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INTEGRAL FAST REACTOR PROGRAM 
SUMMARY PROGRESS REPORT 

FY 1985-FY 1989 

ABSTRACT 

This report summarizes highlights of the technical progress 

made in the Integral Fast Reactor (IFR) Program frora its 

inception through the end of FY 1989, with emphasis on more 

recent technical accomplishments. Technical accomplishments are 

presented in the following areas of the IFR technology develop­

ment activities: (1) metal fuel performance, (2) pyroprocess 

development, (3) safety experiments and analyses, (4) core design 

development, and (5) fuel cycle demonstration. 
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I. IFR PROGRAM OVERVIEW 

The Integral Fast Reactor (IFR) is an advanced reactor concept which 

capitalizes on the characteristics of metallic fuel and liquid metal cooling 

to offer significant improvements in reactor safety, operation, fuel cycle 

economics, environmental protection, and safeguards. This innovative concept, 

being developed at Argonne National Laboratory, has become the focus of the 

Civilian Reactor Development Program of the Department of Energy. Its primary 

features are being demonstrated In the facilities at ANL-West, utilizing EBR-

II and the associated fuel cycle facility as an IFR prototype. 

There are a number of technical features of the IFR which contribute 

collectively to Its potential as a next-generation reactor. The IFR employs 

liquid metal cooling, which offers large safety margins and permits operation 

at low system pressures. This enables use of a pool-type reactor design 

configuration, with the large reservoir of coolant providing significant 

thermal inertia to accommodate a variety of off-normal events involving the 

heat transport system. The IFR fuel is a metallic fuel, which provides high 

fissile atom density, high thermal conductivity, and superior compatibility 

with the liquid metal coolant. The use of metallic fuel in turn makes 

possible the utilization of innovative fuel cycle processes (termed 

"pyroprocessing") which will permit fuel cycle closure with compact, low-cost 

reprocessing facilities, coUocatable with the reactor plant if desired. The 

pyroprocessing method, in addition to its potential economic advantages, also 

makes the IFR responsive to long-term waste management issues: pyroprocessing 

involves only a few waste packaging operations, and actinide recycling is an 

Inherent part of the fuel cycle. 

Although based in large part on the technology which has resulted in the 

successful operation of Experimental Breeder Reactor II (EBR-II) for over 25 

years, the IFR technology is new in many respects. When the IFR concept was 

conceived In the latter part of FY-1984, the IFR technology development and 

demonstration were planned In the following three phases, as shown in the 

overall program schedule. Fig. I.l. 

Phase I: Technical Feasibility FY 1984-1986 
Phase II: Technology Development FY 1987-1990 
Phase III: Technology Demonstration FY 1991-1995 
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The goal during Phase I was to establish the technical feasibility of 

the concept. Phase I consisted largely of scoping tests, analyses and 

critical reviews, intended primarily to establish conclusively the feasibility 

of the concept. 

During this period a landmark series of demonstration tests was carried 

out with EBR-II, clearly showing the passive inherent safety advances 

achievable with the IFR. Steady-state and transient testing of metallic fuels 

in EBR-II and TREAT further demonstrated the potential for improved reactor 

performance, both in normal and off-normal operation modes. Laboratory-scale 

experiments with pyroprocessing operations proved the feasibility of the 

electrorefining and injection casting processes. Reactor design studies 

resulted in the adoption of the key IFR features in the PRISM and SAFR design 

concepts. This was given additional credence with the findings of an 

independent, top-level review conmittee which asserted the technical 

feasibility of the IFR and recotimended continued development as a high-

priority effort. The University of Chicago Special Committee for the IFR 

concluded: 

"The Committee believes that the IFR concept is a highly attractive LMR 
concept which, if pursued effectively, could restore the leadership role 
and preeminence of the United States in the fast reactor field. More 
importantly, it believes that the IFR concept offers the potential for 
achieving greater safety and better economics than any other LMR reactor 
concept being considered anywhere in the world today. It enthusias­
tically and without reservation endorses continuation of the Phase I 
program into Phase II." 

Major accomplishments during Phase I included: 

• Feasibility demonstration of electrorefining on a laboratory scale. 

