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1. INTRODUCTION

One of the national policy issues on which there is nearly unanimous

agreement is the need for continued economic growth. An essential

ingredient of economic growth is the availability of adequate energy at a

reasonable cost. Over the past four decades, consumption of electric power

in the United States has increased far more rapidly than the Gross National

Product (GNP). With even the present rate of growth, the U.S. industrial

economy will require that significant new generating capacity be made

available in the 1990's.

It is clear that nuclear energy should remain an essential element in

the national policy goal to provide a balanced, diverse source of energy

supply at reasonable cost. Coal and uranium are the Nation's two principal

indigenous energy resources for competitive electricity production, and

both will be needed to meet this goal in both the near and long term.

Nuclear energy plays a prominent role in meeting anticipated U.S.

energy demands. It is a safe and reliable energy source, currently

providing over 13 percent of the electricity consumed in the United States.

In 1984, domestic nuclear power plants generated more than 340 billion

kilowatt hours of electricity. There are 86 operable commercial nuclear

power plants in the United States. By 1990, if all the plants currently

under construction are completed and operating, light water cooled reactors

in this country will supply about 20 percent of U.S. electricity

consumption and will represent an investment of several hundred billion

dollars.

Today's large light water cooled nuclear power plants represent

capital investments that are too great for many utilities, and their

construction is too expensive and lengthy. In the decade of the" 1990's, a

new generation of advanced light water cooled reactors, high temperature

gas cooled reactors, and liquid metal cooled reactors, embodying the best

of available high technology, should be available to enable the nuclear

industry to provide utilities and other users with less expensive, more

quickly constructed sources of power with improved economics and enhanced

passive safety features. Beyond the year 2000, the need to extend the

Nation's uranium resource will require the continued use of advanced

converter reactors and the introduction of breeder reactors. Accordingly,

the U.S. Department of Energy (DOE) has restructured its development

programs to ensure retention of nuclear power as a viable technical and

economic option for consideration by the marketplace.

The DOE plans to pursue a continuum of development of advanced nuclear

fission technology for the future. History has taught that the effective

application of any basic technology requires both continuing deployment and

experience concomitantly with focused research and development to enable

improvements in the future.

The cancellation of the Clinch River Breeder Reactor Project (CRBRP)

has afforded the United States the opportunity to reshape its nuclear

reactor research and development programs. In so doing, the best elements
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of the existing programs were taken and efforts have been focused more on

the near- and intermediate-term needs. There is an increased search for

innovative means to meet those needs, and there is a closer coordination

among all program elements to assure the most effective use of limited

resources.

A major change in the DOE program is the emphasis on Advanced

Converter Reactor Technology. This program includes work on three

principal nuclear systems including: advanced light water cooled reactors

(LWRs); high temperature gas cooled reactors (HTGRs); and liquid metal

cooled reactors (LMRs). The LMR is closely related to LMFBRs with an

emphasis on long core component lifetimes and a deemphasis on breeding

ratio. Objectives for the LMR effort include: significant improvement of

system economics; development of passive safety features; increase in

tolerance for abnormal events; shortening construction times; and

simplifying licensing procedures.

In the area of liquid metal cooled converter reactor technology, the

U.S. has already taken the first steps toward innovative design approaches.

Two reactor design organizations were selected to work under contract to

DOE to develop advanced concepts for smaller, modular liquid metal cooled

reactors of less than 400 MWe output, that offer the advantages of more

complete factory fabrication and ease of shipment. Delivery to the plant

site of a completed module of standard design could make possible a

construction period of only three to five years from time of order to full

commercial operation. This would reduce interest expense, shorten the

planning horizon, and permit utilities to enter plant costs into the rate

base earlier.

It is anticipated that the relatively detailed conceptual designs

being developed in this three-year effort will provide a focal point for

this program element and will help focus related research and development

work. Designs for liquid metal cooled reactors can provide one of several

options for advanced alternative converter reactors to be used in the next

10 to 20 years.

The Advanced Breeder Reactor Technology program has been significantly

restructured since the cancellation of the Clinch River Breeder Reactor

Project. There is currently no funding directed to large-scale

demonstration projects in any phase of this program. Instead, the program

is funded and paced to maintain the breeder as a viable option for

deployment in the 21st century.

The current breeder reactor program remains a key link with

significant international breeder development and fuel cycle programs,

particularly in Japan, France, the Federal Republic of Germany, and the

United Kingdom. It is recognized that these nations are moving toward

deployment of breeder reactors on an earlier timetable than the U.S.

because of their differing energy supply circumstances. This presents the

U.S. with both a unique challenge and a unique opportunity.

The challenge is to further international nonproliferation goals —

goals for which the U.S. remains a strong proponent — even though the

United States is no longer leading the deployment of breeder technology.

The opportunity is one of being able to capitalize on the Nation's past

expenditure of resources and our technology leadership in reactor fuels and

materials, to obtain overseas operating experience, and thus to reduce

future expenditures while maintaining a viable, active breeder option for

future deployment.
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component of the U.S. balanced and mixed energy system. It is the

intention to offer the marketplace a nuclear option that is safe,

economically and technically sound, and publicly accepted, with a stable

and predictable licensing and regulatory process. The U.S. nuclear energy

programs seek to ensure that there will be a variety of safe and economical

reactors and fuel cycle technologies, including both liquid metal cooled

converter reactors and advanced breeder reactors, so that private industry

can select the best options to meet the needs of the future.

