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UNITED STATES OF AMERICA
NUCLEAR REG'JLATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
) Docket Nos. 50-247-SP

CONSOLIDATED EDISON COMPANY ) 50-286-SP
OF NEW YORK (Indian Point, Unit 2) )

)-

POWER AUTHORITY OF THE STATE )
0F NEW YORK (Indian Point, Unit 3) )

DIRECT TESTIMONY OF
SANFORD ISRAEL,.1ACK HICKMAN, GREGORY KOLB,

ROBERT G. EASTERLING, AND ALAN D. SWAIN
COMMISSION QUESTION 1 AND BOARD QUESTION 1.1

Q.1 Please state your name and business address for the record. '
-

A.1 My name is Sanford Israel. My business address is U.S. Nuclear Regulatory

Commission, Washington D.C. 20555

0.2 Please identify your position with NRC and describe your responsibilities

in that position.

~

A.2 I am a Risk Analyst in the Reliability and Risk Assessment Branch of the

Division of Safety Technology within the Office of Nuclear Reactor

Regulation of the Nuclear Regulatory Commission. My responsibilities are

to provide risk perspectives based on a review of core-melt sequences and

system reliabilities for various assigned tasks.

Q.3 Have you prepared a statement of your professional qualifications.
.
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A.3 Yes, I have prepared the statement of my professional qualifications

attached to this testimony.

Q.4 Please state your name and business address for the record.

A.4 My name is Jack Hickman. My business address is Sandia National

Laboratories, Division 9412, Albuquerque, New Mexico.

Q.5 Please identify your position with Sandia and describe your

responsibilities in that position.

A.5 I am Supervisor of the Nuclear Fuel Cycle Systems Safety Division at

Sandia National Laboratories. In that position, I am responsible for the

perfnrmance, evaluation and application of nuclear pcwer plant system

reliability analysis for programs being performed for the Nuclear

Regulatory Commission.

Q.6 Please describe your education and professional qualifications.

A.6 A copy of my professional qualifications is attached to this testimony.

Q.7 Please state your name and business address for the record.

A.7 My name is Gregory Kolb. My business address is Sandia National

Laboratories, Division 9412, Albuquerque, New Mexico.
|
,

Q.8 Please identify your position with Sandia and describe your

responsibilities in that position.

A.8 I am a member of the technical staff within the Nuclear Fuel Cycle Systems

Safety Divison. I am responsible for the performance and review of

nuclear power plant systems reliability analyses which are a part of
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several research and technical assistance programs funded by the Nuclear

Regulatory Comission.

Q.9 Please describe your education and professional qualifications.

A.9 A copy of my professional qualifications is attached to this testimony.

Q.10 Please state your name and business address for the record.

A.10 My name is Robert G. Easterling. My business address is Sandia National

Laboratories, Albuquerque, New Mexico.

Q.11 Please identify your position with Sandia and describe your

responsibilitics in that position.

A.11 I am a staff member in the Reliability Department. My activities include

research in statistical data analysis and in the application of

statistical techniques to reliability and risk assessment.

*

.

Q.12 Have you prepared a statement of your professional oualifications?

A.12 Yes, I have prepared the statenent of my professional qualification

attached to this testimony.t

Q.13 Please state your name and business address for the record.

A.13 My name is Alan D. Swain. My business address is Sandia National

Laboratories, Albuquerque, New Mexico.

Q.14 Please identify your position with Sandia and describe your

responsibilities in that position.

.
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A.14 I am a member of the technical staff in the Statistics, Computing, and

Human Factors Division where I provide technical leadership for the human

factors group. My activities include the identification of the potential-

for human error in complex systems, the provision of design

recommendations to reduce this potential, and the grantification of the

human error potential for reliability and risk assessment studies.

Q.15 Have you prepared a statement of your professional qualifications?

A.15 Yes, I have prepared a statement of my professional qualifications

attached to this testimony.

Q.16 Pr. Israel, what is the purpose of this testimony?

A.16 The purpose of this testirrony is to provide frequencies of plant damage

states, caused by internally initiated events excluding fire and sabotage,

that are used in James Meyer's testimony on radiological releases. This

testimony also provides an assessment of the IPPSS results in the area of'

plant damage states caused by internally initiated transients and

accidents.

Q.17 Mr. Israel, what is the scope of this testinony?

A.17 This testimony discusses the probabilistic treatment of internally initi-

ated reactor transients and accidents (except those initiated by fire and

sabotage) leading to core melt. It assumes that the IPPSS is an accurate

reflection of the current, as-built-and-operated plants (except for the

contemplated modifications identified in the licensees' response to the

NRC Staff First Set of Interrogatories Concerning Questions 1 and 2, dated

June 25,1982).

,
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This testimony does not cover the adequacy of the probabilistic treatment

of fires in IPPSS which is discussed in the testimony of Benjamin

Buchbinder ett ajl, or adequacy of the probabilistic treatment cf external
_

events which is discussed in the testimony of Robert il. Budnitz. This

testimony does not cover sabotage. Further the issue of pressurized

thermal shock is discussed in the testir.ony on Board Question 1.4 and the

issues of steam generator tube rupture is discussed in the testimony on

Board Question 2.2.1.

0.18 Please discuss what is meant by plant damage state.

A.18 A plant damage state is a group of accident sequences that result in core

melt and have a common containment condition such as containment bypass

prior to core-melt or core-melt with or without containment cooling

available.

Q.19 Why does the Staff emphasize core melt accidents in it's risk assessment?

A.19 The core of an operating nuclear power plant contains radioactive

materials which, if ineffectively contained, can cause harm to the

population and environment in the vicinity of a plant. Even after an

operating reactor is shut down, a mechanism for releasing radioactivity

exists. This is called the "afterheat" or " decay heat" produced in the

fuel after the nuclear chain reaction ceases. This decay heat diminishes

gradually once a nuclear reactor is shut down, but within the first hours

or days after shutdown, the decay heat released within the fuel has the

potential to melt the fuel and breach each of the several barriers used to ~~

obstruct the release of radioactive materials. Such a phenomenon may take

place if the decay heat in the fuel is not dissipated in controlled ways.

.
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Because a " core melt" accident has the potential to release large

quantities of radioactivity, it is the principal cause for concern among,

potential nuclear reactor accidents.

We do not differentiate between severe core damage and core-me.it events

and we will refer to both types as core-melt events. This assumption is

conservative because the potential radioactive release for events that

stop at severe core damcge may be less than that for core melt events.

The analyses have not been refined to differentiate the fraction cf events

that may terminate at severe core damage.

