
128 of the European Reactor R&D Agreement on 16 February 1989 will allow negotiation of formal
agreements to provide an umbrella for these programmes.

Until such time as European agreements relating to the fabrication and reprocessing of fast reactor
fuel are signed, the UKAEA's information exchanges and collaborative programmes of work
with the USDOE and with PNC-JAER1 in the fuel cycle area will continue on a bilateral basis.
Continuation of the programme of work with the USDOE in the fuel reprocessing area includes
the testing of centrifugal contactors of US origin at Dounreay under a Specific Memorandum
of Agreement.

Under the Agreement with SCUAE, a visit to the Soviet Union in April 1988 by a UKAEA fuels
performance assessment team, to participate in a specialists' meeting and to view BN350, com-
pleted a two-year programme of information exchange discussions which began in 1986. A new
programme of specialist exchanges to run until 1990 was agreed in May 1988. In addition to
a continuing exchange of reactor operating and maintenance experience, this programme covers
safety, reactor physics, sodium technology, the development of major circuit components and
the development of wrapper and cladding alloys for high burnup fuel. For the first meeting in
this new programme, a team of Soviet fast reactor safety experts participated in a specialists'
meeting at Risley, and visited safety-related R&D facilities at Winfrith in November 1988. A
small programme of code comparison exercises, arising from discussions at the specialists' meeting,
is now in progress.
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Abstract

The United States nas made substantial progress in achieving U4R
programme objectives. A decision was made in 1988 to select the General
Electric ALMR concept known as PRISM (Power Reactor Innovative Safe Module)
for advanced conceptual design. A 3-year contract was awarded to General
Electric in January of tnis year for concentrated trade-off studies and
advanced design development. The strategy is to integrate those advancements
that best meet programme objectives into a national ALMR system concept.

1. OVERVIEW

The U.S. nuclear research end development program embraces advanced large and

mid-size light water reactors, modular high temperature gas cooled reactors, and

modular liquid metal reactors. While it is likely that any new near-term nuclear plant

order in this country would be an advanced light water reactor type, gas cooled and

liquid metal reactors possess unique capabilities that will require their

commercialization in the next century.

The liquid metal reactor concept has a sound technology base, with some three

decades of research and development both in this and other countries. An existing

network of government and industry research facilities and engineering test centers in

the United States is currently providing test capabilities and the technical expertise

required to conduct an aggressive advanced reactor development program. Notable

among the research facilities are the two operating liquid metal reactors, the Fast

Flux Test Facility (FFTF) at Hanford, Washington, and the Experimental Breeder

Reactor-II (EBR-II) at Argonne National Laboratory (ANL) in Idaho. Both have



compiled excellent performance records, that include numerous achievements

contributing to confidence in the choice of the liquid metal reactor concept for

advanced development.

Current U.S. Advanced Liquid Metal Reactor (ALMR) activity is focused on

providing a reactor and fuel cycle system with improved safety margins, better

economics, and an attractive waste management option. Special attention is being

directed to passive safety features, modular plant construction, standardized plant

design leading to simplified licensing and shorter construction schedules, factory

fabrication, advanced instrumentation and control systems, and the use of high

performance materials.

The United States has made substantial progress in achieving LMR program

objectives. A decision was made in 1988 to select the General Electric ALMR

concept known as PRISM (Power Reactor Innovative Safe Module) for advanced

conceptual design. A 3-year contract was awarded to General Electric in January of

this year for concentrated trade-off studies and advanced design development. The

strategy is to integrate those advancements that best meet program objectives into a

national ALMR system concept. The Department of Energy (DOE) role is to

advance the concept to a sufficient level that would enable private sector and/or

international interests to support further development and possible cooperative

demonstration of a prototype plant.

A key strategy within the U.S. LMR program is to evaluate the potential of metal

fuel based on the Integral Fast Reactor (IFR) concept developed at the Argonne

National Laboratory (ANL). This effort is investigating properties of the metal fuel

cycle that could provide benefits in all of the advanced LMR reactor objectives.

Activities are focusing on exploiting: (1) sodium cooling, (2) pool reactor

configurations, (3) metallic fuel, (4) spent fuel electrochemical processing and

injection-cast fuel fabrication, (5) an optional on-site fuel processing facility, and (6)

actinide burning. The United States is also completing the R&D to validate the

oxide fuels data base for use domestically and internationally as a back-up to metal

fuels.

Much of the technology for the IFR is based on EBR-II experience. EBR-II was the

first pool-type liquid metal reactor; uranium-fissium metallic fuel was developed as the

driver fuel in EBR-II. Based on an early spent fuel pyroprocess with some

characteristics similar to that now proposed for the IFR, about 35,000 fuel pins were

processed and refabricated in the EBR-II Fuel Cycle Facility during 1964-1969.

The scientific principles involved in the IFR concept have already been shown to be

soundly-based, even surpassing expectations in some instances. The current emphasis

in the IFR Program is on the comprehensive development of the IFR technology, to

be followed by a period of technology demonstration which would verify the economic

feasibility of the concept. The development effort is presently focused on parametric

investigation of the performance of the U-Pu-Zr ternary alloy metallic fuel;

optimization of the flowsheet for the IFR pyroprocessing method for efficient fuel

recycle and waste management; design and testing of plant-scale pyroprocessing

equipment; and characterization of the many inherent passive safety aspects of the

IFR systems for most effective exploitation of these characteristics in the future. The

IFR development program, which was initiated in 1984, is proceeding according to

schedule. Substantial progress has been made in all elements of the technology

program and entry into the technology demonstration phase of the program is planned

for 1991.

As in the past, DOE places important emphasis on seeking international cooperation

in the advanced reactor program. Such cooperation has been in place, to varying

extents, for over two decades with the European breeder developing nations and with

Japan. In the early days of the cooperation the plant design goals of all parties were

not too dissimilar. However, even with the present difference in approach between

the modular U.S. and monolithic European and Japanese fast reactor development

activities, the technologies have numerous similarities to make further international

cooperation attractive.

In summary, the U.S. ALMR program has two primary goals: (1) pursue PRISM/IFR

concept development through design evolution, trade-off studies, advanced systems and

components technology development, and licensing interactions with the Nuclear



130 Regulatory Commission (NRC); and (2) complete the IFR fuel cycle demonstration to

confirm its potential for improved economics, added safety margin, improved

performance and licensability, and effective waste management options, and integrate

those findings into the design studies being pursued in the PRISM program. The

remainder of this paper will provide details on the status of the program elements

designed to achieve these goals.

2. POWER PLANT DESIGN, DEVELOPMENT, AND LICENSING

The objective of the power plant design and licensing work is to complete sufficient

conceptual and preliminary design activities to:

• determine commercial plant systems economics, safety margins, licensability,

and develop acceptable waste management options

• establish the licensability of the evolving design

2.1 Conceptual Design Studies

Conceptual design activities were concluded in December 1987 on the innovative

small modular ALMR concepts, the General Electric Company PRISM and the

Rockwell International Corporation Sodium Advanced Fast Reactor (SAPR). Both

concepts utilized modular pool-type reactors with core inherent reactivity feedbacks

and passive decay heat removal capabilities that brought the reactors to a safe,

stable condition following the occurrences of off-normal events. Design goals are

listed in figure 1.

