuel pin/assemblies for LWR core 
component. The goal of the phase 1 (2012–2016), is to prepare to the next step for “Lead 
Test Rod R&D”. 

The important performances of NITE-based SiC/SiC fuel cladding to be confirmed are: 

1) Compatibility with reactor water and nuclear fuel under PWR condition. 
2) FP gas leak tightness. 
3) Stability under Halden reactor irradiation. 

Those verifications are using the NITE-based SiC/SiC fuel cladding produced by a 
large-scale production process at OASIS, Muroran Institute of Technology and Muroran 
Establishment of IEST Co., Ltd [7].  

The “INSPIRE” project consists of the three following tasks: 

1) Ceramic Fuel Pin Fabrication Modification and Technology Integration  
The goal of the fabrication modification is to establish large scale production 
process of NITE-based SiC/SiC fuel pin with a final goal of 4-m length. The 
verification of the performance should be done with the 1-m length fuel pins. The 
important technology integration includes design and fabrication of end-cap by 
Zircaloy 2 and welding process establishment with SiC/SiC fuel pin. 

2) Stability of Ceramic Fuel Pin Element under BWR Condition 
Irradiation in the Halden reactor will confirm the baseline stability of NITE-based 
SiC/SiC fuel pin. These tests will be carried out in BWR condition water loop with 
nuclear fuel capsuled fuel pin elements. The current irradiation plan is to finish 
reactor irradiation by the end of 2015. Based on the results, including PIEs, the 
modified NITE process and related products will be provided. 

3) Neutron Irradiation Effects of the NITE-SiC/SiC 
To establish engineering database for the design and fabrication of NITE- based 
SiC/SiC fuel pin, neutron irradiation effect database is essential. This task will 
provide baseline neutron irradiation effect data from BR2 irradiation and Halden 
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reactor irradiation. Currently, BR2 irradiation had started and the second 
irradiation planning is suspended. 

Although the “INSPIRE” Project was approved as 5-year termed programme, the budget 
situation of METI only allows confirming for the Japanese fiscal year 2013 with the large 
budget reduction more than 30% from the original plan. The Halden reactor irradiation task 
is currently under approval only for JFY 2013. Also, under this condition, BR2 irradiation 
task should be suspended for JFY 2013. The current project plan is shown in Figure 2. 

What is NITE-Process for “INSPIRE” Project? 

Long efforts for improving the original NITE-process to meet large scale industrial 
production, technology and facility R&D of intermediate process materials, such as green 
sheets and pre-preg sheets, have been intensively carried out in this decade. The new 
concept of NITE process with dry sheets for “INSPIRE” project has modified the original 
aqua-slurry into polymer based SiC nano slurry which is made into flexible dry sheets like 
green sheets for polymer matrix composite materials. These sheets allow storage, handling 
to make preforms. Figure 3 shows the current fabrication line of dry sheets for “INSPIRE” 
project, where 40 cm width green sheets and UD/2D prepreg sheets are made continuously. 
The facility was installed December 2010 and a recent upgrade was done August 2012 for 
improving production speed and quality. 

Figure 3: Green and prepreg sheets fabrication line 

R&D target and current status 

The “INSPIRE” project primarily looks for replacing the current Zircaloy cladding for LWRs 
into NITE-SiC/SiC cladding. Thus, the specification is aimed to satisfy ASTM Standard B 
353-91, for LWR application. The “INSPIRE” project aims to produce 10 mm inner 
diameter, 1 mm wall thickness and 200 mm long claddings with sufficient gas tightness. 
The followings are the current targeted value for the NITE-SiC/SiC cladding. 

Dimensional accuracy 

Diameter: ±0.05mm, Straightness: 1/1200, Wall Thickness: ±10%, Roundness: 1/2000 
(accomplished under special machining with order made tool: an example is shown in 
Figure 4) 

 Facility up-grade: Aug. 2012  

 Facility installed: December 2010  

 Green Sheet  
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Figure 4: SiC Cladding with extra-fine machining 

 

The baseline mechanical properties 

Axial tensile strength: 300MPa, Hoop Strength: 100MPa(Comp)/300MPa(Tens.), Fracture at 
accident: no straight/crystallographic through thickness fracture (>0.2% Pseudo-
plasticity). 

Environmental resistance 

Out-of-reactor oxidisation test, LOCA simulation test: Better than Zircaloy. Neutron 
Damage Resistance: 1) Soundness check up to 10 GWd/t exposure at Halden Reactor 
under BWR water condition. 2) Confirm mechanical property degradation less than 5% at 
BR2 reactor irradiation. 

The current plan of Halden reactor irradiation 

The “INSPIRE” project primarily looks to replace the current Zircaloy cladding for LWRs 
into NITE-SiC/SiC. Due to the unclear budget situation of METI toward JFY 2014, Multi-
year contract with Halden Reactor Project is suspended and the single year contract is 
now under final negotiation. 

