






 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

ν

 



Member Implementing agents 

Framework 
Agreement 

(FA) 

System Arrangements (SA) Memoranda of 
Understanding 

(MOU) 

Date of 
signature or 
receipt of the 
instrument of 

accession 

GFR SCWR SFR VHTR LFR MSR 

Argentina (AR)         

Brazil (BR)         

Canada (CA) Department of Natural Resources 
(NRCan) 

02/2005  11/2006     

Euratom (EU) European Commission’s Joint 
Research Centre (JRC) 

02/2006 11/2006 11/2006 11/2006 11/2006 11/2010 10/2010 

France (FR) Commissariat à l’énergie atomique 
et aux énergies alternatives (CEA) 

02/2005 11/2006  02/2006 11/2006  10/2010 

Japan (JP) Agency for Natural Resources and 
Energy (ANRE)  

Japan Atomic Energy Agency 
(JAEA) 

02/2005 11/2006 02/2007 02/2006 11/2006 11/2010  

Korea (KR) Ministry of Science, ICT and Future 
Planning (MSIP) and National 
Research Foundation (NRF) 

08/2005   04/2006 11/2006   

People’s Republic of China 
(CN) 

China Atomic Energy Authority 
(CAEA) and Ministry of Science and 
Technology (MOST) 

12/2007  05/2014 03/2009 10/2008   

South Africa (ZA) Department of Energy (DoE) 04/2008       

Russian Federation (RU) ROSATOM 12/2009  07/2011 07/2010  07/2011 11/2013 

Switzerland (CH) Paul Scherrer Institute (PSI) 05/2005 11/2006   11/2006   

United Kingdom (GB)         

United States (US) Department of Energy (DOE) 02/2005   02/2006 11/2006   

                                                           



 

                                                           



http://www.gen-4.org/PDFs/GIFcharter.pdf
http://www.gen-4.org/PDFs/GIFcharter.pdf
http://www.gen-4.org/PDFs/Framework-agreement.pdf


 



 Effective since CA EU FR JP CN KR ZA RU CH US 

VHTR SA   X X X X X   X X 

HP PA 19-Mar-08 X X X X S X   O X 

FFC PA 30-Jan-08  X X X X X    X 

MAT PA 30-Apr-10  X X X S X   X X 

CMVB PA Provisional  P  P P P   O P 

SFR SA   X X X X X  X  X 

AF PA 21-Mar-07  X X X O X  O  X 

GACID PA 27-Sep-07   X X      X 

CDBOP PA 11-Oct-07  O X X O X  O  X 

SO PA 11-Jun-09  X X X X X  X  X 

SIA PA 22-Oct-14  X X X X X  X  X 

SCWR SA  X X  X X   X   

M&C PA 6-Dec-10 X X  X O   O   

TH&S PA 5-Oct-09 X X  X O   O   

SIA PA Provisional P P  P P   P   

FQT PA Provisional P P  P P   P   

GFR SA   X X X     X  

CD&S PA 17-Dec-09  X X      X  

FCM PA Provisional  P P P     P  

LFR MOU   X  X O O  X  O 

MSR MOU   X X O O O  X  O 

X = SIGNATORY P = PROVISIONAL PARTICIPANT O = OBSERVER S = SIGNATURE PROCESS ONGOING 

PROJECT ACRONYMS  

AF Advanced Fuel 

CD&S Conceptual Design and Safety 

CDBOP Component Design and Balance-Of-Plant 

CMVB Computational Methods Validation and Benchmarking 

FCM Fuel and Core Materials 

FFC Fuel and Fuel Cycle 

FQT Fuel Qualification Test 

GACID Global Actinide Cycle International Demonstration 

HP Hydrogen Production  

M&C Materials and Chemistry 

MAT Materials 

SIA System Integration and Assessment 

SO Safety and Operation 

TH&S Thermal-Hydraulics and Safety 





                                                           



 





 









 

 

 

 

 

 





 

 

 



 

 

 

 

 

 

 

 



 

 

 



 

 

 



 



 



 

 

 

 

 

 





 



 

 

 



 





