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Why a neutron source for fusion? 

0.3 appm He/dpa 

In DEMO: ~10-12 appm He/dpa 

He generation: 

56Fe(n,p)56Mn (Eth~1 MeV) 
H generation: 

Presently available n sources are not adequate 
to reproduce fusion-like environment 

International consensus was reached on 
developing accelerator-based neutron 
sources exploiting D-Li stripping reactions:  

Li(d,xn) 
as the optimal choice to provide suitable n 
flux and spectrum to reproduce the 
irradiation conditions of fusion reactors 

50-70 appm He/dpa, pulsed, light ions,… 

¾ Fission reactors: 

¾ Spallation sources:  

56Fe(n,α)53Cr  (Eth~3 MeV) 
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The need of  a neutron source


DEMO


UNDERSTANDING THE 
DEGRADATION OF THE 

MATERIALS


Fusion Power Plants (DEMO) are 
characterized by the presence of  14 
MeV fusion neutrons in the first 
wall area.


A 40-year long history
A 40-years long history… 

IFMIF Intermediate Engineering Design report (2013)  
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A specific source for fusion 
neutrons is required


Consensus on an accelerator-
based neutron source 

exploiting D-Li stripping 
reactions:

Li(d, xn)


DESIGN
 SAFETY




From IFMIF to DONES


IFMIF (International Fusion Materials Irradiation Facility):

•  two parallel deuteron accelerators

•  a neutron flux with a broad peak at 14 MeV 

•  Li(d,xn) nuclear reactions: liquid Li target (20 cm x 5 cm)

•  energy of  the beam: 40 MeV 

•  current of  the parallel accelerators (2 x 125 mA)

•  around 1000 small specimens


D O N E S ( D E M O - O r i e n t e d 
Neutron Early Source)

Generation of  materials irradiation 
test data for design, licensing, 
construction and safe operation of  
DEMO, as defined in the 2012 EU 
Roadmap.



•  one full IFMIF accelerator, 

•  one D+ beam of  40 MeV,

•  current intensity125 mA 

•  20 dpa/full power year (iron 

equivalent) in the materials. 


DONES


IFMIF




The WPENS/DONES project
IFMIF-DONES Plant configuration 

Layout & Site Infrastructures  
Buildings 
HVAC, Electrical Power Supply, HRS, etc. 
Remote Handling System 

Test Cell 

Li Dump 
tank 

EMP 

Cold trap Y Trap 

Impurity Control 
System 

Cooling 
water  

EMP 

Quench 
tank 

Pump 

Secondary 
HX 

Pump 

Tertiary 
HX 

Heat Removal System 

Primary 
HX 

Secondary 
loop 

Tertiary 
loop Main Li 

loop 

Test Systems 
Ancillaries HFTM, 

STUMM 

 Target 
System 

 Accelerator Ancillaries 

 Test Systems 

Accelerator Systems 

Lithium Systems 

Site, Buildings 
& Plant 
Systems 

Lithium Systems Ancillaries 
Beam 
Dump 

Impurity monitoring 
loop 

Central Instrumentation and 
Control Systems  

HEBT 

RFQ SRF Linac MEBT 

 RF Power System 

CODAC System 
Machine Protection System 
Safety Control System 

LEBT 

n flux ~5×1018 m-2s-1 

Same IFMIF concept 
 but… 
• Only 1 accelerator 
• Only HFTM used 
• No PIE facility 

D+ 5 MW ion beam  
125 mA, 40 MeV 

Li jet flowing @ 15 m/s, 250 °C on a 
concave channel to prevent boiling 
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The WPENS/DONES project


IFMIF-DONES validation activities  

The WPENS Project  

IFMIF EDR  
(mid 2013) 

IFMIF-EVEDA validation activities: EVEDA Li Test Loop (ELTL), Heloka, Lifus6, LIPAc  

Reference 
Design (2016) 

PED report            
(2017) 

EUROfusion WP Early Neutron Source (WPENS) 

IFMIF-DONES 
Conceptual Design 
Report (2014)  PSAR (2018)    

Objectives of the WPENS project (as of EUROfusion Workprogramme): 
To be ready for IFMIF/DONES construction in early 2020s 

2007 -------> 2013            2014            2015            2016            2017            2018            2019            2020 

Site Proposal 
(GRANADA)  

Final Design of 
Buildings & Plant 
Systems (2019) 

Technical Specs 
of  B&PS (2020) 
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CICS functional goals


