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POTENTIAL SAFETY ENHANCEMENTS TO

NUCLEAR PLANT CONTROL:

PROOF TESTING AT EBR-II

ABSTRACT

Future changes in nuclear plant control and protective systems will

reflect an evolutionary improvement through increased use of computers

coupled with a better integration of man and machine. Before improvements

can be accepted into the licensed commercial plant environment, significant

testing must be accomplished to answer safety questions and to prove the

worth of new ideas. The Experimental Breeder Reactor-II (EBR-II) is

beiig used as a test-bed for both in-house development and testing for

others in a DOE sponsored Man-Machine Integration program. The ultimate

result of the development and testing would be a control system for

which safety credit could be taken in the licensing process.

INTRODUCTION

Nuclear plant control systems may, at a point in time, be less than

state-of-the-art due to several related factors: Licensing requirements

discourage incorporation of new concepts not previously licensed, cost

both for the new system and for revenue lost during conversion, and user

acceptability; all must be carefully considered before backfitting a

plant with new systems.

The Experimental Breeder Reactor-II (EBR-II) Project, has now

included the development and testing of advanced plant control and

protection system (PCP) concepts as part of the plant operational mission,

under the cognizance of the Reactor Safety Technology Management Center

(FRSTMC) and the Department of Energy (DOE). The development and testing

program at EBR-II is guided by a national base program plan document(l)

that delineates the areas of R&D necessary to accomplish an improved
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PCP. Participants in the PCP development and testing at EBR-II include

the EBR-II Project, Math and Computer Sciences Division and Reactor

Analysis and Safety Division of Argonne National Laboratory, Westinghouse

Advanced Energy Systems Division (W-AESD), and General Electric Advanced

Nuclear Technology Operation (GE-ANTO). In addition, others are partici-

pating either directly or indirectly through separate related projects.

These include HEDL, MIT, the Charles Stark Draper Laboratory, EPRI,

EG&G, and others.

PCP concept testing at EBR-II provides for on-line testing in a

nuclear power plant under real utility system conditions. Plant output

of the EBR-II is typically 18 MWe with an annual capacity factor of

about 70 percent, which provides a utility like testbed. In addition,

the plant has an operational data base of 20 years against which control

system improvements can be measured.

INTEGRATION OF CONCEPTS TESTING

To successfully Jring about an improvement in control and related

systems requires testing first of individual concepts and then integrating

individual concepts into a workable system. A strategy has been developed

at EBR-II to provide a step-by-step approach to development that minimizes

risk and maximizes benefit. A computer simulation model is generally

used as the "driver" for initial checkout followed by inplant testing on

a small system, and then, if appropriate, incorporating into large

systems to enhance plant control and protection at EBR-II, e.g., beneficial

systems will be integrated into EBR-II operating systems.

General categories of concepts to be tested include sensor/signal

validation, analytic redundancy, diagnostics, prognostics, fault tolerant

hardware and software, operation maintenance decision assistance and

other related concepts. Many of these concepts utilize knowledge synthesis

via artificial Intelligence which is a major development area in its own

right. The EBR-II Project serves to test, to assess and to integrate
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these concepts, as well as to actively participate in the R&D where the

payoff is especially important to EBR-II. An important part of the

development so far as the EBR-II Project is concerned is the opportunity

to incorporate the new concepts into the E8R-II PCP systems for the

benefit of the plant. As the plant ages, there continues to be a need

to upgrade and replace failed sensors and systems. A good example of

this is work being done on the EBR-II primary system flow signals.

Seven of 10 original flowmeters have failed and alternate methods are

being developed, using analytic redundancy, to provide real time validated

flow indication.

NEW CONCEPTS TESTING

Present testing either on-goirg or scheduled at EBR-II centers

around plant systems where benefits are seen to be high; fuel handling,

primary system flow monitoring and power level control. Examples include

testing of sensor validation and analytic redundancy on the EBR-II

primary system flow(2), testing of DIC0N(3), an "expert systems" based

diagnostician; a Component Configuration Control System (CCCS), Safety

parameter display concepts for breeder reactors, and components of a

Full Authority Fault Tolerant Reactor Control System (FAFTRCS) an approach

to control system design where much higher reliability can be demonstrated.

Additionally, work is proposed to provide initial validation of NURE3

3331 regarding the Allocation of Control Functions between man and

machine.

When new concepts are developed and tested, the preferred approach

is to first test against a computer model, test next on a small plant

system, and ultimately include the complete plant as appropriate. A

similar approach is taken at EBR-II. A plant model, DSNP, that can be

tailored *o fit needs, is provided to the experimenter for initial

testing. As a further aid, "real time" plant data tapes from the plant

Data Acquisition Computer System can be provided. As a next step, a

small system associated with EBR-II fuel handling, the Argon Cooling
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System (ACS), is available to try concepts under operational conditions.

