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THE HUMAN FACTOR IN NUCLEAR POWER PLANT SAFETY:
PROGRESS SINCE THREE MILE ISLAND

5

St PHrw II. II ANAt i n'

8216 Stone Trail Drne, Bethesda, MD 20817, U S.A.

(Recerred 9 February 1981)

Abstract- Post.Three Mile Island assessments of human factor considerations m nuclear power plant safety are '

reuewed. The basic ingredients are the capabilities and hmitations of people m operation and mamtenance
actiuties, and the functional requirements of safe nuclear power plant operation. The roles of the human are to

'

proude for initial equipment functionabihty and personnel readmess, to mmimize the frequency and sesenty ef '

esents that ineutably occur, and to mamtain or restore critical ufety functions an accident situations. Operations
actiuties to promote these ufety roles include quahfication and trammg, procedures, management and mformation

"

T
transfer from the plant to the operator. Recent research and operations programs are reuewed.

,

I. IN'I RODUCilON actions to shut down the neutron chain reaction, cool
,

Consideration of the human aspects of nuclear power the reactor core, and close up the barriers to radio-
plant safety did not begin with the ~1hree Afile Island active releases are taken automatically, w hereas later
accident. Iloweser, it is generally acknowledged that actisities to remove the core decay heat are designed to
before TN11 the entire nuclear enterprise-industry, be controlled manually. The safety roles of the human
gosernment, interested public groups-emphasized operating crew are therefore:
hardware and neglected people w hen safety was being (1) To proside,in adsance, equipment functionabihty
conudered. In this paper, the post-T N11 assessments of and personnel readiness to perform the automatic
the pre-INil human factors inadequacies are re. and manual safety actions if they are needed;
uewed. A brief discussion is gisen of the most (2) To operate the plant so as to minimize the
important aspects of the human capabilities and frequency and seserity of the off-normal esents
hmitations relevant to nuclear power plant safety. The that willinesitably occur;
maior portion of this review is a description of the (3) To monitor the automatic safety actions and
programs now in place and under deselopment to perform the manual safety actions needed in off- 1

improse the human aspects of nuclear power plant normal esents, by maintainmg or restoring eritical
design and operation. safety functions.

The author of this resiew has attempted to include in order to perform these safety roles, the people must
the most important programs worldwide, but ack, be selected, trained, and go ilitied, they must has e and
nowledges that his esperience, and the preponderance use procedures, they must be supported by an
of the information asailable to him, have led him to organintion and management, and they must be
deal principally with U.S. programs. With a few prosided with real-time information regarding plant 4esceptions, only "iformation asailable before variables, status and alarms. ''

September 1981 is included ~

The role of the human m nuclear power plant safety
.

depends on the allocation of safety-related control 2. ANAI.bb OF IllE TilREE Mll.ES ISI.AND hfunctions between automatic desices and manual ACCIDENT
actions. In current designs worldwide, immediate

2.1. Ilumanfactors in the accident
_ The sequence of esents at TNil is widely known; see 4m..A

* The author n a member of the U S Nuclear Regulatory cump em et al 1979 and Rogovin,1980. It
Commmion staff, but this paper n not a USNRC pubh- includes equipment fadures nd human errors in a

h[anon The USNRC has neither approsed nor diupproved combmation that wrecked the reactor core and
:ts tethmcal content. frightened the country. Table I, partly taken from g
hk 9 810209 *
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Table 1. Iluman errors in Three Mile Island accident sequence *

(1) (Before the accident ). Incorrect vahe hneup left both block valves closed and prnented dehsery of auxihary feedw ater
to steam generators to proside normal shutdown coohng.

(2) iBefore the accidentt Failure to fin leaky vahe in condensate deminerahier; the leak probably let water into thc
instrument air (as it had on two prnious occasions) and imtiated the accident.

(3) (Before the accident t Operating at pow er with a leaking power-operated rehef vahe, said faihng to recognize that thi,
would obscure identification of a stuck-open vahe.

(4) Eight-minute delay m diagnmi.g failure of dehsery of auxihary feedwater at d re-opening block valves.
(5) Delay of 2) hr in recogniimg rehef sahe stuck open and closing bhick sahe.

+ (6) Throtthng back high-pressure emergency core coohng. Failure to recogniie an ongoing loss-of-coolant accident,and
thus the need for emergency core coohng.

=

(7) Failure to recognize symptoms of boilmg in primary system and its imphcations: inadequate core coohng;incorreu
interpretation that full pressuriier means full reactor; impaired natural circulation.

(8) Failure to diagnose and act on hydrogen combustion or explosion in containment.

* This materialis taken principally from Malone er al. (1980)
m

Malone er ol. (1980), gives a listing of the events that TMI accident. The Commission held hearings;its strt

are principally important for the present review. The conducted technical studies. The report of the Con...
"

role of human misunderstanding and error evidently mission given in Kemeny ct al. (1979) includ,
looms large. conclusions and recommendations related to huma,.

i Many analysts found that the plant design and factors. These are summarized in Table 2. The recor
p - operation showed inadequate consideration of people, mendations are more detailed than the summary gisc

their capabilities and limitations. Admittedly using in the table; they include actions to be taken t-
20/20 hindsight, these analyses discuss shortcomings industry and government.
in (1 ) selection, quahfication, and training of operating The technical staff assembled by the Presidem
people,(2) presentation of needed information to the Commission reported their analysis in Jaffe et a
people, (3) mamtenance, operating, and emergency (1979). There are reports on the following iten

*;; . procedures used by the people to perform their duties, relevant to this review:

,

and (4) organi7ation and management of the people. TW & mm- Industry and government prograr's were harshly
Selection, training, qualification and licensing icriticized.

Three Mile Island operating personnel.
e Control room design and performance.

2.2. 7he Kemeny Commission Technical assessment of operating, abnormal an;

~f President Carter appointed a Commission to ' con- emergency procedures.

7 duct a cornprehensive study and investigation' of the Simulators-training and engineering design

4 Table 2. Summary of the recommendations of the Kemeny commission related to human factors safety
-

if- (1) Organization and management
y (l.1) Responubihty and accountabihty for safe plant operations placed on the bcensee.

(1.2) lingher organizational and management standards needed to assure utahty competence.,

*~ (1.3) Each utihty should hase a sepaute safety group that reports to high-loel management.
;w

(2) Operations personnele
L, 12.1) Important to attract highly quahfied peorte; pay scales should be high enough.
- -/ (2.21 Upgrade NRC heenung functions for operatmg people.
1_ (2.3) Estabhsh accredited trammg mstitutions.
1; (2 4) Utihties must gise plant-specific traming initially and continuously.

(2.5) Research and declopment is needed on improsmg training simulators.
g .
'S (3) Man-machme interface
7" (311 Operatmg people should hase the critical mformation they need to cope with accidents, clearly dnplayed andb contmuously recorded.

m

y (4) procedures
1 (4 l) Substantially more attention and care must be desoted to the writmg.re iewing.and monitormg ofplant procedur-.
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l he recommendations of the staff, reported in Jaffe et consmee him that this esaluation isn't right on the ,j;A,
41 (1979)are esidently the foundation for, and proude mark. '6*r .

the detailed basis for, the Commission's recom- 1([
riendations. ~Ihey add up to a resolution in nuclear ?[ $
power plant deugn and operation, in which the KENM '" "" I""U""

concerns for the people important to safety are to be It was incutable that an accident with the pubhc yfgj
eloated to an equnalence with hardware safety uubihty and economic consequences of Three Niile ggyk7%n aluation Island should be analyzed by a large number of

organizations. In deselopmg its post-TN11 Action TM
Plan, the N R C t 19X0a ) prosided crow-reference tables I

2 3 Spn sal Inquiry Group to se en studies, giung item-by-item comparison of the MEN
A few months after the Three Mile Island accident, recommendations of these studies with the com- Yd%k$

the NRC contracted with a Washington law firm to ponents of the Action Plan. These cross-references in i

dirett an mquiry mio the accident, study its imph. NRC (19w0a, Volume 2) show substantial oserlap, MI
@ysations for other nuclear power plants, and identify that n, umilar recommendations were made by the g

} h @k
areas w here further study is recommended Rogosin er different esaluation groups The Action Plan, analyzed w

al il9sni report the re uits of the study. The study m Section 4 of tha reuew, is thus a coordinated
threttors were outuders inon-NRC employeesk as response to the losons of the TMI accident, as k"

were the members of the resnew panels The full-time embodied in these sesen studies There are many more
tethmcal staff of the study were NRC employees studies of the TMI accident than the sesen included m %;

workmg under the direction of these independent NRC (19sual but this reuewer knows of no really Q"
outuders different and sigmticant technicai recommendations m

Rogoun cr al i19x0)gne a narratne of the accident t he human factors area to hase been brought forth that
.md 50 pages of continuons and recommendations are not in Action Plan matrices m N RC t l9xual
under 12 heathngs ihn Special Inqu ry Group Volume 2.
sontluded that. ' t he prmeipal deliciencies m com- $

1 Ill \l O CAPTIMIIIIb O D Il\1II\IIU Mmettial reattor safety today are not hardware prob-
m..3

lems ihey are management problems. .many nuclear 3 i ffu,,,a,i error TAM
plants are probabls o, erated bs management that has

' ' .The safety-related actions required in a nuclear 4A.failed to make certam that enough properly tramed
power plant are carried out by mathmes and people.operators and quahtied engmeers are asailable. 4

A'hications of such actions to automatic control
I he N R(,, for its part, has urtually ignored t he critical

tmachmesi or manual control Ipeople) has in the past -

areas of operatme traming, human factors engineermg, .-
' ' been performed bs the equipment deugners. %.hether - "

unhty management and techmcal quaht' cations, ini
"

t hn alhication has resulted m optimum present doigns ...-\,olume 11. Part 2, Section li, Rogoun er al (19s0) - -

would be a subject for useful further msestigation. E_or -w-gne a reuew of the human factor aspects of the s

plants already built, changing the alhication from Wwident, mtludmg analyses of the human errors and
machme to human or human to machme would '

letailed recommendations Ihn n based on the work - 1;.
inn e poten% expensnMeugn of madunes and %of Malone er al 119s0L who studied the accident m
potentialls dntrattmg reusion of human traming and %detail from thn standpoint. 'Ihe primary swue ad. - e -
procedures. NRC tl9xla) recommends, for plants a

drewed w as to w hat estent was operator performance,
already m operation. estabinhing clearh what the L', 3

or IAk of performance, threttly caused or influenced ' x_allocation actually a in the plant. Decisions about any Pby equipment deugn features,mformation asailabihty
changes that may be osential can then be made. F.or %4

and usabihty, emergenes procedures, selecting and W' plants still m the design phase N RC i19sIa) sets forth e
nammg and control room mannmg lesels, .

L,

lhe Special Inquits Group, based on the work of '
anahsis leading toa ssstems reuew that meludes

' -

v~ alhication of safety-related functions to people and =;e
Wlone cr al i19s0L attributed the operator errors to

* " " #'
' mportant factors not withm the eperators' control . %i

Malone er al i19N0) docuss human error: W~Ihese mclude madequate trammg. poor operator |
procedures. a lack of diagnostic skill on the part of the 'While the phrase " human error" cmers a multitude ,

entire ute management groups, misleadmg mstru- of sms. it also results from a multitude of causes, not j
mentation. plant deficiencies and poor control room all of which imply a deficiency on the part of the '

deugn' operator iluman errors result from a sanety of Q
lhe author of thn reuew has seen nothmg to causes meluJmg: the operator himself; conditions

n1
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under which he is operating; design of equiment and operation and safety. Relevant studies involve data on
information required for the performance of tasks; human performance and reliability, together with

. design of procedures which support the completion models of human behavior,to be used in conjunction
of task sequences; and training. Specific factors in with the data in making such predictions. The users of
the incidence of human error in each of these areas this information include (1) organizations performing

probabilistic risk assessments, and (2) organizationsare as follows:
developing regulatory requirements.

Operator factors in human error incidence: flowever, ivi designers and operators (and gov-
fatigue, ernment regulators), human reliability transcends
disorientation,

estimates of a prcbability. In the present state of the
distraction,

art, the adequacy of human factors in a given plant is
motivation,

not evaluated by calculating one or more probabilities
forgetfulness, and comparing with acceptabihty criteria for prob-
confusion,

abihties. Instead of this ideal, perhaps realizable in the
expectancy or set, future, we presently evaluate human performarsee
psychological stress, factors for the plant in question. That is, we look

=

inadequate reasoning' problem solving
directly at the qualification of personnel, adequacy of

capability,
procedures, presentation of information, and so forth,

inadequate skill levels, without any intermediary probability calculation.This
inadequate knowledge. can be donc usefully without any modeling at all,

Operational factors in human error incidence:
probabilistic or otherwise, using empirical knowledgetime constraints,
of features that enhance human performance. A more

interfering actisities,
structured approach involves use of a model of human

poor communications, behavior to organize the data and their application.
excessive workloads,
ensironmental stress (noise levels, lighting

2 lesels, temperature, etc.). 3.3. Humanfunction in the man-machine system
Design factors in human error incidence:

A model of human function in the man-machinecontro!Cdisplay location.
system context was given by Rasmussen (1979). lie

control, display arrangement,; states:controlfdisplay identification or codmg,
controlidisplay operation or response, ,Afan as a system component. Design of systems
information availabihty, depends on descriptions of man and machines m hich

z information readability, are compatible in structure and concepts. Fori;
- availability of feedback information. automated systems, information processing con-

Procedural factors in human error incidence: cepts are natural choices for integrated functional
erroneous instructions or directives design. Functional properties of man depend, how-
mcomplete or mconsistent mstructions, eser, on emotional features of work situation.
confusing directives. ,Sysrcm as man's u ork enrironment. Consideration,

Training factors in human error incidence: during design of subjecrire ralues and preference 3. ?
madequate knowledge trammg, demands a description of work situation in psycho-

madequate skill training logical terms, relating features of the situation to,

subjective values and emotional states.
,,

'Two separate descriptions are then needed for
3 2. fluman reliabihty

e mp tability with engineering and psychology
i The basic problem to be treated in human factors Parameters and variables suitable for description of

associated with nuclear power plant safety is that of their interaction must be found. Descriptions of
correct action by the person or persons involved. This human mental functions typically depend on situa-Y

Y is conventionally evaluated as human action reli- tion analysis and informatica process models

? abihty. Rehability connotes a quantity that charac- Descriptions of subjective values and preference-
terizes the probabihty of the correct action occurring. typically depend on factor and scaling analysis andi

Y. This is studied as ' human reliability *, whose prac- em tional state models.'
E titioners estimate the probabihties of various kinds of

.f human errors and failures in a matris that places such in Fig.1 Rasmussen (1979) shows a model of th(

.[
human errors m the context of nuclear power plant human data-processing and actions. lie identifie-

:,
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I ig 1. Sthematic illustration of difTerent categories of human data procewing i rom Rasmuwen Il979)

,

three lesels at which human data procewing takes cedure generally contains a sequence of statements
plate and the types of matels which can be used to of system states separated by specification of actions
testnbe the data procewing: which will bring the system into the nest state. A
l esel th fleunstic problem sohing strategies; arts- procedure impheitly contains elements of a model of

ticial mielhgence modeh
the phy sical function of the s) stem in that it specifies

l esel th Natural language modeh; decision tables; the relation between esents induced by human
awociatne nets; funy sets. actions and the consequent state of the system,

l esci ll) Control theoretic modeh; bandwidth-gain-
which is then related to the nest action of the

desenptions; samphng and queueing theory. procedure. Iloweser,it is a sery rudimentar) model,
,The output of a human (lata procewor m inter- hnked to a restricted flow of esents which are salid

.

action with a phpical system always consists of under special conditions and purposes.

actions, ie. changes of the spatial arrangements of l.he procedure used m a specific man-machine
y
r

things, i e. the body and esternal objects. Actions mteraction can be based on a stored set of rules
haie estensions in time, .md decompoutions of a which are empiricalh t ellected dunng press.

.-

- ous 49g
current actnity mto a sequence of acuons can be occasions and thereafter selected and stored as -,

n~
done m many ways. '""#"I" *#4 "#"'#' ; "' ' #} #"" 8#"#'"'# I

e
~ M'Ihis h the lirst trick for coping with compleuts: ""* #' I# " " "" I'#*" '" '*

temporalintegration of the mteraction of body and work imtructions. In both cases, we are in the N-

*

ensironment mto behasioral units serung famihar domam of stereot) ped, rulc-controllcJ performance, a~

M
mtentions with transfer of control to the high #',#I

,I~o cope with few fanubar situations a sequence base not yet esobed or cannot be composed of .M;jcapacity subconscious sprem; lesel 1. In new sHua ons when appropriate procedures
.

of suth actions must be controlled by a conscious famihar subsequences, the task must be accom- .-

Imkmg together of a sequtace of proper mtentions plished by goals ontrollcJ performance, te. the p
-

h c.which then can actnate the related actions in the I"I#' '#4 "#"'# *"'I # '#'#'I# "*I""'"" 5

following discuwson, a sequence of mientions and error or based on causal functional mental opera- mQ
actions deugned to brmg the enuronment mto a nons, casoning of this type h at lesel 1 W
specified state is called a croicJure. Such a pro-

The relesance of Rasmuweni model to nuclear 5
,

,
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power plant operation is generally accepted. Mem- Swain and Guttman (1980) describe the 'Sandia

g orization of'immediate action procedures' ari.1 simu. Iluman Reliability Model':
at lator training are intended to form the basis for level I *TiiEEP (Technique for iluman Error Rate Pre-

g response. With the written procedures, they also diction)is a method to predict human error rates

9 froside for lew! 2. Provision for level 3 is the under- (i.e., human error probabilities) and so evaluate the

q' standmg by the operater of the processes in the plant, degradation of a man-macl=e system likely to be
and is the product of the people's intelligence, edu- caused by human errors alone or in connection with

b cation and training. functioning equipment, operational procedures and

Q liuman errors, therefore, are the result of incorrect practices,or other system and human characteristics
functioning of the human data processor at one, or that influence sptem behavior.'

e more, of the levels of response. If the human error rate }{uman error can involve a person's action initiating
is unacceptable, improsements are sought appro- an event sequence, or a person's failure to act when

;, priate to the lesel at which the error occurred. needed. The context of such failures is the ci cnt tree of( Malone et al. (1980) gise a detailed listing of the WASil-1400 (1975). For each initiating esent, many
y. many studies carried out over 30 yr related to human sequences can ensue, depending upon the actions of

factors and human errors. This work was directed people and machinery. The analyst lists all the actions
principally at military and aerospace problems. Other

, W m& d
compendia of non-nuclear human factors mformation the es ent sequences. The tree can be organized in terms
are gnen by Price et al. (1980b). IEAL (1980) and of any of these; which to use depends on the needs of
IEEE (1980). The last two emphasize technology the analpis. As an example, ' plant transient' is an
transfer and potential nuclear power plant apph- initiating event and * reactivity control', ' reactor
cations. IIagan and Mays (1981) hase resiewed some primary system coolant inventory',* heat removal from
relesant information of the same Lind as directly

, ; ; g7,, ,

apphcable to nuclear plants. Mallory et al. (1980) give the functions important to the outcome. Some of the
a compendium of guidelines proposed for nuclear k em m 'm hm d', *m
power plant control rooms, based on the material

3 g; , , core melts with containment
presiously descloped for military and acrospace

; ; y ,

,, ,

problems. Seminara and his co-workers (1977,1979a, iluman error or equipment failure can initiate the
1979b,19hoa,1980bl also gne bibbographies related transient; likewise, function, sptem, or action success
to control rooms. Other recent, shorter bibliographies or failure depends on humans and machines. TilERP
melude those in Fuchs, Engelschall and Imlay (1981a) enables the analpt to estimate the propensity for
for procedures, and Price et al. (1980a) for staffing. human error to contribute to the likelihood of the
Swain and Guttman (1980) provide an extensive sarious esent sequences, and thus to evaluate the role
bibliography related to human rehability; that is, the of human error in nuclear power plant safety.
analpis of human error rates or probabihties. The steps in TilERP are given by Swain and

Guttman as follows:
3.4. Anafpis of human error rate (I) Define appropriate system failure (s).These are the

"

A methodology for analping human errors in sptem functions which may be influenced by
nuclear power plants is gisen in Swain and Guttman human errors and for w hich error probabilities are

. "e (1980). This uork is based on the earlier work of thesc _to be estimated.
i authors and others in the Reactor Safety Study (2) List and analyie the related human operations.

