
.' r ;; . ..r. x. m . . _
'

;

. . ..
. .

. rd.. ~, ^{** *

~ m
, _ ,9

.
. -.

4 ,. .., , . .

1 _ _

- -- .

.

351

her
-

...

n

. L,OiTirOI a n c .,
i

.a

instrumentation, , ,
u

| Edited by E. W. Hagen
:.a

:he
.ts),

n.

| Human Factors Engineering Enhancement of,.
'

% Nuclear Power-Plant Control Rooms *mse .

.J l
By J. L. Seminara,t R. W. Pack,i S. Seidenstein,} and S. K. Eckert $11-

rate
.-(c Abstract: II:rman factors engineering is an interdiscrp! mary
SG specialty evorcerrmt with influencing the desig's ofequipment. interface. Two lesels of enhanccment are conridered- (if a

systems. facGities, and operational environments to promote varrety of surface changes that could be effccred without

-(( safe, ej7icient, and reliable operator performance. ,1 human interrupting power generatton and (:) modificatwns that are

'RC furors raieu. of f se npasentathe nuciar power. plant possible Juring scheduled extended ourages. Both levels of
,y contrcel rooms reported in the November-December 1977 enhancensent souU rnuit in submntialimprmneus, but tt

issue of Nuclear Safe ty revealed that operational controlmomt is important to state that netther appro. ch wellfully optimize
the control boards from the hun:n factors trandpoint. Ideally..

deviate in many sivilfica st ways from htsman factors principles
human factors rnethods shoull l'e applied throughout the

of destin. The present arttele deals with methodt Mr upg ading
design process-from concept dere!apment to systern imple.

, f,

g, operattonal control voor:s to emprove due man ~ machine
mentation-rather than on a backfit basis.the *

'cU,

105. *This asticle summarites a portion of the work condacted
participated in the :cientif'ic exchange programs with Romania,ork, in a study sponsored by the Electric Power Research Institute
Bulgsria, the USSR, Czechoslovakia, and Poland admimstered

(EPRI) entitled " Hum 2n Factors Methods for Nuclear Control by the National Academy of Sciences. Ile has served as a
Room Design." An oserview of the entire study is provid:d in private consultant to the Nuclear Regulatory Comminion's

ium
t r., Report EPRI NP-1113 SY. Report EPPI NP-!!18-VolI deals Three 51de Island SpecialInqairy Group.

with human factors methods for enhancing existing control tRanda!! W. Pask is a prograrn manager for the Nuclear
rooms in a more extensive manner than reported in this asricle. Erigineering attd Operations Department of the Electric Pc,wer

n,

The reader can obtain these EPRI reports by contacting :he Reacar:h Institute. Before joining EPRI in 1974, he scrud as
, ,;.

Research Reports Center, P.O. Box 10090, Pafo Alto, CA head of the eng'ncering department on two nuc! car sub-n ,y

CR- 94103.
mtrines. He compSted his undergraduate studies in ekctricalg*. tJoseph L. Seminara is head of the Human Factors and engineering at Vandsrbilt University and his graduate studies in

Industrial Systems Group within the Lockheed Slissiles and
. Spxe Company, Sunnyvaie. Calif. !!e has served as project

riuclear enonce:ing at the Unisersity of Cali'ornia 2t Berketcy.
He has retently been assigned to work full time on the'#

teader and principal investiptor on th rec major research estabthhment of the Institute of Nuc! car Powcr Operations.
projects for the Electric Power Rese4tsh Institute (EPRI) ISidney Seidenstein is head of the Human Performance
dealing with the human factors a<pects of power plant opera. Evaluatmn Group m the Space Systems Division of the
tions and rnain tenance. He is also a cun uitant on an Lockheed Afivdes 2nd Space Company. He has worked on two'