Top-level safety goals for PRISM and SAFR included inherent safe response to all

credible events, minimizing potential for severe accidents, and eliminating need for

evacuation. Each goal and its sub-goals were designed for and analyzed, resulting

in clear statements of expected safety in excess of design requirements for existing

reactor types.

SAFETY APPROACH TO
PUBLIC ACCEPTANCE

HIGH CAPACITY FACTOR

COMPETITIVE ENERGY COSTS

Advanced Plants

Maximum use of passive safety

Greater than 80%

Less than 30-45 mills/kWh

Existing Plants

Extended use of active engineering
systems

60% average

35-60 mills/kWh

LIMITED FINANCIAL RISK Quicker return on investment

Modular approach lowers front-end
investment requirements

Closely matches capacity additions
to growth demand

Uncertain investment recovery due
to regulatory delay

Multiple large units at a site

Cost increases due to regulatory change

WIDELY USABLE
STANDARD PLANT

Greater than 75% of U.S. sites No widely used standard plant

SHORT PROJECT TIME Simplify design

Minimize on-sitc license related work

Use modular construction

Large monolithic plants:

• difficult to manage
• increased complexity
• increased management requirements

EFFECTIVE SECURITY AND
SAFEGUARDS MEASURES

ASSURED INVESTMENT
PROTECTION

MINIMUM DEVELOPMENT
RISK

LONG PLANT LIFE

LOW-PERSONNEL
RADIATION EXPOSURE

Considered in design from outset

Designed to protect plant investment

Increased use of high-quality
industrial grade components

60 years

Less than 25 man-rem per reactor
per year

Design changes and retrofits needed

Not a design requirement

Uses mostly nuclear grade systems
and components

30-40 years

800-1600 man-rem per reactor per year

ADVANCED LMR TARGETS

Figure 1



Both PRISM and SAFR were evaluated against program objectives and criteria for

commercialization developed from market assessments of utility requirements.

These reviews included a formal evaluation process plus independent reviews and

assessments by national laboratories and utility organizations and by the NRC in

the form of preliminary licensing reviews. An NRC safety evaluation report for

each of the concepts was prepared.

In January, 1988, a Request for Proposals (RFP) was issued by the DOE for a

single reference LMR power plant concept. Building on the advancements

achieved in the PRISM and SAFR conceptual designs, the GE and Rockwell teams

submitted proposals.

2.2 Trade-Off Studies

2.3.1 Power Reactor Innovative Safe Module (PRISM)

2.3.1.1 Overall Plant

The General Electric Company has completed the initial PRISM

conceptual design phase. The design emphasizes low operating pressure,

compact pool-type reactor modules sized to enable factory fabrication

with minimum site installation labor, economical rail shipment to inland

sites as well as barge shipment to water-side sites, and an affordable full-

scale test for licensing a standard design. The reactor modules have the

capability of incremental power block additions and can be replaced if

necessary. A power block, as currently conceived, would consist of three

reactor modules. The plant, as shown in figure 2, could be expanded in

Throughout 1988, while proposals were being prepared and evaluated, trade-off

studies on advanced concept features were conducted under Program Research and

Development Announcement (PRDA) contracts. Areas of focus included decay

heat removal systems, beyond design basis accidents, and plant control systems;

additional potential areas of investigation included steam generators, pumps,

refueling systems, constructibility, and containment. The trade-off studies were

intended to reduce design uncertainties and lead to improved safety margins and

plant economics.

2.3 Reference Concept

In late 1988, DOE focused its future LMR development activities on the PRISM

design concept. Accordingly, GE was awarded a 5-year contract for Advanced

Conceptual Design and Preliminary Design for DOE's Advanced Liquid Metal

Reactor Program.

WAREHOUSE
SWITCHYARD

CONTROL
CENTER
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TOWERS

FUEL CYCLE
FACILITY
(Optional)

REACTOR SERVICE &
RADIOACTIVE WASTE

BUILDING

REACTOR
FACILITY
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RVACS
STACK

HIGH SECURITY
BOUNDARY
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PRISM POWER PLANT (3 POWER BLOCKS)

Figure 2



132 465 MWe module units to a 1395 MWe for a full-scale plant. The

reactors have a reference metal core with an oxide core as a backup.

Safety related equipment is limited to the reactor module and service

systems as shown in figure 3. The balance-of-plant will be constructed to

industrial-grade, non-nuclear standards, significantly improving plant

economics. The reactor module, the intermediate heat transport system,

and most of the steam generator system are below grade.

RVACS
STACKS

EQUIPMENT
VAULTS

SODIUM DRAIN TANKS'

SODIUM'CATCH PAN

PRISM NUCLEAR STEAM SUPPLY SYSTEM

Figure 3

eliminates any need for vertical isolation. Refueling operations are

conducted, one module at a time, with the reactor shut down and the

primary sodium cooled to 204 degrees Centigrade. The other two

modules of the power block will continue to operate. PRISM design data

are shown in figure 4.

OVERALL PLANT

- Number of Reactors per Power Block

- Number of Power Blocks

- Net Electrical Output

- Net Station Efficiency

- Turbine Throttle Conditions

REACTOR MODULE

- Thermal Power

- Primary Sodium Inlet/Outlet Temperature

- Secondary Sodium Inlet/Outlet Temperature

REACTOR CORE

- Fuel

- Refueling Interval

- Breeding Ratio

PRISM DESIGN DATA

Figure 4

Three

One/Two/or Three

465/930/or 1395 MWe

32.9%

6.6 MPa/282°C (SAT'D)

471 MWt

329°C/485°C

2S2°C/443°C

Metal (Oxide Backup)

18 Months

1.12, Reference

1.23, Capability

2.3.1.2 Fuel

The relatively tall, slender reactor geometry enhances uniformity and

natural circulation for shutdown heat removal. The relatively small

reactor diameter results in a structure that is stiff in the vertical direction

and thereby permits use of simple horizontal seismic isolation and

Uranium-plutonium-zirconium metal fuel is the reference for PRISM.

This selection was based on the excellent negative reactivity feedback it

provides for loss of cooling and transient overpower events, the

competitive fuel costs expected to be achieved, and the excellent inherent



Level D

safety performance demonstrated with metal fuel in the Experimental

Breeder Reactor at the Idaho National Engineering Laboratory.

2.3.1.3 Shutdown Heat Removal

In the unlikely event that the normal Intermediate Heat Transport System

becomes inoperable during power operation, for example because of a

main sodium pipe break or a sodium dump, the reactor will scram and

the Reactor Vessel Auxiliary Cooling System (RVACS), which is always

operating, will automatically and passively take over full decay heat

removal. Temperatures will rise and heat transfer to the atmospheric air

circulating upward around the containment vessel will increase, until an

equilibrium between reactor heat generation and RVACS cooling is

established.

