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JHR Key Features - Purposes 

   A Experimental Facility dedicated to 

  Irradiation Experiments in support of GEN II, GEN III & GEN IV 
Technologies 

  Radioisotopes Production 
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JHR Key Features 
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   25 simultaneous experiments 
and up to 10 Incore 

JHR Key Features 
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JHR Key Features - Organisation 
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I&C Overview – Main Functions 

REACTOR 
Pri/Sec/Ter Cooling,  

Pool Syst,  
Reactivity Control,  
Safety Functions 

Dedicated  
Control System 

EXD  
Control &  

Monitoring 

EXPERIMENTAL  
DEVICES 
(x25) 

ELEC &  
VENTILATION 

Decentralized 
Control & 

Monitoring Syst 

Laboratories  
& Other Utilities  

Radioprot, Fire Detection,  
Handling, Effluent 

Exp Devices 
Displnt Systems 

(x6) 


   Whole Reactor Control & Monitoring 
  Primary, Secundary, Tertiary Cooling Systems, various Pool Systems, Reactivity System, Safety 

Systems 


   Complete Centralized Monitoring for processes with their own dedicated 
Control Systems 

   Electricity and HVAC Utilities 


   Synthetic Monitoring in MCR & ECR for processes with their own 
dedicated control and monitoring systems 

  Laboratories and Other Utilities (Radioprot, Fire Detection, Handling, Effluents) 


   Standardized Interlocks Functions between Experimental Devices and 
Reactor I&C 

  Safe Shutdown Orders from Exp Devices (x25) to Reactor or from Reactor to each Exp Devices 
  Preventive Reactor Shutdown due to incident on Exp Devices or Cutoff of Exp Devices 

Displacement Systems (x6) 
  Transmission of  Analog Parameters from Reactor to Exp Devices to give contextual 

informations 
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I&C Overview – Design Drivers(1/3) 


   Based on 25 years of experience in digital I&C 
Systems for nuclear reactors, we designed JHR 
Centralized I&C with 3 main items in mind : 
licensability, cost-effectiveness and 
durability. 


   For a Material Testing Reactor, we also took into 
account the necessity of evolutivity regarding 
interfaces with  the multiple and evolutional 
experiments. 
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I&C Overview – Design Drivers(2/3) 


   DD1 - Licensability : To make it easier to obtain this fundamental  
target we chose to 
  Be fully Compliant with international nuclear IEC standards (IEC 45A serie) 

  Re use Nuclear Proven Architecture and Technology for Category A Automation 
Systems 

  Implement a Clear Separation between Safety and Non safety systems with 
unidirectional links 


   DD2 - Cost-effectiveness : We have based our approach on 
  a good balance between our own cost-effective safety products and the best 

available COTS equipment 

  The use of 2 safety categories rather than 3 (A & C regarding IEC 61226) to simplify 
and reduce the cost of qualification of the safety systems 
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I&C Overview – Design Drivers(3/3) 


   DD3 - Durability : 2 complementary pillars  
  AREVA TA is the owner of the safety calculator technology. We secure the 

durability of this solution reusing the same standardized products for all the 
reactors we design.  
•  Of course we have strong commitment from our different customers included JHR to maintain 

these safety calcultors for a long time. 

  We also implement durability using well established industrial Products (Sensors, 
PLC & SCADA) to take advantage of proven solutions coming from other industries 
where there is no specific nuclear requirement. 


   DD4 - Evolutivity essential for a MTR    
  with decentralized Remote Input/Output Modules and Large Margin in racks and in 

cabinets to improve evolutivity of Reactor I&C 

  Generic and Standardized Interfaces between Reactor and Experimental Devices to 
facilitate    implementation of these various experimental devices during the life of 
the facility. 
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I&C Overview - Sub Systems 

   Level 1 – 5 Automation Systems 

safety category refers to IEC 61226 classification 
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I&C Overview - Sub Systems 


   Level 2 – 3 Supervision & HMI Systems 
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I&C Architecture 
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DEFENCE IN DEPTH FOCUS 
Physical Parameters 

Safety Limits 

Design Limits 

Operational Limits 

Nominal Limits 

FS 
FPR 

FPi 

 Safety System  
For Safety Function (FS)  

•  Short Term (Controlled State by CQA
+CCAA)  

•  MT/LT (Safe State by CQA +CCAA + 
CQC+ CCAC) 

 Operational System (CS+CCN) 
For PIlot functions (FPI) and PRevention 

ones (FPR)  

   Unidirectional Links between CQA->CQC, CQC->CS, CCA->CCN to avoid 
domino effect between defence lines 
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DEFENCE IN DEPTH FOCUS  
Unidirectional Comm 

CCAc CCN 

CQC CS CQA 

REACTOR 
Cooling Systems,  

Pool Systems,  
Reactivity Control,  
Safety Functions 

GW  
CQA 

Dedicated CS 

CEQ 

 CEC 

EXD  
CMS 

EXPERIMENTAL  
DEVICES 
(x25) 

ELEC &  
VENTILATION 

Decentralized 
CMS 

Laboratories  
& Other Utilities  

Radioprot, Fire Detection,  
Handling, Effluent 

SAFETY  
(RELATED)  
I&C 

Exp Devices 
Displnt Systems 

(x6) 

CCAA 


   Unidirectional Communication from higher to lower safety 
level Syst to improve Defence in Depth and Avoid Domino 
Effect  
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CQA FOCUS 

