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Summary of Feasibility Studies on Commercialized Fast Reactor Cycle System

Katsumi OHNO Shoji KOTAKE ~ Takashi NAMBA  Ryodai NAKAI
FBR Cycle System Development Office, Head Office
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A feasibility study on commercialized fast reactor system (hereafter F/S) has been started by a Japanese joint project team of
Japan Nuclear Cycle Development Institute (JNC) and the Japan Atomic Power Company(JAPC: this is the representative of the
nine electric utilities), in cooperation with Central Research Institute of Electric Power Industry (CRIEPI) and Japan Atomic Energy
Research Institute (JAERI). This project aims at elucidating prominent fast reactor cycle systems that will respond to various needs
of society in the future, together with economic competitiveness as future electricity supply systems.

In the Phase-II study of FIS during three years from 2001, candidate design concepts picked-up in the Phase-I study were
investigated in detail by the uses of experimental and numerical data. Furthermore, suitabilities of the design concepts against
development targets were evaluated. Based on the above results, road maps for the development strategy using existent
infrastructures were provided toward commercial applications.
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FR Cycle, Feasibility Study on Commercialized FR Cycle System, Development Targets, FR System, Fuel Cycle System,
Spent Fuel Reprocessing System, Nuclear Manufacturing System, Promising FR Cycle Ccandidate Concepts for
Commercialization, Development Plan (Road Map)
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Design Study of FBR Plants with Various Coolants
—Na Cooled FR, Pb-Bi Cooled FR, Gas Cooled FR, Small-Scale FR —

Mamoru KONOMURA Masahiko HISHIDA Yoshindo SOMAN
Takeshi MORIBE Yoshitaka TIKAZAWA Shigenobu KUBO

System Engineering and Technology Division, O-arai Engineering Center
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DTIE, F YT (RIERBMGERE), fiv 2= Ok - 2250 DRALERISENE), 7 AWM (F 2
7 —E VEEREIC X 25 0EGRDIRE) KON (rH0UER) OREEIEL, BRBAMNHEOMEE
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CORE, FREHRMOTERFDO—>THS 77y MEHRAANTIE, TRV AGHFEPRBKa ANk
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WHI R, ZNZNDOWHM L2l 323 2 L3 TE T,

In phase II of Feasibility Studies on Commercialized Fast Breeder Reactor (FR) Cycle System, the development of
advanced technologies for FR with various coolants is performed as a theme on evaluating technological prospects of
the feasibility for plant systems. Plant designs on FR with sodium (characteristic of good heat transfer), lead-bismuth
(characteristic of low chemical reaction against water & air), CO: gas and He gas coolants (capability of high efficiency
by direct gas-turbine generation) and Small-scale FR (separated-type power unit) were performed by employing
advanced technologies and considering coolant typical features including a rough cost evaluation as the interim of
phase II.

The result is as follows : Sodium cooled FR exhibits the most favorable features for achieving a plant construction
cost, which is one of the main factors of the generation cost. Through this Feasibility Study, the technical issues relating
to safety, cost and et al. to reach the practical stage are recognized on FR with each coolants.
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Fast Breeder Reactor, Plant Design, Coolant, Sodium, Lead-Bismuth, CO: Gas, He Gas, Small-Scale FBR, Safety,
Cost
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Design Study of FR Fuel and Core with Various Types of Coolant
— Na, Pb-Bi, Gas and Water-Cooled Large-Scale FR, and Small-Scale FR —

Tomoyasu MIZUNO Toshio SANDA Kazuteru SUGINO Yasushi OKANO
Masayuki NAGANUMA  Takashi OGAWA  Takumi YAMASHITA  Tsutomu OKUBO*

System Engineering and Technology Division, O-arai Engineering Center
*Department of Nuclear Energy System, JAERI
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As a part of the FR cycle feasibility study in Japan, fuel and core design studies on a combination of fuels (oxide, metal, and
nitride) and coolants (sodium, lead-bismuth, helium, and water) in Large-/Small-scale FR systems have been performed by
employing advanced technologies and leveraging coolant/fuel typical features. The best-to-date designs and recognized important
features for actualization are presented here. Sodium-cooled FR exhibits the highest burnup for reducing amount/expense of fuel
recycling. Its technological possibility is certificated by existing/copious experiments. Lead-bismuth-cooled and Helium-cooled FRs
present desirable core characteristics, although experimental proofs of high burnup nitride fuel, fuel coating & structural materials
are of indispensable. Water-cooled FR is expected to achieve economical advantage in power plant capital cost, although large fuel
inventory and low discharge burnup result in disadvantage of fuel recycling cost. Small-scale sodium-/lead-bismuth-cooled reactors
achieve very-long operation period.