EPR19punsored stud 3 to deselop a pstformance-measurement EPit!-sponsored stuJias of nuchar power plants and is cut-
system for nucl6 r power plant upcrators. lie reeeived his rently project leader on a human engineering evaluation of
graduate and undcryraduate traming at New York Unisersity in dispatch control centers for the Electric Power Rewarch
esperimental and ind es: rial psychob.gy. Dunny his 20 years Institute. His work esperience indudes 13 years with Lock.I with LockheeJ, he he participarel in the Jeve!urment of a heed on s varte:y of mnnejnystem prnbkms. rangmg tium
wide spectrum of compu equipmsnt ;ystuns, ranging ftstn he alth care systerns ?:e sp.ece vehicles. He received the Ph.D.
the Palaria nowle c hed.. .u t comote s to the Jew;n and degree (19N m esp.o ..nrJ psphulop from the Unm rut >
evatuvi..n of lun ar i& L t.inseprt He h. ids i ellow st.itus in

of Wiscundn. the *.f.A. Jegree r1955p trum Lehigh Univerun.; the limnan 1%:or, So ty and h nthorci mor,: than 40 mJ rhe RA jer t!%3; nor:: Gam Cuifqc. lie n,

ascienri& ed wSaw:r s t- O. N s ..e 3 < ears m a fs .e . .nu..ac en :M nrs. >
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j 352 CONTROL ARD INSTRUMUoVArlON

j A study' of the humn fr. tors aspects of five effected unhout interruption of plant operstmns.The
! operational nuclear powertiant control rooms. which second level considered assumes that a particular plant

was sponsored by the Elecinc Power Research Institute anticipates an extended outage that allnws the time
.PRI), was summarized in the November-December and opportunity for a rnure in depth reworking of the n

1977 issue of Nuc/ car Safety.' The study revealed a boards. Both levels of enhancement discussed would
*

series of minor and major human factors dene!en:les ennsiderably improve board operations but would not
ud the med for further work to r:wi.e tone of the fWiy e,o nie :he:n. Of . Man of on mi

*

pso e .u acted. Accor(igly, EPRI i:atuud a ioitow- Loirds from the huaan futu s sundpdnt repas
vi r.rsearch project (EPRI RP 5013) to in*.esti; ate speiat: zed and sysumstic attention to the mart- *

consentional and advanced human factors design machine interaction from the concept stage of d: sign i
approaches aimed at improving man-machine inter- to system implementation. This obviously cannot be

'

e

faces to reduce the likelihood of operational errors. done retroactively; however, we hope to show that the
This article deals with one part of the follow-on study, potential for operator error can be significantly re--

,

namely: What can be done to upgrade existing nuclear duced by some minor and inexpensive surface changes
pow:r plant control rooms frem the human factors to the control boards. D
standpoint? | ;I

Thee are presently about 70 oper;tional nuclear ;:
CONTROL BOARD ENHANCEMENT /'power plants in the United States and more than an
POSSIBILITIES ;f equal number of new plants for which the control

boards either have been designed or are in various Problems commonly observed in the course of t-

stages of assembly and checkout. In the attempt to earlier control room reviews were categorized as fo!- y
introduce human factors engineering considerations in lows: (1) those which could be addressed on a backfit ! j
nuclear power plant control rooms, the most immedi- basis while the plant remained operational, (2)those -

3

i ate payoff would result from an upgrading of opera- which could be remedied during an extended planned
tional or near-operational control boards. Of course. outage, and (3) those which did not lend th:mselves to

'

| there are limits to what can be done on a backfit basis. backfit remedies. The Grst category is of immediate
A number of compromises must be made since there is interest here and includes the concerns and remedial
little or no opportunity to make major changes in the measures listed below. It is important to note that all

asition of panel elements, to rewire panel compo- of these measures have been attempted by operatorsin R,

nents, to change circuitry logic,etc. one context or another, but not with much consistency '[Two levels of control-board enhancement were and usuauy as a result of an operational mishap or a
considered. The first level deals with a variety of perceived deficiency in the original design of the,

surface, or " cosmetic," modifications that could be control boards. de

tet
Functional Demarcation of Ref ated

member of the Ituman Factors Society and Sigma Xi. His
Panel Elements t.abackground includes teaching applied psychology for the4