   CQA = Safety I&C, Category A 

  Single Failure Criteria with Redundant 
2003 architecture to allow high level of 
safety and availability 

  Safety Oriented Failure Calculators to 
have a very high reliability level per 
channel 

  Requirement of Common Cause Failure 
Evaluation according to IEC 61226 
•  System PFD =10-4 to 10-5 


   CQA TECHNOLOGY 
  Based upon our experience in digital 

safety systems, we’ve developed 
PEGASUSTM NR-S, System/HW/SW 
mastered by TA  

  Using commercial components 
(FreeScale –ex Motorola processor, VME 
6U format, rack EUROFER, FPGA ACTEL) 

  Each channel is organised around a CPU 
card called CSG organised in a dual 
software architecture 

Redundancy  Spurious 
Trip 

Failure Per 
Demand (PFD) 

1 X Y 

1oo2 2X Y2 

2oo2 X2 2Y 

2oo3 3X2 3Y2 

PFD = 3 λunsafe
2 x T2 + β x λunsafe x T 
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Ex Core Flux Measures FOCUS 


   To control Reactivity we will use 3 groups of excore sensors 
  Starting Neutron Flux Chains – ND (x3)  

•  To Monitor Reactivity and Protect Reactor from refuelling to LT Post Accidental 
Situations 

•  To Start Reactor and Monitor Criticalty (up to 1 kw) 
  Power Neutron Flux Chains – NF(x3) 

•  To Monitor Reactivity and Protect Reactor in power operations 

  Gamma Chains (x2) for Reactor Power Regulation 
•  To control Power Reactor with a set point from 10 % to full Power and a diversifiate 

technology regarding safety functions  
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Ex Core Flux Measures 


   Wide Range Neutron 
Channels with  

  ND : 4,5 decades with a Boron 
Deposit Chamber in impulsion 
mode (CPNB64) or 10 decades 
with the Wide Range Fission 
Chamber (CFUG08). 

  NF : 10 decades with a fission 
Chamber (CFUL08) in 3 modes : 
impulsion, fluctuation & current  

  Triplex Architecture and High 
Dynamic Electronic with 12 
decades range and 3 automatic 
switching modes 

Active Mode 
Selection 

Safety 
Mechanisms 

Amplification 
Band Pass Filter 

Variance 
Calculation 

Filtering 
Speed Calculation 

Amplification 
Discrimination 

Shaping 

Counting Filtering 
Speed Calculation 

Amplification Low 
Pass Filtering 

Average 
Calculation 

Filtering 
Speed Calculation 

Current Pream
plification 

ADF 

Coaxial Link 

CSG NDF PADF 

Φ, τ 

Impulse 

Fluctuation 
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Qualification/Durability 

   We look for a good balance between safety proven 

equipment to answer the nuclear requirements for safety 
functions and well established COTS solutions to use 
the best of the market. 


   Based upon IEC 61226 Clasification, for JHR, we have 
decided to implement only 2 classes to limit the number 
of technologies to qualify and to maintain 

  Classes A : with integrated packages for harsh environment 
requirements 

•  PEGASUSTM NR-S, System/HW/SW mastered by TA using commercial components 
(Motorola processor, VME 6U format, rack EUROFER, FPGA ACTEL, etc.) 

•  To make easier to maintain for long term a critical technology and associated 
certification with a reasonable level of dependency from providers of components 

  Classes C & NC  : using good COTS solutions 
•  Using the best of the market 
•  Keeping under control the strategic reactor application software 

•  Nota : It’s a real Challenge to certified Windows SCADA for class C HMI. We 
propose 2 alternative ways : A simplified HW HMI without SCADA Classified 
System or a Digital solution with a QNX Platform. 

Application 
Layer 

MiddleWare 
Layer 

FirmWare 
HW Layer 

Application 
Layer 

MiddleWare 
Layer 

FirmWare 
HW Layer 

Class A System Class C/NC System 
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Additional Point - Simulators 

   2 complementary uses of simulators for Research Reactors 

 To improve the Design of the Process 
•  To adapt the design with an appropriate compromise between safety and availability requirements 

but also with a better prediction of transient situations 
•  To Reduce risks & costs in commissioning phases 
•  To start the Human factor studies and the validation of accidental procedures 

 To support End Users 
•  To Learn and Train operators 
•  To maintain installation in operational conditions 
•  To maintain know-how 


   For JHR, CEA asked AREVA TA for an optional training reactor 
simulator. So we propose a solution based on : 

  The ALICES Workshop software from Corys Tess 
  An adaptation of reactor design models  
  An emulation of Reactor I&C software 
  And a partnership with Corys Tess, a world reference company  in training and engineering simulators 

with over 600 simulators provided over the world 
http://www.corys.com 
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Conclusion 


   Based on 25 years of  experience in digital I&C Systems for nuclear reactors, 
AREVA TA designed JHR Centralized I&C with 3 main items in mind : licensability, 
cost-effectiveness and durability. 


   Regarding the specific purposes of a Material Testing Reactor, we took also into 
account the necessity of the evolutivity of this class of reactor. 


   Finally, the solution we offer to our CEA customer is an efficient alliance between 
our own proven safety calculators and good COST equipment. 

 We have to keep in mind that for a nuclear I&C system, safety certification 
is still a main issue. But it will also be a challenge for an adaptable MTR to 

maintain the safety level during the whole life of the facility.  


