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INTRODUCTION

The development of fast breeder reactors (FBRs) for commercial electric power

production has been under way in several countries for more than 20 years. In the United

States (US) as elsewhere, early work was centered on small reactors to prove the feasibility

of concepts and later was followed by larger reactors to test engineering features and to

develop fuel technology. In the early 1970s, with the perceived crisis in electrical generation

expected late in this century, major efforts were mounted to plan and carry out compre-

hensive development programs to ensure the capability to develop and begin using this new

form of nuclear power by the end of this century. This comprehensive effort included the

first serious efforts directed toward the supporting fuel cycle activities. However, because

of the effects of the oil price rise and resulting conservation, a slowdown of industrial growth,

and ;ut-backs in energy needs, there has been a decline in program activities.

Unlike the fuel cycle for light-water reactors (LWRs), where supply and the back-end

recycle and/or waste disposal activities can largely be uncoupled, recovery and recycle of

fissile materials in spent fuel must be accomplished in one or two years in a practical breeder

system.

•Research sponsored by the Office of Spent Fuel Management and Reprocessing Systems, U.S.
Department of Energy, under Contract No. W-7405-eng-26 with Union Carbide Corporation.
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At that time (1970s), the US was the world leader in reactor development; the fuel

cycle work, however, was not pursued as early or as seriously as was done in France or the

United Kingdom (UK). Subsequent events have seen the US programs markedly slowed.

Major long-term goals stiil exist, but the time when such are needed has streiched at ieast

one or two decades later than originally perceived. This paper provides a brief history of

breeder reprocessing and describes the current status with emphasis on US programs and

glimpses into the future.

Status of Breeders and Their Fuel Cycles Worldwide

France: The acknowledged world leader, France, placed the Phenix demonstration

reactor in operation in the mid 1970s, and is now constructing the first commercial-scale

(1000 MWe) breeder reactor, the Super-Phenix, which is scheduled for operation in 1984 or

1985. Supporting fuel cycle systems were provided by modifying earlier development facili-

ties at Marcoule and by reprocessing portions of the fuel at the large La Hague plant after

cleaning and disassembling the fuel subassemblies, and repackaging the fuel pins at the

reactor site to simplify the shearing step at La Hague. Although a major expansion of the

Marcoule facilities is under way to provide the capability and capacity for recycling Super-

Phenix fuel three to five years from now, additional facilities would be required for any

reactor beyond that time period. In recent years, plans have been described for a two or

four reactor station and fuel cycle complex at Marcoule as the next step. A final decision to

proceed, which would include both the reactor and the fuel cycle facilities, would follow in

1985 or 1986 after at least one year of operation at Super-Phenix. For reprocessing, a 120-

t/year capacity facility has been described which is generally capable of recycling fuel from

four to six full-sized reactors. This capacity is appropriate for the first major engineering-scale

reprocessing demonstration.

United Kingdom: The UK has implemented programs somewhat paralleling the French

programs through the Phenix reactor. A demonstration-size reactor, the Prototype Fast

Reactor (PFR), has operated since about 1976, although on-stream time has been quite low

as a result of steam-generator problems. Fuel processing has been carried out in a renovated

development facility at the Dounreay site in northern Scotland where the PFR is located.

Plans for the first commercial fast reactor are under government review, and formal decisions

to proceed could be made some time in the next two years.



Japan: A small fuels development reactor, called Joyo, has been operated for several

years, and recent public announcements have confirmed a site and an early 1390s operating

schedule for a prototype demonstration reactor named Monju. Although Japan is somewhat

lagging behind the world leaders, remarkable progress has been madeinthepastfiveyearsin

planning and beginning a very comprehensive breeder development program. Breeder fuel

cycle activities to date have been limited to fuel development and manufacture and early

laboratory-scaled hot-cell development work. Plans for a reprocessing facility capable of

handling fuel from the Joyo and Monju reactors are being developed.

Germany: A prototype breeder demonstration reactor has been under construction for

some time and is expected to be completed despite recent financial problems. The German

breeder program has been affected by agreements with France and participation in the

French Super-Phenix project. Whether the focus of future projects will be on national

programs or some form of international collaboration remains to be seen. Only limited

developmsnt activities have been carried out for breeder fuel cycles.

US Breeder Fuel Cycle and Supporting Development Programs

The United States began its first comprehensive planning and significant development

activities for breeder reprocessing in 1974 with the recognition that commercial-scale

recycling should be preceded by a major development and/or demonstration program.

Earlier fuel recycle activities at the EBR-II provided only partial separation of fuel con-

taminants with metal-type fuel, and subsequent analyses in countries carrying out such a

program showed that by adapting existing aqueous Purex processes, reprocessing should

prove to be superior and more reliable. Based on the number of reactor programs projected

in 1975, a fuel cycle development program and demonstration project would be needed prior

to 1990. Conceptual designs for a 75 to 150-t/year pilot-plant demonstration have been

completed. Although the need for such a facility during that time period has been negated

by the subsequent slowdown in electricity needs, the work identified future concepts and

provided major assessments of needed development activities. In recent times, demon-

stration programs have focused on more limited objectives that could be carried out using

either the Fast-Flux Test Facility (FFTF) or the Clinch River Breeder Reactor (CRBR).

Possible directions for this effort are noted briefly in the final section on "Future Trends."