• Inherent safety demonstration tests in EBR-II. 

• Adaptation of the IFR concept in PRISM and SAFR designs. 

The successful conclusion of the Phase I feasibility demonstration was 

followed by initiation of Phase II of the IFR Program, which Is the period 

during which the detailed technology is being developed to enable a subsequent 

full-scope demonstration (Phase III). The Phase II technology development 

activities deal with all aspects of the IFR technology, from reactor design to 



waste disposal. Particular emphasis is placed on the characterization and 

performance evaluation for the binary and ternary (U-Zr and U-Pu-Zr) IFR fuel 

compositions. Also receiving major programmatic emphasis is work related to 

the design and testing of engineering-scale pyroprocessing unit operations 

systems, including electrorefining, fuel fabrication, pyroprocess flowsheet 

optimization, and waste management processes. Phase II activities include 

major facility modifications, principally in the Hot Fuel Examination 

Facility/South (HFEF/S) hot cells, to prepare for the demonstration phase. 

HFEF/S was originally constructed as the EBR-II Fuel Cycle Facility. Because 

EBR-II reactor operations comprise an important part of the Integrated IFR 

technology demonstration, work in the reactor operations area continues to be 

directed toward evolution of IFR operational practices, incorporating advanced 

instrumentation and control systems technologies. 

Phase II work in core design points toward further enhancement of core 

design and analysis capabilities and to the development of designs or 

operating strategies which utilize most effectively the unique features of the 

IFR. In preparation for increased activity in the area of safety analyses and 

interactions with licensing authorities, efforts are being extended during 

Phase II to update the safety data base and analytical models, with added 

emphasis placed on analysis of severe accident initiating events and 

consequences. 

Major accomplishments expected during Phase II include: 

Demonstration of high burnup potential and fuel performance 
characterization. 

Engineering-scale demonstration of electrorefining. 

Development of safety data base to support PRISM interactions with 
NKL • 

EBR-II core conversion with the IFR U-Zr and U-Pu-Zr fuels. 

Refurbishment of the original EBR-II Fuel Cycle Facility (HFEF/S). 

A final review of the accomplishments of Phase II and the status of the 

required technology development will be held at the end of FY-1990, whereafter 

the demonstration phase will begin. Further technology development 



requirements and activities will be dictated by experience accruing from the 

technology demonstration during Phase III of the Program. 

Phase III, the IFR technology demonstration, is the most important 

period for the Program, because it is in this stage that the individual 

aspects of the IFR technology will be brought together and Integrated to prove 

the overall systems performance. This phase of the Program will be centered 

upon the extended operation of EBR-II with IFR fuel. Core conversion is now 

complete, and the reactor is now operating with IFR fuel having a variety of 

fuel and cladding compositions. Reactor operation will provide a substantial 

fuel performance data base for future utilization. The spent fuel will be 

subjected to the full spectrum of pyroprocessing operations, using 

engineering-scale unit operations equipment Installed in the modified Fuel 

Cycle Facility (FCF) at the ANL-W site. The performance of recycled fuel will 

be evaluated by irradiation of a number of EBR-II fuel subassemblies 

fabricated in the FCF with fuel compositions typical of steady-state recycle 

operation, and the influence of this fuel on various reactor passive Inherent 

safety characteristics will be assessed by direct measurements. Waste 

handling and treatment practices representative of future IFR plant operations 

will be developed and tested as well during this demonstration phase. 

A continuing activity during Phase III will be continued technical 

support of detailed design efforts, safety* analyses, and licensing 

interactions for the Advanced LMR. Active interfaces will be maintained with 

design organizations for effective responsiveness to arising technical 

Issues. Design of a commercial fuel cycle facility will proceed apace with 

the Industrial reactor design activities, with a conceptual design for such a 

facility to be available by the end of FY-1991 for use in commercialization 

strategy planning. 

Upon completion of Phase III, the IFR technology will be fully developed 

for commercial application. It is anticipated that during this period an 

Advanced LMR demonstration project will be formulated and that the IFR Program 

activities will then be integrated into such a project. 

The end products of the IFR Program, scheduled to be completed by the 

end of FY-1995 as shown in Fig. I.l, are as follows: 


