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RELIABILITY AND EXTENDED-LIFE POTENTIAL OF EBR-II

ABSTRACT

Although the long-life potential -.f liquid-metal-cooled reactors (LHRs)

has been only partially demonstrated, many factors point to the poten-

tial for exceptionally long life. EBR-II has the opportunity to become

the first LHR to achieve an operational lifetime of 30 years or more.

In 1984 a study of the extended-life potential of EBR-II identified the

factors that contribute to the continued successful operation of EBR-II

as a power reactor and experimental facility. Also identified were

factors that could cause disruptions in the useful life of the

facility. Although no factors were found that would inherently limit

the life of EBR-II, measures were identified that could help ensure

continued plant availability. These measures include the implementation

of more effective surveillance, die"nostic, and control systems to

complement the inherent safety and reliability features of EBR-II. An

operating lifetime of well beyond 30 years is certainly feasible.

EBR-II IS A LIQUID-HETAL-COOLEO BREEDER REACTOR complete with an elect-

rical generating system. It is operated by Argonne National Laboratory

at the Idaho National Engineering Laboratory (INEL) and has operated for
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21 years. It has a full-power rating of 62.5 MWt and generates 20 MW of

electrical power. EBR-II is a pool-type reactor with the reactor and

primary-system components and piping submerged in a large tank contain-

ing 340 fir̂  of sodium at 371°C. The reactor outlet temperature is

473°C. The nonradioactive secondary-sodium system transports the heat

from the primary system to the steam system. The major portion of the

secondary system and the steam-generating equipment are located in the

Sodium Boiler Building; and the turbine-generator, condenser, and feed-

water system are located in the Power Plant next to the Reactor Build-

ing. The steam system is of conventional design except for the steam

generators, which have double-wall tubes and double tube sheets.

Although EBR-II was not designed with long life as a criterion, the

high reliability, high plant factor, and continued successful operation

demonstrated by the plant have raised the possibility that this type of

reactor may have potential for very long life with high reliability.

The results of a study to assess the extended-life potential of EBR-II

are presented in this paper.

EBR-II HISTORY AND CURRENT MISSION

EBR-II began power operation in 1964 as an experimental facility to

demonstrate the feasibility and benefits of operating a power-producing

breeder reactor with an integral closed-loop fuel-reprocessing faci-

lity. After this concept was successfully demonstrated, the fuel cycle
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facility was converted to a hot-cell examination facility, and EBR-II

became an irradiations facility while still producing electric power for

the local grid. The E3R-II mission has since become more multifaceted

and now includes the following: operational reliability and transient

testing; liquid-metal component testing; fuels and materials testing;

man-machine-interaction concept testing and validation; support of the

Integral Fast Reactor (IFR) program for demonstrating a metal-fueled

fast reactor with integral fuel cycle; and continuing the demonstration

of the reliability, maintainability, and long-lifo potential of a

liquid-metal-cooled reactor. This is accomplished while supplying power

to the grid and achieving a high availability factor -- an average of

73% for the past ten years.

FACTORS AFFECTING LONG-TERM RELIABILITY AND AVAILABILITY

The key favorable factors that contribute to long-term reliability

and availability are focused around the beneficial properties of sodium

as a coolant (1). These properties include high boiling point at atmo-

spheric pressure, large thermal capacity, and limited or zero corrosive-

ness to primary-system boundaries »t operational temperatures. These

features, when combined with the pool-type configuration of EBR-II,

result in a low-pressure primary system subjected to limited thermal

cycling because of the high thermal capacity and thermal inertia of the

large pool of sodium surrounding the reactor and providing a built-in

heat sink. Additionally, there are no primary-system valves or piping

outside the primary-tank containment except for small sodium-sampling
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lines. These features enhance the reliability and operability of the

plant because of (a) the reduced need for active, redundant plant safety

systems; (b) limited primary-system maintenance requirements; (c) low

primary-system stresses and corrosion; and (d) overall simplicity of the

primary cooling system.