University of ifaryland Extension. the USC Systems Stanye- While' related groups of panel elements are ofteni

ment Prostam, Stanford Uruversity, and DeAnza Cot!cge as grouped in meaningful clusters on the boards, these pa:we!! as industrial consulting.
e Sharen K. Eckert has been involved since 1975 in the clusters of controls and displays are usually not hie

human factors aspects of control-room design for power plants functionaUy demarcated in such a manner that the ing
with emphasis on the design of advanced control rooras for relationships are immediately apparent to operators. ne?
nuclear power plants. During her 9 years with the Lockheed Figure I shows a massive array of undifferentiated sht
Stissiles and Space Company, she has been involved in the panel elements. An arrangement such as this forces the LE
following activities: statistical data analyses. human perfor-
mance rel: ability snalyses, mathematical model development, operator to adopt a " hunt.and peck,, method in tio
computer aided fault-tree analyses. and visual display develop. searching for specific controls imbedded in a mass of eig

ment .md eva!ustion. Prior to joining Lockheed. she obtained many other identical controls. The need for more opt

the St.S. degree in mechanical engineering from the University distinctive functional groupings of elements is clear int.
of Arizona where she was on a National Aeronautics and Space both from a human factors judgment standpoint and of
Administration traineeship. She received the B.S. degree in from the lengths to which operators have gone to in :mathematics from Westminster College. She is a member of the
Human Fastors Society, the International Ergonomics Society, achieve such demarcations at some plants. Conse- :tnc

and the Society of Women Engineers- quently, a first and m3jor step in upgrading existing ac
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CONTROt. AND INSTRUMENTATION 353

The IJ c] f " ';':D- e- p f i *"''' . Along with this hierarchical labeling approach,it is

}' d.. .p. . ?e: .. n :. ~ . || -- N y1 ]' .e #i:73 SEr 2dvisab!e m intmsuce size e dinnflabeis whm ee
an t

,.
,% '/-.

!aryst !abis are re::md for pi iden %-, 2nd thes*

g g.: g, .f') f
'

. 'l.
.

. l[ .A = + - 2 smaile;t one> are uxd thr identification codes te.g.,
A *

9d g . .:,.

':3 '---%
34t.t IPl 9N) och the console schem.itics. In cig. 3, ACCU-"1. 4. ,,

,,, @. .g 109
..

act @
'1 h,, / 51ULATOR TANKS is the largest label used since it. . .. .

rol - g .h Q '

identifies the largest number of elements shown. The

/ /=Ms: vm,

A?
- g-

'3n .0-' a _in N 5 6'.r'}.= g f-l / Controis
*

,
. i. ' , , h [-h b.% Ona of the most serious problems observed with: j

y g g contro!s is tha presenca of larp arrays of undifferenti.re.
- c _ c; _n t' a: -T. sted or identical controls coilocated in a given area of#_$7.31 k N- the control boards (see Fig.1). Such arrangements can

#5 ..

s:sc i blnf-~ Elt:A El~- -
*

I - c- %b u.

d .-e=
C.,n- _ ==s c . K %- and have caused tnadvertent operatton of improper

-

{ g q_'~=
e-

.

g g, s'~',.{% .{cjT.''j troublesome controh different colors or substitute one

E _ _ ,c. controls. Some operators have taken pains to paint--
- :

t. . ,- wO control handle or knob shape for another. ExistinerE,', C n'Q~ [~[ ; _'%~ h control boards should be reexamined for control $Of

[.".)
7 (~ coding possibilities, e.g., sh2pe coding, color coding, orf.{ @t rf combinations of such coding practices. Substitutions of

'ol.
sit .i -

,

)se
, L (y,

~

-7
control handles of different shapes can generally ber- . .._ _i c % " ~ , accomplished with little or no impact on operations.

