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SFR System Options

• Sodium core outlet temperature 500 – 550 °°°°C

• Large size (600 – 1500 MWe): JSFR (JP)

- Loop concept

– MOX (MOX + MA)

• Intermediate – large size (300 – 1500 MWe): ESFR 

(EU), KALIMER (KR), BN-1200 (RU, new SFR design 

track in 2016)

- Pool concept

– Oxide or metal fuel

• Small size (50 – 150 MWe): AFR-100 (US), replaces 

SMFR in 2016 

– Modular type

– U-Pu-MA-Zr metal fuel, integrated pyro-metallurgical 

processing facility

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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SFR System High Level R&D Objectives

• Build on technologies successfully demonstrated in 

France, Germany, Japan, Russia, UK and US

• Focus on system performance

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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System Research Plan
Generation IV Nuclear Energy Systems

System Research Plan
for the Sodium-cooled Fast Reactor

Issued by the

Generation IV International Forum

SFR System Steering Committee

Preparing Today for Tomorrow’s Energy Needs

Development Targets and Design 

Requirements

SFR R&D Projects

•System Integration and Assessment (SIA)

•Safety and Operations (SO)

•Advanced Fuel (AF)

•Component Design and Balance of Plant 

(CDBOP)

•Global Actinide Cycle International 

Demonstration (GACID)

SFR Design Concepts

•Loop Option (JSFR Design Track)

•Pool  Option (KALIMER-600 & ESFR Design 

Tracks)

•Small Modular Option (SMFR Design Track)

SRP was updated in July 2013

Revision 2

July 12, 2013 

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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EU FR JP CN KR RU US

SFR System 

Arrangement

(Signed - 15 Feb 2006)

X X X X X X X

SFR AF PA

(Signed - 21 Mar 2007)

X X X P X P X

SFR GACID PA

(Signed - Sept 2007)

X X X

SFR CDBOP PA

(Signed - 11 Oct 2007)

P X X 2016 X 2016 X

SFR SO PA

(Signed - 11 June 2009,

Amended - 15 Nov 2012)

X X X X X X X

SFR SIA PA

(Signed - 22 Oct 2014)

X X X X X X X

Status of SFR Project Arrangements

X=Signatory, P=In Progress

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016



Slide 7

System Integration & Assessment (SIA)

• R&D objectives

– Evaluation and integration of results from technical 

projects

– Assessment of system options and design tracks with 

respect to GEN IV goals and objectives

– Review of technical projects

– Definition and fine-tuning the requirements for GEN IV 

SFR concept R&D

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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System Integration & Assessment (SIA), 
cont’d
• Main past accomplishments

– Initial specs of SFR system options and design tracks

– Review of the SFR System Research Plan

– Contributions to

» Self-assessment results for SFR design tracks

» Trade studies to assess key performance 

characteristics of GEN IV SFR concept

– Integration of economics assessment based on the 

Economic Modeling Working Group methodology

– Integration of safety assessment based on the Risk 

and Safety Working Group methodology

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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System Integration & Assessment (SIA), 
cont’d

•Current activities

– Assessment and approval of AFR-100 as a small, modular 

system option design track

– Trade study contributions

» ESFR (EU) deployment scenarios

» Core configurations and fuel options for CFR1200 (CN)

» Homogeneous vs. heterogeneous MA transmutation 

(FR)

» Impact of sodium core outlet temperature on energy 

conversion options (US)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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System Integration & Assessment (SIA), 
cont’d

•Planned activities

– Integration of proliferation assessment based on the 

Proliferation Resistance and Physical Protection Working 

Group methodology

– JSFR design self assessment based on the SDC and SDG 

developed by the Risk and Safety Working Group

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO)

• R&D scope and objectives

– Experiments and analyses in support of safety 

approaches and validation of specific safety features

– Development and validation of computational tools 

needed for such analyses

– Acquisition of reactor operation technology, as 

determined largely from experience and testing in 

operating SFR plants

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO), cont’d

• Work packages

– WP SO 1: Methods, models and codes

– WP SO 2: Experimental programs and operational 

experiences

– WP SO 3: Studies of innovative design and safety 

systems

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO), cont’d

• R&D activities (2015)

– Core neutronic study of modified geometries under 

seismic conditions (FR)

» Development of methodology based on local lattice 

deformation and perturbation theory

» Calculation of maximal reactivity insertion caused 

by core deformation induced by an assumed 

mechanical energy supplied to the core

» First approach (no a-priori assumptions concerning 

the possible core deformations) turns out to be 

conservative in terms of safety analyses

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO), cont’d

– CEFR commissioning and operational experience 

feedback documented (CN)

» Turbine trip test at 40% Pn

» Turbine off-load test at 40% Pn

» Protected primary pumps trip test at 40% Pn

» Loss of off-site power at 40% Pn

» Protected transient over power test at 50% Pn

» Turbine off-load test at 75% Pn

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO), cont’d

– Impact of MA bearing fuel on the transient behaviour 

of the optimized MOX fuelled ESFR (EU)

» SPECTRA system code used

» ESFR model included primary system cooling and 

the decay heat removal loops

» Protected and unprotected transients at BOL and 

EOL analyzed (e.g. break of pipeline joining the 

primary pump to the core grid-plate; loss of feed-

water on all SGs; coast-down of all primary pumps; 

coast-down of all secondary pumps; doubling of 

core bypass flow; station black-out)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO), cont’d

– Report on natural circulation phenomena studies 

performed in the sodium test loop PLANDT in support 

of transient analyses validation (JP)

– Severe accident analysis for PGSFR (KR; Prototype 

GEN IV SFR)

» SAS4A metal fuel version developed (KAERI, ANL)

» Preliminary analyses of “unprotected LOF + TOP”, 

and “flow blockage”

» Extensive validation efforts planned

– Design of the STELLA-2 sodium integral effects test 

loop in support of PGSFR design approval (KR)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Example of R&D results

Station blackout analysis for Monju reactor

Evaluation for decay heat removal by natural circulation 

in SBO event induced by an earthquake and a subsequent tsunami.

