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FOREWORD

This publication contains detailed data on liquid metal cooled fast reactors (LMFRs) -
specifically plant parameters and design details. Each LMFR power plant is characterized by
about 400 parameters, by design data and by relevant materials.

The report provides general and detailed design characteristics including structural
materials, data on experimental, demonstration, prototype and commercial size LMFRs. The
focus is on practical issues that are useful to engineers, scientists, managers and university
students and professors with information on the following topics:

- general information,

- core and blanket: layout, geometry and characteristics;

- fuel design and performance;

- control rods and control rod drive mechanisms;

- main and auxiliary heat transport systems and components;
- shielding, containment and safety features;

- control systems;

- fuel handling systems including refueling operations, and

- in-service inspection provisions.

The recurring themes are the problems and difficulties associated with the choice of
plant parameters, coolant, fuel design, structural materials, and plant design/layout and how
these problems can be solved.

This report has been prepared by the Division of Nuclear Power with contributions
from China, France, Germany, India, Italy, Japan, the Russian Federation, the United
Kingdom and the United States of America. The responsible IAEA officer is A. Rinejski
of the Division of Nuclear Power.

The report includes updated information contained in IAEA previous publications on
LMFR plant parameters: IWGFR/51 (1985) and IWGFR/80 (1991) and reflects experience
gained from two consultants meetings held in Vienna (1993, 1994). This compilation of
data was produced by members of the IAEA International Working Group on Fast Reactors
(IWGFR).

In the preparation of this document valuable contributions and reviews have been
particularly made by J.I. Bramman (International Relations Department, AEA Technology,
UK), M.F. Troyanov and A.A. Kamacev (Institute of Physics and Power Engineering, Russia
Federation) and Mi Xu (Institute of Fast Reactor Technology, China).

The IAEA expresses its appreciation to all those who have participated in the
preparation of this reference compilation and also to the Member States that have made
available experts to assist and participate in this work.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscripts as submitted by the authors. The views expressed do not necessarily reflect those
of the governments of the nominating Member States or of the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled. .

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
endorsement or recommendation on the part of the IAEA.

The authors are responsible for having obtained the necessary permission for the IAEA to
reproduce, translate or use material from sources already protected by copyrights.
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INTRODUCTION

Nuclear power currently provides about 17% of the world's electricity, primarily from
thermal reactors cooled by water. However, in parallel with the development and
construction of these thermal reactors, several countries have undertaken research and
development programmes on fast reactors cooled by a liquid metal, usually sodium.

These liquid metal fast reactor (LMFR) programmes have resulted in commercial
operation of four plants and construction of three plants as of December 1994. The purpose
of this publication is to provide a compilation of the design and operational parameters of a
total of 30 LMFRs. The data have been arranged in three groups:

a) experimental reactors, typically with power of up to 100 MW(th), built to
demonstrate the technology but often with steam plant and turbine-generators
to allow operation as a small power station;

b) demonstration or prototype reactors, in which much of the scaling up required
for a commercial station, in terms of both overall size and individual
components, has been incorporated; and

c) commercial-sized reactors developed as lead stations to demonstrate the
system's capability to operate in a utility environment.

In many cases the overall experience with these reactors has been extremely good, the
reactors themselves and, more frequently, particular components showing remarkable
performances well in excess of design expectations. The fast reactor system has also been
shown to have very attractive safety characteristics, resulting to a large extent from a fast
reactor being a low pressure system with large thermal inertia and negative power and
temperature coefficients.

The latest designs of the LMFR are now close to achieving economic competition
with other reactor types. They also have the added benefit of being able to burn radwaste and
plutonium arising from thermal reactors or from military sources. In the current world
economic climate in which the demand for power in some industrialized countries has either
been static or has diminished, the introduction of a new system such as the LMFR may not
be considered by many utilities and some governments as a near future option when
compared to other potential sources. However, by being able to produce up to sixty times
more energy from a given amount of uranium than could be reproduced from a thermal
reactor, the LMFR offers a significant possibility for solving energy problems for the next
generation.

The present compilation of data was produced by members of the IAEA's International
Working Group on Fast Reactors (IWGFR), a group of leading specialists representing those
countries with LMFR programmes. The IWGFR, through annual meetings and other technical
committee and specialists meetings, provides a forum for the exchange of information and
experience relating to the LMFR. Many of these countries have a significant history of fast
reactor development, often extending over a period of thirty years.