The timing of the core melt with respect to containment failure has an

impact on the consecuences because it affects the radioactive releases to

the environment. If the containment building remains intact following

core melt, the potential radioactive releases would be reduced and the

consequences to the public would be small compared to sequences where the

containment building fails above ground level or is bypassed prior to core

melt or shortly thereafter.

Q.20 How were the plant damage states derived 7

A.20 The Licensees performed a risk assessment of their plants (IPPSS) which

included the frequencies of transients snd accidents resulting in core

i mel t. The Staff contracted with Sandia National Laboratories to review the

core melt analysis portion of IPPSS and to derive modified estimates for

core melt sequences as appropriate. Sandia grouped the core melt

i sequences into plant damage state categories based on the availability of
|

containment cooling following core melt.

. ,
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Q.21 Messrs. Kolb/Hickman, please describe the scope of the Sandia review of

internally initiated events presented in the IPPSS and your findings.

A.21 The Sandia review of the IPPSS is presented in NUREG/CR-2934, Review and -

Evaluation of The. Indian Point Probabilistic Safety Study. The IPPSS

estimated the frequency of several hundred core melt accident sequences

initiated by internal events. Because of the very large number of

sequences considered in the report, and the time limitation placed on our

review, it became necessary for us to focus on a subset. The subset which

received the most extensive review were those identified in'the IPPSS to

dominate the internal event core melt frequency or the important plant

damage state frequencies. There were 18 of these sequences, 10 for Indian

Point 2, and 8 for Indian Point 3. The review of these sequences relied

heavily on our past PRA experience. This experience aided us in searching

for subtle methodological problem areas, potential omissions, and

important analysis assumptions which could have a significant impact on
i

the sequence frequency estimates. Our review discussed in NUREG/CR-2934

also entailed an evaluation of the basic building blocks of the IPPSS

internal event analysis; namely, initiating events, fault trees, event

trees, human errors, data, common cause and sequence analysis. These

building blocks were reviewed to determine if possible errors, unrealistic

assumptions, or omissions made by the IPPSS analysts could allow

additional sequences to the above mentioned 18 to become important.

Q.22 Based on your review of the IPPSS, what is your overall impression of the
i

internal event analysis presented in that study?

A.22 It is our opinion that the IPPSS internal event analysis is a

i state-of-the-art analysis performed by competent analysts and from it much
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is to be learned. Their treatment (modeling, assumptions, completeness,

etc.) is comparable with other state-of-the-art probabilistic risk

assessments. We did identify areas in our review where we thought

alternative modeling or calculational techniques should be considered; and

based on these, calculated revised estimates of the dominant accident

sequence frequencies.

Q.23 With reference to the internal event building blocks mentioned previously,

de3cribe the major findings of your review.

A.23 Initiating events are plant occurrences which require a rapid reactor

shutdown and subsequent safety system operation to prevent core melt. We

found the initating events covered in the IPPSS to be relatively complete

and their frequency estimates to be reasonable compared to those addressed

in previous PRA's. However, an exception to this was found. We found no

indication that the IPPSS considered an initiating event caused by a pipe

break in the component coolirg water system. This event was found in our

review to be an important contribution to the core-melt frequency.

Fault trees are logic models which describe the various ways safety

systems can fail. We reviewed all the fault trees presented in the IPPSS

and found them in general to be a reasonable representation of the Indian

Point safety systems. However, we felt some changes in the logic structure

of the fault trees for the service water system, auxiliary feedwater

system, and fan coolers were appropriate. The IPPSS analysts agreed with

this conclusion and we factored these changes into our plant damage state

frequencies. System unavailabilities presented in our evaluation

NUREG/CR-2934 compare reasonably with estimates from other studies. We

!
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also noted that the IPPSS analysis was unduly conservative by not taking

any credit for the main feedwater system to remove decay heat following a

reactor scram.

Event trees are logic models which delineate the various combinations of

safety system failures following an initating event leading to core melt

and/or containment failure. These ccmbinations are known as accident

sequences. We reviewed all of the event trees and found the structure of

most to be appropriate. We made changes in several for purposes of

calculating our revised estimates. They were: 1) steam generator tube

rupture, 2) loss of service water, 3) loss of component cooling water, and

4) anticipated transients without scram (ATWS). Differences in 1) and 4)

above had the most impact on the results. The IPPSS steam generator tube

rupture event tree did not include a containment bypass sequence caused by

a stuck open secondary safety valve. The IPPSS ATWS event tree gave

credit for an ATWS fix for which the utilities decided to defer

implementation. We performed ~a revised analysis which considered

sequences involving a steam generator tube rupture and stuck open safety

valve, as well as, ATWS sequences which did not include the fix. We

cuantified these sequences and included them in our final plant damage

state frequencies.

The human is the most difficult nuclear plant " system" to analyze. He

can have both a positive and negative influence on the course of various

accidents. Because of the very large number of human activities possible,

we focused our human error review on those activities identified in the

IPPSS to have a major impact on the dominant accident sequences. This

investigation revealed that either no or limited procedures existed for

_ _ _ _ _ -
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several of the activities, e.g., feed and bleed core cooling, loss of

component cooling water. In our revised estimates, we assigned bounding

human error probabilities for these situations. Four activities whicit

were important and identified as having emergency procedures were reviewed

in some depth. These activities dealt with switchover from in.iection to

recirculation following a LOCA. Of the four, our revised estimates

resulted in higher human error probability estimates for two of them and

lower estinates for two of them.

We comend the IPPSS for greater use of plant specific initiating event

and component failure data than found in many past PRA's. Our evaluation

indicated that the Bayesian methodology produced reasonable point estinate

failure probabilities based on our comparison of the IPPSS estinates of

the dominant accident sequences to estinates based primarily on the

IPPSS--reported data. Our evaluation also considered statistical

confidence limits on the occurrence frequencies of these sequences. These

limits, based primarily on IPPSS--reported data, identify a range of

sequence frequencies that are consistent with the data considered. We

found that the IPPSS point estimates generally fell within these ranges.

Comon cause events result in failure of multiple safety systems or

subsystems which compromise designed redundancy. A comon cause failure
I

could be the result of a test or maintenance error, a common support

system, or an unidentified cause. The IPPSS modeled the more important of

these common cause failures. The IPPSS analysts however, did not have

available at the time they performed the work some common cause data

sources which have recently been made available to us (e.g., Comon Cause
,

|
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Fault Rates for Pumps, EGG-EA-5289 and Precursors to Potential Severe Core

Damage Accidents, NUREG/CR-2497). These sources suggest higher common

cause system failure in some cases. Our revised results take into account

these more recent coninon cause data sources.