Calculated core outlet sodium temperatures for RVACS cooling alone

after loss of all cooling by the Intermediate Heat Transport System with

reactor scram from full power are shown in figure 5. The temperature

peaks after about 30 hours at a nominal value of less than 1100 degrees

Fahrenheit, with a 2 « margin below the American Society for Mechanical

Engineers (ASME) code service level C. Thu' redundant air flow

passages, combined with substantial margins in the design make RVACS

extremely tolerant of accidental flow blockages, as well as surface fouling.

Even with 90 percent air blockage, the temperature remains well below

the ASME service level D.

The PRISM core is designed to also provide strong inherent negative

reactivity feedback with rising temperature as shown in figure 6. This

design characteristic, combined with the RVACS heat removal

capabilities, makes PRISM capable of safely withstanding accidental

transients without scram while maintaining investment protection.
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134 Technical and policy issues have been resolved as needed to support

NRC licensing activities and critical trade-off studies, evaluations and

assessments to support the initial conceptual design have been completed.

Independent cost verification studies and assessment of potential cost

reductions have been performed. Ongoing activities to support advanced

conceptual design include critical trade-off studies and interaction with the

NRC on advanced reactor licensing.

2.4 Licensing

Interactions with NRC are underway and will continue throughout the design

development process to resolve licensability issues at the earliest stages possible

and to establish an efficient procedure for licensing advanced power plants. Based

on NRC evaluations of the PRISM design, the DOE will prepare a "safety issues"

resolution plan for required technical work related to the reference power plant

design. Required licensing documents, such as a Preliminary Safety Information

Document (PSID) and a Preliminary Safety Analysis Report (PSAR) will be

submitted. These documents will detail reference concept safety feature and

systems, R&D test results, and plant design data. Fulfilling the requirements

needed for NRC licensing and design certification is mandatory for proceeding with

further development and demonstration.

2.5 Development Strategy

There are four phases to the U.S. Advanced Liquid Metni Reactor (ALMR)

program. Phase 1, now ongoing, is an advanced conceptual design effort. This

phase will be utilized to:

• Review latest developments in the international LMR arena and elements of

the RI SAFR design with potential application to PRISM.

• Evaluate combining the secondary pump, steam generator, and secondary

system expansion tank into a single vessel.

• Evaluate use of 9 Cr-1 Mo steel for the IHX and the IHTS piping.

- Evaluate methods to reduce sodium void reactivity.

• Prepare system design descriptions.

• Prepare plans for: program management, subcontracting, procurement,

engineering data file, software management, quality assurance, licensing,

reliability/availability/maintainability, financing/commercialization/marketing,

investment protection, and research and development.

• Prepare an Operations and Maintenance Manual.

• Update the Preliminary Safety Information Document and continue to resolve

licensing issues with the NRC.

• Continue R&D efforts on the EM pump, RVACS, steam generator, seismic

isolators, and other components.

During this phase, continual program reviews will be held by the DOE and other

expert supporting entities. This activity is scheduled to be completed by 1992. By

that time, it is envisioned that the necessary confidence level will have been

achieved in the nuclear industry to agree on a cost sharing option for a

preliminary design phase, leading to a national cooperative plan to detail design,

fabricate, and build a demonstration ALMR.

Evaluate alternative above reactor closure as secondary containment.
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Phase 2 will be a preliminary design program over the 1992-1993 time frame

consisting of the following:

• Complete specification of the conceptual ALMR design preparatory to detail

design.

• Complete resolution of NRC issues.

• Complete component development testing (steam generator, metal alloy

development to the point of its Iicensability, EM pump, and RVACS).

• Issue Preliminary Safety Analysis Report.

• Issue Final System Design Descriptions.

• Continue design reviews.

• Revise all plans including final Financing/Commercialization Plan.

• Obtain commitments to implement the Financing/Commercialization Plan.

Based on the implementation of an equitable cost sharing

financial/commercialization plan, the ALMR program will enter into phase 3.

Phase 3 consists of final design and construction of a prototype ALMR by a

national/international group under agreement to share the costs, and, of course,

the benefits, of this reactor concept. This phase is to include the following efforts:

• Detailed design.

• Qualification of prototype components.

• Fabrication of prototype components.

• Issuance of a Nuclear Island Final Safety Analysis Report and a Prototype

Safety Analysis Report.

• Issuance of a single construction/operating license.

• Fabrication and construction.

• Safety test of the plant.

• Power plant operation.

• Design certification of a series of ALMR.

At the end of phase 3, the ALMR will be ready for commercial application (phase

4). No time schedule has been set for the commencement of phase 4.

Based on successful certification of the ALMR design and on reliable

operation/proven safety/and competitive economics, the utilities and the nuclear

industry would embark on full-scale commercialization of the ALMR.

A key to such commercialization will be the economics of competing means to

produce electricity. Economics depends on capitol and operating costs. In the

long term, the price of uranium, may well be the dictating economic element,

along with environmental impact which may oblige the commercial introduction of

the ALMR. Also, a new element on the horizon is the use of an ALMR as an

actinide burner to alleviate the high level waste repository situation.

3. INTEGRAL FAST REACTOR METAL FUEL DEVELOPMENT

The Integral Fast Reactor (IFR) is an innovative liquid metal reactor concept being

developed at ANL. It seeks to exploit the inherent properties of liquid metal cooling

and metallic fuel in a way that leads to substantial improvements in the characteristics

of the complete reactor system. The IFR concept consists of five major technical



13B features: (1) liquid metal (sodium) cooling, (2) pool-type reactor configuration, (3)

metallic fuel, (4) an integral fuel cycle, based on spent fuel pyrometallurgical

processing and injection-cast fuel fabrication, and (5) an option for a collocated fuel

cycle facility. IFR research and development is coordinated with the advanced design

R&D previously described. We expect that the reference power plant design will

incorporate many of the features being tested and proven in the IFR program.

3.1 Fuel Cycle Development

The goals of the fuel cycle program are to confirm metal fuel burnup and

pyroprocess recycle; evaluate actinide burning benefits in waste management

options; demonstrate passive safety fuel performance; and demonstrate full fuel

recycle economics, safety and performance.

There is sufficient evidence to indicate that, when utilized in conjunction with the

advanced PRISM ALMR design, metal fuel has the potential for improved

economics and passive safety performance and better waste management options,

including the burning of almost all of the longer life actinides, precluding their

accumulation and need for subsequent burial. Priority support is therefore being

given to develop the metal fuel cycle for the reference ALMR power plant design.

A ternary alloy metal fuel (uranium-plutonium-zirconium) is the current reference

fuel.

The DOE metal fuel R&D program includes five elements: fuel performance

testing (fabrication, irradiation, evaluation, modeling) of near-commercial size fuel

assemblies to demonstrate physics and mechanical performance of fresh and

recycled fuel under normal and upset conditions; core design R&D to optimize the

inherent safety and economic features of metal cores; safety tests and analysis to

demonstrate metal fuel safety potential; pyroprocess technology demonstration of

an engineering scale model of electrorefining batch processing; and spent fuel

recycle and waste treatment demonstration. Related efforts involve modifying the

Hot Fuel Examination Facility-South (HFEF-S) to demonstrate the closed fuel

cycle, and testing fuel performance and safety margins at EBR-II, FFTF, and the

Transient Reactor Test (TREAT) facility.

