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GLOSSARY
ANL

Argonne National Laboratory

ARCS

Automatic reactor control system

CCF

Common cause failure

CCFA

Common cause failure analysis

CRDM

Control roc" drive mechanism

CRBRP

Clinch River Breeder Reactor Project

CREDO

Centralized Reliability Data Organization

DMT

Dedicated microprocessor tester

DOE

Department of Energy

ERB-II

Experimental Breeder Reactor-II

FFTF

Fast Flux Test Facility

FMEA

Failure modes and effects analysis

FSAR

Final safety analysis report

HEP

Human error probabilities

HRA

Human reliability analysis

I&C

Instrumentation and Controls

LSSS

Limiting safety system setting

LMFBR

Liquid metal fast breeder reactor

MS

Monitoring system

NRC

Nuclear Regulatory Commission

NSSS

Nuclear steam supply system

ORNL

Oak Ridge National Laboratory

PRA

Probabilistic risk assessment

PROM

Programmable read-only memory

PTE

Partial transient enable

RAS

Reactor Analysis & Safety

REV

Reversion

RTS

Reactor trip system

RSS

Reactor scram system

TE

Transient enable

THERP

Technique for human error rate prediction

TREAT

Transient Reactor Test Facility

TU

TREAT Upgrade
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1.

INTRODUCTION

1.1 BACKGROUND
The transient reactor test facility (TREAT) reactor 1 is a
graphite-moderated, thermal reactor normally operated In a transient, or
pulsed, mode.

Over the past 20 years, Argonne National Laboratory (ANL)

personnel have used the reactor primarily to validate various analytical
models and to destructively test prototypic fuel pins for fast reactors.
In order to resolve some key liquid metal fast breeder reactor (LMFBR)
safety issues, ANL personnel are modifying the TREAT reactor to handle much
lurger experiments.

As a result of the a modifications, the upgraded Treat

reactor will not always operate in a self-limited mode.

During certain

experiments in the upgraded TREAT reactor, It is possible that the fuel
could be damaged by overheating if, once the computer systems fail, the
reactor scram system (RSS) fails on demand.

Thus, the RSS is a critical

safety feature in the upgraded TREAT reactor.
To help ensure that the upgraded TREAT reactor is shut down when required,
ANL personnel have designed a triply redundant RSS for the facility.
RSS is designed to meet three reliability goals:
9

failure probability of 10~ /demand

The

(1) a loss of capability

(independent failures only), (2) an

inadvertent shutdown probability of 10"3/experiment, and (3) protection
against any known potential common cause failures. 2

According to ANL's

reliability analysis of the RSS, this system substantially meets these
goals•
Because of the safety importance of the RSS, the Department of Energy (DOE)
contracted Oak Ridge National Laboratory (ORNL) to conduct an independent

JL

In the self-limited mode, the amount of reactivity available for
rapid insertion is limited to an amount that will not produce reactor core
temperatures high enough to damage the fuel, irrespective of whether the
reactor scram system functions on demand.

1

2

review of the RSS reliability analysis.

The review involved checking all

aspects of ANL's RSS reliability analysis to verify that a thorough and
accurate analysis had been performed-

This ORNL/TM presents the findings

and conclusions of our review.
1.2

OBJECTIVES

The objectives of our review were
•

to assess the adequacy and accuracy of the TREAT
Upgrade RSS reliability analysis,

•

to identify potential problem areas in the RSS
reliability analysis, and

•

to make recommendations for resolving those
potential problem areas.

We accomplished these objectives by reviewing all component data,
calculations, and results from the analysis and by comparing these items to
similar information from other reliability analyses of electronic
systems. 3 - 1 0

In addition to the reliability analysis review, we performed

a detailed review of the TREAT upgrade reactor trip system (RTS) design to
identify its weak points as well as to gain a deeper understanding of how
the system operates.
1.3

REVIEW TEAM

The review team for this work was composed of experts from the reliability,
human factors, and instrumentation and controls areas.

A brief description

of each team member appears below; their complete resumes appear in the
Appendix.
1.3.1

Reliability Area

Jerry B. Fussell:

(JBF Associates)

Dr. Fussell is president of JBF Associates, Inc.

professor of nuclear engineering at the University of Tennessee.

and a

He has

served as a consultant for numerous organizations in the chemical and
nuclear industries in the area of reliability engineering and risk
assessment.

Dr.

Fussell is a member of three professional journal review

3

boards:

IEEE Transactions on Reliability, Nuclear Safety, and Nuclear

Science and Engineering.

He was also a member of the technical review

teams for the Oyster Creek and Oconee Probabilistic Risk Assessments.
D. F. Montague:

Mr. Montague is a research engineer and project manager

with JBF Associates.

His experience includes performing reliability

analyses on several nuclear safety systems (ac power, reactor protection
system, auxiliary feedwater, service water, etc.), developing reliability
methodology, and teaching reliability engineering courses.
sections of the NRC's PRA Procedures Guide (NUREG/CR-2300).

He has authored
Mr. Montague

is a member of the IEEE Transactions on Reliability journal review board.
1.3.2

Human Factors Area (ORNL)

P. M. Haas:

Dr. Haas is program manager of ORNL's Reliability and Human

Factors Group and a nuclear engineer with ten years professional experience
in nuclear reactor safety/reliability analysis and five in human factors.
His technical areas of specific experience include nuclear plant operator
performance measurement, reliability data systems and data analysis, LMFBR
accident analysis.

His general experience includes a broad scope of

subjects related to nuclear reactor safety, reliability, and human factors.
Dr. Haas' management experience includes formulation, planning, fiscal
management, and personnel supervision for projects and programs involving
both laboratory and subcontractor staff.
P. A. Krols:

Dr. Krois is a human factor psychologist with experience in

the nuclear and mining industries.

His areas of applied research include

accident analysis, human factors design and evaluation, human reliability,
and training program development.

He is project manager and principal

investigator of an NRC contract studying severe accidents and accident
management.

He Is a reviewer for the Journal of Risk Analysis.

H. E. Knee:

Mr. Knee is a nuclear engineer with eight years of

professional experience in the nuclear area.

Technical areas of specific

experience include nuclear reactor shielding, nuclear component/system
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reliability, reliability data systems, human reliability, and human
reliability modeling.

He is project manager and principal investigator of

an NRC project which is developing a human reliability model of the nuclear
power plant maintenance context; project manager and principal
investigator of a DOE project which is developing a centralized reliability
data system and data analysis center focused on breeder reactor components;
and co-section editor for the accident analysis section of the Nuclea,
Safety journal J. J. Manning:

Mr. Manning has been a staff member at ORNL since 1951.

Prior to joining the Reliability and Human Factors Group, he worked in R&D
involving neutron spectrometry, shielding experimentation, and initial
development of the neutron activation analysis technique.

Recently, he has

participated in field data collection for human error, task analysis, and
performance assessment of control room operators for programs in simulator
experiments, severe accident analysis, and maintenance modeling.

He

contributed to the development of the Centralized Reliability Data
Organization (CREDO) data base and organized data collection at the Fast
Flux Test Facility (FFTF), Experimental Breeder Reactor-II (EBR-II), and
several liquid metal test facilities.
1.3.3.

Instrumentation and Controls Area (ORNL)

T. C. Morelock:

Mr. Morelock is a development associate member of the

Reactor Systems Section of the Instrumentation and Controls (I&C) Division.
He was a former reactor operator and engineering officer for the U.S. Navy.
He has been associated with ORNL since 1977 and recently been involved in
the I&C document review of the Clinch River Breeder Reactor Project
(CRBRP).
K. W. West:

Mr. West is facilities support group leader for the Reactor

Systems Section.

He has been a staff member at ORNL since 1951.

Recently

he has led the I&C effort in design review of the CRBRP and the Fusion
Energy Large Coil Test Facility.
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1.4

DOCUMENTS REVIEWED

To aid our review, ANL personnel gave detailed presentations on the design
and operation of the RSS and its reliability analysis.

They also described

both the operation and the validation and verification testing of the
dedicated microprocessor tester (DMT).

They provided detailed RSS drawings

and supporting documents for the RSS reliability analysis.

Table 1.1 lists

the documents and drawings reviewed by our team.
Table 1.1. Reactor scram system reliability
analysis - supporting documentation

Documents
•

Treat Upgrade Reactor Scram System Reliability Analysis (Document
No. 53330-0026-1T-00), February 1984.

•

SAREF/TREAT Upgrade Project Final Safety Analysis Report,
Sections 7 and 15 (Document No. 53942-0001-YT-0A), June 1983.

•

Common Cause Assessment of the TREAT Upgrade Reactor Scram System
(by RAS Division of ANL).

•

DMT Testing of the RTS and ARCS Channels (Document
No. L6337-8203-DA).

•

Unusual occurrence reports for the TREAT reactor, April 1969 March 1984.

•

Control Rod Drive Maintenance - Related Procedures (Document
No. Z0003-0028-SA-09).

•

Transient Rod Drive Maintenance - Related Procedures (Document
No. Z0003-0098-0p-02).

•

"TU Reactor Scram System Reliability Analysis," presentation by
R. A. Marbach, April 1984.

•

"Dedicated Microprocessor Tester:
A. D. Valente, April 1984.

An Overview," presentation by

Drawings Reactor Trip system (RTS) Detailed Design - Black Book
•

RTS transient linear channel L6452-8301-DB-00, Rev. 2, June 24,
1983.
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Table 1.1

(continued)

•

RTS transient energy channel L6452-8302-DB-00, Rev. 3, July 1,
1983.

•

RTS transient log/period channel L6452-8303-DB-00, Rev. 3,
June 30, 1983.

•

RTS steady state linear channel L6453-8303-DB-00, Rev. 1, June 24,
1983.

•

RTS steady state log/period channel L6527-8302-DB-00, Rev. 1,
June 10, 1983.

•

RTS fuel temperature channel L6500-8301-DB-00, Rev. 2, August 16,
1983.

•

RTS pressure switch channel L6499-8301-DB-00, Rev. 2, June 17,
1983.

•

RTS transient input trip logic L6527-8301-DB-00, Rev. 4,
August 11, 1983.