(WASil-1400,1975; and many other studies. The This step is the task analpis (described in
_

authors gise as its purpose 'to furnish methods, Section 4) that considers the performance shaping

models, and estimated human error probabihties factors in Section 3. -

tilEPs) to enable competent analpts to make quanti- (3) Estimate the relevant error probabilities.
tatne or quahtative awessments of ocurrences of (4) Estimate the effects of human errors on the system
human errors in nuclear power plants that affect the failurc es ents of mterest. This step usually ins ols es

asailabihty of operational reliabihty of engineered integration of the human reliability analpis mith a
safety sptems and componentt A second purpose of sptem reliability analysis.
the handbook is to show the user how to recognize (5) Recommend changes to the system and cal-
error hkely equipment design. operating policies and culate new system failure probabilities. (The pro-
practices, w ritten procedures, and other human factor cedure is iteratise )
problems so that improsements can be considered.' The above five steps typify the use of human error

-
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analpis as a tool in system design For assessments Presumably, the hmiting case o,Sigmficance to safety konly, Step 5 is not required is operation during the most seserely tasing sequence j
lhe following parameters are estimated by of esents in which the operating erew can mitigate the

IIII.RP: s
public safety aspects of the accident. We do not know

(1) Ted Rchabihty - the probabihty that it wdl be which esent sequence, or which sequences, represent
-

22
completed succewfully withm some allotted the most sesere challenge. Such analysis, sorely Mperiod of time. needed, would presumably form the information and

#2 Error Corratton- the probabihty ofdetecting ar:d requirements for all human factor considerations of 4
correcting incorrect task performance in time to the operating crew --training, quahtications, proced-
asoid any undesirable consequmes ures. cont rol-room information display s. organuation

0) Tad E#nts - the probabihty the . trrett and and management. Some portions of job task analysis
,

uncorrested task performance wdl result m un . are gisen m Nfalone et al. (19x0) and Mallory cr al. Ndesirable consequences. (19x0); Dasis er al (1981) hase also reported a task 4

9) importance of E#nts this is often a salue analysis, but at a lesel so general that the result is an ^

Jud eement. outime of the needed knowledges and skdis, rather
Ill!'R P is used to generate quantitatne estimates of than a specific hst.
the first three parameters based on the dependences INPO (1981) has pubbshed a two-solume job task

;

imong human performances, equipment performance, analysis of the shift superusor position in nuclear ,

. ther system esents, and outside miluences. Thus, power plants. The purpose was to define the 'real job i

estimates of human error probabilities for all but an requirements ti e. tasks performed) plus the skdh and
4mitiating t.nk represent conditional probabihties. knowledge required for safe and efficient operation of

it n esident from the foregomg the a key to the the plant'. The knowledge requirements thus de-
malysis of human error is the resolution of system seloped are compared by the authors with academic
ifunttion. actionloperation mto equipment operation curricula content and with the contents of represen-
ital human operation ' System fadure'ir Step 1 abose tatne trammg programs.
Jetermmes the course of the esent sequence. In the This work was a hmited special-purpose study of the
plant transient' esample gnen earher, the 'reactnity need for academic education for shift super isors. A '

wntrol' function mcludes the ' chemical solume con- more comprehensis e study that includes many operat-
uol sy stem tCVCSi w hich, among ot her things.can be ing positions is under way under INPO and U S.
ned to add boron to the primary toolant water to Department of Energy auspices, scheduled for com-
educe reattnity Tailure'of the CVCS means that the pletion in 19x2.
oron n not mjected with the rate, quantity, and Although the INPO analysn may well be useful for
:mmg needed to preude the reattnity control m the mput mto control room renew or procedure deselop-
acnt sequence under consideration Such 'fadure'can ment, apphcation of these results outside the origmal
a ne from equipment inadequacies adesign m- knowledge-trammg area has not yet been analyzed.
idequate, tomponent fads. power not asailable) or Ihe NRC guidehnes for control room human ^

lom human errors afadure to initiate. turn off, mn- factors resiew s INRC, 19x la. 19sid.19 Mci and
sampulation of controls)

emergency operatmg procedures deselopment iNRC,
l'ault trees are used to msestigate the topology of 19xic) require use of task analysn results m perform-

.-[miem fadures (Other methods are asadablet the mg human factors analysis. k,omponents of system success and fadure are the Deselopment of human performance models is a N
Acquate an ! madequate operation of the equipment widespread actnity. Swain and Guttman t19 sol gind human tasks necessary to achieung system reuew the hterature before 19x0 Some additional

c2in the comples and redundant safety-related recent unpubinhed discussions and presentations areottess

utems of nuticar power plants, the fault trees are summarved below by the author of this resiew.
anespondmgly comples iluman error analysn re- (1) lluman behasior in nuclear power plants can be p

U
uues consideration of cath human task on the tree thuded mto tai known or foreseen esents and W\ithough we hase seseral sets of nutlear power sequences, in which human errors c,m occur, and
; mt Iault trees, most of them do not espheitly mtlude ibi unknow n and unforeseen ewnts and sequences {

7

ne full set of human tasks. so we do not )et hase a that must be analy/ed m real time by the operating ggetaded iob and task analysn for the tontrol-room crew. T he latter rare esents call for a different
perating stalT We do not esen base task mformation order of knowledge and understandmg than those y

Qn suth related iobs as mamtenance, sunedlante, foreseen and prepared for with procedures and
_sting, and operations outside the control room. trammg
&
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"Iherefore, selecu n, training, procedures and missing today-<an we make such decisions scientific-

b. equipment design should tak, Mto account the ally, and improve on toda>*s intuition.
importance of solving unforeseen kinds of prob-

M lems. This includes methods of information dis-
play, analysis and decision making not currently(j included in training and procedures, and aao 4 g,g ,,ACIORS I%1PROVEMENU IN 111E

t
, NRC ACTION PLANtrammg m copmg with stress (see below).

'

(2) The strenes of coping with unforeseen or danger- 4.1. General descripri:m of the Action Plan
; ous event sequences, or sequences w hich appear to The Action Plan was developed by the NRC (1980a p

be dangerous, are performance shaping factors to bring together all the recommendations for changes,
"

that must be included in human performance as a consequence of the lessons of Three Mile Island,

lesels. The quahtatise aspects of performance The objectise of developing the Action Plan was to
under strew and the counter productise potential respond responsibly to every TMI-related recom-
responses (rigidity, regression, etc.) must be con. mendation within the purview of the NRC. This

,* sidered; training, procedures and equipment puniew includes actions to be taken by the NRC, n
should be forgising of such actions to the extent agency of the U.S. Government, in its role as (1)M
practical. Selection of personnel should include establisher of standards and requirement s,(2) review er
esaluation of peiformance under stress. and decision maker on licensing applications, 0)

hJ 0) TilFRP is an input-output model dependent on inspector of onFoing non-government actisities and

b data or expert prediction of error probabdity enforcer of government requirements, and (4) sup-
undet the ghen con <litions (task, stress, etc.t For porter and manager of research to obtain the technicalO
the most important tasks,in rare sequences, data data needed for the other aFency functions. The

'a
are sparse or rionexistent and estimates are puniew of the NRC also extends to its regulation of?*
necewarily suspect. More detailed models, under the nuclear power industry. Many recommendations.
deselopment,analpe the space between input and and thus many Action Plan items, intohe new or

7 output. Thh enablo more struct ured estimation er resised NRC requirements and new or rnhed in-

3 failure probabiht) and also helps to guide de- dustry actions to meet these requirements.
signers. trainers and procedure writers where to The table of contents of the Action Plan is gisen in

., put iheir resources.
'A Table 3. The Action Plan w as first sy nthesized from all

(4) More and better data are needed on human the recommendations received. When it was as-3 performance and rehabihty, particularly for sembled, the mass of work it represented was obsi-,3
knowledge-based actisity. Ilut stathtically signifi- ously beyond the resources then beliesed to bey
cant input-output data are not going to be avadable to NRC and the industry. Both the industr>% obtained for the rare, most serious es ents. and t he N R C w orked Ic assign priorities to the various

,i Therefore, w e must learn all w e can from the event items, and look for those which, however desirable,,1'
data we do Fet, must get the maximum informa. could be deferred without an undue impact on pubhc

*

tion from nuclear plant sinnlation and from non- safety. Appendix 11 of NRC (1980a)ghes the rationale*

nuclear dat t and must develop modeh to improse and the results of this effort.
our underst.mdmg and application of the data we Many of the Action Plan items are new or revised

9 can obtain. requirements. For example, the Action Plan mandates

11 seems esident to the author of this rniew that new instrumentetion w hich will result in the addition
humans base hmitations in respondmg at all lesels of of approximately 100 new indicators in the control
data process.'ng (Fig. It Some of these are inherent room. Plant owners must attain and demonstrate
hmits of human capabiht); others can ne improsed by comphance with them. These requirements hase been
traming and w orking ensironment (data prnentatien, set forth in a number of documents, not all of them
procedure usabiht), etc.) at a cost. consistent. The current tabulation at the time of

Resources are required to dnelop better procedures writing is that in NRC (1980b). Iloweser, it is
or install improsed instrument displays. UpgradmF becoming esident that een this list of required actions
quahfications and training takes saluable time and is requiring inordinate resources at the operating
attention and decreases the av nlable manpower pool. nuclear power plants and those nearing completion

; Osertraining leads to dimirmhing returns or nen The NRC staff reported (NRC 1981b) that completing
decreased safety. The possibdity of tradeoffs and the the required extensive plant changes on the schedules

!
necewity for reahstic cost benefit risk studies are in NRC (1980b) would insohe repeated plant shut-
es ident; but on!) w ith t he technological basirlargely dow ns. This results from the optimistic and uncoordi-,,

A
~ g

_._,_._ _
_

_ h
5 'O

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - ---- ---



- - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ . _ _ - - - - - - - m e- ''

.33$ ,4 ;
-'' L'C)' -

u m
) , . . . . ~

- - g,- .r- * ~
-

'%
.

** _, ,

"2 , _ . ''W,,'.

f~Qp;x* a. m__ _ . _ _ _.

,,,g.
.-.. __

e

-

'.
g ,e 'e ', O'bx .sv. . ..

. * * $$,M
lhe human factor in nuticar plant ufety: progrew unte ihree \ file idand c, ?* * 1 a

n307 - J- a .W 'y-.

. - |e:p J'
.. ,

lable 3 Contents of the Action l'!an*
j,4.j.. .

3 $53/1-( ll APfI R I Ort a a i p es 41 '.=ir s s

3.q ,;y ~3
4A) Operatmg perwnnel ggi,,

all Operating perwnnel and staffing
(2) Trainmg and quahfaation of operatmg perwnnel

. gg .

13) 1.nenung and requabfsation of operaimg perwnnel -y .

. , ,

5

14) Smulator use and daciope.cnt fyy, ,tII) Support perwnnel
--* W Qtli Nf anagernent for operater.s *' '

#2) Inspettien of oper.,rmg ientors
IC) (sperating protedtces ;
ilip Control room deugn
#11 Anahus and dauemmation of operating experiente #

il ) (Juahy anuranter
.

IG) Pccogerational and lo opower testing ' . - .

1. /%,

!
t il \Pil R 11 % iv. aus t h w.s. Q

g i A p Sitmg

(111 Conuderation of degraded or melted tores an safety reuew
'

it ') Rehabihty engineering and risk awewment
II) Re.ntos tooirnt sprem rehef and ufety sahes
il ) Sprem deugn

Ile Auuhary 'ecdaa' r setem
12) I nevireno wre toohng sptem -

41) !)eca) hev remmal
146 fontainment deugn

i(5) 1)eugn wr..tiuts of itA % reators
it.) In seu ning of abes

il ) Instrurneptica and s ,introls
i( h ! lettrati ; wr
slip I \fl.2 ('Icre g and nan, nation
tit 4.ieneral imi uat.ons of 1 \11 for deup s .J tonstruction attiulies

il) Vendor inspet tien progra'n
12) Construttion inspet tson program
#1) Ntac rgement for deugn and usnstruction
14) Heuw fetaiene reportmg requirements

(k. ) Nfeasures to merga'.c *m.d! hreak lo+of<oolant Audents and low of feedw ater Aut'ents

ll\Pil R lit I. m p <. f < ' Pai rsynu ss a st, R itu s tios, i s i t e n o

t \1 NRC and senwe preparednew ,,

11) Impi ne hteare emergeno preparednew short term "

12) Imy *ung bcence emergeno preparednew long term W
t)) Imp i .inig NRC cmergencs preparednew y

s lip i mer gent - pr:parednew of state and lacal gasernments
tCl Pubhc info n rem g,

, -9
II)) Had ation protettson g

ill Radiation warce sontrol
12) Pubhc radiation protettion improsement $o1)) W .>rker radiation protettion impro.ement

,.

i,
d \pil R tv is,.c tre n ssri Pria tin en

. .a
i \1 Sirengthr, enfortement protew

t ill luuante of institutions and mformation to biensees
4
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labic 3-mnrinued

-
(C) Extend lewons learned to Iwensed actnities other than power reactors
(D) NRC staff trammg
(I ) Safety decmon-makmg

D'

k$
(F) I mancul dmncentnes to safety
(G) Improse safety rulemakmg procedures

f,. $ Ill) NRC partiapation m the radiation pohcy couned

(r$t
Cll APil R V- NRC Pot u S. Osu.svf siim an M aua us s

t A) Desclopment of safety pohc)

[?"*-4 til) Posuble chmination of nonsafety responsibihties
IC) Adsnory sommittees

k (D) Emenung protew
Il i Legniatne needs
(F) Orgamiation and management
(Gl Consohdation of NRC kications

APPI NDI A A-Near. term operatmg hcenw requirements in the TMI action plan

APPI NDI\ 11 Relatne priorines of action items

APPENDIX C - Recommendations and requirements based on IE bulletms and orders and commnuon orders

APPFNDIT D - Glowary

APPENDIX 1 ~ Kr) to references
e

Comparatne tabic

* I rom NRC (19xo.s)

nated completion dates awembled into the Action 5.OPER ATORS AND OlllER PERSONNEL

Plan. Recently, improsed co-ordmation of require- 5.1. Intro.luction
ments for each plant has been undertaken.

In ihis section are summarized the selection,qualifi-

4 2. ett rion I'lan truman factors items cation and training of operations personnel, with a
brief discussion of non-operations personnc!

Section I of the Action Plan (in Table 3) sets forth Programs in these areas were in place before the Three,

the human factors items i.i the Action Plan. This is an hide lsland accident. llowever, the reviews following
outime of the human factors program today for the accident (see Section 2, above) found importani
nuclear power plants in the United States. A few weaknesses. Since 1979, programs of regulation and
programs not included in the Action Plan are research research hase been enlarged and redirected.

,

task being pursued by American and foreign organi/,
ations Sections 5 8inthispaper givetechnicalreviews
of the most important human factors operations and

5 2. Rolc of operator
research programs and the improsements now under

! wa) at the plantt The requirements currently being The mistakes at Three hlile Island (Section 2) has.
s

apphed are intended to preside the upgrading in evoked a reconsideration of the role of the huniai
human factors safety show n to be needed by anal) sis of operator in miclear power plants.
the Threc ht de lsland accident. T he research programs It should be remarked at the outset that 'th
are aimed at improsed future technical knowlcJge operator * is a consenient r-iinomer. Current U.S. or.
leadmg to whateser changes in requirements are shift staffing requirements (see Section 6, below
show n to be needed and vahdation of requirements not include the 10 persons listed in Table 4 (N RC,1980d

,

ii. need of changmg- This operating crew is augmented as needed wit.
-

m
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lable 4 Nimimum staftmg requirements for U S plants for nuclear power plant emergerKies (from NRC (1980d) - +

Capabihty for
additions

Position title On '

Nf ajor functional area Nf ajor taas or espertne shift' 30 mm u) mm
%

Plant operations and Shift supersnor (SRO) | N
.swewment of operation.sl Shift forenan ISRO) 1 - -- "
a pests Contial room operators -

IRO) 2 -

.,
Au iliary operators 2 - *

I ruergency direction and Shift technnal adsisor, it - T,
' control femergern y shift supersnor or ;.

toordinator 4 deugnated fauhty manager
.,

%:itk ation / Notify Inenwe. state local i I 2
tornmumt ation t and federal personnel and *

mamtam communw.ition '

H adiologwal acudent I mergency operations Senior manager, wmor --
- I

mewment and support of fauht) di OF ) director offute health physms lilP)
'ioperation.il acudent dme assenment espertise I '

assesunent

Offute sursen 2 2
Onute tout of-plant)
In plant sursen llP techniuans i I I
Chemntry radio-themntry Rad them technaians ! I

l'I. ant sprem. enginecrmg. Icthnmal support Shift tethnical adsnor 1 -

repair .and correttne Core thermal hydrauhes -- 1
.u t ion s I letir wal -- 1

Nf ec hanwal i
Repair and correttne Nf et hankal It I
ac tions maintenante rad waste

fopert or

l lettrwal m.smtenante it I I

Instrument and control
t ! A C) tec hnaian i

Proiestne attions im- Radiation protection: IIP technnians 2t 2 2
plant) |al Actew control

th) llP unerage for
rep. air, correttne
astions. warth and
resue first-aid and
hrefighting

g
ic) Personnel monitoring ~

id) Doumetry
{

l ir efighting f ire brigade I.ocal suppor t Z .1 '
per technical fp
speutaations g|

Resue operations ,and first- -

29 Incal support b f*od
*h @
4%te aucw control .and Sec urity, firefight mit Scturity personnel All per wturity plan

termnnel .au ountabiht y communwalions. permnnel

f'}4.;jauountahihty
Iotal 10 11 15 ,2

* For cash unaffetted nuticar unit m operation m.nintam at lent one shift foreman. on m etrol room oper.aor and one
othar) operator estert that units sharing a control room may share a shift forem.sn if a|1 funttions are co,ered g-

' \tay he prouded by sh:ft personnel asugned other functions gg
bi

| Oseralldirettion of fauhty resporne to he awumed by i 01 director w hen allcenters are fully manned Direttor of minute- 7
wm nute fauhty operations remams with sen or manager in te hnwat support tenter or control rooms

% \ta) he performed by engmeermg aide to shift supersnor g
id

k h..v
* . . _ ,. . ... - M

N
48 , 9 #

#
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techmcians, craftsmen, engineers and managers called technical content. The tasks, elements, behaviors and
in for emergencies. By ' operator' the author means,in training objectives are those of any complex process.
particular, the hcemed Shift Supervisor, Shift Not a word suggests the nuclear power plant.
Foreman and Control Room Operators. But the roles Mallory er al. (1980) give an outline of task analysis

of the other team members, in particular the Shift procedure aimed principally at control room evalu.
Technical Adsisor, are also included as appropriate in ation. Their Figure 2.5 gives an example of specific

this discussion. information; instrument variables like high contain-

H Ever)one knows what the operator does: he oper- ment pressure and potential operator errors are gisen.
-

k't ates. The U.S. Code of Federal Regulations states But no results are included.