to
, ig [ p.ed

Y] Another major category of problems in this areskMJ t '2-
'

has to do with the location of controls in areas orite e ''l w L1 ' '' C
ial orientations that render them vulnerable to accidental

| all contacts and disturbance from operators or others who

in Fig. I Stassive array of identical panel e!ements. Color coding frequent the control room. In order to safeguard. .

of the modules identifies the system to which these modutes existing control rooms from these error-prone situa.'I
pertain, but subpanelgroupings are not evident. tions, a thorough review of each panel is required to.ra

he identify those controls which are susceptible to distur-
bance and the gra.ity of the consequences of inadver.

designs is to find ways to apply functional demarcation -
tent control activation. Such a review will reveal thosetechniques to operational or near-operational panels.
controls which operators have attempted to safeguard

Labelin9 through experience with operational mishaps or near-
mishaps. When the potential " troublemakers" are

An important part of functional demarcation of identified, steps should be taken to either substituteen

panel groupings is the implementation of a system of less enor.p ne controls or provide raised protective:se

hierarchical labeling which accentuates logical group, barriers, covers, built.in position locking controls, or.ot
he ings of panel elements, thereby avoiding the repetitive, possibly guard rails at the point of contact between the

ness observed in present labeling practices. Figure 2 operator and the boards (see Fig. 4).rs.

| ed shows the repetition of ACCU 51 TK PRESSURE or
he LEVEL for each panel element. Similarly, the designa-

P.1e tersin tions ! A, IB, IC, and 1D are repeated for each half of
of eight pairs of meters. This repetition slows down the A major improvement to present control boards

operator in locating a meter or control of immediate could be effected by developing and applying consis.
ire

interest because the distinctive or identifying element tent coding practices for scales to indicate normal,
1 ar

'd of a given meter is not highlighted but rather is buried marginal, and out.of. limit operating bands hfeter limits
i

in a mass of repetitive labeling. A comparison of Figs. 2 should be reviewed for each panet, and a consistentto

and 3 illustrates the difference between existing and coding practice should be deseloped, e.g., a green
x.

I recommended f abe!in.; prieer;et nonn:1 operda; band. 2:nSr mWnal Sands en euhery

NUCt. EAR SAF ETY. Vct. 21. No. 3. May -Jura.r ?924

e



! .

1

4

354 CONTROL AND INSTRUMEMTATION

r-' . - A -.*- e -- , % ,__,, ; . 7. ,j .

. 1'

f
. 1 bI. |. g. ,j { , , ,._ h'

. . -,.

I I *1-l..h-I.,,
, , , ,

,

[ . . J, .[' m ,i
o -

|
|

-~ .

. . ..
, t4

I I - ,
' .. ,,.

I
.!

.

p. ,Or 1 s i. , ,
.

- r.. . -m
,

r ;-
4 E: yin. ,t : n. t 3n =.. < <

t. > .' .
-

. . ,
. ., ., . ., . . j.

~ $b . .. ' ,. .' .
' M . P . f- . . _, , ;- ,.S '.. .

, .,' * , . , .
.

h; ., ' *

j ;I .h,L. _ h i.)..-
r::a ,'.

P M..._ J. 1
.

t_c ' . . . _. %_.g. _1,;;L.... . f. _,c.
aa,

.. .- .. -
_' . -_ .. . .-

1. w. wa2 i. v,: w '. |. v,.:
' .

w. [. =
. ..

= . . = . . EA:_ m . -- .

- - -w en ----- - 1 rea,.s.
m.=..=.y-:.-|

. F
. i 13

c, -%~n..:.-w_
_

v. . _ y
..:M.x ..; .a q~.

-g = ..

- L . .

}
q .1 [ W f < -1.. g i .. , i .. vi .. - -i. 7 -i ,

:

t...- _ . . r - . . . .
i:

.

i -!o .r t .. I !
t -ig (. --..s ( -! .. i + . , . 1 i ., f, . i ..

.

+
r, - .,

, .,- . .. e c
. ., .- :. e -,. . . . . , .- ;. .

.e.. -a
. ,m.; ra - ra. [ . -s ; -a 7;

.,_- 1. [.
, - 5-3

-
.t, 15 i.[

-e.' . o| t. . <
3 8 .