2. PLANT PROJECTS

Current USDOE operating plants include the Experimental Breeder

Reactor II (EBR-II) and the Fast Flux Test Facility (FFTF). The EBR-II

completed its twentieth year of routine operation. The FFTF completed its

fifth cycle of operation in 1984, with standard fuel assemblies exceeding

the design burnup goal by 50 percent without a single driver fuel pin failure.

Concept development is currently underway for three advanced plant

projects. Effort is underway to define a pool-type Large Scale Prototype

Breeder (LSPB) concept to parallel prior work on the loop plant. This

project will be used as a baseline for the two new studies now underway.

Both General Electric (GE) Company and Rockwell International (RI)

Corporation have multi-year contracts to develop innovative designs aimed

at improving safety, lowering plant costs, simplifying plant operation,

reducing construction times, and enhancing plant licensability. Rockwell

is developing a barge shippable pool-type reactor with 330 MWe capacity.

General Electric is developing a smaller modular reactor, capable of being

factory fabricated and transported by rail.

2.1 Experimental Breeder Reactor-II

The EBR-II was the first pool-type fast reactor built in the

world. It produces about 20 MWe of electrical power. The EBR-II

experimental and testing capabilities allow wany and varied

irradiation environments, including instrumented in-core facilities,

prolonged irradiation of experimental fuels beyond breach of cladding,

transient overpower or transient under-cooled operation of

experimental fuels, testing of plant response to upset conditions

(e.g., loss of coolant flow), and testing of experimental LHR

components in the various systems of EBR-II. The operating

performance of EBR-II has demonstrated the high reliability and

maintainability of an LMR power plant. Despite frequent shutdowns to

conduct diverse experimental programs, during the last ten years the

plant availability and capacity factors averaged 73.0 percent and 70.1

percent, respectively. As a steady-state irradiation facility, EBR-II

has irradiated nearly 12,000 individual items (fuel pins, capsules,

etc.) since 1965. The future utilization of EBrt-II includes

completion of the current U.S.-«Japanese program of oxide fuel

operational reliability testing, completion of the current shutdown

heat removal testing program, and support of the Integral Fast Reactor

(IFR) matal fuel program which has three tests currently in the

reactor.



2.2 Fast Flux Test Facility

The FFTF is a 400 MWt sodium cooled, reactor designed specifically

for irradiation testing of nuclear reactor fuels and materials for

fast breeder reactors. As a testing reactor, FFTF is not designed to

breed fuel or to produce electricity. It provides vital information

for plant design and base technology programs in the areas of plant

system and component design, component fabrication, and prototype

testing as a result of experience in the operation and maintenance of

a reactor plant having coolant loops and components at temperatures

and coolant velocities typical of LMFBR power plants. The FFTF is

being used to test fuel elements up to failure under dynamic sodium

flow conditions to establish ultimate capability and failure modes.

An understanding of failure modes is essential to establishing reactor

core reliability, performance, and maximum life. Tests in FFTF to

develop the advanced fuels and the advanced cladding and duct

materials are essential to attaining long lifetime, high performance

LMFBR core components for an economical advanced breeder fuel cycle.

The FFTF completed its fifth cycle of operation in late calendar

•year 1984 and is now more than halfway through Cycle 6, which is

projected for completion in June, 1985. Operational parameters for

FFTF are listed in Table 2.1 and operating cycles are shown in Figure 2.1.

Cycle 4 operation began on January 1, 1984 and continued without

interruption to April 23, 1984. During this cycle, six FFTF operating •

records were established:

o 109.5 Equivalent Full Power Days (EFPD) of Operation

o 99.5 Percent Cycle Capacity Factor

o 100 Percent Cycle Availability Factor

o 101 Consecutive Days at Full Power

o 113 Consecutive Days .of Operation at Power

o Achievement of 105,000 MWd/MTM Fuel Burnup

Fuel performance continued to be flawless, as was the performance of

the remainder of the plant. These records clearly showed the inherent

reliability of the plant's fuel system and components and its ability

to operate for extended periods.
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TABLE 2.1

FFTF OPERATIONAL PARAMETERS

START DATE:
6, 1984
END DATE:

EFPD FOR CYCLE:

CYCLE 1

APR 16, 1983

NOV li, 1983

101.5

CYCLE CAPACITY FACTOR {%): 50.2

AVAILABILITY FACTOR {%):

TOTAL PLANT EFPD AT
END OF CYCLE:

MAXIMUM FUEL BURNUP AT
END OF CYCLE (MWd/MTM):

53.0

134.3

35,000

ANNUAL OPERATIONAL

CAPACITY FACTOR (%)

AVAILABILITY FACTOR (%)

1982*

40.5

42.8

CYCLE 2

JAN 18, 1983

MAY 22, 1983

100.5

83.1

90.6

234.8

60,000

PERFORMANCE

1983

56.9

61.1

CYCLE 3

JUL 4, 1983

OCT 23, 1983

101.5

93.5

99.0

336.3

81,000

1984

66.4

67.6

CYCL!