•

RTS steady state input trip logic L6451-8301-DB-00, Rev. 3,
June 9, 1983.

•

RTS output trip logic L6499-8302-DB-00, Rev. 4, July 22, 1983.

•

Power control unit, RTS actuator interface
Rev. 3, July 28, 1983.

L6499-8303-DB-00,

•

Latch power supply, RTS actuator interface
Rev. 1, June 6, 1983.

L6499-8304-DB-00,

•

Trip unit, RTS actuator interface L6499-8305-DB-00, Rev. 0,
May 17, 1983.

•

Output unit, RTS actuator interface L6499-8306-DB-00, Rev. 2,
July 25, 1983.

•

Latch control circuits, RTS actuator interface L6499-8307-DB-00,
Rev. 1, July 25, 1983.

•

RTS rack panel layout L6454-8302-DA-00, Rev. 4, June 3, 1983.

2.
2.1

REVIEW COMMENTS

OVERVIEW

The TREAT Upgrade (TU) RSS reliability analysis was a detailed study of the
reliability of the electrical and mechanical portions of the RSS.

The

study considered, in varying degrees of detail, RSS failures caused by
independent component failures, common cause failures, and human errors.
AN^ calculated an independent failure probability of an RSS failure on
demand of less than 0.25 x 10~ 9 .

ANL also performed a qualitative common

cause failure analysis and, based on the results of this analysis, designed
the RSS to minimize the likelihood of commo" cause failures.
This section of the report presents our comments on the RTS design and RSS
reliability analysis.
into seven areas.
reviewers.

To facilitate our review, we divided the analysis

Table 2.1 lists these areas and their respective

Review comments presented in the following subsections are

based strictly on the information contained in the documents and drawings
listed in Table 1.1.
Table 2.1.

Reactor scram system reliability analysis - areas reviewed

Reviewer

Area

RTS design

ORNL - Instrumentation and Controls

Failure modes and effects analysis

JBFA

Data analysis

JBFA

Independent failures analysis

JBFA

Common cause failures analysis

JBFA

Human reliability analysis

ORNL - Human Factors

Dedicated microprocessor tester
reliability

JBFA
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2.2

REACTOR TRIP SYSTEM DESIGN

2.2.1

Review Approach

The RTS design review focused on the electrical portion of the RSS.

We

examined the electrical circuitry from the ion chambers through the input
and output logic units to the solid-state relays.

We also examined the

power supply circuitry for the control rod drive mechanisms (CRDMs).

The

reviewers compared (1) the RTS design to Its design criteria (as described
in the Final Safety Analysis Report [FSAR]) and (2) the RTS drawings to the
FSAR description of the RTS.
2.2.2

Comments

2.2.2.1

Reactor Trip System Transient Input Trip Logic Units

The FSAR description of the TU/REV modi switches (Chapter 7, p- 7.2-30,
paragraph 3) is not consistent vith the RTS Detailed Design Drawing
L6527-8301-DB-00, sheet 2.

The

FSAR

states, "These switches deactivate

the front porch trips for the reversion (REV) mode in the
transient-dependent and transient-independent circuits, change the period
trip reference level from 75 ms to 23 ms to accommodate transient
excursions with faster leading edges, and [tell] the DMT which operating
mode has been selected, to enable it to modify its test requirements."

The

RTS detailed design drawing also shows the TU/REV switch SIC deactivating
the dynamic period trip in the REV mode.
We recommend that ANL personnel recheck the functions performed by the
TU/REV mode switches and update the FSAR as needed.
2.2.2.2

Reactor Trip System Steady State Input Trip Logic Units

The FSAR nomenclature for the partial steady-state bypass and full
steady-state bypass is not consistent with the RTS detailed design
drawings.

The FSAR (Chapter 7, p. 7.2-34, paragraph 1) states, "Isolated

signals are delivered to the control room for indication of a linear power
trip, period trip, high fuel temperature trip, test/fault trip, low

9

pneumatic pressure trip, low hydraulic pressure trip, main trip, and a
partial SS bypass and a full SS bypass."

The RTS detailed design drawing

L6451-8301—DB-00, sheet 18, refers to these last two functions as partial
transient enable (PTE) and transient enable (TE).
We recommend that ANL personnel use a consistent naming convention for
these two functions.

Using a consistent naming convention will help reduce

the likelihood of human errors due to miscommunication.
2.2.2.3

Reactor Trip System Output Trip Logic

The FSAR description of trip inputs is not consistent with the RTS detailed
design drawings.

The FSAR (Chapter 7, p. 7.2-36, paragraph 1) states,

"These [trip] inputs are latched digital signals which are normally HI, but
go LO at trip and pass through a NOR gate to an input chain trip bistable,
as shown in Figure 7.2-32."

The RTS detailed design drawing

L6499-8302-DB-00, sheet 1, shows that these inputs (TA, B & C, and SS A &
B) are normally LO and go HI when tripped.

These signals are supplied from

optic isolators in the transient input trip logic channel
(L6527-8301-DB-00, sheet 3) and the steady state input trip logic channel
(L6451-8301-DB-00, sheet 4).
We recommend that ANL personnel check the trip position of these signals
and update the FSAR as needed.
2.2.2.4

Experimenter Trip

The FSAR description of the experimenter trip is not consistent with the
RTS detailed design drawings.
states,

The FSAR (Chapter 7, p. 7.2-26, paragraph 3)

"This [experimenter] trip input is enabled by the Transient Enable

Condition (transient mode of operation)."

The RTS detailed design drawing

L6499-8302-DB-00, sheet 1, shows the experimenter trip (EXP J10) active in
all modes of operation.
We recommend that ANL personnel review the RTS drawings, determine the
conditions necessary to enable the experimenter trip, and update the FSAR
as needed.
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2.2.2.5

Scram Actuator Interface

With respect to the scram actuator interface, the reviewers noted two
discrepancies between the FSAR and RTS detailed design drawings and one
misworded statement in the FSAR.
•

The FSAR (Chapter 7, p. 7.2-38, paragraph 2) states, "Within the

Power Control Unit, the dual 120V ac power inputs are converted to dual
32 V dc power sources for all latch coils."

The RTS detailed design

drawings L6499-8303-DB-00, sheet 2; L6499-8304-DB-00, sheet 1; and
L6454-8302-DA-00 all indicate the use of dual 32 V dc power supplies that
are in individual chassis (CA17 and CB17).
•

The FSAR (Chapter 7, pp. 7.2-39, paragraph 40) text refers to only one

backup trip relay, K2.

The RTS detailed design drawing L6499-8303-DB-00,

sheets 1 and 2, shows two relays that perform the backup trip function (K.2
and K6).
•

The FSAR (Chapter 7, p. 7.2-39, paragraph 2) states, "If all manual

trip contacts are closed, and if the output trip logic units are untripped,
then the contacts K2A and K2B will be closed, the latch power ac in CH A/B
indicators will be on, and the dc latch voltages will be present."

This

statement should read "If all manual trip contacts are closed, and if the
output trip logic units are untripped, then the contacts K2A and K6A will
be closed, the latch power ac in CH A/B indicators will be on, and 120 V ac
power will be available to the latch power supplies A and B."
We recommend that ANL personnel verify the above three observations and
update the FSAR as needed.
2.2.2.6

RTS Fuel Temperature Channels

The FSAR description of isolated analog outputs in the fuel temperature
channels is not consistent with the RTS detailed design drawings.

The FSAR
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(Chapter 7, p. 7.2-26, paragraph 2) states, "Each Isolated output will be 0
V to 10 V for 0 to 1500°C and will be delivered to the automatic reactor
control system for further distribution to the DAS." The RTS Detailed
Design Drawing L6500-8301-DB-00, sheet 2, shows 4 to 20 ma outputs via J3
to the control room.
We recommend that ANL personnel review the RTS drawings for the fuel
temperature channels and update the FSAR as needed.
2.2.2.7

TU/REV Mode Switching

The FSAR description (Chapter 7, p. 7.2-57, paragraph 4) of the steps
required to switch from the TU to the REV mode is incomplete.

A third step

describing changes to the TU/REV switches in the transient linear channel
is needfe.d.
We recommend updating the FSAR to include this third step in the TU/REV
changeover procedure.
2.2.2.8

Bistable Latches

The FSAR description of bistable trip circuits is not consistent with the
RTS detailed design drawings.

The FSAR (Chapter 7, p. 7.2-58, paragraph 2)

states, "The RTS design is such that each scram command passes

hrough at

least two latching bistable trip circuits, one within the transient or
steady-state input trip logic unit, and one within the output trip logic
unit."

The RTS detailed design drawing L6499-8302-DB-00, sheet 1, shows

that the manual trip inputs, experimenter trip, control computer, and
monitor computer trips only pass through one latching bistable in the
output trip logic unit.
We recommend that ANL personnel verify this observation and update the
FSAR as needed.
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2.2.2.9

Reactor Trip System Connectors

The FSAR (Chapter 7, pp. 7.2-60, 61) states, "Connectors will be of mixed
types, or keyed, to prevent incorrect matings, not only for the simulator
and DMT cables, but also throughout the RTS system."

However, according to

the RTS detailed design drawings, this design criteria is not consistently
applied throughout the RTS:
1.

The DMT connectors for the steady state log/period channel (J3) and
the transient input trip logic chassis (J13) are of the same type and
polarization (56-pin Elco #00-8016-056-000-707, polarization L2, SI).

2.

The permanent DMT cable connectors SI, S2, S3, and S4 are all of the
same type and polarization (20-pin Elco #00-8016-020-000-707,
polarization Ll, SI).

We recommend that ANL personnel modify the design critera statement in the
FSAR to reflect the actual connector mismate protection designed into the
RTS (e.g., when describing how the criterion is to be met, include physical
constraints that prevent a cable from being mated to the wrong connection).
2.2.2.10

Minor Drawing Errors and Omissions

The following is a list of minor errors and omissions in the RTS detailed
design drawings.

We recommend that ANL personnel verify these errors and

update the drawings as needed.
•

L6452-8301-DB-00 Sheet - 4 of 19
- Location of Ml - (fp), DS1 and DS2 - (fp), and S9 - (ra.)
- J12 is a male connector, not female.