3.1.1 Fuel Performance Demonstration

The primary objectives of metal fuel development are to demonstrate, through

irradiation of individual test assemblies and whole core loadings, the economic

and safety performance potential of metallic fuels, and to develop a technology

data base, as required, to support advanced reactor design and licensing

processes. Demonstration includes the fabrication of fresh fuel and

components for irradiation in EBR-II and FFTF.

The basic physical properties of the ternary alloy fuel and the fuel/cladding

interactions over a full range of conditions, compositions, and temperatures

have yet to be established. Out-of-reactor experiments are underway to

establish the compatibility of the metal fuel with advanced cladding materials,

to characterize the distribution of the alloy elements within the fuel, to

measure the thermal and physical properties of the fuel, and to validate

calculational methods of modeling the fuel behavior.

A major objective is to expand the U-Pu-Zr fuel irradiation data base to

provide a technical bridge with the extensi/e data base already in hand for the

similar, but not identical, EBR-II metallic driver fuel. Lead irradiation test

assemblies in EBR-II with U-Pu-Zr fuel have reached burnup in excess of 185

MWe/kg as of January 1989, and are continuing tneir irradiation to cladding

breach. Interim postirradiation examinations have been performed at various

burnup levels. Two types of natural cladding breach have been observed, with

the predominant failure mechanism being cracking in upper plenum weld

regions at high burnup levels. This type failure is considered correctable

through design or procedural changes. One breach has apparently occurred in

the fuel column region, but analysis of the mechanism is not yet complete.

Artificially-defected pins with breaches have been operated for periods well

over 200 days without extension of the breach or propagation of the failure to

other pins. These results confirm the expected excellent RBCB capability of

IFR metallic fuel.



The testing of IFR fuel assemblies in FFTF is serving to provide confirmation

of the performance of pins with prototypic fuel column length. The first full

IFR fuel assembly tested in FFTF reached its goal burnup level (10 atom

percent, 600 EFPD) during the last half of 1988 and is now awaiting

postirradiation examination. A series of FFTF metal fuel qualification test

assemblies has now begun irradiation in FFTF for the purpose of qualifying

the binary (U-Zr) metal fuel system for a full FFTF core loading should the

nature of the future FFTF operating mission permit full core conversion to this

type fuel.

Continued metal fuel testing of full sized fuel assemblies in FFTF saw one

assembly removed after 620 EFPD and approximately 9 atom percent burnup.

Follow-on assemblies continue to perform as expected after an initial reduction

in power caused by linear fuel expansion up to 10 percent during the first six

weeks of irradiation. The data from four separate tests show that the three

percent decrease in power, previously unpredicted, is responsible. Power

changes during life are now predictable.

Fabrication technology for metal fuel is also progressing, largely as a result of

the need to cast pins for irradiation experiments. Fuel pins having different

dimensions and compositions have been successfully cast. Confirmation of

solidus/liquidus temperatures, density, and linear thermal-expansion calculations

is one of the side benefits from the experimental casting program. Effects of

superheat temperatures on metal fluidity have proven that larger fuel-pin

diameters are, in fact, easier to cast and require less energy. Internal porosity

and solidification defects have been reduced, and in some alloy compositions

eliminated, by using the proper solidification-control techniques. Several

problems of process-material compatibility have been solved with inexpensive

plasma-arc-sprayed refractory coatings that are relatively inert to molten U-Pu-

Zr. Further study is continuing in this area with the possibility of using state-

of-the-art ceramics as melt crucibles and reusable mold materials.
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3.1.2 Core Design Development

Development to support the IFR/ALMR will optimize metal core designs to

achieve high safety margins and low fuel cycle costs. This program includes

work on assembly design, orificing selection, core restraints, power and burnup

profiles, temperatures, duct and pin analyses, control requirements, and

absorber element designs.

This program element also includes activities directed toward evaluation of

core design options which promote the use of the IFR in a manner for which

it is eminently suited: the recycling and destruction of actinides, to reduce the

long-term hazards associated with high-level reprocessing wastes. Other

program activities include development of systems for real-time materials

control and accountancy.

3.1.3 Safety Demonstration

The overall objective of the IFR safety analysis task is to provide the

experimental data to validate the unique inherent safety features of the IFR

and to fully characterize the totality of safety features associated with metallic

fuel. Primary activities are: (1) to conduct TREAT tests to establish the

margins to failure for metal fuel and validate the analysis of the transient

behavior of metallic fuel, (2) to conduct analyses to demonstrate the safety

margins of metallic fuels for a wide range of reactor sizes and to apply the

analyses to the reference reactor concepts, (3) to conduct out-of-pile tests on

both unirradiated and irradiated fuel to establish key fuel behavior data under

upset conditions; and (4) to conduct analyses of operational transients and

local faults to establish margins of safety for metallic fuels.

Rapid progress has been made in metallic fuel transient behavior modeling,

experiments and analyses aimed at qualifying the significantly improved

inherent safety characteristics of the IFR under the generic anticipated-

transient-without-scram (ATWS) events. The analytical predictions are



currently being validated through the series of EBR-II tests demonstrating

inherent passive shutdown capability.

The first phase of this testing has been completed, with demonstration of

inherent passively safe response of EBR-II to loss-of-flow (LOF) without scram

and loss-of-heat sink (LOHS) without scram as well as rapid run-up of the

primary pumps or rapid increase in demand from the balance-of-plant.

Current testing involves an evaluation of techniques for monitoring of safety

margins and demonstration of operating simplicity and flexibility, especially in

response to individual component or controller failure. In the future, inherent

passively-safe response to LOF, LOHS, and transient overpower (TOP) events

will be demonstrated with the full IFR core in EBR-II.

Another unique characteristic of metallic fuel is that fission gases entrapped

within the fuel alloy matrix provide a self-dispersive mechanism that plays an

important role in the termination of transient overpower accidents. Three

TREAT tests performed to date demonstrated, first, a large margin to cladding

failure threshold, and second, that the fission-gas driven axial expansion of fuel

within the clad provides intrinsic negative reactivity feedback before the fuel

clad itself fails. This latter effect can provide a substantial reduction in

reactivity in overpower accidents before fuel failure.

The remaining effort is to develop a detailed, fundamental explanation and

experimental demonstration of the key safety characteristics of metallic fueled

LMRs in normal and off-normal operation, including design-basis and beyond-

design-basis accident situation. A substantial effort will be devoted to

providing safety analysis support to the reference design and to supporting the

licensing interactions with NRC.

3.1.4 Pyroprocess Development

The objective of a metal fuel pyroprocessing task is to establish the chemical

feasibility of the processes for recycle of discharged core and blanket materials

and for disposal of the fission product waste. An important program goal is to

achieve a 105 reduction of the actinides in the waste stream. The major

process step is electrorefining for both the core and blanket material. The

work is to establish that product yields will be adequate, fission product

removal will be sufficient, and container materials and process reagents

specified will perform as expected. A corollary task is to develop the

processes such that they are adaptable to remote operations.