JAN 1,

APR 23

109,

99,

100,

445.

I 4

1984

, 1984

.5

.5

.0

.8

105,000

CYCLf

JUN 21

NOV 3,

122,

93,

94,

568,

I 5

, 1984

1984

.7

.5

.6

.5

129,000

CYCLE 6
(to 3/1/86)

DEC 2

35.3

' 52.9

57.5

603.8

135,000

*Note: Reporting Began at Start of Cycle 1, April 16, 1983.

Cycle 5 operation began in June, 1984 and was concluded in

November, 1984 after having attained the longest cycle of operation to

date, 123 EFPD. The cycle was interrupted twice to remove failed

experimental assemblies. Detection of failures by the tag gas

monitoring and detection system demonstrated the plant's ability to

function as an experimental test bed. An experimental full-size

assembly reached a burnup of 129,000 MWd/MTM and a standard driver

assembly reached 119,000 MWd/MTM. The latter achievement exceeded the

design burnup goal by 50 percent.

Cycle 6 is in progress with a scheduled shutdown in June 1985.

The plant was shut down after 29 EFPD to obtain additional data on

performance of the radial reflector assemblies that surround the

fueled region of the reactor core. These data will permit a better

understanding of irradiation- induced distortion of reflectors. The

plant returned to power after the 27-day midcycle outage.

Operation of the plant into Cycle 6 has confirmed that the

nuclear characteristics are well within design predictions with all

parameters remaining inside the operating envelope defined by the



technical specifications. Overall pump performance and reliability

have been quite good. The three secondary pumps have over five years

of full flow run time and the primaries nearly four years. Pump oil

seal life routinely exceeds 40,000 hours of service between

replacements. Hydraulic and mechanical performance have remained

unchanged. All pump motors have been modified to improve maintenance

capability.

Heat exchanger thc-rwidl performance remains constant but

mechanical performance has been improved. There were four instances

of dump heat exchanger (DHX) module isolation during the first three

operating cycles, all due to loss of DHX fans. Improvements in

control systems and variable speed coupling hardware should prevent

similar failures. Additionally, a special procedure was developed to

minimize plant impact due to loss of a DHX whereby a module can be

placed in a standby condition upon fan failure and subsequently put

back on line without further plant power reduction to avoid thermal

shock.

The FFTF sodium purification systems continue to operate as

designed. Similarly the three in-vessel handling machines, control

rod driver mechanisms, and instrument trees continue to operate

without significant changes during the past year.

2.3 Innovative Liquid Metal Reactors

An advanced concept development effort was initiated in FY-1985

by vendors selected as part of a competitive procurement process. The

Department selected Rockwell International (RI) Corporation and

General Electric (GE) Company to develop their advanced reactor

concepts aimed at improving safety, lowering plant costs, simplifying

plant operation, reducing construction times, and enhancing the plant

licensability. Rockwell is developing a barge shippable pool-type

reactor with 330 megawatts electric (MWe) capacity and has

subcontracted with Combustion Engineering, Inc. and Bechtel Group,

Inc. to provide reactor development and architect engineering support,

respectively. General Electric is developing a smaller modular

reactor (133 MWe), capable of being factory fabricated andtransported

by rail. Three GE module reactors would drive a single 400 MWe

turbine generator; GE has subcontracted with Bechtel Group, Inc. to

provide the architect-engineering siipport;and also with Borg-Warner

Combustion Engineering, Foster Wheeler, and United Engineers and

Constructors.

The DOE Innovative LMR Technology program addresses four major

objectives:

o System Economics:

Market acceptance of advanced reactor concepts requires that

total system economics (fuel supply, reactor, and

reprocessing) be competitive in the marketplace with other

forms of energy production. Emphasis will be placed on

reduction in capital costs and improvements in plant

performance through the development of innovative design

features consistent with market needs, including small plant

sizes whose configurations and operations can accommodate

modularized designs.



128 o Passive Safety:

Industrial acceptance of an LMR requires assurance that

public safety and plant investment be protected. The program

will seek to achieve this goal through greater reliance on

the passive safety systems that do not require immediate

response of operators or complex safety equipment to

automatically shut down the reactor and remove decay heat in

the event of an accident, without damaging the core or

reactor systems. Equally important innovative concepts in

electronics, man-machine interfaces, and computers will be

integrated into advanced reactor con.trol and maintenance designs.

o Resilience to Regulatory Process:

Advanced plant concepts should be less susceptible to

licensing delays and backfits. Design features and

technology which address existing safety issues, improve and

simplify plant configuration, and eliminate the potential for

regulatory problems must be verified. The program will

support initiatives which address these issues and

incorporate these types of changes into the design approach.

o Responsiveness to Public Policy Concerns:

The very real societal issues raised by liquid metal reactors

fueled with plutonium, such as plutonium accessibility as

reflected in proliferation, diversion and safeguards

concerns, and radioactive material transport and waste

management concerns, will be addressed in the definition of a

satisfactory, practically deployable system.

The technology necessary to assure that such advanced concepts

will be commercially viable is being identified by the selected

contractors. The identified R&D needs are being assessed in a

prioritization process of current and future R&D activities. The

prioritization process encompasses the development and demonstration

of technology necessary to support the advanced reactor concepts.