•

L6452-8302-DB-00 - Sheet 1 of 14
- Location of SI - (fp).

•

L6452—8302-DB-00 - Sheet 3 of 14
- Location of SI - (fp), Ml - (fp).
- J6 is a male connector, not female.

•

L6452-8303-DB-00 - Sheet 7 of 15
- K1A and K1B are incorrect; should be K7A and K7B.
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•

L6527—8302-DB-00 - Sheet 1 of 11
- Location Ml - (fp).

•

L6527-8301-DB-00 - Sheet 1 of 24
- Add TP4 a front panel test point to ground.

•

L6527-8301-DB-00 - Sheet 23 of 24
- Add switch S4 "+5 V RESET." The switch is shown on sheet 4 of 24 as
(NC.fp).
- Make the following labling changes:
o 2d pot left side - change "Temperature Trip Level" to "Slope
Constant"
o 3rd pot left side - change "Integrated Power" to "Energy"
o 3rd - 4th test point - change "Transient Integrated Power Input"
to "Transient Energy Input"
o Red light in 2nd row of test points - change "Temperature
Boundary" to "Sloping Boundary"
o Right hand row of indicating lights - change "Temperature
Boundary" to "Sloping Boundary"

•

L64 51-8301-DB-00 - Sheet 5 of 17
- Change J5 (ra) to J25 (ra).

2.2.2.11

FSAR Drawings

In general, the FSAR drawings of the RTS (Chapter 7) do not agree with the
RTS detailed design drawings.

We recommend that ANL personnel update the

FSAR drawings to agree with the RTS detailed design drawings.
2.2.2.12

Functional Testing of Sensors

The FSAR (Chapter 7, p. 7.2-49, paragraph 3) subsection heading "Functional
Testing of Sensors" implies that the DMT test currents check the sensors
(ion chambers).

Actually, the DMT checks only the electronic signal

processing equipment.
We recommend that ANL personnel check this subsection of the FSAR to ensure
that it clearly indicates that the sensors (ion chambers) themselves are
not fully tested (all decades of operation).
personnel should update the FSAR as needed.

If the FSAR is ambiguous, ANL
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2.2.2.13

Class IE System

The FSAR states that the RTS Is a Class IE system (with the exception of
seismic qualification).

However, isolation is not provided between DMT

permanent cables S4 and S5 and the RTS.

We did not have the drawings

needed to determine whether permanent DMT cables S6 and S7 are isolated
from the RTS.
We recommend that ANL personnel provide isolation between permanent DMT
cables S4, S5, S6, and S7 and the RTS.
2.2.3

Conclusion

We found no major flaws in the design of the RTS.

The problems we

identified are primarily minor inconsistencies between the FSAR and the RTS
detailed design drawings and minor errors and omissions in the RTS detailed
design drawings.
2.3

The RTS is capable of performing its designed function.

FAILURE MODES AND EFFECTS ANALYSIS

2.3.1

Argonne National Laboratory Analysis Approach

ANL personnel performed a failure modes and effects analysis (FMEA) on the
RSS (1) to identify single-component failures that will cause a loss of
capability of the RSS to effect a shutdown and (2) to provide qualitative
input for their fault tree analysis of the RSS.

To facilitate their

analysis, ANL broke the RSS down on a functional basis into subsystem level
blocks, modeled the RSS with reliability block diagrams, and performed an
FMEA on each block element in the diagrams.

Based on their FMEAs, ANL

concluded that no single-component failure would cause a RSS failure.
2.3.2

Review Approach

Our review of the FMEA involved the following:
•

examining the reliability block diagrams for
correctness and completeness,

•

examining every component entry in the FMEA tables to
verify that ANL analyzed every RSS component, and
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•

examining every component failure mode and effect in
the FMEA tables to verify that ANL considered all
component failure modes and accurately assessed their
effects on the RSS.

2.3.3

Comments

2.3.3.1

Reliability Block Diagrams/Failure Modes and Effects Analysis

The reliability block diagrams of the RSS are complete and accurate.

With

the exception noted in Comment 2.3.3.2, the FMEA is complete and accurate.
2.3.3.2

Report Revision

The TU RSS Reliability Analysis report (p. 2-15, paragraph 2) states, "In
the duplicated systems, two failures would have to occur simultaneously
. . . to suffer a loss of capability to trip."

The failures do not have to

occur simultaneously; they must exist simultaneously.
We recommend that ANL personnel revise this statement in the report.
2.3.4

Conclusion

We concur with ANL's FMEA finding that no single-component failure will
cause an RSS failure.

Assuming that ANL follows our recommendations, we

find the FMEA acceptable.
2.4

DATA ANALYSIS

2.4.1 Argonne National Laboratory Analysis Approach
In this analysis, ANL used generic component failure rates taken from
several data sources and, for a few components, specific failure rates
based on operating experience or supplied by component manufacturers.

When

ANL found no appropriate source of component data, they synthesized
component failure rates using part-count models and piece-part failure data
from the military handbook,
11

(MIL-HDBK-217D).

Reliability Prediction of Electronic Equipment
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The MIL-HDBK—217D proved to be ANL's primary source of data.

The handbook

contains base piece-part failure rates; correction factors for adjusting
the base failure rate according to part type, stress, environment, and
quality; and equations for calculating corrected part failure rates.
2.4.2

Review Approach

The review of the component data involved:
•

rechecking ali the data sources used by ANL to verify that the correct
failure rates were taken from each source,

•

rechecking all the piece-part and component failure rate calculations
(ANL's calculation worksheets) for accuracy, and

•

comparing ANL's component failure rates against data from other
sources to determine whether ANL's data are conservative.

2.4.3

Comments

2.4.3.1

Failure Rate Calculations

ANL's failure rate calculations are correct.
2.4.3.2

Failure Rates vs Failure Modes

Due to a lack of more specific failure mode data, ANL's component failure
rates represent all failure modes.
2.4.3.3

This is a conservative assumption.

Data Conservatisms
J O __ i r

Through our comparison with other data sources,'

we determined that

ANL's data are conservative (i.e., among the several generic data sources
we reviewed, ANL's failure rate for each component was typically the
largest).
2.4.4

Conclusion

The component failure rates used in the RSS Reliability Analysis are
conservative and taken from recognized and accepted data sources.
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2.5

INDEPENDENT FAILURES ANALYSIS

2.5.1

Argonne National Laboratory Analysis Approach

The independent failures analysis consisted of a reliability analysis of
the mechanical part of the RSS (the scram actuation mechanisms and rods)
and a separate reliability analysis of the electronic part of the RSS.

In

the analysis of the mechanical system, ANL personnel used the TUKIN
computer program to deterministically identify 27 combinations of rod drive
failures (stick out), each of which requires 8 or more rod drive failures
that will cause a loss of capability to scram.

The combined probability of

failure on demand for these 27 combinations Is 1.9 x 10~ 28 .

Based on this

result, ANL personnel concluded that mechanical failures are a negligible
contributor to RSS unreliability.
Using reliability block diagrams and the results of the FMEA, ANL personnel
performed a fault tree analysis to estimate the unreliability of the
electronic part of the RSS.
operation:

They analyzed the RSS for two modes of reactor

transient and steady state.

with a reliability block diagram.

ANL modeled the RSS for each mode

The failure rate of each block in the

diagram was estimated by summing the failure rates of the block's member
components.

ANL then used the block diagrams to facilitate the

construction of a fault tree for the top event "RSS Loses Capability to
Effect a Shutdown."
A qualitative analysis of the fault trees identified 58 three-event minimal
cut sets for the transient mode fault tree and 57 three-event minimal cut
sets for the steady-state mode fault tree.

Higher order minimal cut sets

were also identified but not considered further in the analysis.

Using

these three-event minimal cut sets, ANL calculated the unreliability of the
scram system due to independent component failures.
Besides a loss of capability, ANL also analyzed the RSS with respect to
inadvertent shutdowns during an experiment.

They identified 25 one-event

minimal cut sets for the transient mode and 21 one-event minimal cut sets
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for the steady-state mode.

Using these minimal cut sets, ANL calculated

the probability of an inadvertent shutdown during transient and
steady-state reactor operations.
The results of ANL's independent failures analysis follows.

Loss of Capability

Probability of Failure
on Demand

Transient

<.25 x 10 -9

Steady-state & Transient

<1.6 x 10 - 1 1

Inadvertent Shutdown
Transient

1.6 x 10 -3

Steady-state

2.9 x 10"2

Based on these results, ANL concluded that the RSS met its reliability goal
for loss of capability and substantially met its goal for inadvertent
shutdowns.
2.5.2

Review Approach

The review of the RSS independent failures analysis involved:
checking ANL's estimates of rod/latch/actuator failure probabilities
for accuracy,
checking ANL's multiple-rod drive failure probability calculations for
accuracy,
verifying that the reliability block diagrams and fault trees are
correct,
checking all failure-rate calculations for the "blocks" in the
reliability block diagrams for accuracy,
verifying that ANL identified all significant minimal cut sets,
checking all RSS failure calculations (both loss of capability and
inadvertent shutdown) for accuracy.
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2.5.3

Comments

2.5.3.1

Inadvertent Shutdown

ANL's calculation of the probability of an Inadvertent shutdown during an
experiment does not include contributions from human errors, manual trip
hardware failures, or rod actuator/latch failures.

These failures are

potentially major contributors to inadvertent shutdowns.

For example,

using ANL's data and assumptions, the probability of any 1 of 12 latches/
actuators failing with an inadvertent rod release (the fail-safe mode) is
2.6 x 10"3/transient.
We recommend that ANL update the probability calculations for inadvertent
shutdowns to include these contributors.
2.5.3.2

Uncertainty Analysis

ANL did not perform an uncertainty analysis in this study.

Such an

analysis would show the uncertainty in the estimated probabilities of RSS
loss of capability and inadvertent shutdowns caused by uncertainties in the
component failure data.
Because of the conservatisms built into the models and data used in this
study, we do not think that an uncertainty analysis is needed.
2.5.4

Conclusions

The RSS meets the reliability goal for loss of capability to shutdown
(goal = 10-9/experiment).