The ACS provides cooling and heating functions during fuel handling at

EBR-II. The ACS features functional redundancy by including backup

power supplies, blowers, and other components which provide sufficient

complexity for testing of computer driven concepts. The ACS can be

utilized for special tests and configurations any time it is not needed

for fuel handling.

PLANT PREPARATIONS

To prepare the E3R-II for PCP testing and demonstration, certain

changes and upgrades are being made to allow in-plant real time testing

without compromising reactor safety.

The plant Data Acquisition System (DAS) is being upgraded to provide

a "data base" of real time signals. From the DAS, the signals may then

be provided to development work station computers for concept testing.

Since the signals are well buffered, initial testing imposes no special

safety concern to the plant.

EBR-II is presently pursuing several complementary missions, one of

which requires certain plant transients with respect to power, flow,

etc. These tests provide ideal plant conditions against which to test

new control, diagnostic, prognostic, and display concepts.

To provide a useful and flexible system testbed, the Argon Cooling

System (ACS) is being provided with additional instrumentation. The

instrument readouts are being supplied to the plant data acquisition

computer and from there to development work station computers. Addition-

ally, a computer model of the ACS is being readied for use.

Some of the concepts being developed for testing at EBR-II are next

described. These concepts have to do with maintenance, operation, and

design.
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COMPONENT CONFIGURATION CONTROL SYSTEM (CCCS)

The component configuration control system (CCCS) being developed

at EBR-II, is a computerized control and planning aid for the nuclear

plant, operator and is related to the maintenance function. The CCCS

provides for: (1) control of the administrative functions of plant

tagging systems (2) a data base to inform the operator of tagging require-

ments (3) an evaulation as to plant/operational impact of tagging out of

systems and components and (4) validation of the actual component (tagout)

status.

The CCCS is based on a strict functional analysis of the system,

describing how individual "components" relate functionally. Considered

are components (equipment, instruments, and valves), subsystems and

systems that are a physical part of the plant and provide defined functions(4).

The operator typically must determine which elements (components, sub-

systems or systems) may be placed in specified states. He must then

determine the impact of his planned action, to ensure that it is correct

and, lastly, having carried out the maneuver, he must determine that the

desired action was indeed accomplished (validation) that the elements

are in the proper configuration. Presently, the nuclear plant operator

uses plant drawings (electrical schematics and piping and instrument

diagrams), engineering and physics principles, training and plant specific

knowledge to perform the above functions. The CCCS, via classical

computer programming and artificial intelligence, aids in this process,

i.e., element and state determination, functional impact analysis, and

element state validation.

The nuclear plant operator examines the operation or maintenance

under consideration to determine the potential set of plant elements to

be effected by the evolution. The element set must also be considered

from the points of ! iew of personnel and equipment safety, purpose of

the evolutions, and element functions required to maintain the plant

objective. Knowing the above, the operator selects specific elements
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using computer supplied plant electrical schematics and piping and

instrument diagrams (P&ID's). He then logs this information, and the

CCCS performs function impact analysis prior to the performance of the

tagout. Function impact analysis determines the impact on the plant

state as a result of the desired reconfiguration (tagout isolation).

Impact analysis is performed using the knowledge of the present system

and component status the desired status and a functional model of the

system and related systems.

After placement of a tag (or tags) the new status must be verified.

The CCCS validation function determines the real-time state of the plant

elements via plant parametrical data, simulation models, valve positions

and control signals, etc.

ARTIFICIAL INTELLIGENCE AND DESIGN ANALYSIS

A project relating to design validation and "sneak function"

analysis is being developed at EBR-II using an application of artificial

intelligence (AI) which will also be tested on the EBR-II ACS.

Two items important to the reliability issue of nuclear plants are

design validation (does the system do what "t is designed to dc) and

sneak function analysis (does it do other tiian what it was designed to

do). Classically, validation and analysis for sneak functions are

performed by the design engineer. The effectiveness of this validation

and analysis is directly proportional to the engineer's training, expe-

rience, and thoroughness and may be further rel " to system complexity.

Generally, the better trained and the more exper, ced the engineer, the

better the design and hence, the better the transition from the design

to the actual system and the better chance for having few or no unwanted

(sneak) functions in the system. This project de-elops methods to apply

artificial intelligence and computerization to the design validation and

sneak function analysis process, Using the proper relationships and

definitions of design functions and components, validation of a system
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design, and sneak function analysis is achieved. Artificial intelligence

(AI) systems such as Logic Machine Architecture and Prolog are used for

the analysis(5,6,7,8). The initial demonstration is limited to one of

the reactor subassembly cooling functions of the ACS.