Proposed technology demonstration using existing facilities and small

model tests include:

o Low pressure, rectangular, mini containment.

o Advanced materials, e.g., modified 9% Chromium -1%

Holybedenum (9Cr-lMo) steel for heat transport system

components and pipings,

o Passive decay heat removal systems,

o Multiplexing of cables for safety systems,

o Long-life (three- to five-year residence time) core

components.

o Inherent shutdown systems

o Advanced component design concepts, e.g., inducer pumps, etc.

o Primary system arrangements to allow decoupling of the

reactor system from balance-of-plant (BOP) transients, and

hence nonnuclear construction of BOP.

o Advanced technology (e.g., artificial intelligence) systems

for management of plant construction, operation, and

maintenance.



The deployment of a liquid metal reactor that is attractive to

utilities before the end of the century is possible. However, time

and circumstances require a redirection of efforts with increased

focus on concepts and accelerated advances in the technologies of

reactor design.

An advanced reactor concept using liquid metal technology clearly

shows great promise in meeting the expected future requirements for

U.S. electrical energy supply. Versions of this concept can be

operated as a converter reactor fueled with uranium, as a plutonium

burner reducing excess quantities of this sensitive material, or as a

plutonium breeder producing fuel for a mutually supportive system of

power plants. This element seeks to develop the capability to deploy

an optimized liquid metal reactor by exploiting available technology

and infusing high technology to reduce or eliminate present

shortcomings of reactors in the areas of safety, construction, high

temperature structural integrity, economics, and operating and

maintenance simplicity.

This is not a start-from-scratch program. In many respects the

"innovative" concepts are possible only because of the success of past

technology development programs. It is precisely because of the near

maturity of breeder technology that a redirection in approach can be

identified that has high confidence of enabling liquid metal systems

to become a practical option.

Major effort in FY-1985 is being applied towards the new and

innovative reactor concepts, including development of plant design

129 requirements and criteria; safety analyses; licensing assessments;

preliminary plant and systems concept development and documentation;

seismic analyses; constructibility assessment; identification of R&D

requirements; and analysis of cost and schedule potential. A market

assessment was initiated to evaluate the potential for future

commercialization of the concepts and identify user requirements to be

incorporated into the designs. The concept development studies

utilized previously developed technology and information gained under

existing international collaborations.

As the conceptual designs progress, they will be evaluated

against the program objectives and criteria previously established to

assess the technical progress of the concept; and their potential for

commercialization. This will be a formal evaluation process including

independent reviews and assessments by national laboratories and

utility organizations and by the NRC in the form of preliminary

licensing reviews.

3. BREEDER TECHNOLOGY

The United States has an extensive data base relating to sodium-cooled

reactor technologies. Work directed at assuring availability of the LMFBR

option complements the intermediate term LMR technology program previously

described in Section 2.3. The application of sodium reactor technology to

these concepts is mutually supportive.

The DOE Breeder Technology Program has undergone a fundamental

transformation since the termination of funding for the Clinch River

Breeder Reactor Project. No plans are included for any federally funded

and managed large scale demonstration project ~ such as the Breeder



Reprocessing Engineering Test (BRET). The breeder reactor technology

program will continue, but is being reshaped to reflect the ability to

postpone commercial introduction of the breeder into the next century. The

overall thrust of the-civilian reactor program R&D budget will continue to

move away from the focus on federally-funded demonstration projects. The

program objectives include: participation in the long-range technological

development of breeder reactors and the related fuel cycle, building on

U.S. technology and utilizing both U.S. and foreign operating experience;

maintaining a significant U.S. presence in discussions concerning

nonproliferation and safeguards controls; and continuing U.S. technology

programs to preserve the option for the United States to become a supplier

of breeder technology and advanced, economic breeder reactor plants (fuels,

design, components, etc.) in the next century.

3.1 Power Conversion Technology

In order to justify investor and public acceptance to build and

operate economically competitive liquid metal reactors, it is

essential that major cost reduction and reliability potentials be

realized. The power conversion technology scope focuses on these

potentials and encompasses the power conversion systems and the

components involved. These cost reductions are to be achieved through

plant standardization, simplification, elimination of excessive

requirements, and application of new technology and concept changes.

Reductions center on steam generators, pumps, instrumentation

development, materials assessment, and systems studies. A major

product of systems studies is the identification of more

cost-effective means to achieving the legitimate objectives of codes,

standards, quality assurance, and engineering practices.

Adequate steam generator performance is critical to any reactor

utilizing liquid metal technology whether it is an LMR or LMFBR.

Experience with liquid metal reactor power plants in the United States

and-other countries (Fermi, PFR, Phenix, BN-35O, and BN-600) has shown

that failure of plant components, most notably steam generators, is a

major cause of plant un-availability and economic losses to the

consumer. Plant operational capability was seriously affected by

component difficulties. These reliability problems cause major

economic consequences. Experience has shown that long lead times are

required to identify and resolve these reliability problems.

Therefore, model steam generator development will be pursued to

support the requirement for improved performance predictability and

reliability. Research and development in support of other high risk

components and features will also be pursued.