'. .- c. . :- t.
A ! !;' -1. .-

f, e.=c]._- 1.
.-- m.-. . ,

i _..'.. _.,.
,

I__
..:.

...|ee i . . . , - 3.'..- L.,,3 gr {_...,
p 4

i-t a n- . Fn ni one-= t-
_ ,. _ . ., c. = 3 y= nl ' - ~ ' -

Fig. 2 Repetition of ACCUM TK PRES 5URE or LEVEL for each panel element label. (Compare with side o
Fig. 3.) ad k

bands
where

ACCUMULATOR TANKS ' " ' ' "
PRESSUREi 1A is ic to 1

s me

d, ..a s(f-
}. 2.eca.

_ neerinr_ ..W q

f
1-; FL I i....I l !, j I-1 'C I 't, ).

i,
l'

.

.]-Y~Ei~'If . r, i p Indica ..
.

| , .u ..
g. ; .- . , -.. -~.

, - - , .
. ..

|
~

i * -
.

[ -- - . [m o,
. -

?-
_ _ 39

t ' i ;
'm (. room 'I. !m> I ( {l=,

[.g' [1@

, -
.

[,. [n.
- , ~

l M'...}b'
'(n..[F t. M: IM-{ t.

.

t-
. color-e -< i

1

f.'.-b ; .-I' - than c.

J .

I-- e_- one pl.
special

En~2| IA 13 1C ID I contro
bi. -(2A,.x

-

,I 2.5.-cc
-

%--,C 1.- - .. ... d incorpt
-

.

. r - -

-- . -.
,

. 0 1. '
.. I,I

:".- | ., I. ,
J I indicat

.

L - 1.. I
<

. , .

i
- 1.. : - I.. ri ! .I .' resp *et.-l

,

.- |L -; .
-

,
. 1 -. 1. . . e

-

additie.

. I :a
-

:-a | -a I, ta :-= , t ;- r= -a t.
=

color-c
'; : .

.

! ( +n } t i \ ;-n i
;-a

-n [ ;n abnorrr:
-n F - . -n -n, un,

i ;
i , -: - |:

,

t-
*

g l' l' . 2 ' j:~m2".;fe.Z - + . bb.. :~A.
dou:Jm

- .: - -; ' . -i . L '
i; - L. -o,

._' .3 - = - -
A --. . .j=. . . nt shou, i g a .

y .g
This t'.

Fig. 3 Retabefing of panel showTi in Fig. 2 showing the use of major and minor labelingt With this E I#U'P
approach, fewer individuallabels are needed and there is less need for abbreviations. Conditi

NUCLE AR SAFETY. Vol. 21, No. 3, May-June 1980

.

. f",, * .eE' . Yf N AQ

'' . .' ..'.'f., ?,. n.1'|b | |, ,e e h,g.;,.4'N .
**

::,,,

E M N M .b$Y.3 E M M 4 M,...'h,g'D;:.',Y: , {.g..;..Y$..y,w;,:;, y. z.",. _ , ''y:.r..

**- . e.w ~.- -- e " . . . .. . :., ;.c. . p . . " .:;o :.. *
-h. c .* . *** G -?.

*"
*,,* "sx.,~_ .;- -

" . . .

. .
..'k,,.- . ,{[**A.{ .5

.
,. . .*; -

y . [ y .:.g |p p ,e O;p. q ;;g. y y . . .~UL .
. .

.
_

..'',' i~?$.k.. '3-f% 'I y&,. .,g*Q',W5',?z .
.w.

. . .
',

.< .. . :.- : .s .

.

. g
' .

.j..; ;.-.: u Q 9; ~ ,y,gz _;., -.,[.,M4 D.** 'M'' h N C }- #~#~ ~ ~ ~
,.

~ ' ' ' ~'.



.

.

;L6 CCNTROL AWO INSTRt> MENTATION
.