FULL-AUTHORITY, FAULT-TOLERANT REACTOR CONTROL

FAFTRC

The use of computers in Plant Control and Protective Systems places

special requirements on both the hardware and software. Another program

in the early stages of being developed at EBR-II in cooperation with

other participants is the Full Authority, Fault Tolerant Reactor Control

(FAFTRC).

The next generation of nuclear power-generating stations will be

designed to optimize operation of the plant without sacrificing the

overall safety. It is also necessary to simplify the design of instru-

mentation and control systems to reduce cost and improve reliability.

Attainment of these goals will require the application of sophisticated

control technology.

To alleviate the vulnerability of the control system to failures of

the many constitutent components, the controller should be designed to

the fullest extent possible to be fault tolerant. Fault tolerance in

this context is defined as the ability of a system to sustain one or

several component malfunctions without the loss of capacity to perform

essential functions. A complex control system, e.g. the reactor control

system, is made fault-tolerant by providing duplicates of critical

components (both physically or analytically), by providing as complete

as practical analysis of the design (verification and validation), by

providing diverse methods of operation when nonredundant components

fail, and by providing for on-line detection/identification of failures

and automatic compensation.
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Simplicity and robustness are goals of FAFTRC. Incorporation of

advanced methods should provide a means to reach these goals.

A reduction in the number of instrument channels could be obtained

by using analytical redundancy techniques to reduce reliance on physical

redundancy. An additional reduction could be attained if multivariable

(state space) control theory could be combined with analytical redundancy

and the control system given full authority, i.e., shown to be reliable

enough that credit could be taken in the licensing process for overall

improvement in safety. Another benefit from the utilization of multi-

variable (state space) control theory would be improved plant availability.

Within the context of the control system, automatic reconfiguration upon

detection of the loss of a component would permit continued operation.

This argument is predicated upon the timely identification and repair of

the failure where the length of time is determined by the safety analysis.

Detection, reconfiguration, and identification are elements of the

analytical redundancy work done by CSDL.

In summary, the FAFTRC program will support the next generation

reactor design by demonstration of techniques which improve safety and

plant availability. Safety is improved because the control system

maintains the inherent safety (simplicity) of the thermohydraulic design

with enough improvement in reliability that credit can be taken in the

licensing process. Ultimately, if enough simplification is achieved, it

may be feasible to combine both control and safety functions (especially

if the system can be qualified to accept failures of individual instruments

without degrading safety functions.

MAINTENANCE DIAGNOSTICIAN

Several studies have concluded that a large percentage of Licensee

Event Reports (LER's) were the result of poorly controlled maintenance

activities. R&D is in progress to develop a system based on a diagnostic
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automation to address these problems. Automated plant diagnosis will

intially focus on providing computer-generated prompting of a technician

through the troubleshooting phase of diagnosing a complex and failure-

prone system.

The main advantage is that of providing on-line monitoring of

maintenance activities. This monitoring is in essence an on-line auto-

mated quality-assurance mechanism. Additional benefit should be gained

in reducing the duration of the troubleshooting phase of maintenance.

Experience with complex systems dictates that the problem may be found

within a short period of time (especially if the problem is traceable to

a board-level failure); however, less obvious failures take significantly

longer to locate and correct. If the failure perturbs the generation of

power, automated diagnosis provides a direct monetary advantage.

Early investigation indicates the potential benefits of automating

diagnosis, but significant R&D remains to be completed before a system

will be installed. In addition, the present automated system was written

in the logic programming language Prolog, for which only one compiler

exists. A number of software houses are currently working on developing

compilers for the size of machine that would be required to support

automatic diagnosis as presently conceived. The scheduled' release dates

would support a program as presently envisioned.

SUMMARY

EBR-II, as a power plant with above average plant capacity factor,

a 20-year operational experience data base, and synergistic experimental

programs that will provide realistic challenges to new PCP concepts is

providing the testbed for final development and evaluation. After

operational experience is gained in EBR-II, it is reasonable to assume

that a new generation of Plant Control and Protective systems incorporating

new computer technology and which simplify plant instrumentation and

control will result.
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The programs briefly described in this paper illustrate some of the

concepts being developed and/or tested at EBR-II. Real improvements in

plant control and protection systems can be expected as technology

improves, but to gain confidence in improvements as well as to identify

those for which there is the highest payoff, in-plant testing must be

done. While many of these new concepts can be used in other than nuclear

plants, the economics of commercial fossil plant operation as well as

the licensing posture and economics of nuclear plants requires thoroughly

proven systems.
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