The R&D underway to support power conversion technology

development includes feature tests of advanced components to develop

and demonstrate the performance of key components by testing of less

than full-scale units. This testing includes that of flexible pipe

joints, tube clusters with cross-flow induced vibration, fixed length

pipe support concept, and natural circulation models of shutdown heat

removal system concepts. Additionally, simplified plant development

approvals will be studied to optimize plant and system layout

configurations based on the success of programs aimed at reducing the

number of required safety grade systems.

In the near term, development of test articles required for

feature tests in support of the advanced concepts will be the key

activity. This would include items such as a high temperature



resistant insulation for electromagnetic pumps, small scale advanced

inducer pump, and other small test articles as identified by the

advanced plant concept designers.

During FY-1985, preparation for sodium testing of the helical

coil model steam generator will have been initiated, and fabrication

of the double-wall tube steam generator will be nearing completion.

During FY-1986, areas of work include technical support for initial

test operation of the helical coil model steam generator late in the

fiscal year, and possibly completion of closeout of the partially

fabricated Westinghouse model steam generator, as well as completion

of other power conversion activities and shipment of test articles to

appropriate sites for testing.

3.2 Fuel Performance and Supply

The objective of the fuel performance and supply element is to

develop economically competitive and reliable fuel, blanket and

control assemblies for use in LMR and LMFBR systems. The principal

focus of the effort is to prove minimum service lifetimes for these

components of three years as well as the fabrication technology

required to manufacture them safely, economically, and of high

quality. To accomplish this, full-scale assemblies are tested under

prototypic operating conditions to exposure levels equal to and

exceeding their anticipated service lifetimes. Examination and

analyses of these prototypes ensure the reliability and licensability

of similar components intended for power-producing applications.

In the core components area, operation of the initial FFTF oxide

fuel and absorber systems continues to provide oxide performance data

for assuring long lifetime reliable fuel and core performance. Post

irradiation examination of selected driver fuel assemblies irradiated

goal exposure has been completed, demonstrating excellent fuel

capability at that burnup level. Results of these examinations are

being combined with assembly withdrawal load measurements to prove

performance capability and margins of the FFTF oxide fuel.system.

Long-term irradiations of fuel, blankets and absorbers in FFTF

utilizing improved low swelling alloys (D9 and HT9) are continuing in

order to extend the lifetime of the reference fuel system and to

qualify core components for long lifetime future breeder plants.

Irradiation of an FFTF test assembly with fuel fabricated to relaxed

specifications to achieve reduced costs for FFTF cores is underway.

Oxide blanket assembly test irradiations in FFTF utilizing

prototypically designed assemblies are also proceeding.

The U.S. Department of Energy has implemented a major new

initiative whereby a long-lifetime mixed-oxide fuel system will be

installed in the inner zone of the core of the FFTF for extended

testing beginning in 1986. This partial core loading, known as the

Core Demonstration Experiment, or CDE, will consist of fuel and

blanket assemblies with target minimum residence times of 900 to 1,000

EFPD. The initial partial core loading, to commence irradiation at

the start of FFTF Cycle 9, will consist of ten mixed-oxide fuel

assemblies and six oxide blanket assemblies arrayed in the

131



132 heterogeneous configuration shown in Figure 4.6. The use of inner

blanket assemblies in this experiment reflects the need to establish

the performance capabilities of such elements at high burnup levels,

in the event that future designs should call for heterogeneous core

configuration. The demonstration of fuel assembly performance will

apply equally well to both heterogeneous and homogeneous core designs.

Coordination with industrial reactor design groups has been

carried out to ensure that the fuel and blanket designs are

representative of current design trends. The CDE fuel assembly will

incorporate large-diameter fuel pins, with 0.270 in. (6.86 mm) O.D.

cladding, in a 169-pin bundle configuration. The CDE blanket

assemblies consist of 0.390 in. (9.91 mm) O.D. pins in a 127-pin

bundle, the pin size being dictated by a conservative limit on linear

heat rating after 1,000 EFPD residence.

The key to the sucess of the CDE initiative is the performance of

the cladding/duct material which will be utilized, a ferritic

stainless steel. This alloy, with the commercial designation HT9, has

exhibited negligible swelling in EBR-II and FFTF irradiations over a

broad temperature range at displacement levels up to 125 dpa (NRT);

this corresponds to a neutron fluence of about 2.5 x 10 2 3 n/cm2 (E >

0.1 MeV). The alloy has adequate strength and ductility at high

temperatures and is resistant to irradiation embrittlement, retaining

excellent fracture toughness characteristics at fuel handling

temperatures. Irradiations of HT9-clad fuel pins at conditions of

high power and high cladding temperature have been successfully

carried to burnups beyond 125,000 MWD/MTH in EBR-II tests. Lead tests

for CDE had attained burnup levels of 9,000 to 79,000 Mrfd/MTM by the

end of FFTF Cycle 6A. These tests will attain goal burnup and be

examined prior to the CDE components reaching significant burnup levels.