goooo
FOEAE, fFDaGt, ERGE TR UYL, SIERAR A, NUT LA A, K, U, BRACPIREL  SEAREL
ES A7

Fast Reactor, Core Design, Fuel Design, Sodium, Lead-Bismuth, Helium Gas, Water, Small-Scale FR, Mixed-Oxide
Fuel, Metal Fuel, Nitride Fuel
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Development of Advanced Technology for FBR (1)
— Development of Advanced Technology for Na and Pb-Bi Cooled FBR —

System Engineering and Technology Division, O-arai Engineering Center
* Advanced Technology Division, O-arai Engineering Center
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In phase 2 of Feasibility Studies on Commercialized Fast Breeder Reactor (FR) Cycle System, the development of
advanced technologies for FR plants with various coolants have been performed to recognize on evaluating
technological prospects of the feasibility. This report describes the result of advanced technologies thermo-hydraulics in
reactor upper plenum, flow test in high velocity and large diameter piping, integrated pump-IHX, double wall tubes
steam generator on sodium cooled FR and material corrosion on lead-bismuth cooled FR.

The result is as follows : Sodium cooled FR exhibits advantages for a performance evaluation of plant. FR with
sodium and Pb-Bi coolants are feasible for plant system designs.
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Development of Advanced Technologies for FBR (2)
— Development of Key Technologies Common to Fast Reactor Systems —
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Takasumi WAKAI Naoto KASAHARA Seiiji KITAMURA  Toshio NAKAGIRI

Advanced Technology Division, O-arai Engineering Center
* System Engineering Technology Division, O-arai Engineering Center
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In the feasibility study on commercialized FR cycle systems, a number of innovative concepts are adopted in the plant designs.
Research and development on the related new technologies are essential in supporting these innovative designs to be realized. Among
these R&D efforts, those that are common to various plant designs are overviewed in this report. As reactor safety technologies, in-
pile functional tests of a self actuated shutdown system in “Joyo” and researches for the mitigation of a core disruptive accident are
described. Development of high-chromium ferritic steel for fast reactor application and researches on elevated temperature
structural design methodologies, which are keys for the plant construction cost reduction through rationalized structural designs of
components, are introduced. Development of three-dimensional seismic isolation technology is also described. In addition, hydrogen
production technology development, in pursuant of multi-purpose utilization of fast reactors, is reviewed.
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Elemental Technology Development of the FBR (3)

— Study of Inspection Technique and MA Incineration Technique for the Improvement of FBR Economy —
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Commercialized FBRs aim to achieve the economic competitiveness of future LWRs. In order to reduce the
maintenance cost by shortening periodic inspection period, under-sodium visual inspection technique and volumetric
inspection technique for steam generator tubes at high temperature have been examined. As a result, the technical
perspectives have been obtained and technical issues for practical use were clarified. A transition refueling plan (the
fuel loading plan) was decided in respect of the goal burn-up, while the effect of the core characteristics was held from
the current core (80GWd /t, SEFPM /cycle) to the initial stage upgrading core (100GWd /t, 6GEFPM /cycle) of “Monju” as
one of the worlds$ fastest neutron irradiation test beds and for demonstration of reducing fuel cycle cost. As a result of
evaluating the core characteristics in loading MA irradiation test assembly of loading cases in few assembly scales with
up to six test rigs to the upgrading core, it was confirmed that the slight and significant MA incineration rate was
obtained as the effect on the core characteristics.
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FBR, Monju, Maintenance Cost, Visual Inspection, Volumetric Inspection, Steam Generator Tube, Upgraded Core,
Irradiation Test, Fuel Cost, MA
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Design Study and Evaluation of Advanced Reprocessing Systems for FR Fuel Cycle

Koji SATO lopei AMAMOTO Akira INOUE Yoshikazu KOMA
Shigeaki YONEZAWA  Takeshi TAKATA Keiji FUJII Hiroki NAKABAYASHI

System Engineering Technology Division, O-arai Engineering Center
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The plant concept concerning the reprocessing system has been constructed from the viewpoints of economical improvement,
decrease in environmental burden, better resource utilization, etc.

@ A advanced aqueous reprocessing consisting of a simplified solvent extraction process with the addition of uranium
crystallization step and MA recovery process using the extraction chromatography for oxide fuels has a high technical feasibility
for the process and the possibility of practical use is expected at an early stage. As for super-critical direct extraction reprocessing,
there are still insufficient basic data although further economical improvement is expected.

@ Oxide electrowinning reprocessing has the possibility of economical improvement if simplification of the process can be
achieved. However this system has several uncertain factors which affect the technical feasibility of the MA recovery process,etc.
@  Concerning metal electrorefining reprocessing for metal fuels, high economical efficiency is generally expected of small-scale

facilities, although actual proof of the TRU recovery process using spent fuel is required.