Engineering-scale electrorefining experiments (i.e., laboratory tests at future

plant scale quantities) have been completed with unirradiated U-Zr alloy

compositions, both in the form of free metal and as simulated, chopped, fuel

pin segments. Uranium metal was transported from a liquid cadmium anode

through a fused salt electrolyte and deposited on steel cathode rods. Deposits

ranging in size up to 10 kg have been produced, and the composition of the

deposit is in agreement with predictions of a theoretical electrochemical code

developed for process analysis. The dendritic cathode deposit typically contains

a substantial quantity of cadmium and entrained salt, which are easily removed

by a combination of melting and distillation processes. Consolidation of the

uranium deposit into a uniform, high-purity, high-density ingot has been

demonstrated. It has been shown in laboratory tests that virtually all of the

actinides that are present in spent IFR fuel will follow the uranium/plutonium

product stream, and that trace actinides present in the waste streams can be

very easily separated and recycled back into the reactor with the product-

stream actinides for burning.

3.1.5 Fuel Cycle Demonstration

The objective of this program is to quantify the economic potential of the

metal fuel cycle, establish the feasibility of a low-cost demonstration, provide

an equipment development program to verify process feasibility and economics,

and perform the system demonstration.

The practicality of the entire fuel cycle will be demonstrated using the EBR-II

reactor and a refurbished EBR-II Fuel Cycle Facility. Much of the technology

for the IFR is based on EBR-II experience. EBR-II, which was the first pool-
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type LMR, is the natural prototype of the IFR. Metallic fuel was developed

as the driver fuel in EBR-II. During 1964-1969, about 35,000 fuel pins were

processed and refabricated in the EBR-II Fuel Cycle Facility, which was based

on an early pyroprocess with some characteristics similar to that now proposed

for the IFR. Conversion of the EBR-II to the IFR fuel composition has now

been completed; fuel currently in the reactor will be the first to be processed

in the modified fuel cycle facility.

Modifications to the EBR-II complex will take IFR demonstration through the

pilot plant stage. As the necessary facilities are already in place, the total cost

will be modest. EBR-II will then be in full operation as a complete IFR

prototype, with fuel at target burnup levels and fuel being recycled (i.e.,

processed and refabricated) and returned to the reactor.

3.2 IFR Concept Development

The objective of this program is to verify design features, safety margins, and cost

savings of the IFR concept and to confirm performance expectations of the

required new components and materials.

Technical supporting data and test results are provided for two areas: systems

technology and core R&D. Extensive use is made of the national laboratories and

engineering test centers to verify predicted behavior of components, materials, and

systems. With the selection of the reference concept, resources will be

concentrated on the technologies required for the chosen advanced reactor concept

and remaining technical uncertainties will be resolved.

3.2.1 Systems Technology

Systems technology includes work on components, advanced instruments and

controls, and auxiliary systems. This R&D advances the performance of

current technology, which is needed to assure that desired cost savings are

realized in the construction and operation of the proposed reference advanced
ALMR.

At the Energy Technology Engineering Center (ETEC), major emphasis is

currently on steam generator development. Activities encompass helical coil

steam generator testing, preparations for testing a double wall tube steam

generator in a cooperative program with the Japanese Atomic Power Company

(JAPC) that also includes testing of a JAPC few-tube model steam generator,

and testing of advanced technology and materials (e.g., modified 9 Cr-1 Mo

steel and improved chemical and acoustical leak detection systems). Activities

at ETEC also include an endurance test of a model pump for Kawasaki Heavy

Industries and Rockwell International, advanced planning with GE for the

eventual endurance testing of the PRISM electromagnetic pump, seismic testing

including work for the NRC and EPRI, and in-sodium testing of air-cooled

shutdown decay heat removal systems.

The advanced instruments and control program element includes the design,

test, and performance demonstration of new, state-of-the-art instrumentation

and control systems, such as radiation detection, sodium pressure and

temperature measuring, automated plant control, "smart" sensors and

diagnostics, nondestructive testing and in-core neutron flux monitoring, which

will reduce plant cost and improve the licensability of advanced liquid metal

reactors.

Work continued on the long-term task of providing for testing and validation

of advanced control system designs by simulation, with emphasis on

applications of parallel processing to improvement of simulation speeds and to

real-time simulation techniques. A large reactor simulation program was

converted to parallel processor code and is in the final stages of debugging.

Significant speedups were obtained with parallelization, with the code currently

running up to 600 times real time. Lessons and techniques developed in this

exercise will be applied to the advanced controls program demonstration

projects, as appropriate.



Research and development is also required to determine the best design for

major auxiliary systems, including fuel handling, vessel support, in-service

inspection, sodium leak detection, and remote maintenance. Sufficient test and

design verification data are needed so these systems can be clearly specified

and accurately costed. R&D is directed at those critical features that differ

significantly from FFTF or EBR-II operating systems and that offer potential

for significant future cost savings, improved reliability, and/or increases in plant

availability. One area generating interest is a bottom-support plant design that

offers the potential of reduced seismic loads and lower cost.

3.2.2 Core Research and Development

Core systems R&D includes work on passive safety features, materials

properties and performance, and core design technology.

Passive safety features testing includes design and testing of self-acting safety

features proposed for use in ALMR designs. These features will assure

termination of the chain reaction process and return of the reactor to a safe,

coolable state under a wide range of component and control system conditions.

Included are tests of the decay heat removal systems, the mechanical features

of the core design, and the temperature dependent reactivity feedback

coefficients. Validations of safety design calculations are performed at EBR-II

and FFTF.

Materials R&D is conducted to establish high-temperature properties and

irradiation performance of core alloys and out-of-core structural alloys to

fluences and temperatures desired for LMR applications. This program

develops engineering property data and manufacturing processes for cladding,

ducts, structural materials and absorbers, and provides irradiation testing

services and material behavior correlations for use in design and performance

analyses. Completion of the proposed R&D tasks will increase fuel life and

reduce fuel cycle costs by a factor of two or more over current technology.

This will result in major cost savings in the operation of advanced LMRs.

The new Series-3 FFTF Control Assembly design was returned to a hexagonal

in hexagonal duct configuration with 19 large diameter, sealed pins.

Calculations based on data from the reference control rods indicated with

bowing was not a concern for the full length pins and ducts. Based on this

information, the Series-3 control assemblies are based on a sealed pin

configuration. Gas release is much lower than anticipated at higher burnups;

and, thus, the sealed geometry will be able to accommodate the anticipated gas

release of the Series-3 pins to an expected 1,200 Effective Full Power Days

(EFPD) of operation.

The core design program element provides timely development of data and

analytical capability required for the ALMR design. Improved neutronic, heat

transport, and shielding data bases will be completed and made available to

LMR designers. Advanced core design technology is being developed for

application in the innovative LMR core and shielding designs. Completion of

core R&D tasks will provide major savings in the cost of constructing advanced

LMRs through removal of design uncertainties, qualification of advanced

materials and designs, and verification of passive safety features required for

licensing.

