
 

 

 

 

 

Nuclear Design Study on Advanced Neutron 
Measurement System for DT Burn Control  

in Fusion Experimental Reactor 
 

 

 

 

 

 

 

 

 

Keisuke Asai 

 

 

 

 



 

 

 

 

 

Nuclear Design Study on Advanced Neutron 
Measurement System for DT Burn Control  

in Fusion Experimental Reactor 
 

 

 

 

 

 

 

 

Keisuke Asai 
2007 

Department of Quantum Engineering 
Nagoya University 

 

 
 



Contents 
 
 
Chapter 1 
Introduction  

 

1.1 DT burn control  1 

1.2 Plasma diagnostic system for the DT burn control in fusion  

experimental reactor 2 

1.3 Nuclear instrumentation for the DT burn control    3 

1.4 Neutron yield monitoring       4 

1.5 Fuel ratio monitoring based on neutron spectroscopy    6 

1.6 Motivation and contexture       7 

References               9 

Figures and tables         16 

 

 

Chapter 2 
Nuclear Design of Ex-vessel Neutron Yield Monitoring 
System for ITER 

 

2.1 Requirement of the neutron yield monitoring system for ITER 21 

2.2 Design consideration of detector module  

2.2.1 Neutron detector             22 

2.2.2 Detector operation mode  24 

2.2.3 Peripheral materials of the detectors  25 



2.2.4 Optimization of the moderating region  26 

2.2.5 Detector module designs  28 

2.3 Summary  28 

References  30 

Figures and tables   32 

 

 

Chapter 3 
Installation of the Detector Modules in ITER and the 
in-situ Calibration Technique  
 

3.1 Distributions of the detector modules  

3.1.1 Detector module for the DT phase  41 

3.1.2 Detector module for the DD phase and the in-situ calibration 42 

3.2 Dynamic range of the proposed system 43 

3.3 Various performances  

3.3.1 γ-ray effect 44 

3.3.2 Time resolution 44 

3.3.3 Detector life time 45 

3.4 In-situ calibration  

3.4.1 General technique of the in-situ calibration 46 

3.4.2 Neutron source for the in-situ calibration  46 

3.4.3 In-situ calibration procedure for this system  48 

3.4.4 Monte Carlo simulations on the in-situ calibration  48 

3.4.5 Measurement time in the in-situ calibration 49 

3.5 Measurement accuracy of this system  



3.5.1 Calibration uncertainty sources  50 

3.5.2 Improvement of the uncertainty due to neutron energy  

spectrum 51 

3.5.3 Estimation of the calibration uncertainty  52 

3.5.4 Cross calibration and the expected measurement accuracy  52 

3.6 Summary  53 

References  55 

Figures and tables   57 

 

 

Chapter 4 
Multi-Scattered Time-of-Flight Neutron Spectrometer for 
Fuel Ratio Monitoring  
 

4.1 Neutron spectrometer based on a time-of-flight method  

for the fuel ratio monitoring 75 

4.2 Multi-scattered time-of-flight neutron spectrometer  76 

4.3 Neutron scattering material and enhancement effect  

on the intensity ratio of DD/DT neutron 77 

4.4 Basic experiment with a DT neutron beam 

4.4.1 Experimental setup  78 

4.4.2 Results and discussion  78 

4.5 Experimental demonstration of DD neutron detection 79 

4.6 Summary  80 

References  82 

Figures and tables   83 



Chapter 5  
Applicability of the Neutron Spectrometer to ITER 
 

5.1 Measurement accuracy and time resolution  

of the fuel ratio monitoring  91 

5.2 Installation position of this system and neutron spectrum  93 

5.3 Design consideration of this system and performance evaluation  

5.3.1 Design consideration  94 

5.3.2 Evaluation of detector response  95 

5.4 Applicability to ITER  

5.4.1 Time resolution  96 

5.4.2 Dynamic range 96 

5.5 Summary  97 

References  99 

Figures and tables   100 

 

 

Chapter 6 
Summary and perspective 
 
6.1 Summary  109 

6.2 Perspective  112 

 

Acknowledgements  117 

List of papers  119 

List of presentations  121 