The inherent safety of the liquid-metal-cooled pool-type reactor has

enabled EBR-II engineers to significantly simplify the reactor shutdown

system by eliminating many of the inputs to the shutdown string where

operating experience, testing, and analysis have shown them to be unnec-

essary for safe operation of the plant (2). This alone has greatly

contributed to plant reliability as well as safety, because the shutdown

circuitry is simplified and is easier to troubleshoot and maintain.

Other factors contributing to the availability of EBR-II are effec-

tive preventive-maintenance and surveillance programs, and the continued

association of many of the designers and early operators and technicians

who designed, built, tested, and operated EBR-II in its early years.

The availability of these people has been invaluable on many occa-

sions.

There are design-related areas of the plant that have some potential

for causing disruptions in plant availability, although the risk appears

to be slight. These are the loss of nonreplaceable, nonrepayable

primary-system instrumentation; rotating-shield-plug binding due to
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sodium and sodium-oxide contamination of the eutectic seal alloy; and

possible failure of integral components of the reactor vessel.

The primary-system instrumentation was built into the primary-system

piping with no provision for repair or replacement. Seven of the

original ten primary-system flowmeters have failed. Fortunately, alter-

native means of directly and indirectly measuring flow have been

developed and implemented, such as pressure sensors, ultrasonic

flowmeters, and the use of software-based analytical redundancy

techniques for flow-related parameters. This continues to be an area of

emphasis.

The rotating-shield-plug seals have been a source of continuing

problems for EBR-II. The tin-bismuth seal alloy provides an adequate

seal during normal operation and during plug rotation for fuel-hand!ing

operations, but is subject to chemical contamination primarily due to

sodium-vapor transport to the seal region. This would not necessarily

be a problem if the seal troughs could be cleaned adequately. However,

the seal-trough design does not permit easy access to the troughs for

cleaning; some regions of the troughs are essentially inaccessible.

Binding of the plugs during rotation for fuel handling does occur and

has led to extended delays. The seals have the potential for causing an

extended period of plant unavailability.

Reactor-vessel internals (such as the reactor grid-plenum assembly)

have been extensively analyzed, and archive samples of the materials
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have been irradiated in test subassemblies to determine the changes in

material properties due to high levels of neutron flux and long-term

exposure to high-temperature sodium. The reactor grid-plenum assembly

supports the subassemblies and channels the coolant flow into the proper

areas. A concern here is the potential for differential swelling be-

tween the upper and lower plates caused by greater neutron-flux exposure

to the upper plate (3). This could eventually lead to misalignment of

the grid holes in the plates and binding of the subassemblies. Subas-

sembly lower-pole-piece diameters have been reduced in the critical

regions to reduce the possibility of grid-plate binding, and in-service

inspection has been implemented using grid gauges to provide early

detection of misalignment if it develops (4). No misalignment has been

detected to date, and it is not expected to impact extended plant life

if it can be detected early.

Another concern about reactor-vessel components is the potential

rupture of the graphite canisters used for neutron shielding around the

vessei and in the reactor-vessel cover (5). The graphite is sealed in

stainless steel canisters. Experience with samples of these canisters

in surveillance subassemblies has shown that if the canister leaks,

sodium enters the canister and reacts with the graphite, resulting in

substantial swelling of the graphite. Although there has been no

evidence of this occurring in the reactor vessel, rupture of one of the

canisters could be a problem if it occurred in an area where it could

affect operation of a control-rod drive or interfere with proper mating

of the reactor-vessel cover with the vessel following fuel handling.
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The design-related concerns, while possibly affecting long-term

availability of EBR-II, are considered very unlikely to do so. These

concerns can also be easily a/oided in future LNR designs.

Other concerns identified as potentially affecting long-term reli-

ability and availability are attributed to equipment malfunction. These

include potential damage to the critical components of the reactor or

in-tank fuel-handling system. The potential exists because the fuel-

handiing system operates remotely with no visual contact, and relies on

limit switches and force monitors for control of the movement of the

system components. The forces involved in the system can be great

relative to the size of some of the components, thus creating the poten-

tial for serious damage. Although the system has operated very reliably

over the life of the plant, when problems have developed they have

directly affected plant availability. State-of-the-art computer-based

surveillance and diagnostic systems are currently being developed for

use during remote fuel-handling operations.