Plant operation control and 
supervision


Operation parameter control, 
visualization and monitoring


Irradiation and quality control

irradiation parameter, visualization 

and monitoring 


CICS main objective: 

c o n t ro l t h e h i g h - q u a l i t y 
irradiation of  samples in a safe 
way, avoiding any damage, and 
supervising and monitoring all the 
plant parameters for long time


Ø  Ensure and maximize the operation success 

Ø  Provide full control of  process and events

Ø  Contribute to security and safety

Ø  Guarantee protection (personal and machine)

Ø  Guarantee functionality

Ø  Avoid/predict accident (if  any, mitigate it), misalignment/

malfunctioning

Ø  Provide monitoring & acquisition of  exp. data and control 

parameters

Ø  Provide operation scenarios flexibility

Ø  Guarantee synchronization and common temporal reference


Timing & 
Synchronization


Data monitoring and 
management




Injector + 
LEBT


CEA Saclay
 RFQ

INFN


JAEA Tokai
 MEBT

CIEMAT Madrid


SRF Linac

CEA Saclay


CIEMAT Madrid

HEBT


CIEMAT Madrid
 BD

CIEMAT Madrid


Diagnostics

CEA Saclay


CIEMAT Madrid

RF Power


CIEMAT Madrid

CEA Saclay


Reference plants/facilities


Common points LIPAc – DONES (AF)

Physics (MPS response, timing, acquisition)

Control system size (# IOCs, ~ PVs…), 
EPICS,...


Return of  experience: the LIPAc case




DONES I&C SYSTEMS


CODAC 
SYSTEM
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Local Controller


Sensors and 
Actuators


Sensors and 
Actuators


Local Interlock

Controller


Sensors and 
Actuators


Local Safety

Controller
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CODAC Network


Interlock Network


Safety Network
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CODAC Network


Interlock Network


Safety Network


CODAC 
SYSTEM


MACHINE 
PROTECTION SYSTEM


SAFETY

SYSTEM


SUPERVISION 
AND CENTRAL 

CONTROL


TIME & 
SYNCHRONIZATI

ON


DATA 
MANAGEMENT


HMI


PLANT SAFETY


OCCUPATIONAL 
SAFETY


PERSONAL 
ACCESS

SAFETY


RADIATION 
MONTORING 
SYSTEM FOR 

THE 
ENVIRONMENT 

AND  SAFETY




SLOW


INTERLOCK






FAST 

INTERLOCK





ALARMS AND 
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Relations among Control Systems




CODAC - Main components identification


Software Architecture
Physical Architecture




Three Modular Redundant (TMR) controller for 
slow interlocks

Hardwired logics for fast interlocks

Service workstation for configuration and 
management


Hardwired	logics

UPS

MPS	Cabinet

Hardwired	
connection		
(fast	interlocks)

MPS

TMR	Controllers

I&C	Networks

Ethernet	Switch

Service	
Workstation

MPS	Console

Monitor

Keyboard	&	
Mouse

TMR	I/O

Hardwired	
connection		from	
CODAC	System

MPS: Main Components Identification


MPS

I&C	Networks

Service	Application

MPS	Console

Controller	#1

Interlocks	
logics

Services

Controller	#2

Interlocks	
logics

Services

Controller	#3

Interlocks	
logics

Services

RT
	I/
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Three identical control logics running 
in parallel

Voting system: logics 2oo3
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LICS – LOCAL CONTROLLER

The Local Controller software have to 
provide the following operation:

Field data acquisition and generation;

Field data processing, control loops and soft 
interlocks execution; 

Data exchange with the CODAC Server;

Local HMI.


Software Architecture


Physical Architecture


The typical Local Controller system consists of  one Local 
Controller Cabinet and a set Extension Cabinets. 




CODAC Network - Architecture


Main requirements

Gigabit Ethernet 
(10/100/1000)

Ring-based redundant 
architecture

Optical connection for 
plant section

Copper for Control 
Room section


CODAC	Network	–	Control	Room

CODAC

Server

LCS	#1

Sensors/
Actuators

CODAC	Operator	
Station

CODAC	Operator	
Station	(Backup)

Ethernet	–	optical	fiber

CODAC	Network	–	Plant

Local	
Controller

Sensors/
Actuators

Local	
Controller

Sensors/
Actuators

Local	
Controller

LCS	#i LCS	#N

SCS	Gateway

MPS	Gateway

Time	Server

CODAC	(Backup)

Server

SCS	Gateway

MPS	Gateway

Time	Server

CICS

LICS

Interlock	
Network
Safety	
Network

Interlock	
Network
Safety	
Network

Ethernet	–	copper

Two layers for logical and physical segregation




Interlock Networks - Architecture


Main requirements

Gigabit Ethernet 
(10/100/1000)

ring-based redundant 
architecture

Optical connection 
for plant section

Copper for Control 
Room section

Virtualization for 
sharing plant section 
beetwen slow and fast 
data, assigning 
different QoS