The uniquely instrumented Materials Open Test Assembly (MOTA)

continues to operate successfully in FFTF. Materials have been

exposed to fluences exceeding 1.5 x 10 3 n/cm2 in temperature

controlled canisters functioning at +_ 5°C of desired temperatures. A

tag gas system :ontinues to provide accurate identification of

in-reactor rupture of creep-rupture specimens.

The other types of instrumented assemblies have been removed from

the FFTF core after having functioned successfully during their

planned lifetimes. These included both a Fuels Open Test Assembly and

an Absorber Open Test Assembly which were irradiated in Cycles 1

through 4.

Carbide and metal fuel development continues to proceed at a low

level of effort. Two carbide fuel assemblies are undergoing

irradiation in FFTF. Three metal fuel assemblies are in EBR-II with

plans underway to initiate an FFTF test at the start of Cycle 9.

Installation of the Secure Automated Fabrication (SAF) line will

continue in the Fuels and Materials Examination Facility (FMEF) to

enable continuing development of economical fabrication of highly

radioactive plutonium oxide fuel under stringent safeguard controls.

Opportunities exist for further use of robotics and of other means to

substantially improve the techniques for fuel fabrication and these

will be explored under this program.
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3.3 Nuclear Systems Technology

Nuclear Systems Technology deals with the nuclear island portion

of a facility and provides the means by which passive safety systems

can be analyzed and developed. Such systems create opportunities to

reduce plant complexity, cost, and investment risk and improve

licensability and public confidence. The disciplines of safety,

physics, structures, thermal hydraulics, and reactor core design are

integrated into a single cohesive unit directed toward the

accomplishment of the program. The program focuses on demonstrating

experimentally, in existing DOE facilities, the feasibility of

advanced reactor concepts of varied design, size, and fuel type that

exhibit self-terminating capability under failure conditions.

Emphasis is being placed on confirming the practicability of

systems which do not require prompt action of either safety systems or

operators to prevent core damage. The program tests features of fault

tolerant designs to develop the assurance that off-normal conditions

will not jeopardize the plant investment. Probabilistic risk

assessment is being used early in the design process ti guide the

design and to determine the relative priority of safety R&D needs.

Accident prevention is a key thrust including development of

concepts and technology that prevent core disruption rather than

studying in great detail what happens after a core meltdown. Studies

on how best to use the favorable attributes of sodium coolant to

remove decay heat are included. Varied fuel configurations and fuel

pin sizes are evaluated, as well as the effects of varied core designs

on voiding, temperature, and reactivity coefficients. Processes

supporting inherently safe operation include axial fuel expansion,

control driveline expansion, grid support plate expansion, and

negative Doppler reactivity.

Efforts to develop an advanced shutdown heat removal capability

include feature tests of the most promising concepts for achieving

passive, reliable heat removal independent of the main heat transport

system. In support of these efforts, the DOE program will validate

shutdown heat removal design codes (e.g., COMMIX, SASSVS) through

testing in out-of-pile and in-reactor (EBR-II, FFTF) facilities;

experimentally verify concepts for reactor vessel internals (e.g.,

DRACS) for their ability to assure adequate core cooling under a wide

range of off-normal conditions relying only on natural circulation;

and confirm the feasibility of extended heat removal capability

through natural circulation without dependence on balance of plant.

Expected program accomplishments this year include the initiation of

tests in FFTF, EBR-II, and at ETEC supporting shutdown heat removal

system performance for advanced LMR designs; the completion of

unprotected loss-of-flow tests in EBR-II, demonstrating inherent

coolability of LMR's; and the completion of an FFTF IDS (interim decay

storage) test demonstrating feasibility of a passive heat removal

system for innovative design concepts. Also, hfgh margin safety/core

design activities are being used to investigate core design and

analysis (thermal-hydraulic and neutronic) of alternate configurations

which show the potential for achieving assured safe shutdown without

immediate operator action.
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sodium fires code (SOMIX) which will achieve closure of a

long--standing licensing issue. Also, analyses of benchmark series of

sodium fires tests supporting validation of U.S. national sodium fires

and aerosol computer codes will be completed.

A series of large radial heterogeneous core critical measurements

was completed in cooperation with PNC, Japan. These measurements have

helped define the control requirements for heterogeneous cores over

the range of neutronic coupling of interest.

Continuing Run-Beyond-Cladding-Breach (RBCB) and Transient

Overpower (TOP) testing of oxide fuel and blanket pins in EBR-II under

the collaborative US/PNC (Japan) program have provided a better

understanding of the effects of the more likely slow overpower

transients and performance of breached fuel pins during continued

operation. Initial results indicate that LMFBR oxide pins could have

considerable potential for operating in the breached mode. The

extended overpower tests are designed to provide information on the

margin between the plant protection system trip points and cladding

breach. The data are also being used to calibrate the transient

performance aspects of the USDOE LIFE-4 and PNC CEDAR fuel performance

codes. Early tests have shown a significant cladding breach margin,

resulting in continued testing using more aggressively designed test

pins.

3.4 Nuclear Fuel Cycle

Nuclear Fuel Cycle activities focus on reprocessing technology

development with primary emphasis on advanced breeder fuel

reprocessing. Also associated with these efforts are those activities

necessary to assure that adequate means exist to handle and ship

irradiated liquid metal reactor fuel.