Reactor safety analyses 

under various conditions 

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Safety and Operation (SO), cont’d

– Sodium boiling tests at the IPPE  AR-1 facility (RU)

» Seven-rod fuel subassembly model

» Under natural and forced circulation conditions

– Study of mechanistic source term phenomena (US)

» Establishing a descriptive model

» Various radionuclide source scenarios (core 

damage accidents, used fuel movement, primary 

purification system, cover gas cleanup system)

– Construction of the Natural Convection Shutdown 

Heat Removal Test Facility (NSTF) at ANL (US)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Advanced Fuel (AF)

– R&D objective is the selection of

» High burn-up MA bearing fuel(s)

» Cladding and wrapper materials withstanding high 

neutron doses and temperatures

– Scope

» Fabrication (including remote fuel fabrication and 

material manufacturing techniques)

» Behavior under irradiation

– Candidate materials

» Oxide, Metal, Nitride, Carbide (since 2008), Inert 

Matrix, and MA bearing blanket fuels (since 2009)

» Core structural materials: Ferritic/Martensitic, and 

ODS steels

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Advanced Fuel (AF), cont’d

– Pace of R&D progress not uniform

» Metal and oxide fuel identified as 1st generation 

transmutation fuels

» Carbide and nitride fuels are long term options

– Long term R&D profits from fruitful cooperation, with 

about 70 deliverables shared among the members

– Evaluation of MA-bearing fuels in progress; 

preliminary selection expected very soon; then AF 

moving to high burn-up work scope

– A membership extension process is underway to get 

RU (ROSATOM) and CN (CIAE) on-board

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016



Slide 21

Component Design and Balance of 
Plant (CDBOP)
• R&D scope and objectives

– Experimental and analytical evaluation of advanced in-

service inspection and repair technologies

» Ultrasonic inspection in sodium using different 

approaches and technologies, codes and standards 

(FR, EU, JP, RK) 

– Leak-before-break assessment for advanced materials

» Creep, fatigue, and creep-fatigue crack initiation and 

growth evaluation for Mod. 9Cr-1Mo (Grade 91) steel, 

Na leak detection by laser spectroscopy (JP, RK)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Component Design and Balance of 
Plant (CDBOP), cont’d

– Advanced steam generators (SG) and related 

instrumentation

» Sodium – water reaction, thermal hydraulics, thermal 

performance, etc.  (FR, JP, RK)

– Development of alternative energy conversion systems 

(AECS) based on Brayton cycles with supercritical 

carbon dioxide as the working fluid

» Supercritical – CO2 compressor tests, compact heat 

exchanger tests, material oxidation tests in 

Supercritical – CO2 , Sodium – CO2 reaction tests, etc.   

(EU, FR, JP, KR, US)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Component Design and Balance of 
Plant (CDBOP), cont’d

• Recent AECS progress 

– Performance of the supercritical CO2 cycle and 

optimization for a small modular reactor and a SFR (FR)

» Thermodynamic study

» Supercritical CO2 compressor study

» Bubble dynamics and cavitation study

– Validation of the Plant Dynamics Code at ANL (US)

» Experimental data from two supercritical CO2 loops: 

RCBS (Recompression Closed Brayton Cycle, and 

IST (Integrated System Test)

– Sodium – CO2 interaction tests (KR)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Component Design and Balance of 
Plant (CDBOP), cont’d
• Recent advanced SG progress 

– Inspection sensor development (KR)

– Sodium-water reaction tests to validate the applicability 

of new  correlations for tube wastage evaluations (JP)

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Global Actinide Cycle International 
Demonstration (GACID)

• R&D scope and objective

– Demonstrate, using Joyo and Monju, that fast reactors 

can transmute MA’s (Np/Am/Cm) and thereby reduce the 

concerns of high-level radioactive waste and 

proliferation risks

– A phased approach in three steps

– Material properties and irradiation behavior are also 

studied and investigated.

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Overview of GACID Conceptual Scheme

MA raw 

material 

preparationMonju

Fuel 

pin 

fabri-

cation

Irradiation 

test

MA-bearing 

MOX fuel 

pellets

�A phased approach in 

three steps.

�Material properties and 

irradiation behavior are 

also studied and 

investigated.

Step-1

Np/Am pin 

irrad. test Joyo

Step-3

Np/Am/Cm

bundle irrad. 

test 

Monju

(Final Goal)
Test fuel 

fabrication

Step-2

Np/Am/Cm

pin irrad. test

Monju

Planning

MonjuJoyo
�The Project is being conducted by 

CEA, USDOE and JAEA as a 

GIF/SFR Project, covering the initial 

10 years since Sep. 27, 2007.

GACID overall schedule

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Summary

• System Research Plan has been updated in order to 

incorporate changes in Project Plans and design 

concepts

• Various collaborative activities are being conducted in 

the areas of advanced fuels, transmutation of MAs, 

component design and BOP, and safety and operation 

within the SFR Technical R&D Project Arrangements

• Procedures of re-signing SFR Technical R&D Project 

Arrangements is under way

• Signing SFR SIA PA will permit to integrate and assess 

the results of R&D work conducted under SFR Technical 

R&D Project Arrangements

INPRO Dialogue Forum on Generation IV Nuclear Energy Systems, April 2016
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Thank you
for your attention !