@ (10 CFR 55.4):
Malone er al. (1980) present (their Appendix C) a

U (d) Operator is any individual who manipulates a detailed chronology of the operators' actions during
control of a facihty. An individual is deemed to the Three Mile Island accident. The tasks actually

$ manipulate a control if he directs another to performed, and those omitted, are an important
d manipulate a control. specific data sequence ripe for task analysis.

(e) Senior operator is any individual designated by a A detailed, but partial, control room task analysis is

facihty bcensee under Part 50 of this chapter to given by INPO (1981). This initial report precedes a
direct the licensed operators. comprehensive job and task analysis underway under

An IAEA (1979) Safety Guide says, 'The Control thc aegis of lNPO and the U.S. Department of Energy
Room Operator is responsible for the manipulations for many operating positions. The 1981 report is 'a
of controls in the control room in accordance with the hmited study for the special purpose ordefining thejob'

3, relevant operating instructions and procedures.' of the shift supervisor in terms of the real requirements

$ Wirstad (1981aland Andersson (1981)F ve a general (ie., tasks performed, plus the skills and knowledgei

analysis of the operator's role, as composed of eight required of the shift supervisor) for safe and efficient
t

' Describing Factors * and four ' Steering Factors *. One operation of the plant This effort was intended to
wonders ahether a complete set of specifications of outline the body of knowledge, rather than develop an
these factors would tell us w hat the essential safety role exhaustive list of job knowledges'.

of the operator really is. Initially, a series of surveys and interviews was

Another approach to describing the operator's role conducted to cheit the tasks actually performed or
is through analysis of his tasks. Such a task analpis is required of shift supervisors as viewed by the incu n-
gisen by Davis cr al. (1981 L but the entries are Feneral bents. Data regarding the attributes of incumbent
and categorical. An example is given in Table 5. Iler' population were also collected and analyzed. A sample
these authors gisc ' carry out emergency operating size of 40 out of the 604 shift supervisors in the U.S. w as
procedures', rather ths.? implementing a specific used.
named procedure. The authors recognize this gen- In addition to the tasks as defined by the incum-

eraht). They state (page 2-9): bents, the INPO (1981) analpis includes a detailed
analysis I 75 emergency and abnormal conditions

an element of a particular task for a particular plant presc y avada e m ng g I ng-term
might be to " implement emerFency procedure XX E' E'**'
after recognizing the symptoms of a loss-of-coolant A Sury d everts, selected a total M M tads b

- accident" while the associated generic element detailed analysis out of an estimated total of 1500. The
would be " carry out appropriate actions after selection was based on importance, difficulty and
recognizing plant conditions requirmg implemen- g ,

tation of emergency operating procedures ' analysis was directed specifically at education and
F ves a few examplesiThese generahied analyses were based on plant- training requirements. Table 6

specific data. collected at specific sites, and validated at from the list of tasks. The analysis of the 300 tasks w as
specific sites. Generic results were derived from the performed by teams of subject matter experts and

instructional technologists. The analysis method isspecific data.;
The behasior, knowledge and skills required for a summarized in Table 7."

generaliicd task such as the example of Table 5, and The results of the analysis of indisidual tasks is a

the procedure that should be written to accomplish it. ' menu' of knowledge a shift supervisor requires to,

are all generahied too. Much insight can be gained perform his job, as defined by the analy zed tasks. Study*

from such generabied analysis, but specifics, even of this work prosides a comprehensise listing rmenu'l
specifie examples, are not gisen. Morcoser, the task of the role of the shift supervisor and, by implication.
analysis r.t this lesel of eneraht) is stripped of all delimits also the role of the operating crew of which heF

.
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n the leader. Along with hn detailed operatmg tasks Task analy.n methods for nuclear operatmns are
rStart up the reattor omlant waste evaporator') and also dswuwed by Anderwon et al (1979), the ap-
hn emergrency tasks (Determme ifindications of core proaches are sirmlar and referente n gnen to detaded
damage are present') are supermory and leadership resultt y
items rSchedule mamtenante attnitieW Dirett at tmn A complementary uewpomt of the role of the
of the fire brigade') t

operator has been gnen by Corcoran et al. Il9kOa.
a.

lable 5 I sample ta.sk analyus results (Task carry out emergency operatmg prinedures)(From: Dasn. Ma/our and 4/aret (1941)
>

.-

Indisalual
>

responuble
*

RO or %RO ,.

i lements lichauors required SRO only f rainmg ob)ctines
.:p

11p Petogni/c plant Perceptual protne
-

, ,. _ . .
- - --

_ . - . - - <c
Oper tor shouldundations requirmg !dentify tun requirmg implementation of recogia/c allimplementation of eemergeng operatmg procedures (Note any wnditions requiringemergency operating one of fne ($1 senses may .dentify symptoms) implementation of ;

protedures Cognaine protewes
emergency operating

Determine apphtable emerFenty operatmg protedures without
procedure X referente to plant - c

procedurn ,

th Rewgnize automatic Per.cptual protenes Operator should 2actions
Locate and re d indicators and annanuaton \ rewgm/e automatic
Identify dnplay meamngs and relationships N actions awooiatedCognane processes

with all plantCompare .and scrify indnations X emergenues ithout

referente to
praedurn

eli rairy immediate Perteptual protnm ()perator shouldoperator attions
1.m ate and read indnaton and annunuaton \ carry out, for all
Identify dnplay meanmgs and relationa. hips N plant emergeng1. mate wntroh X wndaions.
Identify tethniul speuhcations hmiting immediate operatorwnditions for operations X attions without-

Cogmtne prutne
referente to('ompare and scrify mdnations X appinable

Coordinate actions of all shift permnnel X procedurn
Analy/c plant wnditions X
\f amtam good judgement and poiblem-
miung performante under strewful and or .'

?phwaally hazardous enuronment X
I stabinh priorities X y

he\tamtam oserall penret ne, do not bewme
g]g;jtotally mwhed in a ungle operation X

("ommunnation priscwes eHpyInform appropriate permnnel X
Dirett attions 4X n

hyRetene serbai reports X
\1otor prmne o. ,.

Poution wmponenn luhn. smitthes etc i X Q
Control mtem parameten sprnsurn, lesch. #

[ctc ) N
lake manual ibad ups control of normally 1(
automata funttions N g{_ "aOperate wntroh
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Table 5nuntinwd
Y

b' Individual
1 responsible

Liements RO or SRO,

Behaviors required SRO only Trainmg objectives

] (4) Carry out Perceptual processes*+
Operator shouktsub equent operator

locate and read indicators and annunciators X carry out, throughr actions identify display meanmg and relationships X reference toLocate controls X apphcable
Identify techmcal specifications hmitmg procedures,

3 conditions for operation X subsequent operatorCogmtise processes
actions of all

Mamtam Food judgement and problem-
sohmg performance under stressful and 'or emergency operstmg

procesures
physically hazardous ensironment X

,

W Compare and serify indications X
? Establish priorities Xh,7 Coordinate actions X

Mamtain oserall perspectne; do not become.

M totally inwohed in a smgle operation X
. Analpe plant conditions X

Determine additional equipment and/or
support required Xg
Determme steps or procedures required to

s recoser from emergency XY Communication processes
Inform personnel X
Direct actions X

T Recene serbal reports X
* Recall personnel X

Recommend action to approprial-
authorities X
Receive adsice from STA and other technical
personnel

X
Mamtain writter logs / reports X

Motor procewes
Position components bahes, switches, etc.) X,'
Control system parameters spressure, levels,
etc. ) X
Take manual (backup) control of normally
automatic functions X
Operate controh

X

1980h). They suFgest that the safet).related roles for This is defined by them as,
the operator are:

(1) Acep the plant set up so that it will respond ,one or more actions that prevent core melt or
properly to disturbances. minimize radiation releases to the general pubhe.

.

(2) Operate the plant so as to minimize the likehhood Actions may result from automatic or manual
and severit) of esent initiators and disturbances. actua n a system kg., reactor protecdon system'

and generates a trip, operator aligns the shutdown
(3) Assist in accomphshing safety functions during the ling systemk from passive system performancec

(safety injection tanks feed water to the reactor'' #"

The connection with the TMI accident is evident; see coolant systemL or from natural feedback inherent. .

.

for example Section 2 and Table I of this rettew. m the plant design (control of reactivity by voiding~. . . .

-g[. A Le> concept in he recommendations of Corcoran m the reactor)*.
.

F ' ct al. Il980a,1980b) is the Critical Safety functwn. For one class of plants, Corcoran et al. give the 10,

~ ) j [ .\' f
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Iable 6 Tads analyzed m study from INPO 11941)(this table forms a small umple) 2
:
U

fad no Task title lask no. Task title

iI I stabbsh mitial conditions at the operator 124 16 Direct shift personnel actions during
panel for a teattor startup maior plant esciutions *

I I N1 Perform control rod escrase 124 17 Estimate completion times of shift '

12 Perform estimatmg tritical position esolutions
ukulations 124 19 Recall which safety hmits, safety system '

| 2N1 Perform control rod programmmg settings and hmitmg operatmg conditions *

s crifiu tion .tre addressed by technmal speatications -

13 N1 Perform the IcIl length control rod 124 20 Apply technical speafications directions
awembly drop time test for ufety hmin, ufety s>sicm settmgs and

i4 Perform shutdown margm calculatrons hmitmg tonditions for operation m
I 4Nt Dntonnett and wnnett control rod drne 124 25 Nfonitor plant t Semntry to ensure

methannm from wntrol rod conformanceu peafications '

Ih Perform rod group latthmg and pmition 125i Direct emers:n. y response as ute .

mdiution abgnment emergency coordinator temergency plan)
.

I7 Perform safety group transfer operations 125 2 Clamfy emergency esents requiring 4
beiween the DC hold and auuliar) power emergency plan implementation
supphes 125 3 Direct action of the fire br'gade

iM Operate control rods to shape anal power 125 4 Analyze mdications to determme that an
I il Perform indnidual rod transfer operations emergency abnormal plant esent n m -

,

between normal and auuhary power progress
supphes 125 5 Direct shift personnel attions to ensure

1 12 Perform regulatmg group transfer plant safety durmg an
operations betacen the normal and emergency abnormal esent
auuhary power supphes

table 7. Task analyus methodologs IFrom INPO Il9xill

I \ p Nnalpn of scletted taskt
til Ireat each task from the origmal sursey mdudmg write-m tasks and write-m of tools and equipment.
I21 Ireat cash task suggested for addition by the writmg team

slip Construtt performante eb etto es that include cond tions enormal, off-normali, actions and standardii

iC p Construtt performance steps and performante aids.
IDp Construs t tool and eqtorment Ints to mtlude-
til Compoute int
12) loot and equipment by task statemcnts
|| ) Identify task conditions (normal, off normal, transient and emergency )

.

Il ) IJentify ufety and regulatory requirements
it a identify referente documents and trammg manuah
till speufy methosh of mstruction
11 Write iob performante measures and skilh, knowledges and abihties
aJp IJent.fy tad (lusters astow engmeermg spiems. , '
th Compile the origmal draft and orgamic the tad mio a hierarthy for cath engmeermg sptem |

. , ,

L

critical safety functions listed in Table K Such a hst is A suggested set of safety functions for Pressurued M
not umqudy determmed, esen for a smgle plant. Water Reactors is:
Grourmg or subthsidmg funttions leads to shorter or React n it y .

yq
longer hsts, tethmcally correct aho There are many Core Coolmg and insentory. E

'^unpubhshed esamples of suth hsts. One is gnen here: Primary Pressure.
ileat SmL

A suggested set of safety functions for lloihng Water -

~ ;:(,om a m men t. :+ -
Reactors n. p

R eat t nit y . The role of the operator durmg an abnormal or C
Reactor Water l esel emergency esent sequence is to maintam or restore 6

-

Contamment adequate performance of the critical safety functions. d
O

, -
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Table 8. Cntical safety functions. Example from Corcoran et at (1980b)

Safety functions Purpose

Reactivity control Shut reactor down to reduce heat production.
Reactor coolant sysem inventory control Maintain a coolant medium around core.
Reactor coolant systesa pressure control Maintain the coolant in the proper state.
Core heat removal Transfer heat from core to a coolant.
Reactor coolant system heat removal Transfer heat from the core coolant.
Contaimment isolation Close openings in containment to prevent radiation re' eases.
Contamment temperatua r and pressure control Keep from damaging containment and equipment.
Combustibic gas control Remose and redistnbute hydrogen to prevent explosion inside

containment.
Maintenance of vital ausiharies Maintain operabihty of systems needed to support safety systems.
Indirect radioactiuty rr. lease control Contam miscellaneous stored radioactaity to protect pubhc and

avoid distracting operators from protection oflarger sources.

This has the advantage of not requiring diagnosis of they analyze the information, knowledge and alterna-
the event sequences or ultimate causes of the observed tives available to the operating crew. The result is a
tiroblems. At the same time that he is controlling the taxonomy of decision making, as w ell as recommended
plant to ensure adequate safety functions, the operator human factors improvements.
will attempt to diagnose the problem and initiate The role of the operators, as perceived by the'

recoscry ofIhe plant to normal operation or,if that is operators (shift supervisors, etc.) themselves, has been
impossible, orderly shutdown. studied by several authors. INPO (1981) includes the

Corcoran et af. (1980a) point out ' hat multiple results of a questionnaire. N. Morley (private com-
success paths exist to restore safety functions under a munication) has suneyed operators' perceptions of
wide variety of circumstances. probabilities and decision criteria. Holmgren

The role of the operator is summarized by Corcoran (1980) follows the evolution of the operator's per-
- et al. (1980b)in the' Quality Operation * goals shown in ception of the job, from task orientation, through

Table 9. evaluation of malfunctions, to a ' differentiated process
Pew, Miller and Fecher (1981) have analyzed actual feeling', an analytic approach that now includes

'

operator decisions during four events that occurred in intuition.
nuclear plants. For each (of sescral dozen) decision, The TMI experience should make us wary of the

Table 9. Quahty operation goals and benefits (from Corcoran et al. (1980b)

[ Goals Benefits

n __. __ _

Keep the plant runnmg Reduces safety function challenges.
Reduces plant cycles thus generally inercases equipment hfetime.
Improved economics.+

More stable operation.
,

Service to the pubhc.

'

Shut the plant down whea safety may be Reduces safety function cnallenges.
compromised Reduces probabihty of sesious events.

,

Mmimite consequences of oents. f
Poutive factor in pubhc accb etance of nuclear power.*

Mitigate the consequences of operational Oserall safety en'hanced."

'
tranuents and accidents Minimties economic losses.

Positise factor in pubhc acceptance of nuclear power.<

7. Conduct planned outages safely and Increases safety.
'

efficiently Improses economics.
. Reduces radiation esposure to workers.

K
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j
hmits of mtuition,as lloimgren (1981)aho warns The ations. Sescrat accredited colleges hne joint programs % _..s
IN PO (19MI) results show a heavy load of knowledge- with utihty training centers; these trainmg programs [
based tasks in abnormal and emergency situations, have been esaluated as equivalent to 1 2 yr of college - 4
with an imprewne menu of required knowledge. This education (prisate communication) a

n consnient with the uews expressed by Corcoran et Followmg completion of the trammg program,
ul. (19xua,19xob) on the essential role of th operator candidates for heenses must pass an NRC examm- -A

m controlhng critical safety functions ation. This consists of three parts:
(1) A I-day written esamination cosermg technology, c

procedures, features and behasior of the plant and
53 Quahhcanon of operat"'' radiologscal protectnon.

^,

Ithe countries haung nuclear power plants hase 12) An oral esamination, typically 4 hr, mcludmg
s aned requirements for the quahfications of operators. discussion questions, plant walk-through and ',

N!orroser. there hase been substantial retent changes control room.
m these requirements, made as the result of the TN11 (3) A simulator esercise, typically 2 hr, re pondmg to ,

acudent. a senes of abnormal esents and combinations of
Ihe l Al.A (1979) Safety Guide, a pre-TN11 docu- malfunctions.

ment. proudes guidante for es perience and traming of The technical content of these exammations is gnen in -

profewonah, operators and technicians in addition, Table 10.
certam positions are to be ' authorized * before they are The changes made since TN11 in this program have ',

allooed to perform duties haung an immediate been mostly to raise the quahty lesel rather than to
'

beanng on safety. change the nature of the program Table 11 hsts all
in most nuclear countries, requirements hase been changes already implemented plus those already

estabhshed for at least some members of the operatmg decided for the future. .

crew 1.itensmg of mdniduah h required m some The present requirements are based on intuition and
courines, the poutions requirmg hcensed meumbents esperience; the recently decided changes are based on
aho garymg from country to country. A recent survy the espenence at Three N1 le Island. To date, httle
has Nen conducted by NRC (19xif t CSNI (1981) specific techmcal basis custs on which to decide
recently conducted a Specialnte N1ecting on the whether the present requirements are madequate .iust
subjet t . nght or perhaps escewne. tThis is true of most college

lhe Swednh program n summanted by Wirstad curncula, aho).
and Anderwon i1980) The task analyses reuewed in Section 5.2 abose and

in the Unned Hiates, the current requirements are the more comprehensis e ones under w ay, are mtended '

gnen by it' C d< of l'ederal Regulations (1981),10 to proside this specific technical basis. Ilut there are
Cl R55. ai o.n td by Regulatory Guide 1.8 (NRC, larger questions, beliesed by the author not to be
1975( Per enct Quahtication and Irammg', and by amenable to task analysh. An example of such larger
additen il ,u:rements estabbshed unce TNil; see questions is the current elTo.t to deselop long-range
Denton . and Table 10 goah and requirements for hcensed operators. Some of

the pubhcly asailable papers are hsted m NRCThe c. shift stafhng of U S Plants w as
esth iRC (1980d) and is gnen m Ble 4 119xIg) Ihe proumate reason for these papers was a
Wa ,o , serc emergencies dictates the operat- propod MC rulemaking proceeding to reuse

,

ochw . .nent of ten,eutusn e of secunty forces. operator heensmg requirements. Denton (1950) h.id . , ,

Of th people, two must hold SRO tSenior foreshadowed such rule changes in promulgatmg the ')
Res i tor) licenses and two, RO t Reactor short-term requirement changes. A proposal to em- g
O r i m ri in iscs lhe requirements for these are body Denton's changes in the rules litem 1 m NRC, %
rn er u 9 R$5, Regulatory Guide I NO, and 1980g) was reiected, and superseded by more far- %
!k "hese people typically hase a high reachmg proposed changes (NRC 19x0g) to require

ce . l'or shift superusors, INPO t19S1) college lesel education far beensed operators, as e ell <

y
io m/ het n . i cducation to be 13 0 y r tiligh School as traming and espenence. Some of the alternatne
pi o . i t. : '4", haung a college degree (5", proposals were:(ll require all new RO hcences to hase
At m te, t bdor; I",, N1 aster,0",, Dottor) 45 college credits; new SRO hcenses, 60 credits; (2) Q
lxensed m v W u C, u .c 'mpleted ngorous tram- require college credits on a shdmg scale, with heensmg

%gmg programs th,'t . il te clas.n n , simulator, and espenence substitutmg for some required credits for
operators already beensed; (3) require a unisersity pqv I fication ison-the-job compotu 'tv Anne 4! n

required. consatmg o. thesher u. .c. e ar..' esamm- degree m science or engineenng for all new shift 7 a

Q
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Table 10. Technical content of operator hcensmg examinations in the U.S.10 CFR 55p
.4

WRI1 TEN EXAMINATIONS AND OPERATING TESTS

b 155.20 Srort tw ex Auts41xm

b The untien examination and operatmg test for a hcense as an operator or a senior operator are designed to test the
apphcant's understandmg of the fachty design and his famdiarity with the controls and operating procedures of they faahty. The w ntten exammation is based m part on information in the fmal safety analysis report,operatmg manuals, and
hsense for the fachty.r;p

It
h-
f4 655 21 Cosinst to orinaron waiTTts exAussatuis

lhe operator uniten exammation, to the extent apphcable to the facihty, will include questions on:Q (a) Fundamentals of reactor theory,includmg fisuon process, neutron multipbcation, source effects, control rod effectsi*" and cnticahty indications.
(b) General deugn features of the core, mcludmg core structure, fuel elements, control rods, core instrumentation and'

'#

h coc!=t flow.
(c) Mechanical design features of the ,nctor primary system.

h (d) Auuhary systems which affect the faahty.
(e) Generat operatmg characten 6 tics. includmg causes and effects of temperature, pressure and reactivity changes,cifectsq* of load changes and operating hmitations and reasons for them.

