Fault Tree Analysis for Reliability
Prediction of Gas Turbine EPRI
Type Power Plants EPRI AF-811

Volume 2
Appendixes
Keywords: g TPS 77-707
Fault Tree Analysis \MAS ; & q Final Report
Prediction pre June 1978
Reliability
Gas Turbine

Prepared by
Science Applications, Inc.
Palo Alto, California

ELECTRIC POWER RESEARCH INSTITUTE



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



Fault Tree Analysis for Reliability
Prediction of Gas Turbine
Type Power Plants

AF-811, Volume 2
Technical Planning Study 77-707

Final Report, June 1978
Appendixes

Prepared by

SCIENCE APPLICATIONS, INC.
2680 Hanover Street
Palo Alto, California 94304

Principal Investigators
J. E. Kelly
R. C. Erdmann
K. Gilbert

Prepared for

Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, California 94304

EPRI Project Manager
Jerome Weiss
Fossil Fuel and Advanced Systems Division

n
ASTE I e e /0

RS UNLIMETED )S “



LEGAL NOTICE

This report was prepared by Science Applications, Inc. (SAI) as an account of work
sponsored by the Electric Power Research Institute, Inc. (EPRI). Neither EPRI,
members of EPRI, Science Applications, Inc., nor any person acting on behalf of
either: (a) makes any warranty or representation, express or implied, with respect
to the accuracy, completeness, or usefulness of the information contained in this
report, or that the use of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or (b) assumes any liabili-
ties with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method, or process disclosed in this report.



Appendix A

GLOSSARY

Fault Tree - A logic diagram, drawn from an effect to cause (usually backward in
time), which ties together the sequences that can lead to an undesired event from

basic component failures.

Top Event - The (usually) undesired event that sits on top of the fault tree.
Cut Set - A set of components whose simultaneous failure will lead to the top
event. The term, as used here, refers to the irreducible minimum number of com-

ponents within each cut set.

Reliability - The probability that the system operates as desired for the amount

of time specified.



Appendix B

FAULT TREE MODEL AND METHODOLOGY DESCRIPTION

Fault tree analysis is a procedure used to examine systems to determine component
failure modes and other events (e.g., operator errors) which can, individually

or in combination, cause a system failure resulting in downtime.

A system fault tree is a logic diagram which depicts the component failure modes
and other fault events capable of producing, through AND and OR combinatorial
logic, system failure. It is a binary model of the fault modes of a system and,
as sucﬁ, can be readily converted to a probabilistic model of the system. Indi-
vidual component fault probabilities can be assigned to the model and combined

to obtain system failure probabilities.

The symbolism used in the fault tree analysis in this study are shown and defined
in Table B-1l. Figure B-1 depicts the gas turbine at the Naval Station plant
studied. All the subsequent figures show the tree top and its 35 branches that

were constructed in this study.



Table B-1

FAULT TREE SYMBOLOGY

EVENT REPRESENTATIONS

The rectangle identifies an event The triangles are used as
that results from the combination transfer symbols. A line

of fault events through the input from the apex of the triangle
logic gate. indicates a transfer in and

a line from the side denotes
a transfer out.

or

O

The circle describes a basic fault
event that requires no further
development. Frequency and mode
of failure of items so identified
are derived from emgirical data.

AN

S

The diamond describes a fault event The house is used as a switch
that is considered -basic in a given to include or eliminate parts
fault tree. The possible causes of of the fault tree as those
the event are not developed because parts may or may not apply to
the event is of insufficient conse- certain situations.

quence or the necessary information
is unavailable.



Table B-1

FAULT TREE SYMBOLOGY (Continued)

LOGIC OPERATIONS

AND gate describes the
logical operation whereby
the coexistance of all
input events is required
to produce the output
event.

OR gate defines the situation
whereby the output event will
exist if one or more of the
input events exists.

A small circle above the
circle, diamond or rectangle
indicates the negative of what
is contained in that symbol.
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