The funding provides for the development of remotely operable and

maintainable reprocessing equipment and systems, and technology

related to breeder spent fuel and reprocessing high level waste

shipments.

Major emphasis is being placed on smaller, remotely operated and

maintained equipment i-n-J systems that have the potential for providing

economic throughputs in small facilities and enable corresponding

reductions in plant size and costs. The technical program is also

developing technology to reduce radiation exposure to workers,

increase environmental protection, increase reliability, enhance

safeguards, and reduce costs. This program maintains a level of

expertise in fuel cycle development to facilitate U.S. participation

in breeder reprocessing technologies and to maintain the option to

develop U.S. civilian reprocessing capacity if necessary.

Advanced fuel reprocessing efforts include testing of selected

equipment and systems and continues to verify remote operations and

maintenance features to achieve high reliability and reductions in

plant maintenance times. Limited integrated cold testing and remote
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maintenance demonstrations are being carried out in the Integrated

Equipment Test (IET) Facility at Oak Ridge. Laboratory and hot cell

experiments continue on fuel dissolution, feed clarification, and

solvent extraction. These experiments provide equipment-related

design data on solids behavior, fissile and fertile materials

recovery, and fission product decontamination. Support efforts in

instrumentation and controls, analytical chemistry, environment

protection, radiation protection, safety, and safeguards continue.

Studies on fuel cycle strategies and on options for a small-scale hot

test capability will be performed to provide a focus for the cold

testing program in the IET facility.

Limited studies also continue on options for the shipment of

breeder spent fuel and reprocessing plant wastes, including design of

a multi-assembly, multi-purpose cask.

4. TEST FACILITIES

Test facilities provide a resource base in which needed experiments

can be conducted for both the Advanced Breeder Technology Program and the

Liquid Metal Converter Reactor Program. The operational experience

establishes a proven baseline for systems and components development. It

also demonstrates the capability to successfully operate liquid metal

systems and provides a base for sharing experience with foreign programs.

The test facilities effort consists of operating and maintaining facilities

and multiprogram areas at the Argonne National Laboratory (ANL), the

Hanford Engineering Development Laboratory (HEDL), and the Energy

Technology Engineering Center (ETEC).

4.1 Hot Fuel Examination Facility (HFEF)

The HFEF located at ANL-West consists of two individual

facilities. The HFEF/South facility, originally constructed to

develop and demonstrate remote reprocessing of uranium metal fuels and

refabrication of EBR-II driver-fuel assemblies on a production line

basis, is now partly used to service EBR-II, but the main part of the

facility is now clean and ready for modification for IFR recycle work.

The HFEF/North facility, the newer facility, is in constant use for

post-irradiation examination of irradiated components and experiments.

The-HFEF has performed pre-test and post-test handling and

examinations for virtually all the experiments in TREAT for the LMFBR

safety program, and for both F R F and EBR-II experimental irradiations

programs for development of fast breeder reactor fuels and materials.

4.2 Transient Reactor Test Facility (TREAT)

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

reactor at ANL-West used to simulate postulated reactor transients and

transient undercooling events. Hundreds of experiments have been

performed with oxide fuels, under various conditions, from

unirradiated to highly irradiated end-of-life conditions. Experiments

have ranged from those causing only limited fuel cladding strain to

massive disruption and dispersal of fuel. Fuel-motion monitoring

under accident conditions is measured as it happens, with a fast

neutron hodoscope that allows identification of the time and location

of fuel motion. The results support computer code validation, reactor

safety analysis approvals, and a variety of studies to answer specific
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136 safety- related questions. A current upgrade activity provides a new

reactor control and safety system in 1985 as well as the capability to

irradiate larger, more prototypical, fuel assemblies under more

prototypic thermal-hydraulic and neutronic conditions.

4.3 Zero Power Plutonium Reactor (ZPPR)

The ZPPR, located at ANL-West, is a flexible critical facility

which provides integral reactor physics data for the U.S. LMR

Development Program. Many reactor core mockups have been built and

tested in ZPPR to support the design and licensing of major LMR

projects. Concept development and detailed design support, as well as

detailed licensing support for the final design, were provided for the

CRBR. Cores for larger, follow-on design concepts have been assembled

and tested. This includes the international cooperative program

(JUPITER) with Japan. Over the next few years, the ZPPR facility will

be used to mock-up the LMR cores in DOE's Advanced Concepts Program.

4.4 Energy Technology Engineering Center (ETEC)

The Energy Technology Engineering Center, located northwest of

Los Angeles, is the breeder program's nonnuclear component testing

center. Principal ETEC facilities include: (1) the Sodium Components

Test Installation (SCTI), a 70 MWt steam generator test facility; (2)

the Sodium Pump Test Facility (SPTF), used for prototype testing of

sodium pumps up to 100,000 gpm; and (3) the Small Components Test Loop

(SCTL), used for sodium testing of valves, cold traps, and reactor

control mechanisms.

Facilities at ETEC are being used to support licensing

initiatives, man-machine interface and control technology,

'natural-circulation tests, and analysis of advanced shutdown heat

removal systems. The center supports the nuclear industry in key

feature tests for the innovative LMR reactor designs. Test activities

support efforts on inherent reactor plant safety and on design

simplification that will provide major reductions in plant cost.