4 (f) Design, components and functions of reactnity control mechanisms and instrumentation.

4 (g) Design, components and functions of safety systems,includmg instn. mentation, signals, mterlocks, automatic and
manual features.

s3 (h) Components, capaaty and functions of resene and emergency systems.

.W ii) Shicidmg . solation and contamment design features, mcludmg access limitations.
(j) Standard and emergenes operatmg procedures for the faahty and plant.''

(Lp Purpose and operation of radiation momtormg system,includmg slarm and survey equipment.
(1) Radiological safety prmoples and procedures.

455.22 Cosissi av sisum orim41t* wn: Tits IAAwis4Twis
The semor operator wntten exammation, to the extent apphcable to the facihty, will include questions on the items
speafied in 455.21 and in addition on the followmg:
(al Conditions and hmitations in the faahty beense.
(b) Design and operatmg hmitations m the techmcal speafications for the fachty.
(c) Faahty heensee procedures required to obtam authority for deugn and operatmg changes in the facihty.
(d) Radiat.on hazards which may arise durmg the performance of expenments, shielding alterations, maintenance

actmties and sanous contamination condinons.
(el Reactor theory, mcludmg details of fission process, neutron multiphcation, source effects, control rod effects and

enticahty indicatmns
(f) Speafic operstmg charactenstics,includmg coolant chemistry and causes and effects of temperature, pressure and

reactnity changes.
(gl Procedures and hmitations insolsed m imtial core loadmg, alterations in core configuration, control rod
. programmmg and determination of various internal and external effects on core reactmty.
(hi Fuel handhng facilities and procedures.*

0) Procedures and equipment asadable for handhng and disposal of radioactise materials and effluents.

- 155 23 So>rt te orta$ ton AND SisNm oPER4tok orIRATi% TL5Ts
T he operatmg tests admmistered to apphcants for operator and senior operator hcenses are generally similar in scope. The
operatmg test, to the extent appheable to the fachty requires the apphcant to demonstrate an understandmg of:
(a) Pre-start-up procedures for the facihty,includmg associated plant equipment which could affect reactnity.
(b) Required mamputatmn of console controls to brmg the fachty from shut-down to designated power lesels.

-
(c) The source and sigmficance of annunaator signah and condition-indicatmg signals and semedial action responuve

thereto.
(d) The instrumentation system and the source and significance of reactor mstrument readmgs.

m
(e) The behasior charectenstics of the facihty.
(Il The control mamputation required to obtain desired operatmg results during normal, abnormal and emergency

,

situations.
(g) The operation of the fachty's heat removal systems,includmg primary molant, emergency coolant, and ecay heat%

removal systems, and the relations of the proper operation of these systems to the operation of the fachty.
1

(h) The operation of the fachty's ausdiary systems which could affect reactmty.2
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Iahle to wnsmu,J adhh
O ~ q,_ ,.y
rg e,c

06 Ihe use and funttion of 'he fauhtyi radiahon monitormg spiems, including hied radiation momtors and alarms. ,Qg dL9 i
portable sursey instrume' c and personnel monitoring equipment y TfW'V

(p Ihe ugnificante of radianon h "ds, moludmg perminiblelesels of radiation, lesch m esccw of those authorized and d je7MM
procedures to reduce excesme Ic. of radiation and to guard agamst personnel esposure l' N

ik p t he emergency plan for the fauhty, mtludmg the operatori or senior operatori responsibihty to deade w hether the
,

plan should be cuecuted and the duties awgned under the plan
* ' %,

all t he netewty for a careful approath to the responubihty amsiated with the safe operation of the faahty
..

.

.

a

t able ll. Tramimr turrwulum I' rom IV.\ tl9si p.Thn turtwulum comprises the ' Student Operator' blotk on Fig 2.
'POIC' n the TV A Power Operations Irammg Center at Noddy-Dany. [N. t!.S A

sit 1)I N T I STUDENT 2 Sil.DI-N I 3 STUI)I N I 4
sliPl(POICp $llP|tPOICs hi!PI\ @8)lCI 1 %gned pianti

'
*

()tientation I lettrnal theor) Reattor theory On the job trammg
Nafet y \C and I)C arcuits I uel core deugn 11% R Plant famihari/ation !'

I irst and W tors and PW R 420 weeku ;

\ lath Gener ator T hermal hydrauhes ''-.a

Phyucs Prmapah of sohd state llealth php;cs
( hemistry Compoution i I uel loadmg and startup

lin weeksi 113 wecku Power operation and 6

shutdown
SIl P 2 iP()lf) Sil P 2 IPOICI Industrial psphology

Plant miems Tur bmes i9 wecku
Pum ps I)esign ;

'lleat enhangen Operanons $11 P lit t P(IIC)
sprems deugns Precautions Reattor technology ,

* 1t hermo.h namas Cont rol Inst ru mentation
('alculus and anahtic Report writmg $ptems

geometry 412 weeko I are trammg
()ral and Re.htor mternah w'
tommunaation Heattor toolant sptems

419 weck o kudent and tranuent s

analpn 1,

a wecku

SIE P 2 i Wigned plant)
Plant sptems

'

-Plant protedures
I lettrwal trammg

(22 weeko
,

..

fotal 19 w eek s lotal 25 wecks l otal N weeks Iotal 20 weeks i ?
, N,

h
%

superusois; (41 tequire a degree m wience or engm- es perienced T hn is true, in the author's opinion. g
cermg for 25* , or N", of all new hcenses after some Proponents of enhanced requirements point to oper- -"

cutolidate; the esentual goal bemg toi)" . (5) proude ator errors at I N11 ITable 1) and elsew here. The $F
separate career paths for college-tramed and non- author must agree. g
tollege people; tN tirious ways of gning present The lNPO (1981) study of shift-supersisor trainmg T
bcensees full, partial. or phased esemption from new requirements, based on task analysis. w as pubhst ed to @i

"*
requirements. bear on thn problem The authors of that stud)

Responses from the nuticar power industry and conclude: y
from operators lall unpubhshedi were negaine and

Cstrong t hey awert that the present eadre of heensed The body of knowledge required for the shift
operators 0000 m the l'S ) is knowledgeable and superusor is daerse,includmg both general topies S

.;
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Y as well as technically complex concepts and appli- These are social questions as well as technical ones.
,.5 cations. With most ofIhe required knowledge being The person in charge of a nuclear pow er plant, or shift,

plant systems, their components and operating must make emergency decisions affecting lives and
characteristics, the study found utility training property on a large scale. His technical capabihty is
programs and on-the-job training to be the most only a part-an esrential part--of his qualifications to

$ applicable. An examination of the knowledge of make such decisions. llis leadership abilit, inside and
:*

physical sciences showed the shift supersisor need- outside the plant, his credibihty, his behavior patternp ing to be more familiar with the application of under pressure, will determine the acceptability of his
actions in addition to the technological quality of these[

h concepts than the theory of these concepts. The
remains to be determined whether aactions. Itcomparison of knowledges offered in degreed pro-p grams with those required of the shift supervisor substantial change will be initiated in the qualifi-j showed, in most cases, the level of knowledge cations and careers of nuclear power operators in the

M required for the shift supervisor did not exceed U.S.

selected topics in lower division level college
g- CoursCs. 5.4. Training

'From this study there appeared to be no univer- in the U.S. training programs are under the
.. - sally applicable academic curricula to meet the direction of the electric company. Some companies

knowledge requirements af the shift supervisor. perform the entire program; others use contracts mith
Little evidence exists o indicate that a unilateral reactor vendors,who operate simulator centers, train-
requirement for a bachelor of science or associate of ing companies like General Physics Corp., and educa-

'

science degree could contribute significantly to the tional institutions to perform part of the required
._

-

job performance of the shift supervisor.'
" * " 8'

Let us suppose this study (which had just been An example of a program performed entirely by the
published at the time of writing this resiewI to be e ectric c mp n) is given in Fig. 2 and Table i1,from
technically correct, and the conclusions quoted abose T\ A (1981) Theincoming neophyte must have a high
to be solidly based on the technical results. There school education, be in good health, and score
remain, nevertheless, issues in operator qualification acceptably on a battery of aptitude tests for mathe-
that many people beliese cannot be resched by task matics, science, mechanics and electrical technology.
analysis. Most of these issues ha$e been the subject of Table iI evidences the breadth of the initial training
unpublished letters and discussions; some are dis- program. As shown in Fb 4. additional simulator
cussed or implied in N RC (1980g) The principal issues training is associated with the steps in the career path;
are the following: not shown on Fig. 4 are additional classroom and on-

(1) llow to achieve a long-term improvement in the-job training modules associated with the simulator
operator qualifications,if improsement is needed, training, including special classes for candidates for
without losing the knowledge and experience of licensing examinations.,

the 3000 operators now working-a valuable The TVA program is accredited by Chattanooga
resource, irreplaceable in the short term. State Technical Community College. After a student

(2) llow to proside career paths for both college has completed the ' Student 3' module (Table II), the
.

graduates and people who don't aspire to college Unisersity will allow 70 quarter-hours of credit for the~~,.

degrees. TVA-taught technological subjects and 42 quarter-
'"

(3) llow, if college graduates are to be used in hours for the academic subjects (Math, Chemistry.
operations, to attract and hold college graduates Speech Thermodynamics, etc.) taught in conjunction,

long enough to hase the desired experience in with the Unisersity. A few more university-lesel
operations jobs that invohe shiftw ork. The career courses will carn the student an Associate Degree.
path is central to this problem. The contents of the training program have changed

(4) llow to compare technical training and experience recently for two reasons:,,

(1) Improvements shown to be necessary or desirablewith college credits.

I 15) llow to foster the gradual rising of technically by the TMI accident; see Table 12.

,

qualified people experienced in operations into the (2) Desire to accredit the training pr ogram for college-
engineering and management ranks at the plants level equisalence,in view of foreseen requirement-

and the corporate offices. for college education for operators, as in NR(

(6) llow to provide for adequate quahfication of the (1981 gk Both these trends are apparent in the TV Ay
^ initial operating staff at a new plant. program (Fig. 2 and Table 11, TVA,1981)..
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Ihe task analysn of INPO (198|| compares the that calculate dynamic response for all purposes,
knowledge requned of a shift supersisor with tollege maludmg siety analysn. In tha report,' simulator' a
torritula at the Asmtiate and llathelor lesels Not used only for the trammg deuce tonustmg of a real-
gnen, but recommended for the further work, n re- tim: calculation of dynamic setem behauor and a
reuew of mdustry trammg programs as compared real-time mt rattne man-machme interface.
with the knowicJge required Ihe use of simulators for operator trammg has

recently been reuewed by Jones cr al Il9kO) lleirisk
5 41. (Sc of umulators m tralmnq In retent > cars, and llailey (19x1) report on a conference held 26 28

use of sunulators m trainmg program has burgeoned January 1981, on simulation methods 'Ihe llalden
Tircraft and spatetraft umulators are common-plate. Propect conference on f among other things) apphca.

t he author parthipated m umulator trammg pro- tion of procew computers includes papers on umu.
grams for reattor ex penments at Oak Ridge lator models tilalden.19xop
National I ahoratory tunpubbshedl m the 1950s A ~lhe diptal computer modchng needed to make a
rudimentary 'operatori console' with three control simulator work has recened much recent attention;
lesers was tonnected to the 200-amphtier analog see for esample lietrick and ll.nley (19811 Researth
wmputer used for reactor and plant dynamic studies programs m thn area are under way m many countnes, p
t he (onmle was placed m front of the bank of 12 pen and are mcluded m the U S TMI Action Plan (NRC, ppf
recorders used as computer output readouts 19xua, item I. A 4 21 6

*~

I he first full-stale power teactor umulator m the in uew of the compleuty of nuclear power plants. NU S was bmit m the nud 1960s by General Ilectnc real-time detaded mathesnatical modelmg of all
Company near the 1)resden Nutlear Power Station phenomena n beyond the capabihties of the highest g
t he rephta control room, ewentially complete, is performance computer For esample, such pheno- + , .

[ffwnnetted to a digital computer An mstructor's mena as three-dimenuonal reactor core power distn-

(onmle proudes for command of the umulated bution, couphng of space- and time-dependence of
operation Omtial conditions, hold, time compresuon) core dynanucs, two-phase fluid swethng m partially G
and also for miroducmg olT-normal esents mio the hiled sewels and pipes, coturrent and countercurrent
umulation flow of separated timd phases, behasior ofihe core and

it should be noted that the word 'umulator'is also rnmary system under madegaate coohng conthfions, h,
used by computer analysts for computer programs are not modelled in umulator computers Any one of ]
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I
" Table 12. Operator-related changes in U.S. plants since the TMI accident
6!
.' (Al Very slwrr term actions (NRC (1980c))

h" (1) Retram all operators to understand the TMI accident includmg revised simulator small-break demonstrations
and hands-on exercises; loss of coolant accident analyses; revised procedures for small-break loss of coolant
accidents

(2) Desclop guidelmes, procedures, and retrain operators in use of existing instrumentation and equipment in

Q identif>mg and mitigating esents mvohmg inadequate core coolmg.

M- (B) Short term actions (Eisenhut (1979))
F* (3) Inaugurate shift technical adusor.
DM (Il Reabgn responsibihties of shift superusor.
, (5) Inaugurate formal shift turnoser procedures.
O (6) Improse access control for control room.

M
, 4 (C) Medium term actions (Eisenhut (1980))
]i (7) Increased experience requirements for SRO candidates.

(81 Require 3 months on-shift trainmg of all candidates.
.. (9) Augment trammg and requahfication programs and bcensing examinations in the areas of heat transfer,

thermod>namics, fluid flow, transient behauor, mitigation of madequate core coohng.
(10) Require SRO equisalent cxaminations of training instructors m ho teach systems, integrated response, transients

and similar courses.
- (11) Require requahfication pregrams for instructors.

(12) Require certification of heensmg candidates to be signed by high lesel corporate manager; require candidates to
perrmt (under U.S. Prnacy laws) NRC to inform company regardmg details of examination performance.

(13) Impose time hmits for u ntien examinations; mcrease passmg grade; require passing grade on each category.
(14) Require two SRO on shift, one in control room area at all times.
(15) Gnc guidance on allowable osertime.
(16) Proude resources and procedures for feedback of operating experience to operating staff.
(17) Resise procedures to proude independent checkout of manual ex-control room manipulatson of safety

equipment.

(D) Medium arid long term Actnities (NRC 1980a 1980b))
(18) Re-analyic transients and accidents; reuse procedures and training.
(19) Resiew organization, management. resources of electric companies and plants.
(20 Perform human factors and safety function resiews of control rooms and implement needed modifica. ions.
(21) Design and install Safet) Parameter Display System.
122) Expand imtial testmg to include reahstic dnlis for venfying equipment performance, procedures and operatmg

crew trammg.

these phenomena can be modelled on a computer, but made on how to use the available computing capabi-
not necessarily in real time, and the best models hase lity. Some phenomena are not included in the model;
approximations in them. It is also possible to provide some others are approximated or represented by
simulated sequences by storing scenarios and playing stored scenarios; others are modeled dynamically.
back these stored values. The earlier simulators made The importance of modeling is illustrated by one of
considerable use of stored scenarios, but the current the lessons of TMI. After the accident ins estigations of
trend is toward dynamic calculation where possible, operator knowledge and understanding focused on the
based on tl e equations that describe the dynamic inability of the simulator used irt the training of the
behasior of the system. The dynamic modehng is much TMI operators to represent the sequence of events
to be preferred oser the stored scenarios. Dynamic actually experienced in the accident. A Le>
modeling allow s the simulator to respond realistically phenomenon-flashing in the primary system-was
to all esent sequences, including a variety oferrors and not represented. All PWR simulators were reviewed by
failures. ~1o include all these sequences in a stored Jones er al. (1980)in this respect:
scenario would require, first, arnlyms the course of ' Prior to the TMI-2 event, httle or no thought w as

7g each sequence; and, second, storing all the scenario given by t he nuclear training industry to modeling in

gn sariations together with a selection logic for deter- a training sanulator the response of a PWR primary

'4 mining which to play back. Since the essence of loop with saturated conditions. In general, opera-
N - simulation is real-time modeling choices must be tion of a safety systems is assumed to preclude vapor

~K
t v...

_
, _ g m-a.n ~ m-m . wo w- w- x w- r -. - - -- - ***"'^*W

[ , ^ * * W

't d,

. ._-_x______________________ _ _ _ _ _ _ _ _ - _ _ _ ___ _-__ _ _ _ _ . ._ _ _ _ _ _ _ _ _ _ _ - - _ -_ ____ - .... . _ - _ ~ _ _ _ _



, , - - - _ _ _ _ _ _ - _ , -,

g7 . ,,

ii.(- - *

* *. -=
,

-_: u _ . - _. M .. _A N_, ..~ ^

,

, .