This TECDOC is a reference compilation of background data on the LMFR for the
use by member countries. What will be apparent in examining the tables is the way in which
the various national programmes have converged. The parameters of the early experimental
reactors show a wide variability, but those of the commercial sized plants are very similar.
Even with the mitiation of a wholly new line of development, such as in the USA, of a
modular reactor, it is interesting to observe that in many of the tables the parameters are close
to those of the large monolithic reactors being advocated elsewhere. To some extent this is
due to the tradition in the IAEA/IWGFR of exchanging information on experience, both good
and not so good. It is, however, also a further proof that the laws of physics and the
principles of good engineering inevitably lead to the same optimal solution, whatever the
beginning. It also shows a commonality of achievement which begs for wider international
co-operation or joint partnership.
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1.1. Reactors

Plant

Rapsodie (France)
KNK-II (Germany)
FBTR (India)
PEC (Italy)
JOYO (Japan)
DFR (UK)
BOR-60 (Russia)
EBR-II (USA)
Fermi (USA)
FFTF (USA)
BR-10 (Russia)
CEFR (China)

Phénix (France)
SNR-300 (Germany)
PFBR (India)
MONJU (Japan)
PFR (UK)

CRBRP (USA)
BN-350 (Kazakhstan)
BN-600 (Russia)
ALMR (USA)*

Super-Phénix 1 (France)
Super-Phenix 2 (France)
SNR 2 (Germany)
DFBR (Japan)

CDFR (UK)

BN-1600 (Russia)
BN-800 (Russia)

EFR

ALMR (USA)**

1. GENERAL INFORMATION

Experimental Fast Reactors

Fast Breeder Test Reactor
Prova Elementi di Combustibile

Dounreay Fast Reactor
Experimental Breeder Reactor II
Fast Flux Test Facility

China Experimental Fast Reactor

Demonstration or Prototype Fast Reactors

Prototype Fast Breeder Reactor

Prototype Fast Reactor
Clinch River Breeder Reactor Plant

Advanced Liquid Metal Reactor

Commercial Size Reactors

Demonstration Fast Breeder Reactor

Commercial Demonstration Fast Reactor

European Fast Reactor
Advanced Liquid Metal Reactor

* The demonstration of ALMR will be an actinide burner
*k The commercial plant will have 6 units, and will have a breeding mission using a heterogenous core

with internal blanket

11



GENERAL INFORMATION

1.2 Location, postal address of station

Plant

Rapsodie (France)
KNK-II (Germany)
FBTR (India)

PEC (Italy)
JOYO (Japan)

DFR (UK)
BOR-60 (Russia)
EBR-II (USA)

Fermi (USA)
FFTF (USA)
BR-10 (Russia)
CEFR (China)

Phénix (France)

SNR-300 (Germany)

PFBR (India)
MONIJU (Japan)
PFR (UK)
CRBRP (USA)

BN-350 (Kazakhstan)

BN-600 (Russia)

Experimental Fast Reactors
1.2.

CEN Cadarache 13115 St. Paul les Durance

KfK, Post Box 3640, D-76021 Karlsruhe

Indira Gandhi Center for Atomic Research,

Kalpakkam, 603 102, India

Brasimone

QOarai Engineering Center, PNC; 4002, Narita, Oarai,
Higashi-Ibaraki; Ibaraki-Prefecture, Japan

Dounreay, Caithness, Scotland KW 14 7TZ

Dimitrovgrad, Ul'yanovsk region

Idaho, Argonne National Laboratory; P.O. Box 2528; Idaho
Falls, ID 83401

Lagoona Beach, Michigan

Westinghouse Hanford, P.O. Box 1970 Richland, WA 99352
Obninsk, Kaluga Region

FBR Research Center, CIAE, Fangshan Beijing

Demonstration or Prototype Fast Reactors

CEA Centre de Marcoule BP 171 30200 Bagnols sur Ceze
KXW Kalkar, Postfach 1220, D-4192 Kalkar

to be determined

1,2-chome, Shiraki, Tsuruga-city, Fukui-Prefecture, Japan
Dounreay, Caithness, Scotland KW14 7TZ

P.O. U, Oak Ridge Turnpike, Oak Ridge, TN 37830
Mangyshlak Power Plant, Aktav, Kazakhstan