Although our analysis indicates that the RSS

will not meet the inadvertent shutdown reliability goal, inadvertent
shutdowns do not impact facility safety and, therefore, are of secondary
importance.
The analysis methods used in the Independent failures analysis are adequate
and conservative.

Assuming that ANL follows our recommendations in the

comments, we find the independent failures analysis acceptable.
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2.6

COMMON CAUSE FAILURE ANALYSIS

2.6.1

ANL Analysis Approach

ANL personnel performed a qualitative common cause failure analysis (CCFA).
They identified possible causes of dependent failures (due to common
defects in equipment, natural phenomena, human errors, etc.) and the
defenses built into the RSS equipment and operating procedures that limit
the effects of these causes.

No quantitative CCFA was performed.

An additional qualitative assessment of RSS common cause failures (CCF) was
made by the probabilistic risk assessment (PRA) section of ANL's Reactor
Safety and Analysis (RAS) Division.

They Identified 14 CCF initiators,

examined the effect s on the RSS of each initiator, and identified in-place
preventive and mitigative safeguards.
2.6.2

Review Approach

The review of the CCFA involved:
•

checking the qualitative results of both of these CCFAs for accuracy
and completeness and

•

comparing the TU RSS CCFA with similar analyses of commercial reactor
shutdown systems.

2.6.3

Comments

2.6.3.1

Probabilistic Risk Assessment Section's Common Cause Failure
Assessment

In the PRA section's CCF assessment, the reviewers made several
observations concerning CCFs in the RSS and recommended nine actions that
would improve RSS reliability.16

We concur with these observations and

support the recommendations.
2.6.3.2

Common Cause Failures Initiators

ANL personnel identified and examined 14 possible CCF initiators.

Based on

our experience and reviews of other CCFAs, we Identified three other
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potential CCF initiators:
hydraulic systems.

grit, corrosion, and contaminants in the air and

17

We recommend that ANL personnel examine the effects on the RSS of these
three initiators and, if necessary, provide appropriate preventive and
mitigative safeguards to minimize their Impact.
2.6.3.3

Quantitative Common Cause Failure Analysis

Neither the TU project personnel or the PRA section performed a
quantitative CCFA.

However, as noted in the PRA section's assessment,

"there is no question that common mode/common cause effects will swamp the
[RSS] independent failure analysis."

We concur with this observation.

CCFs have been major contributors to the unreliability of commercial
reactor shutdown systems.

In its 1100-reactor-year history, the nuclear

industry has experienced four reactor shutdown system failures; all were
due to common causes.
Additional evidence from a Nuclear Regulatory Commission (NRC) comparison
study of nuclear steam supply system (NSSS) vendor reactor shutdown system
designs supports the importance of CCFs.
model
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Using a p-factor empirical

to quantify CCFs and standard quantitative techniques to quantify

independent failures, this NRC study identified common cause failures as
the major contributor to shutdown system unreliability.

Estimates of the

probability of failures on demand for commercial shutdown systems range
from 2.2 x 10"5 to 6.3 x 10~5.
The TU RSS is more redundant than commercial shutdown systems, employs more
extensively solid-state electronics, is tested more frequently, and is
exposed to only a limited amount of TREAT reactor operation (roughly 1000
h/year).

With these factors in mind, we suspect that the probability of

failure on demand of the TU RSS (including CCFs) may be one to two orders
of magnitude lower than that of typical commercial RSSs.
6

failure probability on the order of 10~

With the TU RSS

-7

to 10 , we believe TREAT facility

will meet Its accident frequency goal of 10~7/year (see Sect. 3.2).
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2.6.4

Conclusions

Assuming that ANL personnel analyze the Initiators listed In lament 2, the
qualitative CCFA is acceptable.
2.7

HUMAN RELIABILITY ANALYSIS

2.7.1

Argonne National Laboratory Analysis Approach

ANL personnel assessed operator reliability using qualitative reviews and
quantitative methods.

The qualitative review was largely concerned with

potential operator errors during maintenance and testing of the mechanical
portion of the RSS.

The likelihood of operator error was felt to be

greatly reduced through RTS design, administrative controls (e.g.,
procedures, and supervisory checks), and preoperation simulator runs.
Quantitative estimates of operator reliability in testing the electronic
portion of the RSS were calculated and reported for two tasks using the
technique for human error rate prediction, (THERP).19

Results of the THERP

analysis included Human Error Probabilities (HEPs) in the order of 10~3.
Such potential human errors associated with the electronic portion of the
RSS were held to be largely eliminated by the design and use of the DMT.
2.7.2

Review Approach

Certain documents in Table 1.1 received primary emphasis in the human
factors review.

These documents were Chapters 4 ("Common Mode and Common

Cause Failures") and 5 ("Human Reliability") of the Treat Upgrade RSS
Reliability Analysis, DMT Testing of the RTS and ARCS Channels, and the
common cause review by the ANL RAS Division.

Through discussions by the

reviewers, a list of areas of potential human errors was developed and is
shown in Table 2.2.

In general, the more significant human factors Issues

involve design and use of the DMT, whereas Issues related to maintenance
and testing of the mechanical portion of the RSS tend to be of a lower
priority.
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Table 2.2.

I.

II.

III.

IV.

Maintenance/testing of the mechanical portion of the RSS

Ion chamber calibration
A.

Misposition initially

B.

Unintentional movement

Ion chamber failure which the operator fails to recognize/detect

Dedicated microprocessor tester (DMT)
A.

Errors in software design

B.

Errors in use of the DMT for testing the reactor trip system (RTS)

C.
V.

2.7.3

Areas of potential human error

1.

Setup

2.

Test procedure

3.

Interpretation of results

4.

Errors of commission

5.

Errors in deactivating

Errors in DMT maintenance/testing effecting its reliability

Impact of errors on the RTS after DMT testing and before/during
experimental test

Comments

2.7.3.1

Human Reliability Analysis (HRA)

The limited information presented in the two HRAs suggest incompleteness.
The level of detail in the task analysis was not consistent, and inputs to
its preparation were not identified.

We were not able to trace some HEP

estimates to the HEP data base in the THERP Handbook.

More importantly,
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calculations did not follow THERP procedures as we understand them.

Our

estimates of operator failure probabilities using THERP are in the order of
10"1 rather than 10"3.

However, these deficiencies do not appear too

critical because the potential for operator errors on these particular
tasks appears to be dramatically reduced by DMT design and testing.
2.7.3.2

Safety-Related Calibration

Calibration of integrated ion chamber current to peak clad temperature
still seems susceptible to human error.

Consistently and Incorrectly

positioned flux wires could cause all data points to be in error so that
outliers (deviant data points) would not be readily identifiable.

This

calibration is of notable concern since it is safety related.
2.7.3.3

Mechanical Portion of the Reactor Scram System

Several points related to maintenance, testing, and calibration of the
mechanical portion of the RSS seem to be resolved through scheduled
periodic testing (e.g., testing rods to ensure latch operation), redundant
checks (e.g., checks on calibration of ion chamber current to reactor
thermal power), and technical procedures (e.g., positioning ion chamber).
ANL personnel are cautioned to ensure the scope and adequacy of all
administrative controls Involving safety-related maintenance and testing on
the RSS.
2.7.3.4

Issues in Dedicated Microprocessor Tester Use

Three concerns emerged from reviewing material on the DMT.

First, ANL

personnel need to better define and develop administrative controls for DMT
testing of the RTS.

Technical procedures, such as the operator's

guidebook, should specify supervisory checks and sign-offs• Second, there
is some need for routine validation of the DMT's programmable read-only
memory (PROM) contents, such as before and/or after RTS testing, to verify
valid PROM contents.

Third, ANL personnel may need to consider the
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consequences from the operator's entering into the DMT values for the front
porch or elsewhere, which are incorrect but within the set limits.

A

simulator run would check these values for potential error.
2.7.3.5

Common Mode/Common Cause Failure

The common mode and common cause failures analysis reported in the TU RSS
reliability analysis was reviewed for human factors implications and found
to be inadequate in scope and content.

However, the review of this

document performed by ANL/RAS staff provided a more comprehensive, though
still only qualitative, assessment of common mode/common cause failure.
The RAS review also made some specific recommendations relevant to human
factors.

In particular, that report addressed the essence of our initial

concern about the potential for development of a fault after DMT testing
and prior to transient operation.

For example, recommendations were made

that should reduce the likelihood of introducing faults due to impact,
vibration, or overheating.

These recommendations involve administrative

action/controls and routine testing, which bring them obvious human factors
concerns.

However, we concur with recommended actions reported by the RAS

staff.
2.7.3.6

Operator Supports for Dedicated Microprocessor Tester Testing

Beyond the scope of the ANL assessment of the DMT, a systems engineering
perspective linked several human factors issues important to the systematic
use of the DMT.

These issues involve shaping operator performance so as to

reduce the potential for human error and improve work efficiency.
•

Procedures. Guidelines should be prepared for the development,
validation, and systematic use of the operator's guidebook for the
DMT.

•

Training. Some form ot performance-based training should be developed
and implemented so that performance standards can be achieved through
demonstration of skills and test of knowledge.

•

DMT diagnostics. Routine DMT software validation should be supported
with valid methods.
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•

Administrative control s• Such practices as supervisory checks should
be formalized with procedures and sign-offs.

•

Communications. Potential limitations associated with communications
between the instrument and control room and the reactor control room
such as standardized vocabulary and jargon, and instructions/
guidelines on use of the telephone should be identified, assessed, and
resolved.

•

Many of the preceding concerns point to the need for a task analysis
for identifying, among other factors, operator performance
requirements and standards of performance. Descriptions of operator
actions provided by task analysis are necessary for training and
procedures development.

2.7.4

Conclusions

The information reported on the HRAs seems limited and the analyses appear
to be incomplete.
reported.

Our

'imates of operator reliability are lower than

However, we concur _ha; the potential for operator error has

been dramatically reduced through the design of the DMT.