 

                                                           







Courtesy: Phil Hildebrandt, Battelle Energy Alliance, Global Petroleum Conference, 11 June 2008. 
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WP1  Irradiations and PIE 

Task 1.1  Irradiation design and operation 
Task 1.2  Hosted joint irradiations 
Task 1.3  PIE protocol and procedures 
Task 1.4  Irradiation and PIE results 

WP2  Fuel Attributes and Material Properties 

Task 2.1  Measurements of critical material properties 
Task 2.2  Fuel material property database 
Task 2.3  Characterisation techniques 
Task 2.4  Fuel performance modelling 

WP3  Safety 

Task 3.1  Pulse irradiation testing 
Task 3.2  Heating test capabilities 
Task 3.3  Heating tests 
Task 3.4  Source term experiments 

WP4  Enhanced and Advanced Fuel 

Task 4.1  Process development 
WP5  Waste Management 

Task 5.1  Head-end process 
Task 5.2  Graphite management 
Task 5.3  Disposal behaviour and waste package 

WP6  Other Fuel Cycle Options 

Task 6.1  Transmutation 
Task 6.2  Thorium cycle 
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Source: Peeters, Pecnik, Boersma, Rohde and Van der Hagen, ETMM10 Conference Proceedings (2014). 
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(a) Effect of H2 addition on the concentration of oxidising species predicted by the models. (b) Symbols represent plant 
data from Beloyarsk NPP, which operated with nuclear steam reheat (open symbols: H2 produced by radiolytic 
decomposition of NH3, solid symbols: direct H2 addition). 
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Design and Safety 
Concept Research 

Laboratory  
VUJE, a.s., SK 

GFR Technology 
Research Laboratory  
(helium technology) 

ÚJV Řež, a. s. CZ 

GFR Fuel and 
Reprocessing 

Research Laboratory  
MTA EK Budapest, HU 

GFR Material 
 Research Laboratory 

(except fuel) 
NCBJ Świerk, PL 

V4G4 Centre of 

Excellence for 

Research 

 CEA scientific support 



SiC matrix 

SiC buffer 

Pseud nitride fuel 

Buffer layer thickness: 0.40 mm 
(target: >15 mm) 
 

SiC matrix thickness: 0.22 mm 
(target: >0.23 mm) 
 

Buffer layer density: 20% 

(target: <50%) 

All technical targets were cleared with 

sufficient margin 
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1. Core; 2. Steam generator; 3. Pump; 4. Refueling machine; 5. Reactor vault. 

  

CLOSURE HEAD

CO 2 INLET NOZZLE 

(1 OF 4)

CO2 OUTLET NOZZLE 

(1 OF 8)

Pb-TO-CO2 HEAT 

EXCHANGER (1 OF 4)

ACTIVE CORE AND 

FISSION GAS PLENUM

RADIAL REFLECTOR

FLOW DISTRIBUTOR 

HEAD

FLOW SHROUD
GUARD 

VESSEL

REACTOR 

VESSEL

CONTROL 

ROD 

DRIVES

CONTROL 

ROD GUIDE 

TUBES AND 

DRIVELINES

THERMAL 

BAFFLE



 

Parameters ELFR BREST SSTAR 

Core power (MWt) 1 500 700 45 

Electrical power (MWe) 600 300 20 

Primary system type Pool Pool Pool 

Core inlet T (°C) 400 420 420 

Core outlet T (°C) 480 540 567 

Secondary cycle Superheated steam Superheated steam CO2 

Net efficiency (%) 42 42 44 

Turbine inlet pressure (bar) 180 180 20 

Feed temperature (ºC) 335 340 402 

Turbine inlet T (ºC) 450 505 553 
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Fuel circuit MOSART (MARS) MSFR (EVOL) 