-

TlL......-. ;)
1.r.'. :

y--- - ? t p . r- i in
.3p

ta.P f; . .1 C,. - Cri ! tt.r i. ;.: SU'
J ;(O- g-a C . -. C _ . . i : .. L,- ~ Z [. .. . .

' ',d. .a
--u.El ,a s n t ggs,s.up 5 g , , ,,, , , :.gc. 9 q g3, ::,, , , , , , ,

4 y ttn sss..ess __ .s. ass . t u. :.s g, r ; . . . . . , ,

,;; ~ - Qty '.% *p p : -~
~ {

? [W. }
- ~

4 d,[0. ,/. /S.. |k-4[a. d. A. ,
li

u.-
. -- - /. ;

. . .

t - [ r g;M , *: . -,
j tc.

i eg
,

,

.L .
._'

} .$, 7 ,,- - .s!*-
f.

S ** A_*J!. M3 .

12,
s.';. .

-

, . s-

t~. .
g e g,-yI E

_

.-
, c,

- - w ) i Q , . ,,,) lal
j - ~ .ca n j I i-- . I

e - .

- ~ . ;
4

$ b [ ,g |
'- ne

':||'.*AC> C3 I, - [,,, J

9 f:**.%kg|,,f.,,Cf. . A{i. :
gt:. s

'~.-p
y.J.T. : tiv

. , ~.

[0k:;ck!N|,kf-)-i b .i:J
, u.. +, tw

t.----
-
m..' ] ap,

; . ._ ..
. ..c.

- or. . .. t ;t .,.o. . ;}. c f 8: -
.

ifh I
~- ' -

'h I/ ' 50y ;;
- ~ .

ap.q:"4 1 a:g.. I - ob(r .q,-v:c:1 -

1"n'~"';- .
''

, .g.3 , ;,2 ~9 TI:
. . a, ,.. ; . r.. :I. : . . = , ... .. i .. .e _ . , . -t errn. . .Q- gs .g G,,- y,*. .: q . -r *

37 YI*
s ., . w \., -,: w G; J -., -)
y} 1 !

* '

r al
~! i co-

C Lo . . coj n: : ----s yc
3

- .- .g s ,.

/ /[ / b, i.t -- =w n 3=s

Fig. 6 Doughnut and bar syrnbols on indicators represent open and closed status. Green and red lights ph
are used to indicate normal and abnormal Inc!Jental!y, what displayed information is obscured by the lar
caution tags? 3

sy!

EEWiscellaneous retrofitting existing operational panels. An analysis was
. ad-

.. De foregoing description of enhancement possibil-
made of human factors problems, and the possibilities

ities for current operational control rooms is not for modification were considered. The cases illustrated mc. .

. for
intended to be exhaustive. Each control room is unique reveal that a number of surface changes were possible

and should be reviewed on an m. dm. . dual basis for within the limits described in the introductory remarks m(

specific human factors recommendations. For example, for this section. App.ly.mg human factors enhancement -

. ser
.. het

multiunit control rooms that have been mirror-imaged n an ..after the fact. basis is generally a compromise

offer special problems and no easy solutions.He most and is not always satisfying from either a human
tic '

effective way to handle this problem would be to factors or an aesthetic viewpoint.
me

assign operators permanently to one unit or the other,
fee

but this solution would obviously reduce management Example A

flexibility in the use of operational manpower. Figure 7 shows a steam-generator feedwater system fee
control panel. The panel allows monitoring and control

EXAMPLES OF HUMAN FACTORS f three steam generators with two motor-driven main
9

ENHANCEMENT feed *3ter Pumps associated mth one steam-driven and g
two motor-dnven auxiliary pumps. The most striking g

Several representative operational panels were se- observation in reviewing this panel is the lack of
dislected for study to provide examples of methods for apparent relationship between discrete panelelements.
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* * 7 - @4 Tj Q f ...if.Er me infonaative than the more common coding approaches
$@7 ..7 '