A test program demonstrating the feasibility of passive decay heat removal for

advanced LMRs by natural convection air cooling has been completed. Testing

involved a scaled reactor water flow natural circulation model, a full-size

reactor model of an LMR external natural convection air cooling system, and a

composite scale model simulating both the sodium cooled reactor and its

external air cooling system. Test results provided validation of analytical

design tools and confirmation of fluid flow and heat transfer correlations used.

Advanced absorber materials and operating assemblies continue to be tested in

FFTF. An experimental enriched boron carbide absorber test was discharged

having a peak burnup of 330 x 1020 captures/cm3. This is the highest known

burnup of any B4C absorber test in the world. The only enriched boron

carbide operating control rod in FFTF was discharged having a burnup of 220

x 1020 captures/cm3. Irradiation of another advanced absorber assembly was



completed on schedule. This experimental control rod has a D-9 duct and D-9

clad B4C pellets. The absoroer pins are vented to allow the escape of helium

produced during irradiation. The assembly was irradiated in FFTF for 1,108

Effective Full Power Days and attained an estimated burnup of 144 x 1020

captures/cm3.

4. OXIDE FUEL CYCLE R&D

The liquid metal reactor (LMR) program in the U.S. prior to the 1983 cancellation of

the Clinch River reactor consisted of oxide-fueled, monolithic reactors. While no

longer of primary consideration for the advanced, modular LMRs in the U.S. program,

oxide fuels remain the primär)1 backup to the metallic fuels. Oxide fuels are also the

preferred choice in most of the other nations of the world who are developing the

fast breeder reactor. For many years, the U.S. and Japan have had very intensive

cooperative efforts underway. Development objectives included long-life oxide fuel

performance and a highly sophisticated fuel cycle based on the well known Purex

process. This cooperation continues, together with lesser cooperative efforts with the

United Kingdom and France.

The oxide fuel cycle R&D program now consists of three major programs: fuel

performance testing of mixed oxide fuel; development, analysis, and performance

testing of enriched uranium oxide fuel for future FFTF multiple missions; and

reprocessing systems development. The programs provide fuels performance data and

aqueous reprocessing technology to assure that mixed oxide fuel remains a viable

option for advanced modular LMRs. An additional component includes collaborative

fuels and materials testing in FFTF and EBR-II for Japan's MONJU reactor.

Three generations of fuel continue to produce energy and data in FFTF. The

performance of the first generation fuel assembly with A1SI 316 austenitic stainless

steel and the second generation fuel assembly with advanced austenitic steel continue

to be limited only by the stainless steel components used in their fabrication. A

141 histogram of high burnup experience with mixed oxide fuel in FFTF (figure 7) shows
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that large numbers of assemblies exceed the original design peak burnup of

80 MWd/kgM. In fact, a D9 assembly was removed in October 1988 after

accumulating a 188 MWd/kgM peak pin burnup (or a 20 atom percent burnup),

believed to be the highest burnup ever attained worldwide in a full-size mixed oxide

assembly. This was accumulated in 1468 EFPD of operation.

The demonstration of the merits of using the non-swelling stainless alloy HT9 for long

lifetime third generation components continues to be highly successful, By the. end of

1989, the Core Demonstration Experiment (CDE), consisting of ten fuel and six

blanket assemblies, will have achieved its goal exposure of three years which is

900 EFPD. Lead tests already have exceeded the CDE exposure goal and are

continuing irradiation at conditions more severe than CDE. A lead test has passed

1000 EFPD in February 1989 and burnup exceeds 170 MWd/kgM.
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advanced LMRs is in the results from the deliberate transient overpower of a CDE-

like full sized fuel pin. This test demonstrated a passive overpower shutdown

mechanism for the mixed oxide fuel system. This test also supports extending that

lifetime of CDE to 1200 EFPD, or approximately 4.7 years at a 70 percent plant

capacity factor.

Irradiation of three mixed oxide prototype assemblies for Japan's MONJU Reactor

(two fuel and one blanket) which was initiated in 1987 continues. These tests, which

utilize both cladding and duct components provided by Japan (the Power Reactor and

Nuclear Fuel Development Corporation, PNC), are being irradiated in a fully

prototypic reactor environment to a goal exposure of 600 EFPD. At the end of

February 1989 the assemblies had reached 356 EFPD and a burnup of 62 MWd/kgM.

The potential selection of FFTF for the Plutonium-238 Space Isotope Project (SIP)

fuel source necessitated a review of the driver fuel core requirements and led to the

choice of UO2 as the driver fuel. The UO2 fuel represents minimum technical and

programmatic risk for the SIP mission and will provide part of the feed materials for

producing Plutonium-238. The large body of successful experience in the U.S. and

world reactors with mixed oxide and UO2 supports this choice.

Fuel reprocessing activities on the Shear-Leach-Purex aqueous process are continuing

in the Consolidated Fuel Reprocessing Program (CFR?) at the Oak Ridge National

Laboratory (ORNL). Much of the work is carried out under a jointly funded

collaborative agreement with PNC of Japan. The goal of the program is continued

development of reprocessing technology and support of the design and construction of

the Recycle Equipment Test Facility (RETF) in Japan. Each piece of equipment in

the RETF will be prototypical of those of a future FBR fuel recycling pilot plant in

Japan and will provide a valid technology demonstration. The reprocessing program

at the CFRP is focusing primarily on this collaborative program while completing

ongoing activities with the United Kingdom Atomic Energy Authority and the

Commissariat a l'Energie Atomique of France.

The concepts that have been and are being developed at ORNL are compact, high

throughput devices that are designed both to be reliable and readily maintainable by

remote means. Equipment components, except for the heavy mechanical head-end

devices, will be mounted on racks that facilitate in situ remote maintenance and also

provide for the rapid replacement of individual components or entire racks. An

electromechanical master-slave manipulator is in operation at CFRP that is highly

dextrous, has force feed back to the operator and is itself remotely maintainable. In-

cell samplers have been developed and tested that will minimize cell penetrations,

reduce exposure to analytical personnel and simplify operations. The entire process

will be highly instrumented and will provide for both enhanced process control and

enhanced safeguards. Because cell penetrations are minimized and in cell

maintenance maximized, a sealed cell concept is possible that will allow a low-flow

ventilation system to be used that could include an inert cell gas. This in turn would

essentially eliminate any in-cell fire hazard.

Many of the concepts jointly developed by the CFRP and PNC are being incorporated

into the reference design of the RETF.

The entire system proposed by CFRP will provide for a reprocessing facility with low

capital and operating costs, minimal personnel exposure, improved effluent control and

increased safety and safeguardability.

5. TEST FACILITIES

The Nuclear Program's facilities provide the cost-effective testing capabilities essential

for developing the technology and demonstrating the performance to reduce or

eliminate technical and economic uncertainties within the advanced LMR program.