The remainder of this paper will summarize briefly the development programs under

way and how they f i t into the overall long-range objectives. This material updates previous

papers on this subject.1"3

In the time period from 1978-1980, a conceptual design was done for a major pilot

plant/demonstration facility, originally called the Hot Experimental Facility but now

referred to as the Demonstration Reprocessing Plant (DRP). Designed to demonstrate engi-

neering prototype systems, the facility also had the mission of reprocessing fuel from the

first four to six full-scale breeder reactors.

Although primarily oriented toward reprocessing fuel from early breeders, the DRP

was also designed to accommodate LWR fuel to provide an adequate fuel load foroperability

and reliability testing during the early years when available breeder fuel is limited. A prime

objective of the facility was to advance the state of reprocessing technology applicable to

any fuel cycle by developing reliable, cost-effective advanced technology for reprocessing

spent breeder fuel to achieve a 99.9% recovery of fissile material with effective, workable

safeguards systems. The major innovative improvements included (1) flexibility for incor-

porating new technology through the total remote maintenance concept (termed REMOTEX),

which allows for replacement of any equipment module without access to the reprocessing

cell; (2) the use of a low-flow ventilation system that requires low-leakage cells with in-celi

cooling and recycled ventilation and the use of reduced-size but more effective off-gas

treatment processes; and (3) advanced concepts for process monitoring systems for control

and safeguards. These improvements translate into many fundamental design considerations

throughout the sequence of reprocessing steps, although the well-understood and demon-

strated conventional chop-leach Purex process remains basic.

As a result of analyses done as part of the conceptual design, critical problems were

identified that have become the focus of the breeder reprocessing development program.

The complex hardware of a breeder fuel element, combined with high-heat loads and nig

fissile contents, makes the problems of shearing and dissolving breeder fuels much more

difficult; thus, development efforts have focused on prototype equipment and facility

concepts for the mechanically intensive head-end of a reprocessing plant. The special

maintenance requirements for this mechanical equipment have provided a focal point for

examining overall facility concepts which provide totally remote maintenance. We have

upgraded the canyon concepts of the US plutonium production plants that employ remote



maintenance systems. Rather than rely sole'iy on cranes and impact wrenches, the facility wil I

also include remotely operated servomarcipulators for carrying out maintenance activities

more nearly related to what man can do with hands-on operations.

The mechanical head-end equ ipment and remote maintenance featu res are in various

stages of development. Operations have begun at 0 R N L in the Remote Operation >* and

Maintenance Demonstration (ROMD) part of the Integrated Equipment Test (IET) facility

(Fig. 1). The ROMD facility is a large simulated remote reprocessing cell in which the

head-end equipment, through dissolution, will be tested in an integrated mode with capability

for complete remote operation and maintenance. Overall, the I ET facility will simulate (using

nonradioactive materials) reprocessing operations with prototype equipment scaled at

0.5-t/d capacity from shearing through first-cycle solvent extraction, including solvent

cleanup and acid and water recycle.

The major items of process equipment being developed (all of which will be designed,

procured, and installed in the IET by 1984) include a modular shear (Fig. 2) with associated

hardware disassembly and feed mechanism (Fig. 3 ) , a continuous rotary dissolver (Fig. 4 ) ,

and improved centrifugal solvent extraction contactors. Process and remote maintenance

testing of the rotary dissolver has been completed. A pair of servomanipulators (Fig. 5)

mounted on a rigid boom extending down from a crane bridge and complete with on-board

T V cameras is under test in the ROMD system. A major effort is under way to develop

improved models of the manipulator and to examine all facets of viewing, signal communi-

cation, power transmissions, and the man-machine interface between the in-cell slave arm

and the man-controlled functions from the operating control room. These efforts will

continue over the next five to ten years.

Future Trends

In this past year, efforts have been directed toward a more limited-scale reprocessing

facility that would close the fuel cycle for the F FTF and CRB R while providing a mechanism

for testing, developing, and demonstrating the new, improved reprocessing technology

which has been under development in the US. The proper cost-effective way to carry out

this project is still being assessed; since no final commitments have been made, it is not

appropriate to discuss it in any detail. With the more limited quantity of fue! available, the

capacity must be reduced; thus some of the engineering features are quite small in comparison
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to full-scale reprocessing plants. Nevertheless, such a project could fulfill a real need in

breeder development by taking this limited but very worthwhile step to provide meaningful

data with real materials and demonstration objectives.

International Collaboration: Significant discussions have been carried out in the past

two years by the countries developing breeder systems in an effort to broaden international

collaboration and thus minimize resources required to complete the development and

provide an adequate demonstration. It is premature today to predict the outcome of these

discussions. The objectives are worthy, and substantial savings can be postulated if such

collaboration can be brought about. The present effort envisions considerably more collabora-

tion than that brought about through the exchange of technical data. Ultimately, common

development programs would emerge where problems would be solved only one time — not

in each country. A demonstration recycle project capable of handling fuel from reactors

in several countries could achieve the goal of demonstrating technology at considerable less

expense than if similar projects were built in each country. Since such a facility will cost in

the billion-dollar range, the reasons to seek such collaboration are self-evident. If each

country were proceeding at a rapid pace to deploy breeders, it would be appropriate for

each to move ahead expeditiously with fuel cycle projects. In this time of caution and

deliberate pace to a very long-range goal, collaboration on a single demonstration fuel cycle

facility would seem to be a very sensible approach.
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