"%. r \ -\ .. ! wh .a ;<een iril.cators simply :i:r.ify a c!med vah.: andgi .a ;
, -( ~'s -.-q-r 1 red a v.!s im 2n ore . v .ic. Y,Ntha. tN a:mg; ,

--

h f

'hr. : ;g%
ca

. *Q >e

L[h. ''' i e L L u. <ig;g. ,. . g@ ,; .. Chart Recorders,,
== b

h .~ g F _ ,, 5.353, Q Q
L" *e-- qkkf,* i s . I .I q . :.d Some of the chart recorders currently in use aretj

N .5S $. p f-7 gT - { 0-
'

overloaded. Recorders designed for monitoring 24..

w.k: f
4 r,>.- .s,4, -I parameters are sometimes assir'ed twice that many- - -

2 . r / Pomts. Recorder pnntouts are orten d!egible, and cycle
. .

4 -* D*5 ' -Ef:as. N, , by'? ' "- g"M # Je-Ptj "'s_p I'2 time between ach printout can be excessive. Rather.C-''

f ' 'T * 1 D]'
,'][ than relymg on the recorder printout for the necessaryp.

'-
, g data, the operator monitors the pointer and scale

e . o . .. .
[. ,. n 5 +, g? x - . reading, which occurs at the time each parameter value.

, . , . ...

{| ' .. c ~ ,

y ? ,'
-[ .M is sampled in a fixed sequence. The problem with this

approach is that cycle time can be as long as 4 min, and,

E b .h 7 ~ '.m:L. ._ e .~ ' in that time irreversible damage can occur to the..

subsystem involved. As a minimum solution for this
Fig. 4 Cuard raifs affhed to the console to prevent the problem, some chart recorders can be modified with a
operator from accidentally activating the pistol grip controls. fast cycle control option so that the operator can

rapidly mose to the parameter ofimmediate interest.
. . More elaborate solutions for this problem require more

side of normal, and red out.of.h. mat bands on the high
. . extensive changes to the control boards, e.g., substitut.

and low sides as appropriate (see Fig. 5). These color
. ing meters for important parameters now assigned tobands should be stfixed directly on the meter scale

chart recorders or m. stalling additions! recorders.
where it is possible to do so by easy removal of the
meter cover. Meters can also be improved by replacing
some present scales that violate human factors engi. "

_
_

. neering principles. '

! h
,

-"

t

|
y , f;| Indicator Lights , , , , , ,

p ..
, .

| 'Ihe indicators and annunciators within the control o y. E_9i"
2

j kproom should be reviewed to ensure appropriate use of g a u. E
I( color. coding techniques. Often this means no more j @o

,

| than changing the color of a lamp cover. Operators at *', -h ' M tji :_,

3.

| one plant have made an elaborate attempt to introduce y 3 2j j 1 Ef Ec

special logic in the coding of indicator lights on the @ 3 3 m%.4 E- 62
l control boards. Doughnut and bar symbols have been S !N 7-=E-'

incorporated into the legend face of the square s y @" [ h@g--indicator lights (see Fig. 6). These symbols represent, se , -

respectively, open and closed status of valves. In
addition to this symbology, the lights have been |

. .J|hE.
.q--3'

" ~ '
color-coded red or green to denote, respectively, ,

jM iabnormal and normal situations. Consequently. a red
,

f/7 ,=__"i Idoughnut tells the operator that the valve is open when
r -

.i .... . ri; . 0...v.it should be closed,and a green doughnut signifies that ? -

the valve is open and this position is the proper one. . .- a.,

This type of approach to display coding. if fully
implemented sa that the logie holds for all plant Fig. 5 Recommended approach for modirpng meter races to*

condiNes from shutha to full power,is m".h mo . in 'ic ae n..rrut. m i. j.uf. 2nj ws of :ve u s n.tiioons
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"Ihe operator must examine the legend on each it is apparent from Fig.10 that the original!ayout
individual switch, indicator, or meter to make say did not organite column; relating to the fcur suam
ren.s out ct the panel pnt:a'ois in a pre;ne or .w h Je faaion. For