Efficient consolidation of functions and continual upgrading have enabled these

facilities to provide high quality physics, materials, and engineering data not only for

the U.S. advanced reactor program, but also for international fusion programs and

non-nuclear energy programs, both for private and government organizations. The
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major facilities advancing the LMR effort are located at three sites within the United

States:

• Argonne National Laboratory-West (ANL-W), Idaho Falls, Idaho

• Westinghouse Hanford Company (WHC), Richland, Washington

• Energy Technology Engineering Center (ETEC), Santa Susana, California

In addition to the above facilities, the program utilizes other facilities for advanced

reactor R&D. One of the more prominent of these facilities is the Integrated

Equipment Test (IET) facility at Oak Ridge National Laboratory (ORNL). The IET

provides a key capability in fuel reprocessing technology and is used in a number of

international collaborative efforts.

5.1 Argonne National Laboratory-West (ANL-W)

The ANL-W site is the technology center for the U.S. metal fuel development

program, for reactor operations, for metal fuel reprocessing and refabrication, and

for waste treatment demonstrations verifying the closed metal fuel cycle. The

facilities are described below:

5.1.1 Experimental Breeder Reactor-II (EBR-II)

EBR-II, a metal fueled LMR power plant, has been in continuous operation

since 1964. In 1987, it achieved a plant capacity factor of 81 percent, with a

71 percent 10-year average plant factor. The original mission of EBR-II was

that of a complete pilot plant for proving the liquid metal fast breeder reactor

(LMFBR) system. The reactor, in conjunction with the adjacent Fuel Cycle

Facility, demonstrated the concept of a fast breeder power plant with an

integral fuel cycle. During 1968-69, with the successful completion of the

original mission, a substantial modification program was initiated to convert the

EBR-II reactor into a fast reactor test facility.

EBR-IFs long and successful operating history provides an important source of

information on the long-term reliability of LMRs. Major programs being

conducted in EBR-II include metal fuel irradiation testing and demonstrating

the inherently safe response of a metal fueled, pool LMR to plant upsets.

EBR-II also serves as an important test bed for key features of innovative

LMR designs, such as flexible pipe joints, improved materials, and instrument

and control system improvements. Other major tests currently being conducted

include those to determine the efforts of running-beyond-cladding-breach, and

response of oxide fuel to operational transients in a joint U.S./Japanese

program.

The As Low As Reasonably Achievable (ALARA) approach to radiation

exposure combined with other EBR-II attributes has resulted in collective man-

rem exposures two orders of magnitude less than for commercial power, light

water reactors.

The future utilization of EBR-II includes continued support of the IFR

development and metal fuel performance demonstration program, completion

of the Phase II U.S./Japanese program of oxide fuel operational reliability

testing, and irradiation testing of fuels and other materials for the space and

defense power program.

5.1.2 Zero Power Plutonium Reactor (ZPPR)

The ZPPR is an experimental critical facility in which different reactor core

designs can be mocked-up, operated at a low power, and characterized

according to the physics properties of the core and surrounding regions. The

ZPPR provides experimental physics data for the design of fast reactor

demonstration plants and large fast reactor central-station power plants.

Operational and design parameters such as critical mass, control rod worth,

power-generation distribution, breeding-blanket effectiveness, and neutron flux

on support structures are measured for configurations that exactly duplicate the
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related parameters fundamental to the demonstration of a safe design, such as

the Doppler coefficient and the sodium-void coefficient.

5.1.3 Transient Reactor Test Facility (TREAT)

The TREAT reactor is an air-cooled, thermal, heterogeneous reactor used to

simulate postulated reactor transients and transient undercooling events. The

primary mission of the TREAT reactor is to conduct safety-related tests in

support of the Liquid Metal Reactor Program. Tests include overpower

transient tests on fuels to determine fuel dynamic behavior during reactor

excursions, overpower transient tests to investigate fuel-coolant interaction

phenomena, steady-state power tests with loss-of-flow to investigate coolant

expulsion and related phenomena, and combinations of loss-of-flow and

transient-overpower tests. TREAT also provides neutron radiography services

for the oxide and metal experimental irradiation programs and other

experiments. Following completion of facility upgrading that is currently

underway, a U.S./U.K. transient testing program will resume.

5.1.4 Hot Fuel Examination Facility (HFEF)

The HFEF consists of two individual facilities mainly composed of hot cells,

which provide capabilities for remote assembly and disassembly of irradiated

subassemblies and loops, and for examination of fuel elements and material

specimens. The HFEF examination capabilities include precision gamma-

scanning profilometry and other dimensional measurements, weight

determinations, metallography, photographic and visual observations, eddy

current and ultrasonic nondestructive testing, and neutron radiography.

Modification of one of the two facilities is underway to provide for the

development and demonstration of IFR metal fuel pyroprocessing and waste

processing technology.

5.2 Westinghouse Hanford Company (WHC)

The WHC complex serves as an irradiation testing center for LMRs, fusion,

isotope production, space and defense power programs, and cooperative

international programs. The key facilities used for LMR development are

described below.

5.2.1 Fast Flux Test Facility (FFTF)

The FFTF, a fuels and materials test reactor, began operations in 1982 and is

currently in its tenth operating cycle. Its excellent performance is

demonstrated by the achievement of a 78.5 percent capacity factor in 1988

while continuing to successfully execute a complex experimental mission that

requires relatively frequent startups, shutdowns, and refueling. The Operational

Efficiency Factor, a measure of the ability of the plant and operating staff to

meet schedule, has averaged over 97.5 percent for the last six years, including

98.9 percent for 1988. The goals for 1989 are at the same high levels.

In 1988, the FFTF operated for 126 continuous full-power days. Peak burnup

within a full-sized fuel assembly, D9-3, was 188 MWd/kgM when it was

removed from the reactor in October 1988. The D9-3 fuel assembly used an

advanced austenitic steel alloy for fuel assembly components. The assembly's

lifetime was controlled by component swelling.

An operating histogram and operating statistics for FFTF are shown in figure

8. At the end of February 1989, FFTF had operated 1603 EFPD since initial

operations in 1982.

The commercially fabricated driver fuel has performed flawlessly to well

beyond the design goal peak burnup of 80 MWd/kgM. The core average

discharge exposure continues to be 60 percent beyond the original design

expectations. Although it was expected that pin breach would be life-limiting

for the driver fuel, duct distortion due to irradiation induced creep and
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]4ß swelling turned out to be the more significant factor in limiting core residence

time.

The capabilities of FFTF for large, fully instrumented testing with flexibility to

tailor irradiation conditions of components and materials was further

demonstrated in the successes achieved with the Materials Open Test Assembly

(MOTA) for the space power program. Capability for testing under

temperature control to 1500K was demonstrated and components for

thermionic fuel elements (TFE) were irradiated. A major component of the

LMR MOTA continues to be tests conducted for Japan's PNC program.

Additionally, a second MOTA has been fabricated and prepared for

simultaneous irradiation and contains fusion reactor related materials for U.S.,

Japan, and IEA programs.

A sustained effort by the plant's staff over the past year and a half has

brought the plant's maintenance backlog down to where it is now comparable

to the best in the commercial nuclear industry. Other recent initiatives

undertaken include an Operational Assurance Program with objectives of

replacing equipment prior to wearing out or becoming obsolete. Tin's program

will allow the plant to maintain contemporary standards, prevent general plant

degradation due to age and allow continued outstanding operational

performance.