Sequence analysis requires the logical combining and quantifying of the

initiating event and the fault trees for each accident sequence defined by

the event trees. At this point in our review, we requantified the

dominant accident sequences based on the results of the review of the

basic building blocks of the IPPSS. Each accident sequence was then -

assigned to a plant damage state. Comparing our results with those found

in the IPPSS reveals some differences.

Q.24 What are the internal event plant damage state frequency estimates derived

by the Sandia review, and how do they compare with the IPPSS estimates?

A.24 Table I sumarizes the revised frequency estimates and compares them to

the IPPSS. These frequency estinates were extracted from Tables 5.2-1

and 5.2-2 in our final report, NUREG/CR-2934, " Review and Evaluation of

the Indian Point Probabilistic Safety Study," December 1982.

Q.25 What are the uncertainties in the results?

A.25 Uncertainties can be divided into three types: data, modeling, and

completeness. Each of these types is addressed below with respect to

internally initiated events.

.

_ _ __ _ _ _ _ __
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Table 1

IPPSS and Revised Internal Event Plant Damage State Comparison

:PPSS E'stimates Sandia Estimates
:

Plant Damage State IPS IP3 IP2 IP3

Containment Bypass Prior 4.6(-7) 4.6(-7) 2.1(-71 2.1(-7)
to Core Melt

! Core Melt Without 1.1(-6) 7.1(-7) 6.7(-7) 5.7(-7)
Containment Cooling

Early Core Melt With 5.4(-5) 1.8(-5) 1.2(-4) 1.8(-4)
Containment Cooling

Late Core Melt With 3.4(-5) 1.1(-4) 1.0(-4) 1.0(-4)
Containment Cooling

Steam Generator Tube -- -- 5.2(-7) 2.0(-7)
Pupture With Stuck Open<

Secondary Safety Valve

,

9

m
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Data

Data uncertainties arise from a lack of infinite data pertaining to initiating

event frequencies and subsystem and component failure probabilities. These

types of uncertainties were evaluated for our revised list of Indian Point

dominant accident sequences by using the Maximus methodology, referenced in our

report, to calculate statistical confidence limits for the frequei cy of these

sequences, and for the plant damage st&te frequencies. TN resu' ; are

presented in Chapter 5 of NUREG/CR-2934.

Modeling

Modeling ;ncertainties stem from the inadequacy of the PRA logic models to

perfectly represent reality. Some of the more important modeling uncertainties

are evaluatad in NUREG/CR-2934 via a sensitivity study. The sensitivity issues

addressed there are: 1) feed and bleed core coolino, P.) core melt / systems

interaction, and 3) reactor coolant pump seal LOCA.

Completeness

Uncertainties associated with completeness are related to the inability of the

analyst to evaluate perfectly and exhaustively all contributions to core melt

because of oversights due to lack of knowledge or the limited scope of the
'

analysis. We identified some areas where the IPPSS internal event analysis

appeared incomplete. (Two of the more important areas were dir:ussed

previously; namely, the component cooling water system pipe break and steam

generator tube rupture with a stuck open secondary safety valve.) Although we

believe our revised estimates reflect a state-of-the-art level of completeness-

|

L
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for PRA's, there is no guarantee that our review, which was based largely on

our own PRA experience, was complete in an absolute sense.

0.26 Mr. Israel, what core-melt frequencies for internal events are usei in the

NRC Staff's response to Commission Question I?

A.26 The estimated core-melt frequencies (for internal events) used in the

Staff's response to Commission Question 1 are presented in Table 2, as a

function of plant damage state.

Under Containment Bypass Prior to Core fielt, the estinated frequency of

interfacing LOCA (4 x 10-7) is a compromise between the original IPPSS

values (5 x 10-7, Table 8.3-9 Event 24 and Table 8.3-10 Event 15), the

initial Sandia reestimate (3 to 5 x 10-7 , draft Sandia report) and the

final Sandia estimate (2 x 10-7). The estimates are sensitive to the

different models used to describe an interfacing LOCA, an event which has

not occurred. The NRC Staff has not performed a separate review to

differentiate between the various results because of the small difference

among the estimates. So, we are using an estimate somewhat biased to the
i

high side, for purposes of developing a risk estimate.i

|
~

.

The estimated core-melt frequency for a steam generator tube rupture event

with a stuck-open secondary relief valve was developed by the NRC Staff as

|
discussed in Testimony for Board Question 2.2.1. The NRC Staff's

evaluation considered multiple tube ruptures, while Sandia's evaluation

considered only a single tube rupture. The multiple tuae rupture events

yielded higher estimated core-melt frequencies.

;
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Table 2 Estimated Core Melt Frequencies For
Internal Events

!

Plant Damage ;
State IP2 IP3

Containment Bypass
Prior to Core Melt

Interfacing LOCA 4 x 10-7* 4 x 10-7

| SGTR 2 x 10-6 2 x 10-6

Early Core Melt without
Containment Cooling 6 x 10-7 6 x 10-7

Early Core Melt with
Containment Cooling 1.2 x 10-4 1.8 x 10-4

Late Core Melt with
Containment Cooling 1 x 10-4 1 x 10-4

l

* Frequencies are events per reactor-year.
The estimated core-melt frequencies for Early Core Melt without Contain-

ment Cooling, Early Core Melt with Containment Cooling, and Late Core Melt

with Containment Coolina were obtained from Sandia's reevaluation of the

dominant sequences presented in IPPSS (Table 5.2-1 and Table 5.2-2 of the

| Sandia report, NUREG/CR-2934). Core melt sequences with containment

cooling available generally involve LOCA's. The Sandia estimates for

these categories considered additional aspects not considered in IPPSS in

some of the sequencies. The Staff believes that the Sandia analyses for

these categories are a better representation of the plants (within the
I scope of the study); however, the core-melt frequencies may be somewhat

. _ _ _ - _ _ _ _ _ _
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high because of the LOCA's frequencies used. The LOCA's frequencies used

are from the IPPSS and represent point estimates that are higher than

those used in previous PRAs. Because the plant damage states (core-melt

with containment cooling) are not dominant contributors to offsite

consequences, as shown in J. Meyer's testimony, the NRC Staff did not try

to resolve what LOCA's frequencies are most appropriate for risk

assessments.

I cannot confirm that the estimates of core-melt frequencies presented in

Table 2 are enrrect in an absolute sense because of uncertainties

associated with completeness, data, and modeling. The overall core-melt

frequencies for internally initiated events appear to be consistent with

other studies within the scnpe of the analysis performed and appear to be

reasonably developed within the state-of-the-art based on the Sandia

review of IPPSS.

Q.27 Does this conclude your testimony?

A.27 Yes

|
|

s
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SANFORD L. ISRAEL

Professional Qualifications-

I am a Risk Analyst in the Reliability and Risk Assessment Branch,

Division of Safety Technology, Office of Nuclear Reactor Regulation.