The human factor m nudear plant safety: progrew unce Ihree Mde Island 321

ym,,
formation in the primary sptem. The p<mibihty for task simulators (such as the Dresden simulator) are 44
a slowly deseloping tou-of coolant accident pro- used to provide training on symptornatic rules. 4
ceeding unrecognized for a considerable time period Generic simulators tiow fidelity) wcre described by

~

without adequate core coohng was considered as Green and N1yerscough (1977) and Cocquyt et at '

not credible and/or the consequences were awumed (1977). An Oak Ridge National Laboratory program,
to be bounded by those of the large LOCA, yet unpublished. includes these ideas; one hopes they

'

'Smce the TN11-2 event, most of the PWR will publish references to sources. IEEE (19x0) in-
simulator operators have attempted to reproduce, cludes mention of 'Part Task Simulatori but no
with varying degrees of success, the significant pubbshed references are gisen. LEAL il980) contains
effects on plant momtors that would result from a brief discuwions of part-task simulators and an un- d

saturated prinury coolant. Iloweser, none can truly differentiated bibliography on this and many other
model two-phase primary coolant flow and its topics. The U.S nuclear power plant industry makes '

interactise elTects on the many awociated reactor almost no use of part-task simulators at present. Os E
sptems. Accurate and thorough modeh of two- Studssik tundatedhiate that the Compact Simulator
phase flow in a PWR sptem following a transient is used for training in Sweden.
are still in deselopmental stages. Computer codes in
use are large and trelatisely) scry time-consuming 5 4 2. Use of umulator to measure performance.
for use m dynamic modelmg with real-time Netland (1979), and Stokke (1981) and Ilott et at
umulation? (1981) have described use of training simulators to

c t data on opaator pufonnma. h seenn cWentit is cudent that allocation of computing resources is
that, whde not completely reahstic, the full-scope -necewary and trade-oITs must be evaluated.
trainmg simulator reproduces most aspects of theStartmg with the GE Dresden simulator, the U.S.

nutlear simulators hac' comprised full-scale control gntmbmom utuatmn. Only the stress of *the real
"'"' " "* " * 8 "'E'"'"" """" '''8"room replicas and full. plant calculations. Other for.
approaches, measurement of response times and

mats are powible and useful. lilomberg, Josefsson and
accuracy, ent cat n c u ng &anns mherhielm 11977) and C,E Studmk tundated) hase

described a ' Compact Nuclear Simulator',with a panel pmcedures are eauh pedonnett pus appean to N a
fruitful path for future research. I-urther discussion is -

about 2 m long plus three CRT readouts, connected to
gnen m Sation 8 5 of tha reuew.a digital computer. Ihis ' medium fidehty' simulator

gnes the student trammg in plant dynamics, without
the dntractions (or the advantages) of the detaded, g gg;nmgm ng3 y m;my
multiple functmn plant control room. The readouts

ennal gu anu n management an(brgandasnand control desices on the " Compact Simulator' are
is given by I AEA (1979,19xob) and Alienspach andwhenutic and functional only, but the computer g ,

model of the plant dynamics can be as detaded and
and the ofhite corporate and outside support for the ,

elaborate as computing resources permit.
plant must be considered.

Rouse (unpubinhed dncuwion,1981) ha suggested Q.3,
a hierarchy of high lidehty, medium tidehty, low h# #"## " * d "' E# * #"I "" "E"" "" ' '"'tidehty' umulators for different aspects of training. 4s'adequacies S.mce the TN11 accident, a number of
Although this idea was not stated by Rouse to be new, p

unportant changes hase taken place in the plants, mthe author has found no pubhshed U S. nuclear
the electrie utdity compames, and in the U S. nuclear greferences Rouse identified two kinds of rules for
pown industry as a whole.

opaations:

II) Symptomatic rules, to use for resp (mdmg to :re
Wyandation and staffing at the plant

famihar patterns of symptoms;
"

(2) Topographic rules, to use with knowledge of the Smgle-umt plants used to operate with less than 100

protess to understand and respond to unfanuhar employces on site. Now adays, increased workload and {
patterns of 9mptoms. mcreased regulatory requirements base increased the -

minimum number to 200 or more. Allenspach and
,

low and medium tidehty part task simulators are rrmker (1980) hne pubinhed guidelines. The fol-
prmeipally useful for enhancmg undentandmg of the low mg discuwion is based substantially on their work.
plant, and gammg esperience m applying topographic Operatione The minimum shift complement is gnen e
problem solung techniques whereas high fidehty. full- in Table 4, from NRC ti9xod). The need for 10

--- . _ - _ - , . ._ , ,
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O operations people on each shift, plus security forces,is staffing and management in the areas identified by the

N based on functions of the onsite forces in an emer- TMI accident reviews.
gency. The required Emergency Plan must provide For new plants, coming into operation since theg

y coverage of the major functional areas of Table 4. TMI accident, the requirements of Table 13 have been
Five or (preferably) six shift teams are employed. applied. In addition, these plants have also been9

I This provides for continuous shift coverage, plus time required to have an independent safety engineering
off and extra time for continuing training and educa- group. In addition, a review of organization, staffing

' tion. and management competence at plant and corporate
A Afaintenance.-Staff and supervision must be avail- levels is conducted by a multidisciplinary NRC team,

g able for routine preventive maintenance as well as using primarily interviews and reviews of adminis-
unscheduled repairs. The maintenance staff has an trative documents. The objective is to evaluate theg

.
especially heavy workload w hen the plant is shut down capability of the organization to operate the plant

[. g for periodic major oserhaul and refueling. safety. This is not a quantified variable susceptible to

< Technical.-Support is required for t he operations and measurement. Some guidelines have been given by

4 maintenance staffs in the areas of reactor and other IAEA (1979,1980b), Allenspach and Crocker (1980),
engineering, chemistry, radiation protection and NRC (198thk Podonsky er al. (1980) and INPO*

instrumentation. Included is analysis of operations; (1981c).5

j that is, a continuing evaluation of the performance of One change of greater long-term significance is the
the plant, with special attention to errors and failures, inauguration of the Shift Technical Advisor.The STA
and unexpected behavior. Because of the importance is discussed by NRC 0979), Denton (1979), Eisenhut

pd of radiation protection to plant safety and to personnel (1979) and INPO (1981b). The reviews of the TMI
safety, this function is made independent of operations. accident concluded that the operating crew did not>s
Traini g.-The tiaining requirements of the plant staff understand what was happening. They had been
include on-site (in-plant) and off-site (classroom, trained to recognize and cope with certain specific
simulator) components. Some on-site training event sequences. Their emergency operating pro-
resources are needed. cedures were organized to cope with these design basis

Security. sequences.

Administrarit e Scrrice. It was therefore proposed to add a shift crew
Audir and reriew.-The safety operation of a nuclear member who would be educated to understand power
power plant is the subject of a variety of resiews and plant science (e g., thermodynamics) as well as trained
audits, dncussed in Section 6.3 below. to know the plant and its behavior. The STA position

was inaugurated as a method of immediately improv-
6.1.1. Changes since the TAff accident. Operating ing the plant operating staffs capability for response

plants in the U.S. have been required to make a number to off-normal conditions. He is required to have
of changes in organization and management as a result college lev-l education in engineering or science as well
of the TMI accident. These are listed in Table 13.They as training in reactor operations. While he is a member
represent a short-term program to improse the plant of the operating crew, he has no routine operating

Table 13. Organisation and management changes in U.S. operatmg plants since the TMI accident (NRC (1980bi

(I) Add shift techmcal advisor around the clock, to add eng;neering capabihty to control room.
(2) Clearly defme shift supersisor responubihties and delegate admmistratis e duties and some communications to others

to asoid unnecessary distraction from his safety role.
13) Limit routme osertime and manage necessary non-routme osertime.'

(4 Additional senior operator on shift crew (effectne 1 July 1982L
(5) Estabhsh formal shift turnoser procedure and checkhst.

" (6) Estabhsh improsed formal control over access to control room by other people.
(7) Estabhsh organizational component and procedures to feed back operatmg experience at all plants to the operatmg

and management people.
18) Estabhsh procedure for direct senfication of all safety operations;in longer term, implement safety system status

s.
momtonng systems.

(9) Increase shift stafhng and on-call assntance as required for emergency response; see Table 4 of this review.
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duties that w ould interfere with hn primary emergency objectnes and priorities set forth m pubinhed com- ,

role of diagnosmg events and adsnmg the control pany pohey directises ,

room supenisor. Moray (prnate communication) has surveyed some
control room operaton and plant engmeers regardmg

611 Capabihry of manawment er atuarum. A prm- difficult operatmg-safety choices An example is the
upal problem n the lack of objettne measures of deosion to mitiate plant shutdown quickly, but
performance m tha area. Ihat n,we don't have a good perhaps unnecessardy, on detectmg an mdicated
mdes of the ufety of plant operation',cxcept where an abnormal ulue of a plant variable. The people
atadent occun Some unpubhshed approaches hase tuneyed gave answers that uried by several orders of IF

been attempted, usmg, for cumple, the rate of magnitude on the'uluciof truly required shutdowns, b
ouurrence of reportable events, enforcement actions, shutdow ns required but not executed,and unnecesury
unscheduled outage data, etc. T hese are, at best, shutdowns. T hey are, presumably, reactmg to their y
remote measures of 'the ufety of plant operation'. perceptions of how the key leaders m their plants siew li

Other approaches that have | en used are subjectne people who shut the plant down unnecewardy com-
and quahtaine. lhe NRC (19xis) has the Spiematic pared to people who mns needed shutdowns. Of x
T nalpn of 1 itensee Performance', but the uhdity and course, the people sur eyed are the people who make
timehness of thislargely subjettne ratmg scheme hase suth decnions routmely. If they decide wrongly. 'y

g%
recently been questioned. management may well be blamed, and management

Ihe Irntitute of Nuclear Power Operations has may well desene the blame.
nsued t!NPO,1981c) performance objectnes and th
uiteria for t he euluations conducted by the lnstitutei n
teams of cath U S nuclear power plant, and for 61 The n wicar company

'

nutlear utihties to use m self-culuation I ift y-one Allenspach and Crocker il980) set forth some
objettnes are gnen in the areas of orgamration and guidehnes regardmg the utihty company. The overall
admmntration, trammg and quahticatmn, operations, management and support of the nuclear plants in a ]'
mamienance, rathatmn protection, cNmntry, emerg- company should be integrated A corporate officul E
ency preparednew, and tethmcal support the criteru should hne the responsibihty for the nuclear opera- ?
are speutic, but not quantitaine. In their culua- tmn and ufety; this official should be at a sufh- 6

'

tions pubhshed m far INPO has not gnen a summar) ciently high lesel that he can command the necewary
ratme, relatne, absolute, or quantitatne remurtes as required. s

I atLmg quantitaine measures of'the safety of plant Seseral different organirational structures base f-

operation; one n forced to rely on the quahtatne been used succewfully:
guidehnes and uiteria mentioned earher, and thus on til Smgle sice-preudent m charge of nuclear opera-

,

'"

quahtatne judgements of management and orFan- tion and ufety; see for cumple NRC (19x1 L1
irational adequacy. It n o be hoped Ihat future studies Docket No. 50-3M7. ]
wdl result m the desclopment of better, more nearly tu) Separate uce-preudents for operations and en-
quantitatne measures,leadmg to imprmement m the gmeermg; an cumple is in NRC (1981j) Docket 4
management of the plants. No 50-369. Succewful appucation requires close i

workmg ties between the nuclear segments of the
613 Importance of management capaNhts All our operation and engmeermg organuations

'

esperiente, and all the I MI acudent reuews, em- tm) %trn' organuation with managers of opera- +

phasue the importance of management m the ufe tions and managers of technology tradiation
operation of nuclear power plants t he esperience of protectmn, engmeermg, traming); an cumple is
the author m nuclear plant ufety reuews oser many dncuwed m NRC tl9x1jl Dotket No 50-4f10

'

yean, and m supennmg the NRC management Ihe umplest pattern is ok with a smgle corporate
reuews recently, supports the uew that the quahty of management of nuclear operatmns hamg command
management n essential to the ufety of plant opera- of all the resources the more complex arrangements

l-tion In eath plant there n one,or a sery small number, hke ui) and Im) require more coordmation, but some
of key mih iduals uho attually run the plant Often, companies prefer them and some make them function ,

but not alwap. these key people are the mcumbents of acceptably.
the top superusory poutmns tieryone, at all lesels. Smce the IMi accident, the NRC has been much
knows what kmds of attions are rewarded, what you more aggressne in its reuew of management strutture
base to do to get promoted or carn a bonus lhese and resources for the plants commg on lme. Detaded
deuderata may be, but are not alwap, the prmapal reuews can be found for each plant m NRC tl%Ijl.

_

m; ** * *- .
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p For the operating plants, NRC has not yet decided on ance, modifications and all other activities potentially

(, the depth or timing of a management re-review, affecting public safety. The requirements are in
4 Indeed, although such a review program is foreseen in 10CFR50, Appendix B, and NRC (198 th),

the Action Plan NRC (1980a, item 1.B.I.1), its Section 17.2. A comprehensive program includes
.

implementation is still undecided. verification of activities by trained and quahfied
,,

Q<-
With the very large number of new plants scheduled individuals, independent of the organization respon-

to come on line in the U.S during the 1980-1985 sible for performing the task, free from the direct

9 period, the cadre of experienced managers and senior pressures of costs and schedules, reporting to a

y operators will be seserely taxed Current projections management official with authority to resolve disputes
start at approx. 70 operating units in 1980, growing to and enforce decisions.

,,

approx.120 in 1985 and approx.150 by 1990. Some- . .

M cancellations and long-term deferrals have been an- 6.3.2. Plant stag rcilew group. This comprises a
W nounced since this projection. Ilow es er, the nu mber of working committee, whose members are members of

orm&.g plants w ill stdl almost double in the next few plant staff management. The group reviews and
> cars. For utilities with operating nuclear units, a approves plans and procedures and changes to them,
massise recruiting and training program is in order. equipment changes, and reportable esents, plus ex-
For a utihty bringing on line its first plant, the problem crcising an operations safety review function.
is to acquire enough experienced managers and shift
supervisors to form an adequate cadre. An example of 6.3.3. Independent safety engineering group. This is a

thn problem is given in NRC (1981jk Docket No. 50- new organiiational module, so far required in the U.S.
382. This plant, the first for this company, was only on plants coming online since the TMI accident,
review ed about iN months before its piojected nuclear The reqt:irements are given in NRC (1980f).
operating date.1he severe shortage of quahfied, Appendix A, and Allenspach and Crocker (1980). The
experienced senior people had resulted in a corporate Group is an additional group of fise dedicated, full-
management group entirely lacking in nuclear operat- time, site-based engineers, who report off site to a
ing experience, and a plant management with many technically criented high level corporate official not-

key positions vacant -- Assistant Plant Manger- responsible for power pioduction. The function of the
Operations and Maintenance, Plant Operation Super- group is to examine safety information regarding the
intendent, Plant Engineering Department Supervisor, plant and also safety information from off-site, and to
General Support Superintendent, Nuclear Training develop recommendations for changes that would
Director, six Shift Supervisors. It is not )ct clear improve safety. The group does not do detailed audits
w hether ihe necessary quahfied people can be acquired of operations and does not have sign-off responsibility.
and trained in time for this plant to achieve its The resiew functions of the Independent Safety
projected operation schedule. Engineering Group include the following:

The quahfications of the corporate managers and Evaluation for technical adequacy and clarity of all
staff are difficult to establish specifically: what are the procedures important to the safe operation of the
measurable attributes of a successful manager for safe facihty.
operations? Allenspach and Crocker (1980) give w hat E,aluation of plant operations from a safety
guidance is feaubte and refer to some not very useful perspectise.

- U.S standards documents. Evaluation of the effectiveness of the quality assur-
ance program.

6 3. Management reiicw and audit Comparison of the operating experience ofIhe plant
and piants of a similar design.

Becausc orthe importance to public safet> ofcorrect Assessment of the plant performance regarding
nuclear power plant operation, a system oiresiews and conformance to requirements related to safety.

' audits has been estabinhed to assure attention t Any other matter involving safe operation of the
safety. All of this structure except the Independent nuclear power plant that an independent review
Safety Engineering Group titem 3, below)was in place deems appropriate for consideration.
before the TMI accident, and so it will be described Assessment of plant safety...

i< only briefly. The group performing this function should be com-
posed of individuals with varied backgrounds and

6.3 1. OperationaIquahty anurance. Each company, disciplines related to nuclear power plants.a
and each plant,in the U.S is required to establish a Such groups are functioning at about a dozen

y quahty assurance program for operations, mainten- plants. After experienec is gained, the decision will be
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nade w hether to require these groups at all operatmg are already workmg rotating shifts tunnersal practice
m the U S k the situation is characterved by increased -

plantv
length of the rotating shifts. The author and hn g

6 3 4 IndcrenJcnr reiiew and auer qrrmp. 'Ihn com- colleagues, participatmg in the management resiews 9

prises a high-lesel comnuttee that proudes a safety docussed abo.e m Section 6.1, were told by control
;

oseruew of the whole plant, indudmg the recom- room operatmg personnel that they were tired as a ,

mendations of the quahty awurance, plant staff, and result of routine usertime required of them oser i

ndependent safety engmeermg groups I-or many months and even years caused by the workloads and ,

-"

utihty companies it n appropriate to mdude shortages A dncuwion is gnen in NRC 119kljk
knowledgeable and es periented outside consultants to Docket 50-311.
cnhante the esperthe and independente of the group. Iluman urcadian rhythms are well known and u

much studied, as are the effects of night work and long >

'

work periodt ilolley cr al IlWI) gne a 66 page
r, 4 WorAmq hours reuew, plus 2m4 references no older than 1972, with -

Nudear power plant operations are required emphasn on pilot performante 1%periences reported y

around the dock. A number of deselopments base by pdots and air trafhe controllers are compded by
tombmed to treate a sit uation w here osertime w or k I.yman and Orlady il9so) in 77 reported meidents,

,

bc>end the M-br shift,40-hr week n a commonplate the reporter awociated fatigue with the occurrence.
ouurrente in nuclear power plant operatmg aewt Shift work. w hich upsets circadian rhythms,- n .

ill t he shortage of trained and quahtied people; see necewary for techmcal reasons in some industries that y

Settion 6 2 msolse centmuous processes m transportation,and m

W Ihe mereased number of shift crew people re- ugilance attnities increasingly, shift work n being
quired at eath plant smce the !Mi accident; see used to enhance the use of msested capital, ee:n w here
Tables 4 and 14 no tethmcal necessity custs for it. .

th t he mcreasmg number of operatmg plantt A selected bibbography diretted at shift work and
"

14l Ihe increased workload on the shift operatmg osertime m nudear power plants n gnen by Wallace ct
ucws imposed by post-I Mi requirements for al (19sual Smce the present emphasis is on osertime
aagmented trammg. surseillance of operations, of shift workers some matenah deseloped m connee-

*

testmg and mamtenance and plant modihcations tion with 12-br shifts are relesant. In fact, the tired

Ibn tombmation of increased workload and shor- workers referred to carher were routmely working ,

tge of quahtied people naturally tends toward longer 12-br shifts.

work wecks for the people Smce the operatmg crews twehe-hour shifts as a routme Dernatise to Ahr

lable 14 l! S mertime guidelines (NRC timbn*

In the esent that mertune mua t be used tescludmg estended periods of shutdown for refuelmg. maior namtenance orn

maior plant modhcationn the followmg osertmic restrations should be followed
tle \n mdnadual should not be permitted to wmk more than 12 hr straight :not meludmg shift turnoser times
12: Ihere should be a break of at least 12 hr imhAh can m(lude shift turnoser times between all work penodt
th An mdmdual shonid not work more than 72 hr m any Lday penod
44i \n mdmdual shouhl not be requued to wor k more than 14tensetutne d.ns without haung 2 consetutne dan off

'eflawner. retogm/mg that tutumstantes mas arne requint g deuations from the abme restrations. such deuation shall ,

Y
be authonfed bv the plant m.u.ager or hn .ieput). or higher lesels of management m auordante with pubbshed
proceduin and with approprute dosumentation of the cause

3
if a reattor oper ator or semor reattor operator has been workmg moie than 12 hr durmg perio h of estended shutdow n
se it , at dutin an as fr om the control boardi, such mdn iduah shall not be awgned shif t dut) in t he control room uithout
at least a 12-hr break pretedmg sutt' an awgnment g. ..

b
NRC entourages the deselopmeni of a stafhng pohty that would permit the htensed reattor operators and semor reatfor
eperalors to be renothtalls amgned to oiber duties awas from the contrel board durmg their normal tours of duty

if a rcattor operator n requurd to work n ewew of Mt ont muous i.ours. he shall be per nshtally r ehesed of pnmar) dunes
< , _

at the control board, suth that permh of duty at the Nurd do not cueed about 4 hr at a time !

lhe gu detmn on mertime do not apply to the shift tethmcal aih nor prouded he or she n prouded sleernng gf

a6tommodations and a 10-mm asailaNbis n awured

b* Note added m proof NHC retenih p@lohed tI cJeral Resnrer 47,7M2 IIs i ebruary 19s:H eused guidante, item I w.n
< hanged to 16 hr. item 2 to s hi, and other thanges were made
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shifts have been investigated in 50 chemical plants by benefit. More work is obviously needed which onF

h Wilson and Rose (1978). In many ways, chemical plant hopes is based better on available data.

h operators hase duties similar to nuclear plant oper-
ators. They concluded that there was some preference

[ by workers for the social and familial advantages of 7. PROCEDURES
rotating 12 hr shifts in a 40-hr aserage week (thus, no

.