Hardwired 
connections


LMPS and central 
fast controllers

SCS and central fast 
controllers

Central slow 
controller and central 
fast controller


Interlock	Network	–	Control	Room

MPS	Fast

Server

LMPS	#1

Sensors/
Actuators

MPS	Operator	
Station

MPS	Operator	
Station	(Backup)

Ethernet	–	optical	fiber

Interlock	Network	–	Plant

Fast/Slow	
Local	Interlock	
Controller

Sensors/
Actuators

Fast/Slow	
RIO

Sensors/
Actuators

LMPS	#i LMPS	#N

Fast	Controller

MPS	Slow

CICS

LICS

Ethernet	–	copper

Server

Slow	Controller

CODAC	
gateway

MPS	Fast	Backup MPS	Slow	Backup

Hardwired

SCS-PSSSCS-PSS

Two layers for logical and physical segregation




SCS Networks - Architecture


D i f f e re n t S I C 
classification, but 

access as a whole 
from the operators: 

- lower part: four 
s e p a r a t e 
“legs” (different for 
p e r f o r m a n c e , 
configuration and 
physics). 

- u p p e r p a rt : 
p r o v i d e s  t h e 
seamless integration 
of  the safety data to 
be accessed by the 
operator and by the 
CODAC gateway. 




CICS

LICS

Safety	Network	–	Control	Room

PSS-Train	A

PSS-Train	B

OSS PASS RAMSES

Server Server Server Server

Safe	PLC/
Logic	Solver PLC PLC

Access
Controller

Rad	
Monitor#1

Rad	
Monitor#i

Rad	
Monitor#N

Door	
controller	#1

Door	
controller	#i

Door	
controller	#N

RIO#1

RIO#i

RIO#N

LPSS	#1 S.i-A S.i-B

Actuation

LPSS	#i S.i-A S.i-B

Actuation

LPSS	#N S.i-A S.i-B

Actuation

Sensors

Actuators

Sensors

Actuators

Sensors

Actuators

Hardwired	
control	desk

PSS	Operator	
Terminal

RAMSES	Operator	
Terminal

OSS	Operator	
Terminal

PASS	Operator	
Terminal

CODAC	
gateway

MPS

//

Ethernet

RS-485

FieldBus

Hardwired

Safety	Network	-	PSS Safety	Network	-	OSS Safety	Network	-	PASS Safety	Network	-	RAMSES

To	PSSTo	PSS
To	PSS

The separation between the different 
levels  of  the networks is always mediated 
by servers (separation layer between the 
operators and the safety controllers). 


An additional degree of  separation is 
created toward the interfacing CODAC 
system (not safety-classified), by means of  
the CODAC gateway.




Safety Network – Plant Safety System


Input data also include signal coming 
from the other SCS sub-systems (OSS, 
PASS, RAMSES), as well as the signals 
generated f rom the operator 
hardwired HMI. 



Each controller perform the safety 
logics in independent way and a 
double voting mechanism checks the 
elaboration results for discrepancies.


The design of  the SN-PSS is strongly 
related to the assigned SIC level. 

In this preliminary definition, it is assumed to 
use a direct cabling of  the field devices. 


PSS-Train	A

PSS-Train	B

Server

Safe	PLC/
Logic	Solver

LPSS	#1 S.i-A S.i-B

Actuation

LPSS	#i S.i-A S.i-B

Actuation

LPSS	#N S.i-A S.i-B

Actuation

MPS

//

Safety	Network	-	PSS

The PSS implements the safety functions: two 
identical trains collecting the inputs from the plant 
sensors (installed in different parts of  the plant). 




Conclusions 


•  Design of  the Central Instrumentation and Control Systems with its 
relationship with Local Instrumentation and Control Systems has been 
presented


•  Status of  the project is at a preliminary phase (the overall plant design is 
still ongoing)


•  Main components and networks have been characterized 

•  No specific attention to software/hardware solutions at this stage


Some future work...


Ø  Control logics in operational and emergency conditions (integration)

Ø  Safety signals identification and SIC components design 

Ø  Timing network based on IEEE-1588 with three levels of  accuracy

Ø  Specific Safety Control System subsystems detailed design:


Ø  Occupational Safety (OSS)

Ø  Personnel Access (PASS)

Ø  Environment Radiation Monitoring System (RAMSES)