The conceptual planning and design of the irradiation segment and rods has been 
finalised at the end of JFY 2012. The following is the brief summary of the conceptual 
planning and design activity between “INSPIRE” project and Halden Reactor Project. 

Test rig to be applied 

• The irradiation is to be carried out in a test rig within a pressure flask, cooled by 
water at BWR thermal-hydraulics and chemical conditions. Some details are 
shown in Figure 5. 

• The rig will accommodate 6 test rods, typically 20 cm long, arranged in two clusters, 
as shown in Figure 5. The rods will be equipped with cladding elongation detector 
for measuring on-line the amount of pellet-cladding mechanical interaction (PCMI) 
and cladding permanent growth due to PCMI and neutron irradiation. 

The test rods 

• The six rods may contain different variants, such as different cladding. 

• The fuel pellets will be fabricated at the IFE establishment at Kjeller, under agreed 
specifications. The cladding tube and the end plugs will be provided by the 
“INSPIRE” project, which is also to define, in consultation with Halden Reactor 
Project. The rod inner pressure is atmospheric pressure under current design. The 
fuel rod assembly, gas filling and end-plug welding will be realised by IFE following 
further discussions and under agreed specifications. To meet Halden reactor 
requirements for inserting those test rods into the reactor, preliminary discussions 
and test fabrication with TIG welding was done through the “INSPIRE” project. 
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Based on very preliminary investigation, the first conceptual design of the test rod 
was basically agreed. Figure 6 indicates components to be jointed. For the 
operation at Halden reactor site for the final insertion of nuclear fuel and shield 
welding of end cap by EBW facility of Halden, three types of Zircaloy elements and 
a SiC/SiC fuel pin element with fine threading both ends will be fabricated. The 
element (A) is SiC/SiC fuel pin element with fine threading, element (B) is Zircaloy 
tube with inner threading and elements (C1) and (C2) are Zircaloy end cap. The 
elements (C1) and (C2) are connected by threading to make 6 rods into 3 segments 
to be inserted irradiation rig, as shown in Figure 5. 

Figure 5: Conceptual drawing of the test rig 

 

Figure 6: Concept of the test rod 

 

In-reactor operation 

It is foreseen that the test will be run at power conditions typical for commercial fuel, i.e. 
20-25 kW/m at beginning of irradiation and then gradually decreasing. The PCMI and 
permanent cladding strain will be assessed continuously during the irradiation. 



NEA/NSC/WPFC/DOC(2015)9 

STRUCTURAL MATERIALS FOR INNOVATIVE NUCLEAR SYSTEMS (SMINS-3), © OECD 2015 221 

R&D Roadmap towards Phase-2 

Although METI has only approved “Phase-1” proposal, the mid-term planning requires 
“Phase-2” plan with reliable background and supporting R&D structure. Under the 
preliminary planning with the “INSPIRE” project members, “Phase-2” roadmap was 
initiated. As indicated in Figure 7, “Phase-1” is to give feasibility of NITE-SiC/SiC fuel 
cladding contributing the nuclear reactor safety enhancement within a reasonable 
timescale and with an economical and technological attractiveness. Phase-1 target is to 
clearly present the level of the technology “ready to move Lead Test Rod R&D”. Neutron 
irradiation research activities outside this project, such as MEXT programme for reactor 
experiment under IMR, Tohoku University and US-Japan Programme for Fusion Reactor 
Materials, should support this project especially for PIE and database establishment. 
Large budget and industrial support should be required for large scale R&D of fuel 
cladding to meet power reactor utilisation. This should be satisfied for Phase-1 and 
Phase-2 activities. The target of Phase-2 is to prepare and complete “Lead Test Rod” 
experiments, which will lead to the next step, The “Lead Test Assembly”. By the end of 
Phase-2, large-scale production industrial infra-structure should be established. 

Figure 7: R&D Roadmap for “INSPIRE” 

Phase-1 

 
Phase-2 
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Also, the basic concept for reactor safety and efficiency will be adjusted to fully utilise 
the attractiveness of advanced SiC/SiC fuel cladding and fuel assembly, as well as 
channel box. 

Conclusions 

The new METI funded project, “INSPIRE”, where SiC/SiC Fuel cladding R & D for ultra-safe 
nuclear reactors by new NITE method is introduced and the programme outline, the 
current status with recent accomplishments and the future plan are briefly introduced.  

The goal of the “INSPIRE” project is to provide soundness of the SiC/SiC claddings by 
the current NITE method before and after reactor irradiation in Halden Reactor and BR2 
reactor. The Halden reactor experiment will provide the first PCMI data as high as 
10 GWd/t level under BWR condition. 

The “INSPIRE” project is to establish the technological basis to produce SiC/SiC 
cladding to be replaced from the current Zircaloy cladding used in LWRs. The mid-term 
R&D roadmap is also presented and the importance of Phase-2 activity is emphasised.  

The “INSPIRE” project may lead to an early realisation of SiC/SiC fuel pin/assembly into 
LWRs ensuring reactor safe technology enhancement in a realistic and economical way. 
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