P** I #"'8hj long-range osertime). Drawbacks include increased " " " " ' " " " I
fatigue and inabihty Io use double shifts to coser for

A nuclear power plant is a complex physical syster.
illness and other absence. Fatigue was studied using operated maintained and modified by severat hundre,

workers * perceptions and also accident rates. Most people. Information transfer among these people is b-N
workers reported overall decreased fat.gue from few er means of technical data and procedures. The intera,p"
12-hr shifts per week, even on night shifts. The author tion between procedures and people (those who wm.
implies that the accident rate did not change, but no them and those who read and use them)is included e;. data are given.

human factors considerations in nuclear power plant s|.
I Joaquir. et al. (1981) studied 12-hr shift experience at (The presentation of technicalinformation to operat

the Ontario flydro firuce lleavy Water Plant, a ing people is included in Section 8 in this review).
~ chemical operation associated with, and co-located A vast number and variety of procedures facilitate
,

M with the Bruce Nuclear Power Station. The Bruce and encumbers operation of a present-day nuclea
lleavy Water Plant (but not the nuclear power plant) station. Management directives and administratin~

went on 12 hr shifts in January 1979. The workers procedures are part of the subject of Section 6 of th:

3 suneyed experienced some additional fatigue, but resiew. Procedures for normal operation, while im.
beliesed their physical condition to be unchanged portant to plant availability, and as components ofp
(64*a or improsed (30?;). They perceived no effect initiating events leading to plant transients and
(56?J or small positise effect (38?;) on heir work accidents, are not included in this review. This chapte:y4
performance. No effect of the 12-hr shift was detected deals with the emergency operating procedures to be'~

on sick lease rates, except for mechanical maintainers, used by the plant operating crew in coping witi
where the rate increased. abnormal plant operation, including severe transient-"

More recently, Ontario flydro announced that the and accidents; testing and maintenance procedures arc
12-hr shift would not be implemented at their nuclear discussed in Section 8. Off-site emergency prepared.
stations. (Strickert et al.,1981).

ness, plans at;d procedures are the subject of an
Price et al. (1980a) studied some possible tradeoffs accompanying paper (Grimes and Ramos,1982).

for coping with the conditions leadmg to chronic
osertime. They comidered three options:

(1) Changing from an 8-hr rotating shift to a 12-hr 7.2. Emergency operating procedures-general

rotating shift. The Emergency Operating Procedure is a written
(2) Reducing the number of reactor operators and/or document (it may some day be stored in a computer

senior reactor operators required m the control memory) intended for the operating crew to consult
room on a shift. and use in abnormal situations. The role of the

(3) Utilizing lesser trained and/or experienced person. operator in such an event (Section 12 of this review)is
nel in the centrol room mofold:

(1) To maintain or restore adequate performance of
They concluded that none of these options is desirable the critical safety functions;
for new units. This is particularly the casein siew ofIhe (2) To diagnose the problem and initiate recovery of_

report by Joos er al. (1979) that indicates that human the plant to normal operation or, if that is
ctror rates are higher during the first months of plant .

1

impossible, to orderly shutdown.
operations.

ln order t o control the perecis ed fatiguc in operating The procedures should therefore be oriented to the
crews, NRC has issued osertime guidelines. A repre- dual task of the operation crew. For task I, the

procedures should describe the symptoms by which
sentatise set is gisen in NRC (1980b), and is repro- performance of the critical safety functions can be
duced in Table 14. These guidelines are not working evaluated, and guide the operator to success paths for
sery well; they are too prescriptise. For example, the restoration of the functions if the symptoms show thee
requirem.nt that the plant manager or his deputy need. For task 2, the procedures should include ai.(
approve all desiations results in a large paper work- diagnosis prccedure and guidance for recoscry., g
load during refuelmg without a compensating safety If the preceding analysis of operator tasks anden
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procedure needs is correct (it is the author's, based broadened, from previous such werk, to include the
primarily on Corcoran er al.,1980a and 1980b), then operation of non-safety equipment that might help in
present-day emergency operating procedures in U.S. preventing accidents from developing or mitigating

'

nudear power plants are in need of upgrading. An their consequences if they do occur. This change is
upgrading program is under way. analogous to the change in computer codes from

The reviews of the TN11 accident contain severe conservative bounding models tassuming for design
criticisms of the emergency operating procedures purposes that only safety equipment will function) to

j

available to those operators. Kemeny er al. (1979) realistic codes (allowing for operation, or fad'ure, of
;

any relevant equipment).state: "

The actual behavior will. of course, depend on what ^

'Some of the key TN11-2 operating and emergency sequence of events actually occurs; that is, which
procedures in use on 28 N1 arch were inadequate, among the large number of possible combinations of
mcludmg the procedures for a LOCA and for successes and failures of equipment, plus correct
pressurifer operation. Deficiencies in these pro- operations and errors, will take place in the specific ,

cedure7 could cause operator confusion or incorrect case. The new analyses are being broadened to include
" " " " enough representative combinations to provide guid-

-

'There were deficiencies in the review, approval, ance to procedure deselopment.
and implementation of TN112 plant procedures . All plants w ere required to revise their procedures as '

.

needed to raake them consistent with the revised
'Substantially more attention and care must be analyses. In addition to the small break loss-of-

devoted to the writmg, reviewing and monitoring of coolant accidents, analysis was performed for all
plant procedures. g g g g,

the review of Rogovin er al. (1980) includes the symptoms of the approach to, and the course of,
following: inadequate core cooling, using instrumentation pres-

ently installed. The procedures also include mitigating
'The underlying questions are: were there pro- such situations, to the extent this can be done with the _

cedures available to cope with the situation at TN11 existing plant system
on the morning of 28 N1 arch 1979, and did pro- For plants coming online since the TN11 accident,
cedures or lack of procedures have an impact on the improved procedures has e been descloped, st di mostly
accident. % e beliese that the procedures were growly using the traditional approaches. These hase been
deficient in assisting the operator in diagnosmg based on improved technical guidelmas that take into
problems with the feedwater system, the ewr- account the analyses described earlier. These pro-
gency feedwater system, and OTSG lesel responses ccoures have been audited using walkthroughs m the
when emergency feedwater pumps were activated. plants as well as real time simulator exercises.
The procedures were of no help in diagnosing the For the future, all plants will develop completely
PORV fadure, nor did they proside guidance in revised emergency operating procedures, based on

Danalyting the situation of pressuriier lesel mereas- improsed technical guidehnes (Section 7.3) and also Eing whde RC pressure decreased. Furthermore, the on human factors guidelines (Section 7.4) for im- *
procedures gave no guidance regardmg oserriding prosed application under emergency conditions hthe automatically initiated ilPI, when to trip the The program of analysis for procedure deselopment [RC pumps while temperature and lesel are high and bases is bemg broadened from the imtial emphasis on Mpressure n low, and when and how to estabhsh small-break loss-of-coolant accidents and inadequate
natural circulation (N1alone er al. (1980)).* core coolmg recognition, to a comprehensive analysis h

-

The Action Plan by NRC (1980a) includes (Items of plant transients and accidents. This work, now
IC 1,7,8 and 9 in Table 3) a program for procedure under way for U.S. plants, is necessardy based on a m
improsement. In the short term, small-break loss-of- taxonomy of transient and accident sequences. Event g
coolant accidents were re-analyzed, using realistic trees (see Section 24 of this review) are a way of f
computer codes, as compared to the highly conservat- organizing these sequences. To make the analysis task y

t
ise codes previously rehed on. This change is import- manageable, the possible sequences, candidates for
ant, smce operator actions should be based on the analysis, must be screened. Some screening factors gj

i

transient behasior as it is actually experienced, rather include: ,d
than on design-basis calculations performed for (a) Whether a sequence has actually occurred in some
bounding cases. plant; y

The combinations of events included were also (b) Judgement, plus any avadable data, regarding the g
k,

.
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[g probabihty of a failure or error, or of a sequence and functiens, whereas the procedures must deal with

taken as a whele; the actual plant controls and equipment that must be

h. (c) Whether the failure or error is likely Io be rectified, manipulated.
-- and ihus iti effect nu!hfied; The guidelines are technical documents to be used as

- (d) Whether alternate success paths are available if a a basis for procedure writing, whereas the procedures
failure or error occurs; themselves must be used in real time, so to speak, by

(e) Whether the sequences produce symptoms that the operating erew. under stress,in the actuat transnt

$ are confusing or are hkely to evoke an incorrect or accident. The guidelines are therefore technical
.

operation response; documents containing technicat information,while theA

;; - (f) The consequences or risk associated with a gisen procedures are written, or should be wntien, with the

[ sequence. use in view. Existing procedures in the U.S. and
1 he sequences w hich sunive screening are analyzed, thuefore existing procedure guidelines, are universally

using as realistic a computer model as practical. The event oriented. They are keyed to an initiating event.
results of the analysis are values of plant variables as like reactor trip iscram), or pipe break (loss-of-coolant
functions of time. In applying 'hese results to pro- accident). Since there are several kinds of initiating
cedure development, one looks for similarities of events, there are several emergency operating pro-
symptom patterns, and alternatise success paths to cedures in each plant. The better ones begin with the
terminate the sequence successfully or mitigate its symptoms by which the operator can recognize the
cor. sequences. particular event, then follow with the operating steps

The desclopment of procedures is thus intimately to be performed.
related to the analpis of plant behavior. In addition, Many reviewera have observed that procedures, and
the information available to the operating crew is procedure guidelines, developed with this event orien-
essential to their response, and therefore to the tation are poorly related to the most urgent and most
procedures ! hat govern their response.Thus the review difficult parts of the operating crews' emergency tasks
of1he man-machine interface, particularly the control They do not focus on maintenance or restoration of the
room (Section 8 of this review). must be done in critical safety functions, and they do not focus on
conjunction with procedure evaluation. In orden to diagnosing the source of the problem to enable
effect substantial improsement in control rooms and recovery of the plant. Thus although these procedure
procedures, the control room analysis must be per- guidelines contain, if correct technically, the ingredi-
formed with good procedures; procedure validation ents of the operating crews' need for guidance, they do

I must be done in a good control room. not provide readily usable, organized guidance for
Fmally, the quahfications and training of the what has to be done.

operating people must be included in analyzing the Longer-term procedure development programs
procedures and the control room. These inter-related have been mandated by NRC (19%), item I.C.I and,
factors-control room, procedures, qualification and I.C.9. The objective of this program is to develop
training of the people-must all be analyzed together. procedures better suited to the opetaldr's role and
The programs ofimprosement in human factors safety tasks, and better arranged for control room use.
will hase to deal with all the components of the Emergency Operating Procedure Guidelines are
contributions people make to nuclear power plant under developm nt in the U.S. for all classes of plant *
safety and risk. now operating and under construction. None of these

has yet been published in finished form. General. . -

Electric Owners' Group (1980) has published draft
7.3. Techmcal guidelines for emergency operatin# guidelmes for (Reactor Vessel Water)' Level Contror.
procedures (cold) * shutdown', and ' Containment Contror (Sup

~~

The ' Technical Guidehnes' of this section read like pression pool water level and temperature, drywel!
- procedures; that is, they are technical documents atmosphere temperature and pressure) Reactisit:

stating what the operator should do in various control guidelines have not yet been pubinhed for GI
circumstances. They ditTer from actual procedures in plants. It is evident that these new guidelines art
(1) their generic nature and (2) their presentation. organized to correspond to critical safety functions.

T he generic nature of procedure technical guidelines Each guideline starts with ' entry conditionsW
,

; arises in the generic nature of the analysis on which short outline of symptoms showing the need fo
" ' they are based. This is done for economy, for plants attention to the associated critical safety function. A-o

sufficiently similar that the analyses, and guidehnes, an esample, entry conditions for the Reactor Vesse
4 are sahd. The guidehnes are gisen in terms of systems Waterhet guidehne are:

.
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(1) Water level indicated below a predetermined page discussion of the event and its symptomt and
value; or inen the operator action guidelines follow. Store work ,

12) Drywell pressure indicated above a predetermined is required,in the author's opinion, before these and
*

value; or other current draft PWR guidelines will be in shape to

0) Containment isolation vahes close. support the writing of plant-specific procedures that
T he guideline then lists,in order, the required operator promote the successful accomplishment of the two
actions. There is a great deal of branching, depen- basic functions of the operating crew.
dent upon the succcss or failure of the measures
undertaken by the automatic systems and the oper-
ator. The branch points are associated with 7.4. Human facrpr aspects of emergency operating

*)mptoms-values of variables- and criteria -- Procedures
predetermined leves at which the operator should the human factor shortcomings of the esisting
take ahernate or additional action. procedures at Three N1de bland have been reviewed

Contingency guidelines are prosided for sit sets of by Rogosin er al. (1980) and Nialone et al. (1980).
symptoms of increasing severity. The Lesel Control, llesides the technical inadequacies discussed m the
etc., guidelines contain transfers to the Contingency precedin r section of this resiew,the procedures are nota

guidelines. The Contingency guidelines are symptom well suited to use in emergencies, under stress, in the
oriented aho, and inc!ade steps for the operating crew control room. Their phy sical form, layout, format and
to take in degraded situations (systems don't workl or mode of espression need to be brought into con-
those with inconsistent symptoms (instruments don't formance with the needs and limitations of the human
work or the combination of circumstances is unfore- readers who must use them.
seen or not understood). They thus comprise the NRC (198tc) gises a bibliography of oser 100
guidelmes for inadequate core coolmg. references, mostly directed toward readabihty and

Seseral sets of plant-specific emergency operating usabihty. l'uchs, Engehchall and Imlay (1981a,1981 b)
procedures hase been des eloped from the guidehnes in and Nforgenstern er al. (1981) hase gisen recom-
General Ilectric Owners' Group (1980t These have mendations. NRC (198tc) has published, for public
been subjected to ses cral simulator esercises,in w hich comment, criteria for procedures. Topics covered
operating crews have used the procedures in real time include organization, format, style and content.
to respond to a wide sariety of simulated event Intuition suggests that there must be mas,y accept- ,

sequences,includmg multiple fadures and instrument able, consenient, usable w ays to orgamie, format and y
fa tures leading to mconsistent sy mptoms. The style a set of emergency operating procedures. The 9j
effectiseness of the approach, and the basic technical authors of the pubhcations referenced in the preceding
correctness of the guidelines, hase been sahdated,in paragraph each present a single way of doing this as a
large measure, by these simulations. directise or a strongly recommended example. The

Although the shutdow n guideline takes the plant to recommendations are different, and in some respects g
cold shutdown, and thus fulfills the requirement for inconsistent. +

plan' recosery (the second basic function of the Ilrune and Weinstein (1981) give a checklist for y
operating crew), the guidelines in tbeir present form do emergency operating procedures. The 46 questions are
not esplicitly provide for diagnosis. Esperience w dl tell based on an analysis by the authors of some t)pical

'|
us whether such provision is needed. procedures of current types (not the symptom-bawd

The ow ners' groups for pressurized water reactors in precedures under doelopment), and analysis of 1641 -

the U S. are also deseloping improsed procedure esent reports classified as operator or procedural .

guidehnes. lloweser.nonc has >et been brought to the errors.Of these 329 insohed procedure-related oper- ~

state of the General Electric Owners' Group (1980) ator performance desiations. *|report. An esample of the present state of deselopment Each checklist item is rated accordmg to its
is gisen in Combustion Engineering (1981). These bubjectisely awessed) probabihty to induce perform- .

guidehnes are organized oserall by function: ance deviation under low, medium and high stress as
Reactivity Control, Primary System Insentory and defined in Swain and Guttman (19x0). O
Pressure control, Primary System lleat Removal and While some of the checklist questions are clearly
inadequate Core Cooling. Within these functional particularized to cs ent-oriented procedures, and to t he o

categories, the guidelines are organiicd by esents: loss shortcomings of today's procedure books, others are
",

of feedwater, loss of forced reactor coolant tiow and more widely applicable.
steam ime break, for exampfe, under Primary System Airhner cockpits are furnished with procedures J
lleat Remosal. Each guidehne begms with a three- manuals for emergencies. Ilecause of the faster time .
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response of the jet aircraft compared to a nuclear principal subject of the present chapter. Related areas
power plant, the aircraft emergency procedures are alarms, status monitoring of safety systems.
manuals are necessarily concise, easy to read and monitoring of eritical safety functions, and disturbance
follow, wit h crisp clear style.The auther suggests that a analysis systems. h1aintenance is also reviewed briefly
jet aircraft is as complicated a machine as a nuclear Following the Three hfile Island accident, h1alene
power plant,less amenable to manual controlimpro- er al. (1980) assessed the control room at that plant.

. visation or on-stream repair, with a higher operator along with other aspecis of the man-machine interface.
(pilot) workload, and a more difficult problem of These authors * conclusions are given here verbatim:
achiesing a safe shutdow n state (landing and stopping)

'The primary conclusion reached on the basis of this
in an emergency. (There are, of course, other signifi

investigation was that the human errors experienced
cant differences). The nuclear plants have, in the

during the Thfi incident were not due to operator
aut hor,s opinion, much to icarn irom a study of airliner
emergency procedures manuals. ' .c encies but rather to inadequacies in equipment

#"E"' * """ " E''''"'" "' ** "E'"'I E"'it is to be hoped that the future procedures to be ce res and training.
wntten from the guidelines now under development

gennal c ncluu,m a, supp by sevnal
will be presented in a form usable by the operating

more specific conclusions which are:-

crew in an emergency. Some beginnings of advanced
(1) TMI 2 was designed and built without a central

methods are summariicd m the next section. *

concept or philosophy for man-machine
' * ~

integration.

7.5. Potentialimproredforms of procedures (2) Lack of a central man-machine concept resulted

The traditional picture of a book of typewritten " ' . * T I " UI
uige gency it a .

E"*' "" *

procedure rtually universal, yet better forms may,4

, ,97 s dW
mati n requirements by operator tasks, someMalone er al. (1980) mention (Volume 1, page 76)
critical psrameters were not displayed, some

use of procedure pages projected onto a large screen in
were n t immediately available to the operator

the middle of a U.S. nuclear plant control panel The
because of location, and the operators were

, author has seen (unpublished)a decision tree requiring
burdened with unnecessary information.3'

fisc sheets of 2 m cach Io depict.The direct use of such (4) The control room panel design at TMI-2 5iolates
large drawings seems intuitively impractical in the

a number of human engineering principles result-
control room, but is being pursued. The problem W io dlWm- would seem to be to recover the correct path on the

probability and response time.
tree as the aspects of the decision boxes change during

(5) The emergency procedures at TMI-2 were defici-,

the course of the event sequence.
ent as aids to the operators primarily due to a

The potential for implementing such a decision tree failure to provide a systematic method of pro-
on a computer seems obvious llalden (1981,1981b)

blem diagnosis.,

has begun studies on the use of computer presentation
(6) Operator training failed to provide the operators

- of operation manual materials. The two referenced
with the skills necessary to diagnose the incident

reports include a computer terminal and program t
and take appropriate action.