Some concern

still remains for potential human error during maintenance and testing of
the mechanical portion of the RSS, especially with regard to potential
systematic error during flux wire positioning that would effect safetyrelated calibration.
2.8

DEDICATED MICROPROCESSOR TESTER RELIABILITY

2.8.1

Argonne National Laboratory Analysis Approach

ANL personnel will test the electronic circuitry of the RSS with a DMT.
ANL personnel will test the RSS electronics prior to each experiment,
thereby minimizing the likelihood that the RSS will lose its capability to
effect a scram during an experiment.
ANL did not peform a reliability analysis on the DMT.

Instead, they

estimated the DMT reliability required for the RSS to meet its reliability
goal.

Using the independent failures analysis results and assuming there

were 100 h between experiments, ANL personnel estimated that the required
unreliability for the DMT must now be below 3 x 10~3.

They judged this to

be a reasonable requirement since a safety problem exists only when an
unannounced DMT failure and undetected RSS fialure exist simultaneously.
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2.8.2

Review Approach

Because ANL did not perform a detailed reliability analysis of the DMT, our
review of the DMT reliability requirement involved checking only the
accuracy of their calculations and the validity of their assumptions.
2.8.3

Comments

2.8.3.1

Dedicated Microprocessor Tester Reliability Requirement
Assumptions

The method for estimating the DMT reliability requirement is based on the
assumption that the DMT has no unannounced faults that would prevent it
from detecting an RTS failure.

This assumption is not valid since the DMT

is not independently tested prior to each experiment.
Consider the following example:
•

the DMT has an unannounced fault,

•

the RTS has a fault that is not detectable by the faulty DMT, and

•

the RTS is unchallenged through eight experiments.

Under these conditions, the RTS is effectively 900 hours old at the
beginning of Experiment 9.

Using ANL's method, the required unreliability

of the DMT must be less than 4.1 x 10 -6 for the RSS to meet its reliability
goal.
We recommend that ANL personnel periodically test and validate the DMT
functions to ensure that it meets its reliability requirement and maintains
a high degree of reliability.
2.8.3.2

Dedicated Microprocessor Tester Reliability Requirement

The DMT reliability requirement of 3 x 10"3 is reasonable.

Average

hardware failure rates for microprocessors are on the order of 10~5 h"1
(ref. 20).
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2.8.4

Conclusion

As pointed out in Comment 1, periodic independent testing of the DMT is
recommended to maintain its high reliability.

Provided ANL performs such

testing, we find the DMT reliability acceptable.

3.
3.1

FINDINGS AND RECOMMENDATIONS

IMPORTANT FINDINGS

Overall, the TU RSS reliability analysis is a good study of independent
failures In the RSS and a good qualitative assessment of common cause
failures in the RSS.

The failure data and analysis methods used by ANL

personnel are appropriate and conservative.

The following are the most

important findings of our review (See Sect. 2 for more details.):
•

The component failure data are conservative.

•

The reliability analysis of the RSS for inadvertent trips does not
include mechanical failures of the rod latches/actuators, manual trip
hardware failures, or human errors; inclusion of these failures will
result in a larger estimated probability of an inadvertent trip.

•

The qualitative common cause failure analysis should consider the
effects of grit, corrosion, and contaminants in the air and hydraulic
systems.

•

The human reliability analysis is incomplete and the potential for
human error may be higher than reported; however, the DMT seems to
dramatically reduce much of the potential for human error related to
the electronic portion of the RSS. Further assurance would be provided
by a systematic analysis of human factors conducted by a team that
includes experienced human factors professionals.

The RSS meets the reliability goal for loss of capability of 10~9/demand
(Independent failures only).
We believe the reliability of the RSS is as high as can be reasonably
achieved.

Based on our review and discussions with ANL, we believe TU

project personnel are taking adequate measures to minimize the likelihood
of RSS loss of capability to scram failures.
3.2

RECOMMENDATIONS

Several recommendations for correcting problems in the TU RSS reliability
analysis are listed in Sect. 2.

In addition, we recommend that ANL use a

more realistic approach to estimate the frequency of major accidents at the
TREAT facility.

Several of the assumptions used by ANL in the accident

analysis and RSS reliability analysis are very conservative (Table 3.1).
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Table 3.1.

ARCS and MS computer

Conservative analysis assumptions

took no credit for the shutdown actions performed by the ARCS and MS computers (potentially large effect on expected major accident
frequency)

•

Component failure rate - used total component failure rate, irrespective
of failure mode, for each component in the RSS
reliability analysis (small effect on expected
major accident frequency)

•

Electromechanical
relays

took no credit for the electromechanical trip
relays that back up the solid state relays
(small effect on expected major accident
frequency)

Operator actions

took no credit for operator preventive or
mitigating action in the event of a reactor
upset (potentially large effect on expected
major accident frequency)

Part count models

assumed that any component failure in a RSS
subsystem will cause that subsystem's failure
(small effect on expected major accident
frequency)

Shutdown demand

assumed that the RSS is challenged every
experiment (potentially large effect on
expected major accident frequency)

Transient dependent
trips

assumed that transient dependent trip settings
below the limiting safety system setting
(LSSS)settings fail (small effect on expected
major accident frequency)

Unreliability
equations

calculated the maximum probabilities of RSS
subsystem failures (\T) during the 10-h
exposure period instead of the average
probabilities (X.T/2) (small effect on expected
major accident frequency)

•

•

By assuming some degree of reliability for other systems in the TREAT
facility (e.g., the ARCS and MS computers) and by using more realistic
accident analysis assumptions, we believe the frequency of a major accident
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involving failure to scram at the TREAT facility can be shown to be less
than 10~ 7 /year (the accident frequency goal).
Several human factors recommendations address increased operator
preparation and guidance in use of the DMT.

Technical procedures and

administrative checks should ensure the reduction and detection of
potential errors of omission and commission.

Operator training on the DMT

is recommended in order to systematically support development of operator
skills and knowledge according to learning objectives and performance
standards.

Other factors which may shape performance should be

systematically identified and addressed by a team that includes experienced
human factors professionals.
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other computer programs.

1968 - 1969

Engineering Specialist for Nuclear Reactor ThermalHydraulic Analysis, Nuclear Division, Phillips Petroleum
Company. Responsible for thermal-hydraulic analysis for
the Loss of Fluids Test (LOFT) Reactor and the Power
Burst Facility (PBF) at the NRTS. This involved the
preparation of many detailed written reports. Familiar
with nearly all nuclear reactor hydraulic systems as
well as the use of several thermal-hydraulic computer
programs.
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1966 - 1967

Design Engineer, Geophysical Services Center, Mobil Oil
Corporation. Developed seismic device for undersea oil
exploration.

1964 - 1966

Mechanical Design Engineer, Elliot Business Machines
Division, Dymo Industries, Inc. Gained design
experience and became proficient with engineering
drawings.

PROFESSIONAL ACTIVITIES
Member of the American Institute of Chemical Engineers (AIChE), Nuclear
Engineering Division. Member of the AIChE National Program Committee (Area
4C, Plant Engineering and Maintenance). On the American Institute of
Chemical Engineers journal review board. Chairman of numerous sessions at
AIChE national and topical meetings.
Member of the Institute of Electrical and Electronic Engineers (IEEE),
Reliability Group. Chairman of the Nuclear Systems Reliability and Safety
Committee of the IEEE Reliability Society. Member of the IEEE Transactions
on Reliability journal review board. Guest editor of the 1976 special
issue of the IEEE Transactions on Reliability entitled "Nuclear Systems
Reliability and Safety," August 1976.
Member of the Organizaing Committee for NATO Advanced Study Institutes.
Invited lecturer at the NATO Advanced Study Institute on Generic Techniques
of System Reliability Assessment at the University of Liverpool, England,
July 16-28, 1973. Invited lecturer at the NATO Advanced Study Institute on
Synthesis and Analysis Methods for Safety and Reliability Studies at the
Sogesta Conference Center, Urbino, Italy.
Member of the Nuclear Safety journal review board.
Member of the Nuclear Science and Engineering journal review board*
Chairman of the Risk Assessment Panel of the Working Conference on Advanced
Electro-technology Applications to Nuclear Power Plants, January 15-17,
1980. Sponsored by the NRC and IEEE.
Chairman of the International Conference on Nuclear Systems Reliability
Engineering and Risk Assessment, Gatlinburg, Tennessee, June 20-24, 1977.
Co-director of the Conference on Reliability and Fault Tree Analysis,
University of California at Berkeley, September 3-7, 1974.
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Invited lecturer in the "U.S. - Japan Cooperative Science Program,"
National Science Foundation and Japan Society for the Promotion of Science,
Kyoto, Japan, June 23-27, 1975.
Principal lecturer at numerous courses on reliability and safety
engineering.
Invited participant in the Radioactive Waste Disposal Workshop, Santa Fe,
New Mexico, June 28-July 1, 1976.
Visiting Research Scientist at the University of California at Berkeley,
January-September 1974.
Editor of the following books:

,

Reliability and Fault Tree Analysis, SIAM, 1975 (with R. E. Barlow and
N. D. Singpurwalla).
Nuclear Systems Reliability Engineering and Risk Assessment, SIAM, 1977
(with G. R. Burdick).