@  For nitride fuels, each system requires the developments of head-end process and the nitrogen isotope (*N) recovery technique.
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Aqueous Reprocessing, Super-Criticality Direct Extraction Reprocessing, Non-Aqueous Reprocessing, Oxide

Electrowinning Reprocessing, Metal Electrorefining Reprocessing, Reprocessing Plant, Design Requirement, Interim
Report, Oxide Fuel, Metal Fuel, Nitride Fuel, Fast Reactor
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Design Study and Evaluation of Fuel Fabrication Systems for FR Fuel Cycle

Takashi NAMEKAWA Kenya TANAKA Koichi Kawaguchi
Kazuhiro Koike Hiroshi Shimuta Yoshihiro Suzuki

System Engineering Technology Division, O-arai Engineering Center
*Fuels and Materials Division, Irradiation Center, O-arai Engineering Center
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The plant concept for each FBR fuel fabrication system has been constructed and evaluated, which achieves economical im-
provement, decrease in the environmental burden, better resource utilization, and proliferation resistance by the various
innovative techniques employed. The results are as follows:

(D For oxide fuels, the simplified pelletizing method has a high technical feasibility, and it is possible to apply this
method to practical process at early stage, because this method is based on wealth results of a conventional method.
@ For oxide fuels, the sphere packing fuel fabrication system by gelation and vibro-compaction processes has the

advantage of lesser dispersion of the fine powder due to the use of solution and granule in the process. However this

system shoulders additional cost for the liquid waste treatment process to dispose a large bulk of process liquid waste.
@ For the metal fuel, the casting system is generally expected to have high economical efficiency even for small-scale
facilities, although verification for fabrication of the TRU alloy slug is required.
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Component Technologies Development of Reprocessing System
— Advanced Aqueous Reprocessing Process Technologies Development —

Tomozo KOYAMA Shinichi AOSE Tsutomu KOIZUMI
Advanced Fuel Recycle Technology Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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In "the feasibility study on commercialized fast reactor cycle systems" that was launched in 1999, the commercialized
candidate concept of the process and the equipment as the advanced wet reprocessing system are being examined.

For dissolution, crystallization, simplified PUREX process and MA recovery process, small-scale hot tests were
conducted with irradiated fuel pins of the experimental Fast Reactor ‘JOYO” and so on, and it reports that the prospect
of the technical feasibility is being obtained as a promising candidate concept of the advanced wet reprocessing process.
Moreover, it reports on the implementation of tests using irradiated fuel for the direct extraction method which is one of
the substituting technologies of the PUREX method.

As the developing equipment of the wet reprocessing technology, technology development for the integration of
disassembly and shearing, centrifugal extractor development, and their upgrade are being advanced, and it reports on
the engineering scale test result of those devices.

ooooo
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High Efficiency Dissolution, Crystallization, Simplified PUREX, Direct Extraction, SETFICS Process, MA Recovery
Process, Integration of Disassembly and Shearing, Centrifugal Contactor
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Current Status of Development of Dry Reprocessing Technology

Munetaka MYOCHIN Shinichi AOSE
Advanced Fuel Recycle Technology Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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TEL OV R a3 (CPF) 127V b= L2353 2 L DTE 32 %L, 79 v illi
Ik BUEREIER 23 T &8, BLWEMREIC OV TIZT L LTy PHEDREMSEH (RIAR) TOZELR
B (FEJEpETE) 12 X ) MOXIHT TREDRSEMEZ BT % 70 DHEE T — & WS 2 b 12 SRl z2 170,
B TR SUE T AR ICE DB EI OV TIHMITL TW B, 7, FHUEMBHTE & U AR hocE o i i
Jt, SEPEEYI DTS R MR E R 2 FE L T 5, BERDHTE & L TIiZ AW - Bip B E P,
TBREEN 2 —)L K 7 )V — 7OV REFHFSAAE (CCIM) TEMRNBHYE, HERMMSE S Rh % ikl % i
LTw3, 2NSDHEHIZOWT20054EEDILY F & DI TREABEZ OWIREL ORI & 72 2 7 — Y IS %
K>TW PETH 5,

The dry reprocessing technologies under development in the feasibility and strategic study of the FBR cycle system
are described. Metal electrorefining and oxide electrowinning processes are developed under collaboration of domestic
and foreign research organizations. The R&D on metal electrorefining has been principally designated to CRIEPI in
Japan and is at the stage of Uranium experiment in the Chemical Processing Facility (CPF). The examination of MOX
codeposition, which affects the implementation of oxide electrowinning reprocessing, has been executed by JAPC. The
related technologies such as analysis of elements in salt, salt waste treatment methods and safeguards system for dry
reprocessing are also being developed. The R&Ds on components for dry reprocessing are focused on decladding
equipment, CCIM electrolyzer and salt distillation equipment.
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Dry Reprocessing, Metal Electrorefining, Oxide Electrowinning,Salt Waste Treatment, Analysis, Safeguards System,
Decladding, Cold Crucible Induction Melting Electrolyzer, Salt Distillation, Material
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Development of Element Technology for Fuel Fabrication System (1)
— Fuel Fabrication Technology in the Pellet Method —