Beloyarsk Power Plant, Zarechny; Sverdlovsk region

ALMR (USA)To be determined

Super-Phénix 1 (France)
Super-Phénix 2 (France)

SNR 2 (Germany)
DFBR (Japan)
CDFR (UK)
BN-1600 (Russia)
BN-800 (Russia)

EFR
ALMR (USA)

12

Commercial Size Reactors

CNPE de Creys Malville BP63, 38510 Morestel

cancelled

cancelled

to be determined

cancelled

to be determined

South Urals Power Plant, Chelyabinsk Region and Beloyarsk
Power Plant, Sverdlovsk Region

to be determined

to be determined



GENERAL INFORMATION

1.3. Administrative and responsible authority

1.3.1. Owner

Plant

Rapsodie (France)
KNK-II (Germany)
FBTR (India)

PEC (Italy)

JOYO (Japan)

DFR (UK)
BOR-60 (Russia)
EBR-II (USA)
Fermi (USA)
FFTF (USA)
BR-10 (Russia)
CEFR (China)

Experimental Fast Reactors

1.3.1.

Commissariat a4 'Energie Atomique (CEA)
Kernforschungszentrum Karlsruhe

Department of Atomic Energy, India

ENEA

Power Reactor and Nuclear Fuel Development
Corporation (PNC)

UK Atomic Energy Authority

Ministry for Atomic Energy

U.S. Department of Energy (USDOE)

Power Reactor Development Co., Detroit Edison Co.
U.S. Department of Energy

Ministry for Atomic Energy

China Institute of Atomic Energy

Demonstration or Prototype Fast Reactors

Phénix (France)

SNR-300 (Germany)
PFBR (India)
MONJU (Japan)

PFR (UK)

CRBRP (USA)
BN-350 (Kazakhstan)
BN-600 (Russia)
ALMR (USA)

Super-Phénix 1 (France)
Super-Phénix 2 (France)
SNR 2 (Germany)
DFBR (Japan)

CDFR (UK)

BN-1600 (Russia)
BN-800 (Russia)

EFR

ALMR (USA)

Commissariat & I'Energie Atomique (CEA) and

Electricité de France (EdF)

Schnellbriiter - Kernkraftswerkgesellschaft (SBK)
Department of Atomic Energy, India

Power Reactor and Nuclear Fuel Development
Corporation (PNC)

UK Atomic Energy Authority

U.S. Department of Energy (USDOE)

Atomic Energy Agency

Ministry for Atomic Energy

to be determined

Commercial Size Reactors

NERSA

to be determined

Ministry for Atomic Energy
Ministry for Atomic Energy
to be determined
to be determined
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1.3.2. Operator

Plant

Rapsodie (France)
KNK-II (Germany)
FBTR (India)
PEC (Italy)
JOYO (Japan)
DFR (UK)
BOR-60 (Russia)
EBR-II (USA)
Fermi (USA)
FFTF (USA)
BR-10 (Russia)
CEFR (China)

GENERAL INFORMATION

Experimental Fast Reactors

1.3.2.

CEA

Kernkraftwerk Betriebsgesellschaft
Department of Atomic Energy, India
ENEA

PNC

UK Atomic Energy Authority
Ministry for Atomic Energy
Argonne National Laboratory

Power Reactor Development Co., Detroit Edison Co.

Westinghouse Hanford
Ministry for Atomic Energy
China Institute of Atomic Energy

Demonstration or Prototype Fast Reactors

Phénix (France)
SNR-300 (Germany)
PFBR (India)
MONIJU (Japan)
PFR (UK)

CRBRP (USA)
BN-350 (Kazakhstan)
BN-600 (Russia)
ALMR (USA)

Super-Phénix 1 (France)
Super-Phénix 2 (France)
SNR 2 (Germany)
DFBR (Japan)

CDFR (UK)

BN-1600 (Russia)
BN-800 (Russia)

EFR

ALMR (USA)
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CEA + EdF

SBK

Department of Atomic Energy, India
PNC

UK Atomic Energy Authority
Tennessee Valley Authority

Atomic Energy Agency

Ministry for Atomic Energy

to be determined

Commercial Size Reactors

NERSA

to be determined

Ministry for Atomic Energy
Ministry for Atomic Energy
to be determined
to be determined