I am responsible for evaluating the reliability of nuclear power plants,

identifying dominant risk sequences associated with plant operation, and

assessing the relatthe importance of safety issues and proposed, plant

modifications.
:|

I received a Bachelor of Science Degree in 1958 and a Master of Science Degree

in 1959 from MIT. Both these degrees were in Mechanical Engineering.

( -

--
( Frcm 1960 to 1966, I was an engineer with Nuclear Dehelopment Associates

.

(later known as United Nuclear Corporation) where I was initially inholhed in

- test programs related to two-phase flow and hydrogen thermal conductihity.

Subsequently, I was responsible for the thennal-hydraulic design of fuel for

light water reactors.
, ,

Frca 1966 to 1974, I was Manager of the Thennal-Hydraulic Section at United

fluclear Corporation (later known as Gulf United Nuclear Fuels Corporation)

where I superhised test programs, computer code dehelopment, and analysis

related to the thermal-hyaraulic design of light water reactor fuel.

'

. .

$
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en June 1974, I accepted e:nployment with the Atomic Energy Commission

(now the Nuclear Regulatory Commission) in the Reactor Systems Branch where;

I was responsible for rehiewing harious safety sjstems and analyses in the

.Sequoyah, North Anna, Floating fluclear, and Alan S. Barton plants. In 1976,

I was appointed Section Leader in the Reactor Systems Branch where I supervised

theactivitiesofscheralprofessionalswhorehiewedsystemsimportanttosafety

for confomance to the regulations, Standard Rehiew Plan, and guidelines.

In 1979, I served on the Bulletins and Orders Task Force which deheloped and

implemented recommendations based on concerns that were identified in the
-

TMI-2 accident.
,

.

[ ~

?.

( In May 1980, I joined the Reliability and Risk Assessment Branch where I have
.

deheloped risk perspectihes for seheral safety: issues such as light strikes
'

and the necessity of PORV's and have developed a position paper on the

National Reliability Ehaluation Program.

'

,

I
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Jack W. Hickman

Educational and Professional Qualifications

Jack W. Hickman is Supervisor of the Nuclear Fuel Cycle Systems Safety Division
of Sandia National Laboratories in Albuquerque, New Mexico. In this position,
he is responsible for the performance of a variety of reliability and

'

probabilistic risk assessment (PRA) programs under sponsorship of the U.S.
Nuclear Regulatory Commission (NRC). Past and current programs include
responsibility of performance of the risk assessments of light water reactor
power plants in the Reactor Safety Study Methcdology Applications Program
(RS5 MAP) and the Interim Reliability Evaluation Program (IREP). !n addition,
Mr. Hickman is or has been responsible for programs involving the use of risk
assessment to address generic and plant specific issues before the NRC.
Generic issues have included underground siting, auxiliary feedwater
availability, DC power system reliability, and station blackout frequency. He

,

is also currently responsible for a risk based evaluation of the issues
identified in the Systematic 2 valuation Program and the NRC probabilistic risk
assessment training program and occasionally lectures on fault tree analysis

k and PRA for George Washington University. He serves as Chairman of the
'

Technical Writing Group preparing the Industry /NRC PRA Procedures Guide and3

has responsbility for the IREP PRA Procedures Guide. He occasionally consults
for the Advisory Committee on Peactor Safeguards (ACRS) on the subject of
probabilistic risk assessments.

Mr. Hickman received his MS Degree from the University of New Mexico and BS
-

Degree from Oklahoma State University, both in electrical engineering.

~

. .
. _ ..
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LIST OF PUBLICATIONS

1) Dominant Accident Sequences for an Ice Condenser PWR Plant, S.V.
Asselin, J.W. Hickman, et al., ANS Winter Meeting, f;ovember 1978.

2) System Event Tree Analyses for Determining Accident Sequences that
Dominate Risk in LUR Power Plants, S.V. Asselin, J.W. Hickman, et al.,
ANS Topical fleeting on Probabilistic Analysis of Nuclear Reactor
Safety, May 1978.

3) The Reactor Safety Study flethodology Applications Program: Sequoyah
#1 PWR Power Plant, fiUREG/CR-1659, SAND-80-1897, February 1981.

4) Development and Organization of the Industry /flRC PRA Procedures Guide,
International ANS/ ENS Topical Conference on Probabilistic Risk
Assessment, Hickman.

5) PRA Procedures Guide, Review Draft, NUREG/CR-2300, April 1982.

6) An Assessment of Auxiliary Feedwater Systems, M. Taylor D. Carlson,
M. Cunningham, S. Asselin, J. Hickman, G. Kolb, ANS Transactions,
Vol. 33, 1979.

.
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Gregory J. Kolb -

!

Educational and Professional Qualifications

!

; Gregory J. Kolb is a member of the Nuclear Fuel Cycle Systems Safety Division
of Sand,ia National,Laboratori,es in Albuquerque,-New Mexico. -In this posi, tion,,

,

he is responsible for the performance and review of nuclear pqwer plant'

systems re,llability analyses which are a part of,severa1 research and
technical aghistance programs fu'nced oy the Nuclear Regulatory . Commission

,

I (NRC). Mr. Kolb has acted as systems analysis team leader for several nuclear
1
'

power plant probabilistic risk assessments (PRA). Most recently he was the
principa'l investigator for the Arkansas Nnelear One risk assessment as. part of!

the I.nterim Reliability Evaluation P.routam. Frier'to this assignment, he
acted as team leader for the Oconee and Calver't Cliffs FRA as part of the

i

Reactor Safety Study Methodology Applications Program. In addition, he was
part of the Crystal River PRA analysis team and was one of the principal

,

reviewers of the Zion PRA. Besides PRA activities, Mr. holb has been inv61ved

J in the tecnnical review of the "Rogov.in Study" analysis of the accident.at
,

.

ihree Mile Island, and a program which investigated the reliability of several
,g nuclear power plant aux,iliary feedwater systems. He has published several

papers and reports in the field of PRA.
s

Mr. Kolb received a BS degree in Engineering from California State University
tI

Northridge in 1975 and a MS degree in Nuclear Engineering from the University
.

of Arizona in 1977.
4
,
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LIST OF PUBLICATIONS

1) The Reactor Safety Study Methodology Applications Program - Oconee
Results. S.W. Hatch, G. Kolb - ANS Transactions, Vol. 38, 1981.;

2) LWR Core Meltdown Accident Sequencer Phenomenology, P. Cybulskis, R..

Wooton, G. Kolb, ANS Transactions, Vol. 41, 1982.

