
NATIONAL INSTITUTE FOR FUSION SCIENCE

NIFS-MEMO-80

Report on the Operation and Control of the Fusion DEMO Reactors

原型炉の運転制御に関する研究会

Sep. 08, 2017( Received - )

Nov. 30, 2017



�������	�
����������
����������
	��	������	���
����	����	��
�	���������	�
��
��
�	������
�
�
��	�����	��������������	���������������������
�
��������	����
�	��
	�
����
�	�������
	�����
����
��
�
�	����	���
�	�	�����
�������������
��� 	�����
��
���	���������!����
	��
��	�
��
���
����
����
��"��������	�
�	����!�
��	��
���

�����

	
������#������$��
�	�������
�
��	�

����	��������$%&&'()�	���'��	$�	��'���$*���'���+,-'+&-&������
.'����/!��� �
�� 	�	0�������� �

1234567893:4;<34363;=5>?@

��	�
��
	��	
	�	����
�	����	�
����������
�	�$�	�	��	��	�!���A�
�	����
	�
�����������	�

��	�
���	��	���!	�!���A�
�	�������������
���!�
�
�	��	����!�
�	������������
���	����!�
	����	�
���

�������
�	��

.B���
��
��C�D

�����D��
����D��	���
�	��	�E	����!�
E����������DDEE�

('FGD������-'��	��$H���
	'��$�	��	G,I',,+&�����

J�	��/KG'%'%FI+'+(GK�DL/KG'%'%FI+'+(G-.'����/ ����0�

���!�	������ �

��
��C�D

E	����!�
E��������E��
��$����

&&&M	���		
N����$N������$HD,G-&%C�D

J�	��/G'-IK'I+,'KF,,�DL/G'-IK'(F('K(,,

Institute



 

 

 

 
 
 
 
 
 
 
 
 

 
 
 

29 9  
 

 
 
 



 

 

Report on the Operation and Control 
of the Fusion DEMO Reactors 

 
 

Preface 
 
This is the final report under the NIFS Joint Research Program concerning one of the 

important theme “System Analysis on Operation and Control of the Fusion DEMO 
Power Plant”.  Joint studies have been made in the past three years through four 
symposiums focusing on the critical subjects. This report was written after these 
symposiums reflecting the most critical subjects that should be stressed and initiated 
at this phase of the fusion development. There have been a lot of meetings and 
symposiums on DEMO related topics, but little documents have been made on a 
common view of researchers. Therefore, similar discussion took place and repeated 
when the generation changed. For this reason, this activity started with “a declaration 
of issuing final agreed report at the end of the activities”.  
The report deals with possible actuators for the operation and control of steady state 

DEMO reactor, and clarified the importance of the inward plasma transport that 
determines the fusion output.  Systematic study of plasma and neutral particle 
transports of DT and He initiating from the fueling and ending to the vacuum pumping 
further illuminates the importance of DT neutrals as hidden parameter from the view 
point of reactor operation and control.  
 
Editor of the Study Group on the Operation and Control of the Fusion DEMO Reactors  
S. Matsuda 
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11

 

DT 1Pa He 0.1Pa 14.8݉ଷ/ݏ 

2 2GW

2

1
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GW He  ଵ×ଵ଴వ௃/௦ଵ଻.଺×ଵ଴ల×ଵ.଺×ଵ଴షభవ௃ = 3.55 × 10ଶ଴ atms/s  

He 300K 1Pa 1m3 2.4 1020 
1Pa 3 2.4×1020pcls  

1GW He (3.55 1020 atms/s)/(2.4x1020pcls)/Pam3 = 1.48 Paή ݉ଷ/ݏ 
 

He D T He
3.55 1020 atms/s  

D2 T2 GW 0.74 Paή ݉ଷ/ݏU  
 

1GW ITER 0.5GW
  ଵଶ ×1.48Paή ݉ଷ/ݏ = 0.74 ௔ܲ݉ଷ/ݏ 

200 Paή ݉ଷ/ݏ 270  
 
1-2 GW  

1GW T2 0.74 ௔ܲ ή ݉ଷ/s  
 3.55 × 10ଶ଴ ݏݏ݉ݐܽ × 3 × 1.66 × 10ିଶସ݃ܽݏ݉ݐ = 1.77 × 10ିଷ݃ݏ = 6.37 ݄݃ = =  ݕܽ݀/݃ 153  ݎܽ݁ݕ/55.8݇݃  

 
NBI  7.1 × 10ଶ଴7.1 × 10ଶ଴× 10଺ ݏ/ܬଵ଴ఴ ௃/௦ଵ଴ల ௘௏×ଵ.଺×ଵ଴షభవ ௃/௘௏  = 6.3 × 10ଶ଴ /ݏ
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C = ଵଷସ଴×଴.଺రସ଴ × ܲ  = 3.3݉ଷ/ݏ 

He 5 1.5 Paή ݉ଷ/ݏ D/T 30 Paή ݉ଷ/ݏ  ଵܲ = 1Pa ଶܲ = 0.5Pa N  Q = C( ଵܲ െ ଶܲ)  
31.5 Paή ݉ଷ/ݏ = N×Paή ݉ଷ/ݏ × ( ଵܲ െ ଶܲ) = ܰ × 3.3݉ଷ/ݏ × (1.0 െ 0.5)ܲܽ = 1.65ܰ  

19  
18 TF 1/2
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D=1m 1 25݉ଷ/2.5 ݏ

 
1 0.3 9 16 D=1m

 
 

ଵଷସ଴×଴.଺రଵ଴ × 9ܲ  = 156݉ଷ/ݏ ଵଷସ଴×ଵ.ଶరଷ଴ × 3ܲ  = 195݉ଷ/ݏ  C = 86.7݉ଷ/׵ ݏ 31.5 Paή ݉ଷ/86.7݉ = ݏଷ/ݏ × (1 െ ଶܲ) ଶܲ = 0.64ܲܽ 
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