PUBLICATIONS AND REPORTS
"A New Methodology for Obtaining Cut Sets for Fault Trees," Transactions of
the American Nuclear Society, 15(1), 1972 (with W. E. Vesely).
"Elements of Fault Tree Construction—A New Approach," Transactions or the
American Nuclear Society, 15(2), 1972 (with W. E. Vesely and J. D.
Clement).
"Methods of Atom Density Interpolation Used with ABBN Cross Sections,"
Transactions of the American Nuclear Society, 15(2), 1972 (with J. A.
Blink).
"Reliability Analysis: A Totally Automated Probabilistic Approach,"
Transactions of the American Nuclear Society, 15(2), 1972 (with J. H.
Borchard).
Synthetic Tree M o d e l — A Formal Methodology for Fault Tree Construction,
ANCR—1098, Aerojet Nuclear Company, March 1973. (Available from the
National Technical Information Service, 5285 Port Royal Road, Springfield,
Virginia 22151.).
"Fault Tree Analysis—Concepts and Techniques," NATO Advanced Study
Institute on Generic Techniques in System Reliability Assessment, Nordhoff
Publishing Company, 1976, Liverpool, England, July 1973.
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"A Formal Methodology for Fault Tree Construction," Nuclear Science and
Engineering, 52(4), 1973.
"Fault Tree Analysis—State-of-the-Art," IEEE Transactions on Reliability,
R-23(l), April 1974.
The REBAL Computer Program Series for Linear Propagation of Uncertainty,
ANCR-1153, Aerojet Nuclear Company, M~y 1974 (with N. H. Marshall).
(Available from the National Technical Information Service, 5285 Port Royal
Road, Springfield, Virginia 22151.).
M O C U S — A Computer Program to Obtain Minimal Cut Sets from Fault Trees,
ANCR-1156, Aerojet Nuclear Company, August 1974 (with E. B. Henry and N. H.
Marshall). (Available from the National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22151.).
"Fault Tree Analysis—The Secondary Failure Anomaly," Operation, Research
Society of America, vol. 23, May 1975.
"Applied and Theoretical Problems in Hazards Analysis," Proceedings of the
1975 U.S. - Japan Cooperative Science Program, Kyoto, Japan, June 23-27,
1975.
"A Review of Fault Tree Analysis with Emphasis on Limitations,"
International Federation of Automatic Control Sixth Triennial World
Congress, Part III D, Systems and Management, August 1975.
"How to Hand-Calculate System Reliability and Safety Characteristics," IEEE
Transactions on Reliability, R-24(3), August 1975.
"A New Method for Forecasting Plant Maintenance Requirements from
Maintenance Records," Sixty-Eighth Annual Meeting of the American Institute
of Chemical Engineers, Los Angeles, California, November 16-20, 1975
(et al.)
"Computer Aided Fault Tree Construction for Electrical Systems,"
Reliability and Fault Tree Analysis, SIAM, Philadelphia, 1975, pp. 37-56.
Reliability and Fault Tree Analysis: Theoretical and Applied Aspects of
System Reliability and Safety Assessment, SIAM, Philadelphia, 1975 (with
R. E. Barlow and N. D. Singpurwalla).
A Collection of Methods for Reliability and Safety Engineering, ANCR-1273,
Idaho National Engineering Laboratory, Idaho Falls, Idaho, April 1976 (with
D. M. Rasmuson et al.).
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"Reliability and Safety Methodology for an Analysis of the Clinch River
Breeder Reactor Plant," Proceedings of the Seventh Annual Modeling and
Simulation Conference, vol. 7, part 2, Pittsburgh, April 26-27, 1976,
pp. 1066-70 (with D. P. Wagner and C. L. Cate).
"Quantitative Evaluation of Nuclear Systems Reliability and Safety
Characteristics," IEEE Transactions on Reliability, R-25(5), August 1976
(with H. E. Lambert).
"Fundamental Concepts of the Risk Associated with Radioactive Waste
Disposal Facilities," Workshop on Geologic Data Requirements for
Radioactive Waste Management Assessment Models, Union Carbide Report
No. UC 297-1, Union Carbide Corporation, September 1976.
"On the Quantitative Analysis of Priority-AND Failure Logic," IEEE
Transactions on Reliability, R-25(5), December 1976 (with A. F. Aber and
R. G. Rahl).
"A Report on University Involvement in Nuclear System Reliability and
Safety Efforts," Transactions of the American Nuclear Society, 23(1), 1976
(with C. L. Cate).
"Computer Aided Common Cause Failure Analysis for Complex Systems,"
Proceedings of the American Institute of Chemical Engineers 83rd National
Meeting, Houston, Texas, March 20-24, 1977 (with D. P. Wagner).
"A Computer Aided Approach to Qualitative and Quantitative Common Cause
Failure Analysis for Complex Systems," Modeling and Simulation, vol. 8,
part 1, April 1977, pp. 25-30 (with C. L. Cate and D. P. Wagner).
"Phased Mission Analysis: A Review of New Developments and an
Application," IEEE Transactions on Reliability, R-26(l), April 1977 (with
G. R. Burdick, D. M. Rasmuson, and J. R. Wilson).
"Fault Tree Analysis as a Part of Mechanical Systems Design," Proceedings
of the Symposium on Engineering Design, National Bureau of Standards
Special Publication 487, August 1977, pp. 289-308 (with D. P. Wagner).
"Safety and Reliability—Analyses of a Breeder Reactor," Simulation Today,
29 (56), October 1977, pp. 121-24 (with C. L. Cate and D. P. Wagner).
"Common Cause Failure Analysis Methodology for Complex Systems," Nuclear
Systems Reliability Engineering and Risk Assessment, SIAM, Philadelphia,
1977, p. 289-313 (with D. P. Wagner and C. L. Cate).
Nuclear Systems Reliability Engineering and Risk Assessment, SIAM,
Philadelphia, 1977 (with G. R. Burdick).

40

JERRY B. FUSSELL

"A Methodology for Qualitative and Quantitative Risk Assessment of
Engineered Systems," Proceedings of the American Institute of Chemical
Engineers, Annual Meeting, November 1978 (with others).
"Qualitative Risk Assessment of Engineered Systems," AIChE 71st Annual
Meeting Proceedings, microfiche only, November 1978 (with J. S. Arendt
et al.).
"Improving System Safety Through Risk Assessment," 1979 Proceedings Annual
Reliability and Maintainability Symposium, ISSN 0149-144X, January 1979,
pp. 160-64 (with J. S. Arendt et al.).
"System Reliability Engineering Methodology: A Discussion of the State-ofthe-Art," Nuclear Safety, 20(5), September-October 1979, pp. 541-50 (with
J. S. Arendt).
"A Methodology for Calculating the Expected Number of Failures of a System
Undergoing a Phased Mission," Nuclear Science and Engineering, 74(3),
January 1980, pp. 199-209 (with D. F. Montague).
"System Reliability Engineering—A Nuclear Industry Perspective,"
Proceedings of the Third National Reliability Conference, vol. 2,
Birmingham, England, April 1981, pp. 6/3/1-6/3/11.
"Phased-Mission System Reliability Analysis, EPRI NP-1945, Electric Power
Research Institute, vols. 1 and 2, July 1981 (with M. P. Johnson, D. J.
Campbell, and D. F. Montague).
"System Reliability Engineering Methodology for Industrial Application,"
Loss Prevention, CEP Technical Manual, vol. 14, 0149-3701/81/3795,
pp. 18-28, 1981 (with J. S. Arendt).
ESP and NOAH—-Computer Programs for Flood Risk Analysis of Nuclear Power
Plants, NUREG/CR-2677, 0RNL/TM-8313, U.S. Nuclear Regulatory Commission,
Washington, DC, June 1982 (with D. P. Wagner et al.).
Flood Risk Analysis Methodology Development Project Final Report,
NUREG/CR-2678, ORNL/TM-8314, U.S. Nuclear Regulatory Commission,
Washington, DC, June 1982 (with D. P. Wagner and M. L. Casada).
"Methodology for Flood Risk Analysis for Nuclear Power Plants," Workshop on
Low-Probability/High Consequence Risk Analysis, Society for Risk Analysis,
June 1982 (with D. P. Wagner and M. L. Casada).
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DAVID F. MONTAGUE
Research Engineer III

EDUCATION
M.E.
B.N.E.

Nuclear Engineering, The University of Tennessee, 1979.
Georgia Institute of Technology, 1977.

SUMMARY OF EXPERIENCE
Mr. Montague has six years of experience in reliability, safety and risk,
assessment of complex engineered systems in the chemical and nuclear
industries. His work has involved analyzing the risk associated with
uranium enrichment and petroleum refining processes. He also has extensive
experience in the reliability analysis of nuclear power plant safety
systems, in reliability methodology development, and in software
development for reliability data processing. Mr. Montague is a principal
lecturer in JBF Associates, Inc., courses.
1981 - Present

Research Engineer, JBF Associates, Inc. Involved in the
development of methodology and software for determining
flood effects on nuclear power plants. Aided
reliability analyses of generic nuclear power plant ac
power systems. Aided risk assessment of a refinery's
LPG storage facilities. Supervised contract to revise
sections of the PRA Procedures Guide (NUREG/CR-2300).
Performed reliability analyses of a petroleum refinery's
utility systems. Developed and taught a five-day course
on advanced system reliability engineering and risk
assessment. Developed qualitative and quantitative
common cause failure analysis methods and applied them
to a nuclear power plant risk assessment.

1980 - 1981

Systems Research Engineer I, JBF Associates, Inc.
Performed Clinch River Breeder Reactor Plant systems
availability analysis. Developed a reliability data
management and analysis system. Involved In the
methodology development for determining flood effects on
nuclear power plants.

1979 - 1980

Graduate Research Assistant, The Unviersity of
Tennessee, Knoxville. Performed a reliability
assessment of the impact of the Clinch River Breeder
Reactor Plant (CRBRP) Drain Line System on the
reliability of the Shutdown Heat Removal System.
Provided technical assistance to graduate students
performing reliability analyses on CRBRP systems.
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1979

Systems Engineer, JBF Associates, Inc. Involved in
determining the probability that plant personnel would
be injured by missiles emitted from a ruptured gaseous
centrifuge.

1977 - 1979

Graduate Research Assistant, The Unviersity of
Tennessee, Knoxville. Research included developing
methodology to determine the expected number of failures
of a phased mission and computer routines to implement
this methodology.

1976

Engineering Assistant, Florida Power and Light Company.
Work involved writing startup checkout procedures for
turbine operators and control center operators in the
Florida Power and Light Putnam Plant.

PROFESSIONAL ACTIVITIES
Member of the American Nuclear Society (ANS), Reactor Safety Division.
Speaker procurement chairman for The University of Tennessee student
chapter during 1977-78. Recipient of first place award for paper presented
at student conference in 1979.
Member of the Institute of Electrical and Electronic Engineers (IEEE).
Member of the IEEE Transactions on Reliability journal review board.
Recipient of JBF Associates, Inc., Outstanding Service Award, 1981.