Availability of spare major components (intermediate heat exchanger,

and primary-pump impeller and shaft) has been a consideration for

several years. Components for assembly of a spare heat exchanger will

be available in 1986, and a spare pump impeller/shaft assembly was

delivered to the site in mid-1985.

In the balance of plant, the primary concerns are the availability

of the steam-generating system and the possibility of a sodium fire in
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the secondary system. The steam-generating system has been very reli-

able except for gradual performance degradation of one of the two origi-

nal superheaters. This was caused by relaxation of the prestress be-

tween the mechanically bonded duplex tubes, resulting in poor heat

transfer across the tube boundary (6). An evaporator was removed from

service and converted to superheater configuration to replace the super-

heater in question. The evaporator was one of eight and was not re-

quired for normal operation. The other superheater was of the same

design except that it has metallurgical^ bonded tubes and has not shown

any performance degradation. EBR-II has never had any problem related

to sodium-water reactions in the steam-generator system.

Concerns about sodium fires in the secondary system are abated some-

what by an extensive sodium-fire protection system, very careful

maintenance practices, and extensive training in maintenance of sodium

systems (7).

OTHER FACTORS AFFECTING PuANT AVAILABILITY

The study identified other important factors directly affecting

plant availability and reliability. These are centered around the

interface between the plant and the people who operate, maintain, and

provide technical support for the plant. These factors include: (a)

the preparation, review, and implementation of procedures for opera-

tions, maintenance, and testing; fb) training; (c) effective

surveillance and diagnostic systems and programs; (d) effective, open
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communication among plant personnel regarding system and component

performance, changes, or problems; and (e) proper human engineering of

alarms, displays, controls, and other interfaces.

These areas are recognized as having significant potential for

directly or indirectly causing plant problems, or conversely, minimizing

plant problems. The EBR-II Division has always emphasized the impor-

tance of proper procedures and training, but only more recently has the

importance of the other areas been identified and emphasized. These

areas, while important at any stage in the life of a plant, play an

increasingly important role in an older plant's reliability and

availability. The ability to effectively monitor, detect, and provide

early diagnosis of developing conditions in critical components is

essential to plant reliability and extended lifetime. This ability is

affected by all five factors listed above.

PLANT-LIFE EXTENSION ACTIVITIES AT EBR-II

The EBR-II Division has undertaken many activities directed toward

continued safe, reliable operation of EBR-II with the intention of

continuing well beyond a 30-year operational lifetime. Many of the 45

direct plant-related recommendations made in the study, such as procure-

ment of certain spare components, modification of certain systems,

increasing surveillance in critical areas, and development of improved

diagnostic capability for different systems, have already been imple-

mented or are being initiated by the EBR-II Division. The Division is
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continuing to conduct ambitious test programs in the areas of shutdown

heat removal, operational transient testing, balance-of-plant transient

testing, automatic reactor control, and the use of artificial intelli-

gence systems to aid personnel in operating and maintaining plant sys-

tems safely (8,9,10). The intent of this testing is to further demon-

strate the inherent safety of the EBR-II design, as well as the reli-

ability, operability, and maintainability aspects. A series of tests is

planned for 1985 and 1986 to demonstrate loss-of-flow without scram.

These tests are expected to provide solid evidence of the inherent

safety of the EBR-II/LHR design (8). To further emphasize the potential

for extended-life operation of EBR-II, the EBR-II Division has identi-

fied plant-life extension as a specific program and will continue to

directly address factors related to extended-life operation.

SUMMARY ANO CONCLUSIONS

EBR-II has the potential to continue reliable operation well beyond

a 30-year lifetime. The features inherent in the pool-type LMR design

contribute to reliability and longevity because of the low pressure, low

thermal stresses, and built-in heat sink afforded by the design. This

in turn results in simpler systems, which are safer, easier to operate,

easier to maintain, and more forgiving. Perhaps the most important

factor contributing to EBR-II's past (and future) success has been the

ongoing simplification of the plant and safety systems by taking

advantage of the inherent safety aspects of the design. Effective

surveillance and diagnostics systems and programs contribute to and
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enhance operability, maintainability, and reliability of the plant, and

will contribute to the extended-life potential of EBR-II.
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