[ watch over compliance with equipment outage tech. (7) Conflicting implications between instrument in-
nical specifications (llalden,1981) and the basic

formation, training, and procedures precludedstructure of a computer program for presenting*-
timely diagnosis of and effective response to the

sequences ofinstructions. Further work is left for the incident.'.,

future.
Control room designs and requirements generally arey

discussed by Malone er al. (1980h as well as mainten-
ance. Prior to Three Mile Island there was some*

~ ~

s. CONTROL. ROO%15 AND OlllER DESIGN increasing attention being paid to human factors in

% ASPECIb OF Tile MAN 41 ACIIINE INT ERFACE nuclear power plant control rooms; see for example
the work of Seminara and his collaborators (1977,

* 8.1. Introduction 1979a,1979b,1980s,1980b,1981). Current programs
H The traditional * human factors' concern, to the for controt room improsement, and recent technology
g outsider at least,is the presentation of information to developments, are reviewed in the following

the operator in the control room. This topic is the subsections.
a.
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*

8.2. Ifumanfactor principlesfor control room design gency operating procedures and operating crew tram- [I
A discunion of general references for human ing and installation of a Safety Parameter Display :

capabihties and man-machine interfaces is given in System (see next sub-section). The resiew and evalu- 4

Chapter 3 of this review. Mihtary and other data ation process is shown in Figs 3,4 and 5. 3
directly relevant to nuclear control rooms are refer. The control room resiew is built on the technical g
enced in Appendix A of NRC(1981d). Many-:"ost- br.is furnished by the function and task analysis de-
of the precepts of this document are applicable to senbed in the last sub-section. Surveys of knowledge- *

controi rooms in general. Ilow then.can the designer able people and reviews of previous human errors ~

or reviewer tell that there is a nuclear power plant are used,in addition to the function and task analysis, ;
connected to this particular control room? The short t identify potential problem areas for review. A sursey
,inswer is that human capabihties are not significantly of the information available and the arrangement, .

d fierent for nuclear power plant operators. The labchng, etc., of the displayed information is used to
information needs, the characteristics of the process identify 'lluman Engineering Discrepancies' tilEDs)

,

and the particulars of the procedures will determine where improvement may be needed. The functional
the technical content; thus, these things reflect the and performance capabdities should be serified by '

special behavior of the nuclear plant. Aside from the walk-through, talk-through exercises simulating res-
systems and functions analysis performed to determine ponses of an operating crew to postulated esent
the required technical content, the nuclear plant sequences. The result of this process is a list of IIEDs.
contre! room design process is the same as for any The close connection between the control room
other control station of comparable complexity. design and review and the training of the operating *

Appendix 11 of NRC (1981d) desenbes ' Systems / crew and the emergency operating procedures they use
Operations ()esign Analysis Techniques' appli. is esident. Preliminary assessments already conducted
cable to nuclear power plant control room design. by the author of this resiew and his colleagues show
Systems Operations analysis is stated by the author to how this connection operates. Often, an llED ob-
he the basic tool used in establishing design require- sersed has been attributed to shortcomings in pro-
ments, by ' systematically defining the equipment, cedure or training rather than (or in addition to) the
personnel, and procedural data requirements to meet contr i room information presentation.
all f u a:tional objectises of the controi room, including if a plant-specific simulator is available with a
ufe operation of the plant'. This reference giscs a control room identical to the plant's, then the
complete design proccu, suitable for new plants or vahdation can be done in real time-an obvious
control rooms if there are eser to be any. The concepts dvantage.

are also useful in performmg a review of an existing Figures 4 and 5 outline the process of assessing the
i plant, as desenbed in the next sub-section. The central llEDs identified in the resiew. Both the propensity for

focus of the design or review process is a resiew of causing an operator error and the consequences of the
system functions and an analysis of the tasks required err r are considered in the assessment (NRC 1981e).
of the control room operating crew. Job and task Neither of these factors can be precisely determined.
analysis are discussed generally in Section 3 of this The probabihty of an error depends on many variables.
resiew. Task analysis should be the basis for the The success show n by some operators in coping with
control room design. It was neglect of this precept that bominably mis-designed boards (see for example
eudently led to the deficiencies in the Three Mile Mal ne er al.,1980, and Seminara er al.,1977) amply
!sland, Unit 2, control room so severely critictied by demonstrates this. The consequences of an error
\talone er al. (1980). depend on the sequence in progress and on the effect of q^1

other operator actions that can mitigate or aggravate M1
the esent. Seminara cr al. (1979a) hase shown how

O. Control room ret icws y
. enhancement' changes-improved labeling, color

The sherteomings of U.S. nuclear power plant codmg, demarcation, and other changes that leave the
control rooms made esident by Three Mile Island instrumentation and control hardware unchanged- U
showed the need for a prograna of resiew and can improse control panel readabihty and usabdity. M
;mprosements. Such a program is set forth in the TMI Figures 6a and 6b, taken from Ihis reference, show nJ

\ction plan (NRC 1980a,1980b). Detaded design graphically what can be done. The improsement is W
reuews are to be conducted for the controi rooms of all obvious. Qplants, old and new. The changes shown by these An interesting and important question can be ;
reuews to be necessary will be implemented in illustrated from Fig.6b. The main steam trip and C

.onjunction with concomitant improsements in emer- bypass valses (right side of panel) and the two sets of

.
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( HUMAN ENGINEERING DISCRFPANCif S(F ROM THE REVitw PROCESS) |

w

i,

ASSf'iSuf NT F ACTORS - > A35t$5 DISCRE PANCtf 5
1AFf fY CONSE QUE NCf 3

*

,

e 04 Rf CT S A F E T'Y
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CON $EQUENCE$
,

'
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, -
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DOCUUCNf

I aNtat 41 The senseeweat serwen Sewtiori of HE D$ to tw oneners fue centert.on

Iig 4 Control room reuew prmen selettion of human engmeenng dmrepancies to be analved I rom NRC fl94tdl

lam regulaimg uhes tiower left) aie arranged console into the custmg control room T he new
\ 15 C from left to right. The auuhary throttle uhes panch, mcorporating cathode-ray tube dnplays and
senterl are C 11 A with C on top. and the mam computer formats. w ould be used for certain functions,
+14 tion uhes tupper left)are A Il C with A on top. with the old panels, perhaps with enhancement,
\t least you can read thn on Fig 6b, whereas the scrung as a backup
rigmal labeh m Fig 6a are unreadable land,in the No reuew and improsement program is known to - I
uthori esperiente, are often incomprehenuble if y ou the auther to hase been carried out and implemented p.
,anare to read themp The question is, should the with the scope and depth gnen in N RC(198|d 1981e) 32'anel be rearranged so all the A 11 Ci are umilarly Pew ct al. (19% I l have eutuated wme posuble arc u g.
nd out? T he advantage n obsious Not w obvious is for human fattors improsement, using analysis of four ~M
he potential for error after the change for the operator actual nuclear power plant transients The analysis b
sha has learned the old layout. 'lhere is a ned for method was based on the critical decnion elements y
ht.unmg relcunt, uhd esperimental dat. on this attually made by the operatmg trews irnohed. "-

vomt. categorized as detectioa, interpretation, etc. For IN
Ihe changes implemented as a result of the reuew innoutions atrammg, disp'ay improsement, addition ea

hould be uhdated, by a procen umilar to that used of perwnnel, etc ), the anahsis gnes ratmgs based on d*r the cather controt room sahdation. Thn uhdation ranking by a panel of opern and aho o o Jcouon Gj
'roceu should aho be used to determme how much diagrams. Some results from As reference are gnen in h
carrangement should be done. Table 15. Frammg is ranked highest, with control d
Ifestensiseimprosement n required a better as Aell room momtormg of baue safety functions. dnplay g

s theaper wiution may be the addition of a new improsement, and workspace layout judged sery A
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f MUMAN ENGINEERING DISCREPANCIESh TO BE ANALYtED FOR CORRECTION
/

( fFROM THE MED SELECTION PROCESS) j

,4,
ANALY1st FOR CORRECTION
SV ENHANCEMENT

,

I~t

M
CORRECT WITH Yll

ENHANCEMENTP
,g

.1 DESIGN AND

/M NO VERIFY

ANALYSIS TO IDENTIFY DESIGN
-" *

IMPROVEMENT ALTERNATIVES AN3
SELECT RECOMMENDED SOLUTION IMPLIMENT AND

DOCUMENT
e FUNCTION ANALYSIS

p............ '
e AuOCATiON

MAN '
MACHINE

k
e VERIFY ALLOCATIOse . . . - e ,

h e

o SELECT PflEFERRED ,

DEssGN ALTERNATIVE ,

o VALIDATE DESIGN . . . . .
SCHE DULEgj IMPLEMENTATIONg

ASSESS EXTENT OF CORRECTION h
E

DOCUMENT ,

Peresuv
Corrected .t

JUSTIFY AND SCHEDULE

DOCUMENT IMPLEMENTATION

Enktist 4 L The amerisment prees Seweteen of dos.gi emprovementt

Fig 5. Control room review process: analysis and correction of selected human engincesing discrepancies. From N RC (1981d t

helpful. This reference also includes valuable insight on
8.41. Control room alarms. A principal control room

operating crew knowledge-based behavior and deci- man-machine interface is embodied in the alarm
system. Its basic fanction is to call the operator'ssion processes. attention to situations requiring such attention. In"
current control rooms, the alarm system is judged to

8.4. Information presentation in the control room have severe shortcomings, in need of substantial

The general principles of information display are improvement.-

well known and have been adap'ed to nuclear power Visuri er al. (1981) have discussed the alarm system
.

plant control rooms by Mallory er al. (1980)and NRC in a hierarchy of operator support. All these systems-
! (1981a,1981d, especially Appendix A of 1981d). The the definitions can overlap-assist the operators'
:

last reference contains a detailed cross-reference of the decision making:
<

' Control Room iluman Engineering Guidelines * to an (1) Safety Panel (Sub-section 8.4.3 of this review)

' t
estensive bibliography. Ilesides these general and displays recent time histories of approx. 20 Ley

-- - < particular guidelines, a number of special areas hase safety parameters in one place for monitoring the

been studied recently; these are reviewed in the safety status of the plant.
; . .J (2) Safety Console (8.4.3). An enhanced safety panelc

yg following subsections.
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Tat'>le 15. Rating by a panel of expei'g of the impact of improvements on operator decision mJking (l = not helpful; '

7= extremely helpful) from Pew, Niiller and Fecher (1981) I

>
hfcan Std.dev.

STAFF ORGANIZATION
(I) Avadabdity of additional personnel 2.88 1.45
(2) Prior definition of operator trponsibdities 2.13 0.93 <

(3) Addition of shift technical advisor to crew 3.50 1.87
~

>
'

TRAINING '

'(4) Skdl training 425 0.83
(5) Understandmg standard and emergency pruredures 5.75 0 43
(6) Knowledge of specific plant chnacteristics 7 6.00 0.87 -

(7) Knowledge of power plant fundamentals, 4 63 1.11 a(8) Training in decision skills 4.88 1.45
'

CONtPUTERIZED SUPPOltT SYSTEA1S
(9) hionitoring basic safety and avadabihty functions 56; 0 48

(10) Disturbance detection and classifica. ion d ;3 ' 1.36
Ill) Information integration id' l.32
(12) Action identification L75 0.66
(13) Preditive simulation 2.00 1.00

(
WRITTEN PROCEDURES

(14) Procedure accessibihty and accuracy 1 75 1.20

CONTROLS AND DISPLAM '-

(15) Dnpl.iy ..aprmement 5 25 1.39
(16) Conrrti improvement 3.75 1.71
(17) Control-display in'.gration 4.75 1.39
(10) Workspace laye t 5.25 1.20

'

.5
~ W

with access to greater th. n 100 signals to support would reliese the operators from extraneous
diagnosis and action selet tion and verification in information. (Visuri et al,1981).
addition to safety status monitoring. The traditional alarm component in power plant

_

w
(3) Critical Function Nfonitoring System (8.4.3). A control rooms is the annumiators, comprising one or

safety console with logic that relates safety status more audible alarms and panels of multiple, back '
to maintaining or restoring eritical safety functions lighted tiles for the individual functions. The visual
(see Section 7). aspect of each tile (dark, lit, flashing) gives the status of b

(4) Disturbance Analjsis System (8.4.4). Computer the fung n; the audible alarm calls the operator's 6
softcare to determine the cause of a disturbance, attention to changes in status. Q
analyre and predict its development and present For single component failures or errors, the system
correctie actions, works well. If (for example) the level controller on one k_

(5) thtturbance Analysis and Surveillance System steam generator malfunctions, the resulting incorrect 4.
(M.4 4). A Disturbance Analysis Sy stem to w hich is w ater levelis annunciated and the operator is directed
AJ d surveillance of safety status, system avail- to the subs 3 stem for troubleshooting. m
ahIlity, safCty 'pr CCdurC and technical specifi- For ,many plant transients, a large nuinber of 1

) cations. The scope of this is still under consider. annunciators light up nearly simultaneously The
ation, an$these systems are highly deselopmental feedwater trip sequence that initiated the accident at gtcday! Three N1ile Island, like most such =cquences, tripped e

d(6) Ahrm Handling Syste.tt Extracts relevant alarms over 100 annunciators in the nrst few minutes
osat of the large amodnt of process signals. (Kemeny,1979y N1any normal er frequently encoun- d

(7) AL' ems .re hdications of either correctly per- tered situativus are in this class; the fact that operators
,

W
formed safety .bnctions or changes in plant can make any sense out of such an array is remarkable. >'

gjoperating mide; caused by the disturbance. In the author's experience, there are upwards of is
Presenting only exceptions to normal patterns 1000 annunciator tiles in a single-unit control room. d
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Q Mcreoser, he has never seen fewer than 40 tiles lit, whose technical basis is not given by the author.
even during operation deemed to be normal and Wahlstr6m (1980) suggests a logic involving the

4 uneventful. various states of the plant. As an example, a low
Banks and Boone (1981) have surveyed some of the pressure alarm on a pump discharge pipe would be

problems of existing annunciator systems. They note - inhibited when the pump in not running or not*

g
N the presence of inexcusable flaws: supposed to be running, or not required to run. Blirger

$ (1) The legend on the tiles was small, or otherwise and Vegh have extended the concept to include display
unreadabic, confusing, cryptic, with abbresiations of 'the alarm trees, showing the operator the " alarm
inconsistent with labels on associated instruments patterns"from which the deduction were made' Cerny

and procedures. (1980) describes briefly a hierarchical classification of

(2) Many annunciators alarm rcutinely. In one plant, 930 alarm variables in a fossil power plant.4

46 tiles relate to doors, they alarm each time a door Visuri et al. (1981) give a detailed discussion of a
;.

is opened, although the control room operating developmental alarm handling system, with details in
crew has no action tc take when a door opens. the related paper by Visuri and Owre (1981). Both a
Many other distracting alarms are present, Same priori data and on-line process data are edited and
are alarmed for normal conditions. translated by the computer program into process

(3) In one plant, there are 12 separate audible status and alarms. The authors identify two classes of
alarms-horns, bells, buners, *arbling tones. alarms:
When a certain fuse blows, they all sound! (i) Automatic functions that should follow a trip that

(4) The layout, arrangement, hierarchy and demar- are not carried out;

cation of the tiles is poor. (ii) Off-normal signals which would be presented as

But es en in w ell-designed systems,1000-plus tiles with alarms in a conventional system, with normal

legends are httie help to the operator in diagnosing and consequences and multiple signals suppressed.

mitigating sequences that alarm 100-plus tiles in a few Two classes of displays are described:
.. minutes, with a fresh alarm esery few seconds. (a) Color-coded process layout diagram at various

The use of printers and CRT displays for alarm lesels of detail;

indication and recordmg is well estabhshed. Yet 100- th) Chronologicallists of alarms selected by degree of

plus hnes of alarms on a printer or CRT is esen less urgency.

useful to the operator in real time than the pattern-- A computer program embodying these principles was

perhaps recognizable-of ht and flashi g tiles. developed for a 660 MW Finnish BWR. Simulation ofn

A diagnostic aid easil) implemented in computer- a pipe break in the primary coolant cleanup system
based systems is precise time-ordering of alarms to showed 140 alarms in 10 sec,210 in 30 sec. The alarm
facilitate deciding what came first, thus helping to handling program gave 10 and 23 high-priority
identify the cause of the event. alarms-a reduction of about a factor of 10. The

~ A number of recent studies base been aimed at alarms indicating the location of the break by high
improsing the usefulness of alarm information for the room temperature and water on the floor were the lith

' operator coping with a major transient. All are based and the 22nd among the filtered alarms, but 174th and
,

on computer logk and CRT display. Jervis (1980) 93rd in the all alarms list.'
- states as the basic objectives:'to integrate the data and

. alarms on a plant area basis and make them readily 8.4.2. Status monitoring. This topic is here limited to

accessible by the operator'. This author gives five techniques for presenting to th: operator a condensed
essential features: picture of the readmess of systems he may call on~

(i) An osersiew which gises a quick assessment; during transient and accident sequences. The work
tii) Time order of detection of alarms; reported up to now has been limited to safety systems

,

(iii) Delineation of plant areas and systems in alarm for plant shutdown and cooling.
Not reviewed here is an extensive literature in thestate;

tiv) Permanent record of alarms; technology of trouble monitoring, for example by on-*

& ts) Cross-referencing of data and alarms. line analysis of acoustic noise or neutron fluctuations.
Jerus (1980) describes sescral existing systems and All safety systems-all systems-include informa.
gives a formal functional speciScation of one. The tion presented to the operator for his use in control-

,

..

7 central idea of this system is classification of alarm ling the action of the systems. For safety systems, most
signals and presentation to the operator of an over- of which have no function during normal operation,~

view of the alarm status of the plant. Alarms are the initial information needed by the operator is

", suppressed (from the sisual display) by softw are logic system readiness; that is, availability of the system to

*:
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function if needed. At various Icvels of sophistication Undesirable features of present designs were noted, x
this can include, (1) cognizance of equipment de- similar to the alarm system resiews of Banks and
liberately remosed from sersice for testing and main- Boone (1981).
tenance, (2) checking for correct lineup of valves and A prorram to develop an automated safety system
circuit breakers, (3) monitoring of essential support status monitoring system has been described by
functions like energy, cooling and lubrication, (4) Nadelik and Roggenbauer (1980)and by Haubert and
keeping up with required testing intervals and al. Stokke (1980). Graae (1981) has reported a pilot
towable reductions'in redundancy, (5) on-line moni. experiment, applying some developmental software "

toring of the safety function success as evidenced by from this program in an operating nuclear plant.
critical variables. The last, item (5), is discussed The basis of the system is a set of decision matrices
separately in sub-sections 8.4.3 and 8.4.4, below.. for possible combinations of first and second failures in

Administrative procedures are unisersally applied highly redundant systems. Allowable outage times,
in implementing safety system monitoring. A long list determined by plant-specific rules (in the U.S., tech-
v repcited lapses testify to the need for improvement nical specifications) that mey be based on ;>robability

, f
# '

in this monitoring. The auxiliary feedwater system at considerations, are the constraints on the system. The
Three Mdc Island was vahed out of sersice before the information displayed includes the system status. $accident, and its non-availabihty was not recognized applicabic rules, and mandated actions. If prompt
until 3 min into the sequence of events. action is not required, the operator is kept aware of b

V
The author has been shown many computer-based times available for repair options. Msystems for keeping up with required surveillance tests The testing time of a few months reported by Graae FA

and equipment out of service. These are basically (1981)for the pilot experiment insolsed only a few real haccounting systems to improve the effectiveness of faults, but simulation testing prosided additional g
admmistratise controls. We lack quantitative data on operating experience. The referenced author con- Ythe effectiveness of such controls and the improvement cluded. 'the experiment has given evidence enough Io 9provided by the computer systems. provide that a system of this type is of real benefit for

..