3) Reactor Safety Study Methodology Applicators Program: Calvert Cliffs #2 \
PWR Power Plant, S. Hatch, G. Kolb, R. Wooton, P. Cybolskis.
NUREG/CR-1659, May 1982.

4) Peactor Safety Study Methcdology Applications Program: Oconee #3 PWR
Pcwer Plant, G. Kolb, S. Hatch, P. Cybulskis, R. Wooten, evised May.

1981, NUREG/CR-1659.

5) Interim Reliability Evaluation Program Analysis of the Arkansas Nuclear
! One-Unit 1 Nuclear Power Plant, G. Kolb, NUREG/CR-2787, June 1982

6) Insights from the Arkansas Nuclear One Unit 1 IREP Analysis, G. Kolb,
i Proceedings of the International ANS/ ENS Topical Meetings on PRA,
'

September 20-24, 1981, Port .Chester, NY.

7) Systemic Event Tree Methodology Employed in the Interim Reliability
Evaluation Program, G. Kolb, proceedings of the International ANS/ ENS*

Topical Meeting on PRA, September 20-24, 1981, Port Chester, NY.

8) An Assessment of Auxiliary Feedwater Systems, M. Taylor, D. Carlson, G.
Kolb, M. Cunningham, J. Hickman, S. Asselin, ANS Transactions, Vol. 33,
1979.

r
.

9) Arkansas Nuclear 1. Unit 1, Risk Analysis _Results, by G. Kolb and
O. Kunsman, International Meeting on Thernal Nuclear Reactor Safety.
August 29 - September 2, 1982, Chicago.
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ROBERT G. EASTERLING - - -,
,

Robert G. Easterling has been a staff me=ber in . the Reliability
Departnent of Sandia Laboratories, Albuquerque, since August 1967, except'

for January to June 1974 when he was a visiting lecturer in the Department
of Statistics, University of Wisconsin, Madison, and from June 1975 to
June 1977 when he held the position of Statistical Adviser in the Applied
Statistics Group of the. Nuclear Regulatory Co= ission. He received his
B.S. in mathematics and his M.S. and Ph.D. in statistics from OklahomaState University in 1964, 1965, and 1967, respectively.

.

.

He is a Pellow of the American Statistical Association and has cerved
in various organizational positions including presiderit o'f the Albuquerquechapter.

He is editor of the applied statistics, journal, TECEN0 METRICS,
and has written artic7 2s which appear in various statistical, reliability,
and quality control journals and conference proceedings. *

His activities at the NRC and Sandia have included consulting and
research in statistical data analysis and in the application of statistical
techniques to reliability and risk assessment. Publication and presenta-
tions in the area of nuclear risk assessment-include:

.
*

"Probabilistic Analysis of Co=on Mode Failures." Proceedings of ANS
Topical Meeting on Probabilistic Analysis of Nuclear. Reactor SafetyrMay 1978.

.

" Statistical Problems in Nuclear Regulation," with R. R. Moore, Annual
Meeting of the American Statistical Association, August 1978.

"Some Statistical Aspects of bncertainty Analysis," 1978 ANS AnnualMeeting.
*

Review of Anatomy of Risk, by W. D. Rowe, TECHN0 METRICS, May,1980, p. 278,j 279.
! ,

,

" Statistical Problems in the Assessment of Nuclear Risks," Annual Me'eting
,

i of the American Statistical Association, August 1980.

" Comments on the Bayesian Method for Estimating Reactor Core Malt Frequency."
Nuclear Science and Engineering, 1980, p. 202.,

,

" Discussion of Conover/Iman Paper (Small Sample Sensitivity Analysis Tech-
niques for Co=puter Models, with an Application to Risk Assessment)."Ce=unications in Statistics,1980.

"Some Observations on: Reliability Probler.s in Power Generator Systems."
To appear in Proceedings of the 1981 DOE Statistical !;=posium.
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ALAN D. SWAIN, PH.D.

Dr. Swain is a member of the technical staff in the Statistics,Computing,
and Human Factors Division at Sandia National Labora-

,

tories, Albuquerque, New Mexico, where he provides the technicaldirection for the Human Factors Group. In addition to his.

Sandia responsibilities, he is a regular lecturer at the Univer-
{ sity of Wisconsin - Extension, and he lectures annually in Europe..

} He has been active in the nuclear weapons field since 1954 and; in the nuclear power field since 1968. He has advised government;

authorities in England, Scotland, France, Germany, Denmark, Norway,
-

Sweden, Finland, Italy, and South Africa on methods to reduce
serious human errors in the operation of nuclear power plants
(NPPs) and on methods to quantitatively assess the influence ofhuman errors in these plants. In 1979 he met with the SwedishCommission on Eva.luating Nuclear Power to advise them of the
kinds and relative costs of human factors improvements in; Swedish NPPs that could materially reduce the risk of human-; induced failures in these plants. Before and after the Three-
Mile Island accident he has assisted the Nuclear Regulatory
Commission (NRC) by evaluating the impact of potential human
errors in responding to possible transient conditions in NPPs.

He was responsible for the human reliability analysis in WASH-1400.
The human reliability analysis model employed was THERP*, developed
by Dr. Swain in the early 1960's for applications to weapon systems,
and is now widely employed for a variety of man-machine systems.
In Section 6.1 of Appendix III** the rationale for the high esti-
mates of human failure probabilities in WASH-1400 is stated in
terms of the poor human factors practices and design features inNPPs.

In 1975 he followed with a study *** of the Zion NPP in which
detailed human factors problems were described (which are
characteristic of all presently operating plants) plus suggestion's
for inexpensive changes in on-site practice, equipment,

'

and
operating procedures which would result in substantial improvementin human reliability. Subsequent experience in the Zion and other,

*

NPPs indicates that these suggestions have not been acted upon.I

.

* Swain, A. D., A Method for Performing a Human FactorsReliability Analysis, Mono
Laboratories, Albuquerque, graph SCR-685, Sandia National

NM, Aug. 1963, 62 pp.

** " Human Reliability Analysis", Section 6.1 in Appendix III -
Failure Data, of WASH-1400 (NUREG-75/014): Reactor SafetyStudy - An Assessment of Accident Risks in U. S. Ccmmercial
Nuclear Power Plants, U. S. Nuclear Regulatory Commission,Wasn. D.C., Oct. 1975, pp III-59 to III-69 (written byA. D. Swain and H. E. Guttmann).