Fuel salt, mole% LiF-BeF2+1TRUF3 
LiF-BeF2+5ThF4+1UF4 

78.6LiF-12.9ThF4—3.5UF4--5TRUF3 
77.5LiF-6.6ThF4-12.3UF4-3.6TRUF3 

Temperature, оС 620-720 650-750 

Core radius/height, m 1.4/2.8 1.13/2.26 

Core specific power, W/cm3 130 270 

Container material Ni-Mo alloy HN80MTY Ni-W alloy ЕМ 721 

Removal time for soluble FPs, yrs 1-3 1-3 



Temperature, K 
72.5LiF-7ThF4-20.5UF4 78LiF-7ThF4-15UF4 

PuF3 CeF3 PuF3 CeF3 

873 0.35±0.02 1.5±0.1 1.45±0.7 2.6±0.1 

923 4.5±0.2 2.5±0.1 5.6±0.3 3.6±0.2 

973 8.4±0.4 3.7±0.2 9.5±0.5 4.8±0.3 

1 023 9.4±0.5 3.9±0.2 10.5±0.6 5.0±0.3 

Temperature, K 
Individual Solubility, mol.% Joint Solubility, mol.% 

PuF3 UF4 PuF3 UF4 

823 6.1±0.6 15.3±0.8 1.16±0.06 1.75±0.09 

873 11.1±1.1 24.6±1.2 2.9±0.1 3.5±0.2 

923 21.3±2.1 34.8±1.7 13.2±0.6 11.0±0.6 

973 32.8±3.3 44.7±2.2 19.1±1.0 17.3±0.9 

1 023 - - 21.0±1.1 19.0±1.0 

1 073 - - 22.5±1.2 20.0±1.1 



В



 

Composition, mole% T, K  *106, m2/s RMS*106, m2/s 

78LiF–22ThF4 898-1 119 1.980 exp{3689*(1/T-0.9698E-3)} 0.042 

71LiF–27ThF4–2BeF2 866-1 073 2.075 exp{3093*(1/T-1.033E-3)} 0.10 

75LiF–20ThF4-5BeF2  with 
3 mole% CeF3 

851-1 093 2.1905 exp{1877*(1/T-1.013E-3)} 0.12 

966-1 115 2.037 exp{1465*(1/T-0.9627E-3)} 0.053 

75LiF–20BeF2–5ThF4 924-1 158 1.996 exp{3159*(1/T-0.9593Е -3)} 0.038 

15LiF–58NaF–27 BeF2 with 
1 mole% CeF3 

723-1 063 3.267exp{3042*(1/T-1.086Е -3)} 0.21 

723-1 070 2.6375exp{1870*(1/T-1.084Е -3)} 0.116 

ν

CeF3 mol% UF4 mol% T, K ν*106, m2/s RMS*106, m2/s 

0 0 727-1 144 2.479 exp{3658*(1/T(K)-1,116Е -3)} 0.200 

5 0 761-1 159 2.156 exp{1948*(1/T(K)-1,0536Е -3)} 0.140 

10 0 824-1 148 1.670 exp{2940*(1/T(K)- 0,9826Е -3)} 0.070 

0 30 948-1 173 0.9172 exp{3859*(1/T(K)-0.9501E-3)} 0.025 

10 30 1 023-1 193 0.9180 exp{3989*(1/T(K)-0.8966E-3)} 0.031 

МТ
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w w w . g e n - 4 . o r g

This eighth edition of the Generation IV International Forum (GIF) Annual 
Report highlights the main achievements of the Forum in 2014, and in 
particular progress made in the collaborative R&D activities of the eleven 
existing project arrangements for the six GIF systems: the gas-cooled 
fast reactor, the sodium-cooled fast reactor, the supercritical-water-
cooled reactor and the very-high-temperature reactor. Progress made 
under the memoranda of understanding for the lead-cooled fast reactor 
and the molten salt reactor is also reported. In May 2014, China joined 
the supercritical-water-cooled reactor system arrangement; and in 
October 2014, the project arrangement on system integration and 
assessment for the sodium-cooled fast reactor became effective. 
GIF also continued to develop safety design criteria and guidelines 
for the sodium-cooled fast reactor, and to engage with regulators 
on safety approaches for generation IV systems. Finally, GIF 
initiated an internal discussion on sustainability approaches to 
complement ongoing work on economics, safety, proliferation 
resistance and physical protection.
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