PUBLICATIONS
"A Safety Analysis of an LPG Storage Facility," Sixth International System
Safety Conference Proceedings, Houston, Texas, September 1983.
"The Applicability of System Reliability Engineering and Probabilistic Risk
Assessment Methods to the Petrochemical Industry," Seventeenth Annual Loss
Prevention Symposium, AIChE, Denver, Colorado, August 1983.
HT Process Feed System Preliminary Hazards Analysis, letter report,
JBFA-LR-103-83, JBF Associates, Inc., Knoxville, Tennessee, June 1983 (with
M. T. Kurdziel and J. S. Arendt).
"Fault Tree Analysis of Refinery Utility Systems," (1983 Reliability and
Maintainability Sympsosium Proceedings, IEEE, January 1983 (with W. R.
Craig, D. J. Campbell, and J. S. Arendt).
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ESP and NOAH - Computer Programs for Flood Risk Analysis of Nuclear Power
Plants, NUREG/CR-2677, June 1982 (with D. P. Wagner, J. J. Rooney, and
J. B. Fussell).
The Applicability of System Reliability Engineering and Probabilistic Risk
Assessment Methods to Aviation and Defense Systems, JBFA-103-82, JBF
Associates, Inc., Knoxville, Tennessee, May 1982 (with B. C. Ellison, J. B.
Fusell, and D. J. Campbell).
Montreal East Refinery LPG Storage Facility Safety Analysis, vols. 1 and 2,
JBF Associates, Inc., Knoxvllle, Tennessee, April 1982 (with J. S. Arendt
and B. C. Ellison).
Montreal East Refinery Utility Systems Reliability Analysis, JBFA-106-81,
vols. 1 and 2, JBF Associates, Inc., Knoxville, Tennessee, November 1981
(with J. S. Arendt, D. J. Campbell, and B. C. Ellison).
DATAP - A Computer Package for Management and Analysis of Safety System
Event Data, JBFA-105-81, JBF Associates, Inc., Knoxville, Tennessee, August
1981 (with L. S. Baker, M. P. Johnson, and J. S. Arendt).
Phased-Mission System Reliability Analysis, EPRI NP-1945, vols. 1 and 2,
July 1981 (with D. J. Campbell, J. B. Fussell, and M. P. Johnson).
Availability Analysis of Selected CRBRP Systems, JBFA-110-80, JBF
Associates, Inc. Knoxville, Tennessee, November 1980 (with J. S. Arendt and
D. J. Campbell).
Oak Ridge Gaseous Diffusion Plant Safety System Data Collection Project,
JBFA-107-80, JBF Associates, Inc., Knoxville, Tennessee, September 1980
(with M. P. Johnson et al.).
The Impact of the Clinch River Breeder Reactor Plant Drain Line System on
Shutdown Heat Removal System Reliability, NERS-80-05, The University of
Tennessee, Knoxville, September 1980 (with J. B. Weber, M. D. Mulheim, and
J. B. Fussell).
"A Methodology for Calculating the Expected Nubmer of Failures of a System
Undergoing a Phased Mission," Nuclear Science and Engineering, 74(3),
January 1980 (with J. B. Fussell).
Two Aspects of Employee Safety in a Gas Centrifuge Enrichment Plant Process
Building, JBFA-102-79, JBF Associates, Inc., Knoxville, Tennessee,
September 1979 (with J. S. Arendt and J. B. Fussell).
"A Procedure for Determining the Expected Number of Failures of a Phased
Mission," master's thesis, NERS-79-03, The University of Tennessee,
Knoxville, July 1979.
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"A Reliability Assessment of a Hypothetical Power Grid Using Phased Mission
Methodology," NERS-78-05, The University of Tennessee, Knoxville, August
1978.
An Evaluation of the Denatured Thorium Fuel Cycle for Current Generation
Pressurized Water Reactors, The University of Tennessee, Department of
Nuclear Engineering, Knoxville, June 1978 (submitted to the 1977-1978 ANS
Student Design Competition, Graduate Division).
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HXJCATICM:

Ph.D., Nuclear Engineering, University of Virginia (1974)
M.S., Nuclear Engineering, University of Virginia (1971)
B.E.S., Bachelor of Engineering Science, University of Virginia (1966)
SUMMOf;

Nuclear engineer with ten years professional experience in nuclear
reactor safety/reliability analysis, five in human factors. Technical
areas of specific experience include nuclear plant operator performance
measurement, reliability data systems and data analysis, LMFBR accident
analysis. General experience includes a broad scope of subjects related
to nuclear reactor safety, reliability, and human factors. Management
experience includes formulation, planning, fiscal management, and
personnel supervision for projects and programs involving both laboratory
and subcontractor staff.
CORRECT POSITION:

Group Leader, Reliability and Human Factors Group, Engineering Physics
Division, and Manager, ORNL/NRC Human Factors Programs. Technical and
technical management responsibility for NRC- and DOE-sponsored research
programs in reliability and human factors in the division, and program
management responsibility for human factors research in other laboratory
divisions. Current and recently completed projects of direct technical
invovlement include:
•

development and operation of a national data and data analysis
center for IMFBR reliability/availability data,

•

collection and analysis of simulator and field data on control
room operator performance,

•

development of a human reliability model for nuclear plant
maintenance tasks,

•

assessment of simulator fidelity requirements,

•

assessment of feasibility of licensing nuclear plant management,
and
development of an evaluative technique for operator selection and
training programs.
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PREVIOUS EXPERIENCE:

Prior to coming to Oak Ridge National Laboratory, was a staff member at
Brookhaven National Laboratory. Performed analysis of hypothetical core
disruptive accidents in breeder reactors. After the first year at BNL was
assigned as Task Leader for a group whose responsibility was to perform the
NRC's analysis of the Transient Over-Power Accident for the Clinch River
Breeder Reactor as well as provide technical assistance to NRC in related
areas such as fuel-coolant interaction and transient fuel behavior. In that
position, performed technical work as well as supervised work of other
technical staff and prepared results for NRC end pub]ic forums.
FROFESSIOBVL AClTlVlTfcS:

•

Member of the American Nuclear Society (ANS), Human Factors Society
(HFS), Sigma Xi, and American Association for the Advancement of Science

•

Member SC-7 Subcommittee on Human Factors and Cbntrol Facilities of the
IEEE Power Engineering Society, Nuclear Power Engineering Committee and
Liaison Representative to the SC-5 Subcommittee on Reliability

•

As part of current duties at ORNL, serves as Section Editor for the
Nuclear Safety Journal

•

In addition to formal education listed above, has completed short
courses in human factors, EWR fundamentals, reliability and risk
assessment methodology, statistical analysis, and management.

POBLiavnCHS:

Over 40 formal publications including journal articles, NRC (NUREG/CR)
reports, laboratory reports, and conference presentations. A complete
list will be provided upon request.
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EOHiM. H3UCATICN:

M.S., Engineering (Nuclear Qnphasis), UCLA (1976)
B.S., Engineering (Nuclear Emphasis), UCLA (1974), Cum Laude
M.B.A., Management, The University of Tennessee-Knoxville (51 of 84
quarter hours completed; expected completion date - September 1985)
S H U M T COURSES:
"Human Factors in Environment, Safety, and Health," Alan Swain,
Instructor, (December 1979)
"Fundamentals of Human Factors for Engineering and Design," Anacapa
Sciences, Inc., (April 1981)
"System Reliability Engineer? ng, Risk Assessment, and Associated Quality
Assurance," 13th Annual Tennessee Industries Wteek, (September 1978)
"Advanced System Reliability Engineering and Risk Assessment," JBF
Associates, Inc., (March 1981)
"Statistical Methods in Reliability," George Wash ing ten University,
(March 1979)
"Tools for the Data Analyst," George Washington University, (November
1979)
OiUKR EDDCanCNi

Completed 18 hours of graduate studies in the Nuclear Engineering Ph.D.
Program at The University of Tennessee-Knoxville (March 1979)
HPPESSICNM. BHPBRIEMCEi

April 1980 - Present: Project Manager and Principal Investigator of a
Nuclear Regulatory Commission (NRC) sponsored
program that is developing a computerized
simulation model that will provide estimates of
nuclear power plant maintenance personnel
performance parameters. Hie model is being
developed to provide a number of practical,
acceptable, and useful human performance measures
usable for various types of applications, but
primarily for input into probabilistic risk
assessment studies.
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Hie Maintenance Personnel Performance
Simulation (MAPPS) model is the first major
application of simulation modeling in the
nuclear industry and as an analysis tool can
significantly enhance the treatment of human
reliability in probabilistic risk assessment
analyses. In addition, the MAPPS model is the
most sophisticated simulation model to date
and represents the state of the art in
simulation modeling sophistication.
February, 1978 - Present: Project Manager and Principal Investigator for
the Centralized Reliability Data Organization
(CREDO), a Department of Energy (DOE)
sponsored advanced reactor component
reliability data base and data analysis
center. The CREDO system currently represents
the largest collection of breeder reactor
component data from operating U. S. test
facilities. Hie system is being developed to
support DOE safety, design, and reliabilityavailability-maintainability research.
The CREDO system collects comprehensive,
in-depth engineering, event, and operating
data and is capable of flexible and highly
efficient searches in order to provide user
requested data and information. Enhanced user
capabilities and the incorporation of foreign
data are currently being planned.
February, 1981 - Present:

Co-Section Editor, Section II - Accident
Analysis, Nuclear Safety Journal, a journal
whose primary emphasis is on safety in reactor
design, construction, and operation. Its
scope is limited to topics relevant to the
analysis and control or hazards associated
with nuclear energy, operations involving
fissionable materials, and the products of
nuclear fission and their effects on the
environment. Section Editors are responsible
for soliciting articles, identifying peer
reviewers and iterating with the authors with
respect to peer reviewers comments.
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November, 1976 - May, 1978: Research Staff Engineer associated with the
Clinch River Breeder Reactor Source Range Flux
Monitoring Program. This program examined the
feasibility of monitoring the state of the
reactor with a system of ex-vessel monitors
rather than in-vessel monitors. In addition,
the program also included the identification
of and analysis of various initial fuel loading
and fuel reloading schemes using the ex^vessel
system. Analyses were performed using the DOTIV discrete ordinates transport code. Results
of the analyses suggested that ex-vessel monitoring was feasible for initial loading and reloading
and provided uncertainties associated with these
actions.
SOCIETY MBBmSHliS fitP HONORS:

Member, American Nuclear Society
Co-Chairman, CREDO Steering Committee
Member, Executive Committee, In-Plant Reliability Data System
Member, Dependency Data Evaluation Program
Outstanding Engineer Award, El Camino Junior College (June 1972)
B.S., Cum Laude, UCLA (Engineering, June 1974)
PDEEJCMICHS:

Author and oo-author of over 20 formal publications including invited papers
and technical reports.
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EDOCanOW:

Ph.D., Industrial/Organizational Psychology, Colorado State
University (1981)
M.A., Human Factors Psychology, University of South Dakota (1977)
B.A., Psychology, Metropolitan State College, Denver, Colorado (1975)
HOEESSIGNAEi EXPHRU9ICE:

June, 1983 - Present:

Project Leader and Principal Investigator of an
NRC sponsored project involving human factors
review for severe accident sequences in UWRs. ttie
project involves quantitative human reliability
analysis and development of a model of operator
response to severe accident (degraded core)
conditions.