*** Swain, A. D., Preliminary Human Factors Analysis of " ion NuclearPower Plant, NUREG76-6503, U. S. Nuclear Regulatory Commission,Wash. D.C., Oct. 1975, 81 pp.
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!' Dr. Swain's major effort in NPP research is the Handbook of'

Human Reliability Analysis With Emphasis on NPP Applications *,
a nearly four-year research effort sponsored by the Probabilistic,

Analysis Staff, Office of Nuclear Regulatory Research, US NRC.
The Handbook consists of models of human performance, estimates ofhuman error probabilities (an uncertainty bounds) for NPP tasks, and

,

"

a human reliability method and technique to apply the data and; i
models to estimate the influence of human errors on safety andi reliability of NPP operations. The models are unique in the field
of human behavior in that they can be used to predict a wide,

variety of human behavior in an applied setting, they are testable,
,

.

and they are modifiable as better data on human performance in
NPPs become available. The Handbook is serving as the method for
assessing the influence of human errors in the NRC's Interim
Reliability Evaluation Program (IREP) , a program to quantitatively
assess the risk to the public of a sample of operating US NPPs.

'

,
1

l. Dr. Swain received his PH.D. in experimental psychology in 1953
! from the Ohio State University. In 1950 he participated in the

Psychology Corporation's study of the effectiveness of flight
simulation, the first quantitative assessment of this trainingtechnique. From 1952 to 1958 he was with the American Institutes| for Research. His research included applications to maintain-

'
.

ability design and techniques and to training and training devices.
From 1958 to 1961 he was with Dunlap and Associates, Inc., where
he designed training programs, course curricula, and training ;

'

aids and devices for the U. S. Navy, including the nuclearsubmarine program. In later work for this company, he designed I
,
'

the human reliability program for the Air Force's Manned OrbitingLaboratory.j In 1961 he joined the Reliability Analysis Department
at Sandia National Laboratories where most of his work has been in
human engineering and human reliability analysis in nuclear weapons' and nuclear energy. During this time he was Visiting Professor
at the University of New Mexico for three years. Since 1972 he has
spent up to one-fourth time lecturing for the Department of Energy,
the Nuclear Regulatory Commission, the University of Wisconsin, andvarious foreign agencies. He is the author of numerous publica-tions,

4

including several chapters in books and his own books.

Dr. Swain is a Fellow of the Human Factors Society, a Senior
Member of the American Society for Quality control, an ASQC
certified reliability engineer, and a certified psychologistin the State of New Mexico. He is a member of the Group of

;

i
Experts on Human Error Data and Assessment of the Committee
on the Safety of Nuclear Installations, Organization for
Economic Co-Operation and Development, with headquarters inParis. He meets annually with European experts in human
reliability to assess their use of his methods and to advise
them on human factors problems in nuclear power plants.

* Swain, A. D. and Guttmann, H. E., Handbook of Human Reliability
Analysis With Emphasis on Nuclear Power Plant Applications
(Draft for Public Review), NUREG/CR-1278, Office of Nuclear
Regulatory Research, U. S. Nuclear Regulatory Commission,
Wash. D. C., Oct. 1980, approx. 600 pp.

.
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{ A LIST OF HUMAN FACTORS PUBLICATIONS OF SANDIA NATIONAL LABORATORIES
~

,

Items marked with an asterisk, an "at" sign, a plus sign, or a number sign
i can be obtained as follows: .

I
|i, (*) - National Technical Information Service, Springfield, VA 22161
. (0) - Division of Technical Information and Document Control,

] U.S. Nuclear Regulatory Comission, Wash., DC 20555
(+) - the periodical indicated

,

(f) - the publisher indicated.

The remaining items can be obtained (if copies are available) from Dr. A. D.
Swain, Div. 1223, Albuquerque, NM 87185.

Items with SCTM, SCR, SCDC, SCDR, SLA, or SAND designations are Sandia National
Laboratories' reports.

(*) 1. McCornack, R. L., Inspector Accuracy: A Study of the Literature,
SCTM-53-61 (14), February 1961, 29 pages.

(*) 2. Swain, A. D., System and Task Analysis: A Major Tool for Designing
the Personnel Subsystem, SCR-457, January 1962, 26 pages.

(*) 3. Rook, L. W., Reduction of Human Error in Industrial Production,
SCTM-93-62(14), June 1962, 29 pages.

(+) 4. Swain, A. D., " Reliable Systems Versus Automatic Testing," in
f Proceedings of the Ninth National Symposium on Reliability and

Quality Control, Institute of Radio Engineers, New York, January
1963, pp 380-390. (Also SCR-582.)

~

(*) 5. Swain, A. D., Altman, J. W., and Rook, L. W. , Human Error Quantifi-
cation: A Symposium, SCR-610, April 1963, 20 pages.

v'(*) 6. Swain, A. D., A Method for Perfoming a Human Factors Reliability
Analysis, SCR-685, August 1963, 62 pages.

(+) 7. Swain, A. D., " Human Factors in Design of Reliable Systems," in
Proceedings of the Tenth National Symposium on Reliability and
Quality Control. Institute of Electrical and Electronic Engineers,
New York, January 1964, pp 250-259. (Also SCR-748.)

d(*) 8. Swain, A. D., THERP, SCR-64-1338, August 1964,12 pages.

(+) 9. Rook, L. W., " Evaluation of System Performance from Rank-Order
Data." in Human Factors,1964, 6, pp 533-536. (Al so SC-DC-64-ll19.)

/(+) 10. Swain, A. D., "Some Problems in the Measurement of Human Performance
in Man-Machine Systems," in Human Factors,1964, 6_, pp 687-700.
(Also SCR-66-906.)

(*)11. Swain, A. D., "The Human Factors Approach to Reducing Production
Errors," in Employee Relations Bulletin, National Foremen's
Institute, New York, April 21, 1965, Report No. 949, pp 1-4.
(Also SCR-67-1044.)
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(*) 12. Rock, L. W., Motivation and Human Error. SCTM-65-135, September
i 1965, 10 pages.
l
j (*) 13. Swain, A. D., Safety as a Design Feature in Systems, SCR-65-991,
4 September 1965, 14 pages.,

4
'

/*) 14. Swain. A. D., " Field Calibrated Simulation," in Proceedings of
the Symposium on Human Performance Quantification in Systems
Effectiveness, Naval Materiel Corraand and the National Academy
of Engineering, Washington, D.C., January 1967, pp IV-A-1 to
21. (Also SCR-67-1045.)

/(+) 15. Swain, A. D., "Some Limitations in Using the Simple Multiplicative
Model in Behavior Quantification," W. B. Askren (Ed), Symposium
on Reliability of Human Performance in Work, AMRL-TR-67-88,
Aerospace Medical Research Labs, Wright-Patterson AFB, Ohio,
May 1967, pp 17-31. (Also SCR-68-1697.).