NRC (1973) has published a Regulatory Guide on the operation of a nuclear power plant. The experi- Ysafety system status monitoring. recommending instal- ment has also outlined how a system in full scale
' ]'lation ofinformation readout in the control room to should look like to meet the practical needs of the

-

supplement and facih, ate administrative control. The operat ng staff'. -

TMI Action Plan (NRC 1980a, Item I.D.3) includes
status monitoring as an item for future consideration. /k"
A commitment to implement the guide has been 8,4.3. Afonitoring of plant safety status. Whereas the G
included in a proposed rule by NRC (198tm). presious sub-section treated monitoring of the readi. T

13rown and Von flerrmann (1981) evaluated existing ness of safety system hardware, this sub-section con-
U.S. monitoring schemes using a sy stem ranking based siders the monitoring of the plant process. Thus we ,,

{on risk importance. They used the following hypo. consider here the Safety Console, S.'fety Panel and
thesis:'The ability of the operating crew to efficiently Critical Function Monitor of Visuri er al. (1981). '

determine the status of a safety related system or ' Safety' as a real-time sariable has not been well *
component is commensurate with the safety signifi- defined. It is obsiously insufficient to momtor only =

cance of that system or component.' Their measure of radioactise releases; plant ' safety *, although basically
%afety significance' was based on probabdistic risk defined as freedom from releases involves presention -

assewment. The Reactor Safety Study (NRC 1975b) and mitigation of accidents that lead to releases. On
irisk model was used, with the increment in core melt the other hand, it is impractical to monitor all '

frequency from the unavailaimay of the system under sariables that could possibly lead to situations in-
.

Qconsideration used as the measure of safety volving potential releases. A most useful concept is
signilicance. that of ' critical safety functions', discussed in sub-

The relative effectiveness of various safety status sections 5 2 and 5.7 of this resiew. The monitoring of
monitoring techniques was assessed by judgemental the sariable safety' can, in this siew, be reduced to '

n

analysis of how well the status is transmitted to the monitoring the values of a limited number of plant
operator; capability of the operator to receire the variables-a Ntate vector * for safety.
information tiraining, procedures) was not included. Unique, complete sets of variables comprising a '

The effectiveness of status monitoring was found not Safety State Vector hase not been published. NRC
to be consistent with the risk significance of the (1981) gises only general guidance relating the vari- t

systems and components in the plants studied. ables to Critical Safety Functions.
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m Honeycutt er al. (1981)give a set of 21 variables for a that includes a Safety Console. Many designs are
PWR, which (with redundancy) means handling 36 under development.
signals. For a BWR, these authars suggest that a
somewhat shorter list would be appropriate, based on 8.4.4. Disturbance analysis. Disturbance analysis has

been considered generally by Johansson (1980) whothe work of Levy (1980).2
Yamazaki er al. (1980) have described a safety gives the following definition:

-

g console for BWR application with 12 variables. ' Disturbance analysis is an automated method for
A much larger set of variables comprises the the surveillance of a process, especially concerning

,

instrumentation needed to follow the ceurse of an ts deviations from normal operating conditions,
U accident.This has been defined by NRC (1980g); five and with the purpose to give the process operator

categories of variables are given: information about these deviations. This task is
(1) Primary information for controt room operator to accomplished through a comparison of the actual

accomplish manual actions for design basis process information with that obtained from an a

accidents; priori analysis of the process'

(2) Information whether safety functions are bei.-g The objective, of course,is to improve the operator's
accompushed; knowledge and understanding of what is going on and

(3) Information to indicate potential or actual breach thus to improve the probability of the correct actions
of barriers to fission product release;

- (4) Information on operation of safety systems;
. Dowling et al. (1981) have reported a detailed

(5) Information to monitor and assess any radioactive feasibility study of a Disturbance Analysis System
' ' * ' * * ' (DAS-in this review, no distinction is made between

The Safety State Vector contains a much sma!!er DAS and similar systems that also include surveil-
number, since its function is monitoring Critical Safety lance, sometimes called DASS). The 500-plus page
Functions rather than the w hole course of an accident report includes goals and functions, design procedures,

sequence. A still smaller set of variables is used for the and a developed design specification,.
Safety Console, whose primary function is 'to aid the . These authors apriroach the DAS in terms of plant
operator in the rapid detection of abnormal operating states. The DAS is to generate target plant states,
conditions' (NRC (1981)). Most Safety Console pre- determine the actual plant state, and identify ' disturb.

liminary designs the author has seen have a cluster of ances' as difltrences between the target and actual
10 or few er plant variables for a primary display. Since states. Plant functions and conditions (requirements)
these are displayed on a CRT, many additional'pages' were defined for each of 22 subsystems giving 235
of information are readily accessible, so long as it is in possible DAS functions. Of these,194 wcre selected

| the underlying data base. The design trend in the U.S. using cost /value considerations. Additional DAS func-

is a large data base, encompassing oser 100 variables, tions can be added as modules.
with a large m.mber of varied formats available on the The overall goals, in order of descending priority,

operator's request.The front page.normally display ed, were gisen r.s:

is the Safety Panel. (1) Achieving safe shutdown.*

The potential of this system seems limited only by (2) Monitoring for trip surface assumption violations,
the data base and by the ability of the operating crew (3) Keeping the plant running,
to receive and use the information. Development of (4) Achieving a damage-free shutdown.2

i

4 additional programming and operational uses is to be it can be seen that DAS can be an aid to achiesing
expected, in the author's opinion. Possibilities include these goals, which are also the goals of other design
safety system status raonitoring and disturbance and operational activities.
analysis. Further deselopment, simulator studies, and A single reference PWR was used to develop a"

operational experience must all be acquired before the specific proposed DAS system. An example of a plant

i actual, realizable potential of this group of systems will function is ' fluid mass inventory in the pressuriier and

be determined. reactor coolant subsystem are to be determined from

NRC (1981k,19811) and Ramos (1981) have given hot and cold leg temperatures, hot leg pressure, and theg
enteria for a Safety Parameter Display System-a water level and temperature in the pressurizer . . For

Q. Safety Console integrated into a control room, but this application, the range of operation was limited to
used in conjunction with other t.nergency response subcooled conditions in the reactor coolant system."'

facilities in coping with accidents, Meijer (1980) four-pump operation, and the water level in them described a ' Critical Function Monitoring System' pressurizer between the upper and lower limits of
,
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4|~%&measurement . The mtention is to obtam mforma- grams were also deseloped and the simulator operated ,. y i
tion on leak s before conditions deteriorate to t he pomt to succewfully track the Three Mile Island accident; 4*D
where lla hing occurs m the coolant'. Algorithms are the D AS mesuges would hkely h.ne aided m amidmg [$[

s

gnen for the ulue of msentory and its untertamty. A the serious later esents in the iMi sequence. %JJ
dnplay format (maw n time, hnear plot) n proposed Yanwaki er al. (1980) dewribe a umphhed D AS ,y

('omnuter studies gase "better' operation and based on errors between the salues of 16 ugnals from
qmtker retogmtion of the egents with the deselop- the plant, compared to calculated ulues for these g ,x f

ugnals from a knear dynamic model ggmental DAS
.:- " '-

A Germany grcup has been desclopmg the S I AR,a Long (1980) has cautioned desclopers and users of p%s a -'
y -

DAS, for sescral years lhe most retent report n DAS projetts of the nced for rehabihty and robustnew hy -

iluttner ri al (19xli, see also lluttner et al (IPO) m the DAS function, m order that the operator be truly
A SI AR setem has been mstalled and tested m the awnted rather than dntracted or confused The need

gg-
Grafnerhemfeld nutlear power station, but operation for simulator serdication and operational esperiente a'#
of the plant has been delayed t he plant ursable data is emphaured G - :c
base n scanned esery 5 sec and parameters outude of

Npredeterimned hnuts shigh lesel, low tiow, ett) are bm8 1 U '"""C"'dI *Cd """C""alarmed A model of the plant, embodied m cause- I M M.wn sequenc e dugrams n used to ihgest the in sescral connecimns,it n highly useful to obtam MLMmformation experimental operational information Examples of ;m y
Ihe cause consequente diagram protecds from thn need mdude culuation of control room and

-

pnme uuses (plant dnturbances for example pump Procedure changes to asoid safety decrements com-
switched off, wntroller failure, tube break) through panson and serification of proposed operator aids and
thanges m plant uriables outude hmits to mewages whdation of trammg
to the operator that gne mstructions for manual Although data from attual controt room ewlutions
actions or mformation about pending or attual wouh! m prmaple be best,it is impractical to wau for
automatic attions Possible mterattne intermedute mudents to occur m g lant operation Rare esents ~

steps indude questions to be answered by the oper itor would be unaudable It n therefore aduntageous to -

gmrg the wmputer adihtional mformation not aud. use simulation techmques to obtam such data, esen
able m the data base. Io desclop a set of cause wn. though stiew factor , would be different tpresumably
sequente dugrams is t he most comphuted and t ritical more sescre) m real acadent sequentes lloit et al t

,
_

taa As a hyproduct, such deselopment may reseal 11981) descnhe an experimental fauhty for such
spiem or mstrument ilmn madequaues measurements lhe basic tool n a full-wope nuclear "J,.

_,.

t he operator retenes from SI AR (1) an alarm power plant umulator with a control room that
summary the messages and m' tructions and ques- duphcates that of the power plant To thn n added a
tmns from the DAS,12) a more detailed presentation i'erformance Measurement Sptem, a computer soft-
of the subsptem where the trouble n hwated ware sptem developed by General Phyucs Corpora-

,liuttner er al il%ligne the resub of 5 yr work on tmn for the l lettric Power Resean h Institute. Ihis
the desclopment of thn y stem Sescralimprosements consnts of on-hne recordmg of data of the control

.

.ne foreseen, mtludmg trenthng analpn to mform the room mputs Ithe aspects of control deutes marupu. '' .
~

operator about a dnturbance before the hrst hmit n lated by the operators) and the umulated plant ' - :eweeded behauor as dnplayed on the control room readout
1,

Meyer er al (19xo) desenhe a deselopmental D AS deutes lhe recorded data are analyzed for event '

that also n based on cause wnsequence diagrams sequente and any off normal unable behawor.
.

Much attentmn was p.ud to deselopment of dnplay Ihe mitial expenments descnbed by llott rt al . ' c

-

formats to enhante operator understanihng Infor- (1941) analyfed operator trainee responses to seven M,
matmn dnplayed mtludes identihcation of the affet ted mitutmg esents that had actually occurred m operat. 7|
spiem, the dnturbance as mferred with the pnme mg plants for future comparnon of umulator data D
uuse, suggested recoscry attmn, and antiapated with espenence. ihe results m lude mught mto pt
wnsequcntes if the daturbante n not corretted A operatmg problems and time-response data, the latter
demonstration sptem with % mput ugnals was tested ht log-normal dntobutions.
on a PWR umulator Spiems mtluded were feedwater P-

;and component toohng water lhe DAS improsed
86 M anail aininil monn %operator response and prouded gun!ance for addi-

,

tmnal sptem deselopment Cause consequente du. Ihc deselopment of rehable on hne computers and 9.,
* 1tr y
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I AEA (1980s) has in preparation a Safety Guide on
large-screen cathode-ray tube terminals provide an maintenance in nuclear power plants. This guideH

M obvious potential for man - machine interface improve-
ment. Around the world. advanced controt rooms have includes recommendations oa program scope, or-

@ been developed, using the new technology to achieve ganization, administrative controls, facilities and
M audits.
k display functions not previously possible. Seminara and Parsons (1981) have performed anWhde the carher applications simply use the CRT

extensive review of the human factors aspects ofg
displays to substitute for hard-wired indicators, more maintenance in nuclear power plants. These authors

N recently proposals have been made to embody alarms,
sdely panels, safety consoles, DAS, and other ' smart' conclude that, although tb military establishment has
functions into the computer-CRT complex. The developed criteria and procedures for maintainabihty

"

precedmg sections of this chapter include many in design and maintenance program guidelines, the
U.S. nuclear power designers seem not to have

-
references to such proposals.

The basics of advanced control rooms are simple maintenance in mmd. 'The magnitude and nature of
enough. A number of CRT displays (the author has the deficiencies that were found do strongly suggest the
seen as few as five and as many as 16) are grouped into need for a systematic and concerted effort to design
a suitable console or panel along with hard-wired power plants that are maintainable in a more reliable,
dnplays and controls. A critical computer, or pair of safe, effective and economic fashion. This need is far
computers for rehabiht), or stributed micro- more acute in nuclear than in fossil plants. Design for
processor system, provide the data handling unf maintainability requires dehberate, specialiied, and

integrated concern for human factors from concept
dnplay formatting.

The hard-wired display indicaters are used to back development to system implementatit.n.' Brune and
up the computers so plant availabihty is not controlled Weinstein (1980) have developed a checklist for
by computer rehabihty, and to provide quahfied esaiuating procedures for maintenance and testing.
(seismic, emironmental) safety-grade indicators for This work is aimed principally at performing these

tasks more safely at operating p! ants, whereas
safety functions. Seminara and Parsons (1981) deal with design and

Present practice is to use conventional hard-wired
- control devices (switches, push-buttons, knob adjust- operation.

ments) rather than keyboard inputs via the computer.
The author believes that design, procedures, and

Although many operating control rooms have a few operation aspects of maintenance and testing are allin
CRT dnplays sprmkled over the control panel, only a need of improvement.
few plants in operation have full CRT boards with

As a result of the Three Mile island accident, a check

hard-wired backup instruments. To date, operational by an independent quahtied person is required w hen-
s

and simulator experience have been highly promising. ever a safety-related system is manipulated outside the
The interested reader is referred to Halden (1980) control room (NRC 1980a, item I.C.6). We need a

and GRS (19R0) for recent reviews.
study to see whether error data show any imprme-
ment attributable to this requiremen.. The safety
system stun monitor should also provide imprme-

8.7. The man machinc interface outside the control ment in assuring restoration after maintenance and

"" testing.

Although Ihe principal, traditional focus on ' human
engineermg' is on the control room, many events 9. CON ( l.U") LNG RD1 utid
testify to the incident potential of operations outside

-
the conirol room Many plant operations, much This paper prmides a resiew of the most important

testmg, and mmt mamtenance is performed outside programs aimed at imprming the contribution of
the controt room. Control-type operations designed to people to nuclear pew er plant safe'ty. They range from

-

4'' be conducted at stations outside the control room are long-range research projects to applications now being
governed by the same principles as those in the control implemented at operating plants. The latter include

substantial changes, accomplished or imminent. in
' room.

Testing and maintenance activities are conducted by personnel quahfications, procedures and control room
non-licensed operators and crafts people, without the designs. These seem to the author to be hkel) to
planning and disciphne of a control room, yet have a prmide comiderable imprmement in the safety per-
high potential for affecting safety . Failure to restore the formance of the people involved. A note of caution,
auuliary feedwater system to operabiht) after testmg howescr: neither a quantitative measure of the attual
contnbuted to the Three Mde Island accident.

safety improvement to be realiicd, nor a model of
a
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procedures used in nuclear pow er plants, 7
behavior capable of providing quantitative estimates, NUREG CR 1368, and Procedures esaluation checkhst O
is )ct available. Such measures and models are underfor maintenance, test and cahbration procedures.
development. They are needed, together with opera- NUREG CR 1369,U.S Nuclear Regulatory Comminion.

them. Brune R. L and Weinstein M. (1981) Desetopment of a ,

tional and experimental data to suppor: for esaluatmg emergency procedures used in
.

chais: gDevelopment and implementation of changes in nuclear power plants, NU REG CR-1970 and Checkhst for
operating plants should be accompanied by program. ev lualms emergency procedures used m nuclear power
of scrification and validation, using the best model, plants, NUREG CR 2005. U.S. Nuclear Regulatory -

and data avadable, and with ongoing surveillance of ( ommnsion.
'

operational safety as revealed by plant experience. In Burger L and Vegh E (1990) N1an machme corr munication a
m expenmental reactor control room. pp 247-260 of

this w ay, needed timely improvement can be achieved I AEA NPPCI Speciahsts meeting on procedures and
in the human aspect of nuclear power plant safety. systems for asusting an operator durmg normal and

anomakius nuclear power plant operation situations,
GRS-19, Gewelschaft fur Reaktorutherheit, Cologne.
Germany.

Buttner W. E. er al i1%0) Functions and deugn charactern-
REFER ENCLs tics of the STAR disturbance analpis sptem, paper s

Allenspath F. R and Crocker L. P. (1980) Guidelmes for
presented : t IAEA-NPPCI meetmg Procedures and

utihty snanagement structure and techmcal resources,
sprems for assntmg an operator during normal and
anomalous nudear power plant utuations Mumch 5-7

Draft Report for Interim Use and Comment,
December 1979; G RS-19 Gewilwhaft fur _,

NUREG4)731, U S Nuclear Regulatory Commnuon. Reaktorucherheit Cologne. Germany; see also Felkel L.
Anderwon it, Back P. and Wirstad J. (1979 p lob analysn for er al., Analytical methods and performance esaluation of

trammg deugn and esaluation, Report No 6 Swedish the STAR apphcation m the Grafentheinfeld nuclear
,Nuclear Power Inspettorate. power plant, m the same solume.Andersson 11. (1981) An approach for operators role in Buttner W. E. er ul. (1981) Daturbance analpis and alarm

complex procns operation, m flPR-269, see llalden handhng, a current reuew of requirements based on

Banks W. W. (1941) lluman engmeermg CRT dnplay esperience wnh the STAR F- Nr Cl-1 of llalden "(1980t
Project Meetmg at Fredrikstad, Gev:liwhaft fur

'esclopment guidehnes, EG & G Idaho, Inc. (en press). Resktorucherheit, Cologne. Germany.

* | Banks W. W and Boone M P. (19411 Nucler controi roomannuntiators: problems and recommendations, CE,Studsuk (undated) Compact nucle;,r umulator, an
'

mnos atne classroom ure trammg deuce . , Combustion
NU RI G CR-2147,U S. NucLar Regulatory Commnuor

Engmeering, Inc, Wmdsor, CT 06095, U S A.
Bjorto I. J. and 'l rengereid J. K. (1979) Coordinanon of Cerny R flus 0) The (Snamic classification and reduction of

s

operator supportmg sptems and procedures, Parar pres- alarms m computer-based information sptems. Sesuon V
ented at I AEA-N PPCI Meeting ' Procedures and Sptems of IAEA NPPCI specubsts meetmg on Procedures and
for Asustmg an Operator durmg Nornel and Anomalous spiems for awntmg an operator durmg normal andNuticar Power Plant situations', Mumch,5 7 December anomalous nuclear power plant operation utuationr,

Blomberg P. E., Josefwon R and Akerhielm F. (1977)
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