June, 1980 - May, 1983:

Human Factors Specialist for The Bendix
Corporation, Energy, Environment and Technology
Office, Englewood, Colorado. Developed behavioral
performance objectives for criterion-reference
mine training. Administered development of 15
health and safety training manuals under U. S.
Bureau of Mines contract. Analyzed numerous
programs, guided manual preparation, and validated
draft materials as a certified instructor.
Integrated research producing hunan factors
guidelines supporting design of mine machinery
operator cabs for Society of Automotive Engineers.
Consulted with AMOCO Minerals in establishing coal
mine productivity improvement programs. Factor
analyzed survey data to guide revising operations
and management practices. Conducted safety
analyses of Bendix flexible drill systems and
prepared operations and maintenance manuals.

September, 1977 - May, 1983:

Instructor in the Department of Psychology,
Metropolitan State College, Denver, Colorado.
Taught introductory and intermediate statistics,
psychology of learning, human development and
general psychology. Supervised student research
projects.
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September, 1977 - May, 1980: Graduate Assistant in the Department of
Psychology, Colorado State University, Fbrt
Collins, Colorado. Determined construct
validity of unique job analytic techniques
assessing job content: examined office
positions redesigned using word processing
automation, and city government
classifications as related to absenteeism and
job satisfaction. Participated in attitude
survey feedback program at Henderson Mine:
administered surveys to crews, facilitated
discussions of feedback data, and performed
extensive computer analysis of data files.
Assisted in salary reviews for the Regional
Transportation District; City of Aurora,
Colorado; and the Office of the District
Attorney, Arapahoe County, Colorado.
Interfaced with Eastman Kodak team in quality
of work life (QWL) project: critiqued
organizational structures, and developed and
factor analyzed a QWL questionnaire.
August, 1975 - May, 1977:

Graduate Assistant, in the Human Factors
Laboratory at the University of South Dakota,
Vermillion, South Dakota. Administered a
Department of Transportation contract
evaluating effects from modification of the
state motorcycle helmet law. Evaluated
predictability of performance on a laboratory
visual inspection task using a measure of
perceptual style.

ERDFESSICNAL ACTIVITIES:

•

American Society for Training and Development

•

Colorado Safety Association (Instructor - Human Factors and Human
Relations)

•

Colorado-Wyoming Industrial/Organizational Psychology Association

•

Human Factors Society (Rocky Mountain Chapter)
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M.S., Water Resource Development, The University of Tennessee-Knoxville
(1973)
B.S., Physical Science Education, The University of Tennessee-Knoxville
(1957)
HRQgBSSICMM. EXPERTBICE;

1951 - Present:

Oak Ridge National Laboratory

1977 - Present:

Research Staff Member
Reliability and Human Factors Group
Engineering Physics and Mathematics Division

The work with the R&HF Group has been involved with field-data
collection for the Centralized Reliability Data Organization (CREDO),
a DOE-sponsored program, the Safety-Related Operator Actions Program
(SFQA), the Nuclear Power Plant (NPP) Maintenance Personnel Modeling
Program,» plus hurrsn reliability analysis, task analysis and accident
management during severe accidents as reflected by the Severe Accident
Sequence Analysis (SASA) Program, and the Simulator Experiments
Program. Have collected data and conducted field interviews for the
Evaluation of Quality Assurance/Quality Control Training and
Certification of QA/QC Personnel Program.
1961 - Present:

Shift Supervisor and Senior Reactor Operator
Tower Shielding Facility
Engineering Physics Division

The work at the Tower Shielding Facility is involved with basic
shielding experiments where full-sized prototypes of reactor shielding
components are used in neutron and gamma-ray transmission studies.
Annually remain certified as a Shift Supervisor/Senior Reactor
Operator for the Tower.
1955 - 1961: Research Staff Member
Neutron Physics Division
Research and development of inorganic crystal spectrometers for
neutron spectrometry.
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1951 - 1955: Research Staff Member
Analytical Chemistry Division
The neutron activation work was involved with the development of the
technique and application for commercial use as an analytical tool.
PUBLICATIONS:

Over 35 formal publications including NUREG/CR reports, laboratory reports,
etc. A complete listing furnished upon request.
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MORELOCK

EDUCATION

MORELOCK

-

Development A s s o c i a t e I I , R e a c t o r Systems D e s i g n and
E v a l u a t i o n , I n s t r u m e n t a t i o n and C o n t r o l s D i v i s i o n ,
Oak R i d g e N a t i o n a l L a b o r a t o r y

-

Associate
Pensacola,

of

Science,

Pensacola

Junior

College,

1971,

Florida

EXPERIENCE
May 1 9 7 7

-

Present

-

Oak

Oct

1983

-

Present

-

NRC - T e c h n i c a l A s s i s t a n c e P r o g r a m f o r
I n t e g r a t i o n , O f f i c e of N u c l e a r R e a c t o r
W a t e r L e v e l Measurement Systems

Dec

1981

-

Oct

-

CRBRP - I C E T B r a n c h , I n s t r u m e n t a t i o n a n d C o n t r o l s
Construction.
D r a w i n g s and o t h e r d o c u m e n t a t i o n f o r
RM S y s t e m s

Oct

July

Aug

1980

-

1979

Dec

-

1983

Ridge

National

Laboratory

1981

-

NRC - O p e r a t o r L i c e n s e B r a n c h , D i v i s i o n
Safety.
A d m i n i s t e r o p e r a t o r and s e n i o r

Oct

80

-

Process I n s t r u m e n t a t i o n and C o n t r o l
Senior Engineering Assistant

D i v i s i o n of
Regulation,

Systems
Reactor

AE

and

o f Human F a c t o r s
o p e r a t o r exams

Maintenance

Shop,

1978

-

July

79

-

Process I n s t r u m e n t a t i o n Group, Senior E n g i n e e r i n g
Assistant for Maintenance/Modifications for Operating
Facilities

May 1 9 7 7

-

Aug

1978

-

Chemical Technology D i v i s i o n , Advanced Fuel R e c y c l e
Project, Engineering Assistant.
Supervised the
installat i o n , t e s t i n g and o p e r a t i o n a l c h e c k o u t o f t h e n i n e - s t a g e
rotary dissolver

Mar

-

Mar

1977

-

USN - E l e c t r o n i c s T e c h n i c i a n , R e a c t o r O p e r a t o r and
E n g i n e e r i n g O f f i c e r of t h e W a t c h .
Rank - S e n i o r C h i e f
Electronics Technician

1958

55

KARL W. WEST

KARL W. WEST

Group Leader, Reactor Systems Facilities Support;
Instrumentation and Controls Division, Oak Ridge National
Laboratory.
Lead engineer for reactor controls design review team
Chairman of I&C Design and Drafting Standards committee

EDUCATION

- BSEE, West Virginia University, 1949

EXPERIENCE

- 33 years, Oak Ridge National Laboratory
2 years, undergraduate instructor of EE in Physics
Depar tment, WVU.
Current assignment as Group Leader for design modifications, maintenance, and operation of ORNL's nuclear
reactor control and safety systems. Previous experience
has been in the design, startup, and operation of some
twelve ORNL nuclear facilities.
Recently completed an in-depth documentation review of the
Nuclear Island and Balance of Plant control systems for
the Clinch River Breeder Reactor. This review consisted
of checking, and correcting as needed, the appropriate
correlation between the System Design Descriptions, Logic
Diagrams, Control Elementary Diagrams, and Wiring Diagrams.
A similar review has just been completed for the Large
Coil Test Facility for ORNL's fusion energy program.

PROFESSIONAL
ORGANIZATIONS

- Past President, Oak Ridge Section, Instrument Society of
America
- Eta Kappa Nu, Honorary Electrical Engineering Society
- Sigma Pi Sigma, Honorary Physics Society

57

ORNL/TM-9367

Internal Distribution

1.
2.
3-6.
7.
8.
9-11.
12.
13.
14.

L.
B.
P.
F.
L.
K.
M.
P.
P.

s. Abbott
G.
M.
R.
C.
W.
J.
F.
W.

Eads
Haas
Mynatt
Oakes
West
Kopp (Advisor)
McCrea (Advisor)
Murrill (Advisor)

H. M. Paynter (Advisor)
H. E. Trammel1 (Advisor)
ORNL Patent Office
Central Research Library
Y-12 Document Reference
Section
21-22. Laboratory Records Department
23. Laboratory Records 0RNL-RC
24. I&C Publications Office
15.
16.
17.
18-19.
20.

External Distribution

25-40.
41-42.
43.

44-70.

S. F. Burton, DOE-CO, 9800 S. Cass Avenue, Argonne, IL 60439.
JBF Associates, Technology Dr., 1000 Technology Park Center,
Knoxville, TN 37932
Office of Assistant Manager for Energy Research and Development,
Department of Energy, Oak Ridge Operations Office, Oak Ridge,
TN 37831
Technical Information Center, Oak Ridge, TN 37831