(*)16. Rigby, L. V., "The Sandia Human Error Rate Bank (SHERB) ".in
Man-Machine Effectiveness Analysis, A Symposium of the Human
actors Society, Los Angeles Chapter,15 June 1967, pp 5-1 toc

13. (AlsoSCR-67-ll50.)

(*)17. Rigby, L. V. and Edelman, D. A., An Analysis of Human Variability
in Mechanical Inspection: Surrnary, SC-DC-68-2173, May 1968, 21
pages.,

(*) 18. Rigby, L. V. and Edelman, D. A., An Analysis of Human Variability
in Mechanical Inspection, SC-RR-68-282, May 1968, 64 pages.

(+)19. Rigby, L. V. and Swain, A. D., " Effects of Assembly Error on
Product Acceptability and Reliability," in Proceedings of the 7th
Annual Reliability and Maintainability Conference, American Society
of Mechanical Engineers New York, July 1968, pp 3-12 to 19.

- (Also SCR-68-1875.)

(+)20. Rigby, L. W. and Edelman, D. A., "A Predictive Scale of Aircraft
Emergencies," in Human Factors, 1968, 10, pp 475-482. (Also
SCR-69-1208.)

V (*) 21. Swain, A. D., Human Reliability Assessment in Nuclear Reactor
Plants, SCR-69-1236, April 1969, 33 pages.

/(+)22. Swain, A. D., " Overview and Status of Human Factors Reliability
| Analysis," in Proceedings of the 8th Annual Reliability and
|

Maintainability Conference, American Institute of Aeronautics and
' Astronautics, New York, July 1969, pp 251-254. (Al so SCR-69-1248.)

(+)23. Swain, A. D., "A Work Situation Approach to Inproving Job Safety,"
in Proceedings,1969 Professional Conference, American Society of
Safety Engineers, Chicago, Illinois, August 1969, pp 233-257.
Also in Selected Readings in Safety, J. T. Widner (Ed), Academy
Press, Macon, Georgia,1973, pp 371-386. (AlsoSCR-69-1320.)
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(+)24. Webster, R. G. and Swain, A. D., " Human Factors Inputs to large-
Scale Field Tests," in Human Factors Testing Conference 1-2

! October 1968, AFHRL-TR-69-6, Air Force Human Resources Laboratory,
Wright-Patterson AFB, Ohio, October 1969, pp 35-59. (Also,

; SCR-70-4220.)
*

(+)25. Rigby, L. V., "The Nature of Human Error," in 24th Annual Technical
Conference Transactions, American Society for Quality Control,i
Milwaukee, Wisconsin, May 1970, pp 457-466. Also in Chemical
Technology, American Chemical Society, New York, December 1971,
pp 712-718. (Also SCR-70-4318.)

v'(+) 26. Swain, A. D., "The Human Element in System Development," in
Proceedings of the 1970 Annual Symposium on Reliability. Institute
of Electrical and Electronics Engineers, New York, February 1970,'

.

pp 20-28., (Also SCR-70-4164.),
,

(+) 27. Guttmann, H. E. and Finley, 8. H., " Accuracy of Visual Spatial
Interpolation," in Ergonomics, 1970, H , pp 243-246. (Also
SCR-69-1227.)

(+)28. Swain, A. D., Shelton, G. C. and Rigby, L. V., " Maximum Torque for
Small Knobs Operated With and Without Gloves," in Ergonomics,1970,
H,pp201-208. (Also SCR-69-1209.)

(+)29. Rigby, L. V. and Swain, A. D., " Inflight Target Reporting, Hovt Many
( is 'A Bunch'?" in Human Factors, 1971,13, pp 177-181. (Also

SCR-71-3208.)
--

/(*)30. Swain, A. D., " Development of a Human Error Rate Data Bank," in
Proceedings of U.S. Navy Human Reliability Workshop 22-23 July 1970
Naval Ship Systems Command, Office of Naval Research and Naval Air ,

Development Center, Washington, D.C., February 1971, pp 113-148.,

(Also SCR-70-4286.)

(+)31. Rigby, L. V., "The Nature of Work Motivation," in 25th Annual Technical
Conference Transactions, American Society for Quality Control,

l Milwaukee, Wisconsin, May 1971, pp 393-404. Also as " Motivation:
It's Origins and Nature," in Chemical Technology, American Chemical
Society, New York, ' June 1971, pp 348-357. (AlsoSCR-71-3323.)-

32. Treece, R. K., Gibbs, V. E. and Rigby, L. V., A Study of Test Equirment
Operation, Calibration, and Maintenance Procedures, SC-M-71-0143,

! May 1971, 41 pages.
I

33. Rigby, L. V. and Eiffert, A. R., Time Utilization in Apprenticeship

Programs, SC-DC-71-4398, November 1971, 21 pages.

34. Shuman, R. L . , Flicker Facility, SC-0R-71-0757, December 1971, 15 pages.

.
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(#)35. Swain, A. D., Design Technioues for Improving Human Performance in
Production, Publisher: A. D. Swain, 712 Sundown Place SE, Albuquerque,

; NM 87108, Revised June 1980, 165 pp. ($17.00 postpaid in North
America; plus postage elsewhere.) (Originally published in England-

i in 1972.)
;

(+)36. Guttmann, H. E. and Webster, R. G., " Determining the Detectability
Range of Camouflaged Targets," in Human Factors,1972, H, pp 217-225.

'

(+)37. Rigby, L. V. and Gibbs, V. E., " Measurement of Reader Satisfaction
by Questionnaire," in Proceedings of the 19th International Technical
Comunications Conference, Boston, Mass., May 1972, pp 173-177.

(*)38. Guttmann, H. E., Easterling, R. G. and Webster, R. G., The Effects
of Flicker on Performance as a Function of Task Leading, SC-TM-72-0617,
November 1972, 27 pages.

39. Rigby, L. V. and Gonzales. J. F., Gross Task Analysis of Machinists,
SC-DC-72-1717, November 1972, 13 pages.

(+)40. Finley, B. H., Webster, R. G. and Swain, A. D., " Reduction of Human
Errors in Field Test Programs," in Human Factors, 1974,16(3),
215-222. (Also SC-DC-71-4361.)

-

(+)41. Swain, A. D., " Design of Industrial Jobs a Worker Can and Will Do,",

' in Human Factors, 1973,15, pp.129-136. Also in Human Aspects of
Man-Made Systems, S. C. Ifi own and J. N. T. -tin (Eds), The Open
University Press, Great Britain,1977, pp 188-199. (Also SC-DC-
72-1469.)

(+)42. Swain, A. D., "An Error-Cause Removal Program for Industry," in
Human Factors,1973, H, pp 207-221. (AlsoSC-DC-72-1475.)