During 1988, FFTF received reviews by the National Research Council and the

Advisory Committee for Nuclear Facility Safety (ACNFS). Both reviews were

beneficial to plant operation and provide a basis for conducting probability risk

analysis and several other activities.

Efforts continued to develop a basis for a Power Addition for FFTF.

Technical and safety briefings were presented to the ACNFS and DOE

Headquarters personnel for initiation of independent safety review and project

validation. The privately financed Power Addition would offer an opportunity

to test liquid metal steam generators and other components for both U.S. and

international interests.

The near-term goals for FFTF center on safe and efficient operation. Efforts

to maintain contemporary standards and practices for FFTF's equipment, the

personnel directly responsible for it and the processes used to operate it will

be the focus of several initiatives in 1989. Longer-term efforts to utilize FFTF

for isotope production and the Power Addition Project may well become the

primary emphasis at FFTF.

5.2.2 Fuel and Materials Examination Facility (FMEF)

The FMEF is a modern facility designed and built to provide the capability for

LMR fuel fabrication and plutonium (or other fissile material) storage. The

Secure Automated Facility (SAF) Line within the FMEF was designed to

provide mixed-oxide or uranium-oxide fuel for the FFTF. The SAF line is

capable of throughputs of up to 40 tons of uranium oxide per year and is the

only oxide fuel fabrication capability in the U.S. for plutonium or for uranium

enriched to greater than 10 percent U-235. The SAF Line was placed in a lay

up condition because of a lack of need for its production capacity. Fuel

fabrication capability is being designed for installation in a smaller Fuel

Assembly Area in FMEF during 1989-90 to permit fabrication of FFTF

enriched uranium oxide fuel and a limited number of mixed oxide fuel pins.

A separate area will be used to fabricate neptunium target pins for the

production of Pu-238. A major cell area is a possible location for reprocessing

fuel and targets for the Pu-238 mission. A separate area is being transformed

into a Radioisotope Power Source Facility.

5.3 Energy Technology Engineering Center (ETEC)

The ETEC provides testing capabilities for developmental hardware, software and

instrumentation in non-nuclear environments. Key facilities are described below:
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5.3.1 The Sodium Component Test Installation (SCTI)

SCTI is a fossil-fired, 70 MWt test facility utilized for testing prototype LMR

steam generators (in either the once-through or recirculation modes), as well as

other types of heat exchangers. The installation of the Power Pak (a 25 MWe

power conversion unit), completed during 1988, permits low-cost endurance

testing of steam generators.

SCTI is also a useful test bed for the entire spectrum of plant components and

systems: LWR and LMR steam and feedwater components; advanced control

systems for the steam and feedwater system and power conversion unit; local

area networks and fiber optics transmission systems; smart sensors and/or fiber

optic sensors; and artificial intelligence and/or smart systems for plant status,

alarm management, or procedure generation.

5.3.2 The Sodium Pump Test Facility (SPTF)

SPTF was designed primarily for large sodium pump testing and the concurrent

testing of large sodium flowmeters. The facility has a flow capacity up to

100,000 gpm at 210 psig developed head and 1100 degrees Fahrenheit. The

system has a turndown capacity to less than 100 gpm. Electric power is

available for motor drives up to 15,000 hp. The system includes two test

stands for large pumps and is designed to produce upramp or downramp

thermal transients to 5 degrees Fahrenheit/second during pump operation. A

space vacuum test capability is also available in this facility.

5.3.3 The Transient Test Facility (TTF)

TTF is a versatile, multi-purpose test facility designed to conduct non-sodium,

non-radiation thermal and mechanical tests on nuclear power plant components

and/or materials under severe plant upset or environmental conditions,

including high acceleration seismic or vibration testing. Since the majority of

the test programs in TTF are designed to produce test article failure, the use

of a non-sodium fluid to simulate sodium provides a safer, less costly test

program, but produces equivalent test results. These results provide the basis

for regulatory review and design improvements, leading to greater reliability

and safety and reduced constructions costs.

6. INTERNATIONAL COOPERATION

International cooperation has historically played a part in all of the fast breeder

reactor developing nations' programs. Until the cancellation of the Clinch River

Breeder Reactor project in the U.S., all national programs were quite similar in

regards to the gradual evolution from small test reactors through the intermediate size

(250-600 MWe) on to the large demonstration plants in the 1,200 MWe or larger.

This situation was conducive to increasing amounts of international cooperation, as

best exemplified by the cooperation within the European Fast Reactor Group. On

the other hand, in 1983 the U.S. redirected its program away from large FBRs

towards innovative fast reactor concepts, which resulted in focusing effort on small,

modular reactors. Nevertheless, there is much common technology between small and

large sodium cooled fast reactors and consequently, international cooperation has

remained an important mainstay to the U.S. program.

6.1 U.S./Japan Activities

International cooperation with Japan, including the Power Reactor and Nuclear

Fuel Development Corporation (PNC) and the Japanese Atomic Power Company

(JAPC) has been increasing dramatically in recent years to the point where it is at

an all time high. Currently there are six active agreements, with more pending. It

is noted that although the Clinch River/Monju Agreement expired last year, the

U.S. will continue to benefit from the learning experience that PNC will have from

the completion and operation of MONJU.

Last year the Japan Fast Breeder Research and Development Steering Committee

and the U.S. Liquid Metal Reactor Research and Development Steering

Committee entered into a memorandum of understanding, calling for enhancement
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present, it is anticipated that a significant cooperative effort will occur on the

Integral Fast Reactor program.

6.2 U.S./European Activities

Cooperation between the U.S. and the United Kingdom Atomic Energy Authority,

The Federal Republic of Germany's Federal Ministry for Research and Technology

and France's Atomic Energy Commission continues with the two-year extension of

the bilateral agreements that have been in force since the mid-1970s. Now that

the Europeans have consummated three agreements for cooperation in the field of

liquid metal fast reactors, it is anticipated that the above bilaterals will be merged

into one two party, multinational agreement.

6.3 U.S./U.S.S.R. Activities

With the success in 1987 of four specialists meetings on high priority topics, efforts

are underway to continue cooperation, primarily in the field of reactor safety and

licensing.

year risk of release of large quantities of the very long-lived actinides to the biosphere

can drastically be reduced and over the longer term, perhaps eliminated. Therefore,

the ALMR/IFR program will continue for the near term to be an important part of

the overall advanced reactor program.

7. CONCLUSION

Since 1983 the United States has been directing its advanced liquid metal reactor

program towards small, modular reactors having improved safety and economic

features. While the need for nuclear fuel (and thus the breeding capability of fast

reactors) has proven not to be a near term problem in this country, there is still a

unique role for the ALMR concept. The combination of a fuel cycle that can recycle

its own actinides and the future potential for resource extension make the ALMR a

strong choice for continued development. It is, of course, also recognized that it may

be possible to link this reactor concept to conversion of other converter reactor spent

fuel into energy. This potential, the unique ability of the ALMR to convert spent

fuel into energy and short-lived fission products, is worthy of exploration. The million