4.5 Fuel Storage Facility (FSF) and Maintenance and Storage Facility

(MASF)

The FSF, located adjacent to the FFTF at HEDL, is used to store

and-remove decay heat from irradiated FFTF fuel and reactor

experiments. The Maintenance and Storage Facility, also located

adjacent to the FFTF, provides for sodium removal, decontamination,

repair, storage, and staging of large components for the FFTF and

related breeder reactor program facilities.

4.6 Fuels and Materials Examination Facility (FMEF)

Construction of the FMEF, located at HEDL, was completed in late

1984. Figure 4.6 shows the layout of the facility. Current FMEF

efforts are being directed at completing facility systems operating

and maintenance procedures checkout, personnel training, startup

testing, and operation and maintenance of the facility. The FMEF

accommodates the SAF line which is scheduled for a 1987-1988 startup

and will demonstrate an advanced manufacturing technology for

plutonium oxide breeder reactor fuel pins. This line will be the

source of fuel for the FFTF. Th'- SAF line will utilize technology
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that focuses on improved safety features for plant operating

personnel, the public, and the environment. Equipment and process

improvements incorporated by the SAF line will yield significant gains

in nuclear materials safeguards, product quality, productivity, and

cost. The SAF line provides the key link between development and

full-scale demonstration of technology that will enable

commercialization of LMFBR fuel fabrication on an economically

competitive basis in the future.

5. INTERNATIONAL COOPERATION

The U.S. LMFBR program recognizes the fact that breeder programs in

•Japan and Europe have reached the final stages of development, and are

proceeding into the commercialization phase. Conversely, the United States

"is in a different position, unique to the circumstances extant here. As

discussed in the introduction, the breeder reactor need not and will not be

deployed until the post 2000 era. The liquid metal converter reactor may

well prove to be an interim step towards breeder development. Since the

technology required for the LMR is, in many aspects, similar to the LHFBR,

the United States believes that it can continue to expand its foreign

collaboration offering of this technology in exchange for sharing in the

progress being made in the overseas breeder programs. Towards this end,

the United States has organized a government/utility/industry team approach

to examine the options realistically achievable in the context of the

barriers to collaboration (financial, commercial, and political) that may

exist. This team approach will be functioning this spring and summer with

visits to European and Japanese government, industry and utility

establishments. Overall program objectives include: participating in the
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long-term technological development of breeder and other advanced reactors

and their related fuel cycles, building on U.S. technology and utilizing

foreign experience as well as maintaining a significant U.S. presence in

discussions concerning nonproliferation matters; and«continuing technology

development to preserve the option for the United States to become a

supplier of advanced, economic breeder reactor plants (fuels, design,

components, etc.) in the next century.

5.1 US/Japan Bilateral Activities

The United States and Japan as represented by the Power Reactor

and Nuclear Fuel Development Corporation (PNC) signed an agreement for

cooperation in the area of LHFBRs in 1969. This "umbrella" agreement

was renewed in 1979, and it calls for cooperation in technology areas

of the LHFBR and its fuel cycle. At the present time there are eight

specific agreements active with PNC. The CRBRP/MONJU agreement has

become one of the most active as described last year. Under this

agreement, the United States provides Japan with Clinch River Breeder

Reactor Project technology and design information while obtaining

information regarding Japanese experience in designing, constructing,

and operating an intermediate-size plant. Earlier this, year U.S.

personnel were assigned in Japan to this activity to conduct the

technology exchange. Substantial and important collaboration is also

taking place between DOE and PNC in the areas of Fuels and Materials

and the Fuel Cycle.

5.2 US/United Kingdom Bilateral Activities

The USDOE and the United Kingdom Atomic Energy Authority (UKAEA)

signed an "umbrella" agreement for cooperation in the area of LHFBRs

and the associated fuel cycle in 1965. Similar to the USDOE-PNC

arrangement, there have been numerous specific agreements drawn under

the umbrella agreement. The current number of active specific

agreements between the USDOE and the UKAEA is eight.

5.3 US/CEA/DEBENE Trilateral Activities

The USDOE has signed agreements for cooperation with the French

Commissariat a 1'Energie Atomique (CEA) and the Federal Ministry for

Research and Technology of the Federal Republic of Germany (BMFT) in

1977 and 1976, respectively. In 1978, the USDOE, CEA, and BMFT agreed

to initiate tripartite implementation of these bilateral agreements,

consistent with the then-recent harmonization of the German and French

breeder programs. The scope of the resulting tripartite arrangement

included safety, reactor core, systems and components, and fuels and

materials.

6. SUMMARY

In order to provide a continuum of development for liquid metal

reactors, the U.S. program has been reshaped into two portions — advanced

converter reactor technology including the Liquid Metal Reactor for the

near and intermediate term, and the Liquid Metal Fast Breeder Reactor for

deployment in the twenty-first century. The focused research and

development program is directed at innovative rm.-ans to improve economics,

provide inherent safety, and to meet the needs of the ultimate user, the

utilities. Work in the fuels and materials, and reprocessing areas is

being continued to support eventual deployment. A major factor in

successful deployment will be the effectiveness of international

collaboration in reducing costs and duplication of efforts.