_
(+)43. Rigby, L. V., "Why Do People Drop Things?" in Quality Progress,

Sept.1973, pp 16-19. (Also SC-DC-72-1832.)

/(f)44. Swain, A. D., " Shortcuts in Human Reliability Analysis," Ch. 33 in
E. J. Henley and J. W. Lynn (Eds), Generic Technioues in Systems
Reliability Assessment, Nordhoff International Publishing Co.,
Leyden, The Netherlands, 1974, 407-424. (Also in a more detailed
version as SLA-73-5530.)

(#)45. Swain, A. D., The Human Element in Systems Safety: A Guide for
Modern Management, Publisher: A. D. Swain, 712 Sundown Place SE,
Albuquerque, NM 87108, Revised May 1980, 90 pp. ($14.00 postpaid
in North America; plus postage elsewhere.) (Originally published
in England in 1974.)

(f)46. Rigby, L. V. and Swain, A. D., " Sone Human Factor Applications to
Quality Control in a High Technolog'y Industry," C. G. Drury and
J. G. Fox (Eds), Human Reliability in Quality Control, Taylor and
Francis, Ltd. , London, 1975, 201-216. (Al so SLA-74-5339.)
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/ 47. Swain, A. D., Human Factors Associated with Prescribed Action -
j Links, SAND 74-0051, July 1974, 35 pages.

.

p
.

/(+)48. Swain, A. D. and Guttmann, H. E., " Human Reliability Analysis
Applied to Nuclear Power," in Proceedings of the 14th An'nual

.,

-

j Reliability and Maintainability Conference, Institute of Electrical
; and Electronic Engineers, New York, January 1975, 116-119.

"

[ (Also SAND 74-5379.)

/(+)49. " Human Reliability Analysis," Section 6.1 in _ Appendix III - Failure
_

Data, of WASH-1400 (NUREG-75/014): Reactor Safety Study - An
- Assessment of Accident Risks in U.S. Comercial Nuclear Pcwer Plants,=

_
U.S. Nuclear Regulatory Commission, Washington, DC, October 1975,

6 pp III-59 - III-69. (Section 6.1 written by A. D. Swain and.H. E.
Guttmann.) '

r

I / 50. Swain, A. D., Preliminary Human Factors Analysis of Zion Nuclear
T Power Plant, SAND 76-0324 (NUREG76-6503), October 1975, 81 pages.

(Available only in reading room, U.S. Nuclear Regulatory Commission.)

L Y 51. Merren, G. T., Easterling, R. G., and Swain, A. D., Uses of Reliability

a Techniques in Evaluation of Nuclear Pcwer Plants, SAND 76-0325
E TriiTREG76-6504), October 1975, 136 pages. (Available only in reading

room, U.S. Nuclear Regulatory Comission.)

_
(*) 52. Swain, A. D., Sandia Human Factors Program for Weapons Development.

- SAND 76-0326, June 1976, 30 pages.

1 /(+)53. Swain, A. D., " Error and Reliability in Human Engineering," in
B. B. Wolman (Ed), International Encyclopedia of Psychiatry.

- Psychoanalysis, and Neurology, New York: von Nostrand Reinacid,
_ Aesculapius Publishers,1977, Vol . IV, 371-373. (Also SAND 75-5213.)
P

L / 54. Swain, A. D., " Estimating Human Error Rates and Their Effects on
$ System Reliability," in Fiabilit6 et Disponibilite des Systlimes

Me,canicues et de leurs Composants, Cycles de Conferences, Electricit(r
de France - Comissariat a l'Energie Atomique, Jouy-en-Josas,
France Oct.1977, Book 2, 31 pages. (AlsoSAND77-1240.)

V(+) 55. Swain, A. D. and Guttmann, H. E., " Human Reliability Analysis of_

f Dependent Events," in Probabilistic Analysis of Nuclear Reactor
r Safety, Nuclear Reactor Safety Division, American Nuclear Society
i Los Angeles, May 1978, pp X.2-1 - 12. (AlsoSAND77-1396.)

Note: The Dependence Model described in the above report has been
superceded by the Dependence Model in the following book.

r
P ,/ (0) 56. Swain, A. D. and Guttmann, H. E., Handbook of Human Reliability
-

Analysis With Emphasis on Nuclear Power Plant Applications (Draft
g Report for Interim Use and Coment), NUREG/CR-1278 (SAND 80-0200),
__

U.S. Nuclear Regulatory Commission, Wash., D.C., October 1980.
_
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' 9 (+) 57. Bell, 8. J., "Quantification of the Ef fects of Dependence on Human/
|

.

Error Probabilities"," in Proceedings of the Human Factors Society
' 24th Annual Meeting 1980, Human Factors Society, Santa Monica, CA,

Uct.1980, p 124 (Summary).
.

For t'ull paper see:
'

Bell, B. J. and Swain, A. D., Quantification of the Effects of
Dependence on Human Error Probabilitiss, SAND 80-2304C, October 1980,
6 pages.

58. Swain, A. D., " Human Factors in Nuclear Power Plant Operations,"
in GRS-Bericht Sicherer Betrieb von Kernakraftwerken, Gesellschaft
fu'r Reaktorsickerheit (GRS) mbH, K51n, Federal Republich of Germany,
March 1981, pp 35-41. (Also SAND 80-1873C.)

(*) 59. Weston, L. M., Finley, B. H., and' Prairie, R. R., Target Assessment
Performance with 5 Inch and 9 Inch Television Monitors, SAND 81-1242,

. June 1981.

v/(+) 60. Bell, B. J. and Swain, A. D., " Overview of a Procedure for Human
Reliability Analysis," in Proceedings of Acerican Nuclear Society /
European Nuclear Society Topical Meeting on Probabilistic Risk
Assessment, Port Chester, NY, Sept.1981. (AlsoSAND81-1961C.)

- (+)61. Bell, B. J. and Carlson, D. D., "! REP Human Reliability Analysis,"
! in Proceedings of American Nuclear Society / European Nuclear Society

Topical Meeting in Probabilistic Risk Assessment, Port Chester, NY,
Sept. 1981. (Also SAND 81-2015C.)

(+)62. Miller, D. P., "The Depth / Breadth Tradeoff in Hierarchical Computer
Menus," in Proceedings of the Human Factors Society 25th Annual
Meeting 1981 Human factors Society, Santa Monica, CA, Oct.1981,
pp. 296-300.

s/(0) 63. Bell, B. J. and Swain A. D., A Procedure for Conducting a Human
Reliability Analysis for Nuclear Power Plants (Draft Report for
Interim Use and Comment), NUREG/CR-2254 (SAND 81-1655), U.S. Nuclear
Regulatory Commission, Wash., D.C., December 1981.
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