Yoshiyuki KATO
*Takatoshi OKITA

Tutomu KURITA Yoshiharu TAKAHASHI  *Takayoshi MAKINO
*Susumu MINAKAWA  *Shigenori AONO

Reprocessing Operation Division, Reprocessing Center, Tokai Works
*Plutonium Fuel Fabrication Division, Plutonium Fuel Center, Tokai Works
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A simplified MOX fuel fabrication process called the Short Process has been developed to drastically reduce fuel fabrication cost as
fuel fabrication process of Feasibility Studies. Short Process, with a technical concept of accurately adjusting plutonium content in
nitrate solution containing plutonium and uranium and directly pelletizing flowable MOX powder without additives, allows
conventional fuel fabrication process to be simplified. To realize the innovative process, four elemental technologies have been
developed for (1) Pu/ U ratio adjusting in nitrate solution, (2) improvement of MOX powder flowability, (3) pressing machine with a
die-wall lubrication system, and (4) pneumatic powder transportation system.

Through a small-scale pellet fabrication test for the Short Process, its technical feasibility was confirmed with high quality MOX
pellets. From 2004, MOX fuel pellets for the irradiation test with ODS steel cladding will be fabricated in the Short Process for
comparison with the conventional process.
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Short Process, Microwave Heating Denitration Method, Plutonium Content Control, Die Lubrication, Direct-Pelletize,
No-Additive, Pneumatic Transportation,Calcination and Reduction at High Temperature Method, Tumbling
Granulation Method
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Current Status of Vibro-Packed Fuel Fabrication Process Development

Yoshiyuki KIHARA
Advanced Fuel Recycle Technology Division, Waste Management and Fuel Cycle Research Center, Tokai Works
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In the feasibility study of FBR cycle system, the concept of future commercialized fuel is “low-decontaminated MA
(minor actinide) fuel] which contains high radioactive rare earth elements and MAs. This fuel will optimize a positive
feature of the fast reactor, which allows high impurities for the fuel. Therefore, this fuel should be fabricated not in a
conventional glove-box but in a cell with remote handling. A vibro-packed fuel, like sphere-pac fuel or vipac fuel, is well-
suited, and the development of fabrication procedure is in progress as a candidate for the commercialized fuel
fabrication process.

Results of the three topics are reported:1) results of uranium dioxide particle fabrication with external gelation
process containing samarium (Sm) as a representative element of rare earth impurities. 2) results of vibro-packing
experiments using several simulated materials for the prediction of filling behavior during sphere-pac fuel fabrication
and 3) results of evaluation on filling behavior of vipac fuel particles with getter (uranium metal) particles.
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Vibro-Packed Fuel, Sphere-Pac Fuel, Vipac Fuel, MOX Fuel, Fuel Fabrication, External Gelation Process, Sphere
Fuel, Vibro-Filling
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Multidimensional Evaluation on FR Cycle Systems

Ryodai NAKAI Sumio FUJII
Kiyoshi ONO*

Katsuyuki TAKAKUMA Atsushi KATOH
Akira OHTAKI*  Hiroki SHIOTANI*

FBR Cycle System Development Office, Executive Office for the Policy Planning and Administration, Head Office
*System Engineering Technology Division, O-arai Engineering Center
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This report explains some results of the multidimensional evaluation on various fast reactor cycle system concepts
from an interim report of the 2nd phase of “Feasibility Study on Commercialized FR Cycle System”

This method is designed to give more objective and more quantitative evaluations to clarify commercialized system
candidate concepts. Here we brief the current evaluation method from the five viewpoints of safety, economy,
environment, resource and non-proliferation, with some trial evaluation results for some cycles consist of promising
technologies in reactor,core&fuel,reprocessing and fuel manufacture. Moreover, we describe FR cycle deployment
scenarios which describe advantages and disadvantages of the cycles from the viewpoints of uranium resource and
radioactive waste based on long-term nuclear material mass flow analyses and advantages of the deployment of FR
cycle itself from the viewpoints of the comparison with alternative power supplies as well as cost and benefit.
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Deployment Advantage, Candidate Concept, Safety, Economy, Reduction of Environmental Burden, Effective
Utilization of Uranium Resources, Proliferation Resistance
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