Figure S shows 2n attempt to func'!cna!!y demar. example, the valve controls for steam generator-l are
cate the panel shown in Fig. 7. The various functional directly below the meters for steam generator 2. The
groups of panel elements are bound together by taped lines f demarcation make such disparities more
lines of demarcation. Within each grouping, summary obvious than the original design did. Had the designer
labels are introduced, thereby reducing the time been required to functionally demarcate control panel
required to scan the label of each individual panel elements f om the outset, he most likely would have

,' element. Space constraints made it impossible to place Provided a more logical and coherent arrangement.
n consistently abose or consistently below compo- As was the case with example A, the control switchj

nents. Furthermore, a color coding (white, black, and handles are coded distinctively to differentia.e betwaen
gray) has be:n adopted for controls associated respec. steam generators. In addition, all meters should be
tively with steam generators A, B, and C. In assigning color. banded to indicate normal and off normallimits.
this code to the panel elements, it readily becomes
apparent that no consistency was observed in the
ordering of A, B, and C steam. generator elements. In REORGANIZATION OF EXISTING
some cases a top-to-bottom A, B, C orientation is CONTROL BOARDS.

observed, such as in MAIN FEEDWATER ISOLA-

.

is pomt a number 'of surface changes toUp to th. .

TION. In other cases the opposite order (C, B, A)is
employed from top to bottom, e.g., in AUXILIARY *xisting control boards were proposed for considera..

FEEDWATER THROTTLE VALVES. In another case tr.on. Hm we wm consider more extensive modifica-
""*t .

a left to-right A, B, C order is presented. In addition to . existing operational boards. The assumption
color or shape coding of the controls, meters should be here is that the plant will not be in operation for
color banded to highlight out-of tolerance readings. several m nths and that this outage has been planned

for some time. This scheduled downtime is seen as an
opportune time to upgrade control boards that haveExample B
proven especially troublesome from an operational or

The feedwater control system panels at a second training standpoint. In other ca.ses, owing to extensive
plant, shown in Fig. 9, are characterized by the use of backfits over the years, the panel layout has become

! large color coded modules for each control element. operationally unwieldy.
The modu!es on the control boards are coded by major The redesign of control boards under the circum-
systems, so all feedwater modules are the same color. stances desenbed will, in addition to all the factors
The use of such modular arrangements has distinct considered earlier in this section, allow the freedom to,3

ities advantages from a maintenance standpoint, since the regroup panel elements in more logical functional
ited m dules can be removed from the front of the boards relationships than might have been the case in the

for servicing. However, the use of many discrete original designs. Also, panel elements that have proved| [g.. modules, each color-cod-d to be distinctive in compari- to be useless or obsolete can be removed from the'

son with the background console color, tends to boards to eliminate unnecessary clutter or distractions.ient
g heighten the individuality of each separate control and

There will be obsious limitations to the extent to
qs anociated indicators. This obscures the interrela-nan
tionships between groups of associated control ele- which the original design can be modified. The,

,

ments. The use of one color to tie together all freedom to relocate panel elements will be limited by

feedwater panel elements wastes this coding dimension the lengths of the existing cables or the cost of
extending the cables.There is also the concern that thewith regard to functional subgroupings within the

tem feedwater system panels. panel may have to be seismically requalified. It is
unlikely that any major revisions involving circuit

| "Y The gmuping of modules shown in Fig.10 is design will be practical. Therefore the latitude available
'

"
! organized in a rough matrix format, with vertical for enhancing the boards during an extendel planned2nd,

columns representing the four steam generators and outage is greater than that avadable when the plant
""Y

, horizontal rows dediested to the same control or remains in operation, but r~ te<s than the fredom, .

#
dispin ft.ncaon for each of t e fwir steam pneratort miWe when t.e boards were am diy d:yedh

k
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Fig. 9 Segment of the feedwater control system panels selected for human factors enhancement

ass

th(
In the rearrangement of the feedwater control console sections. and the primary organization of II -

panel shown in Fig.10. the clerr.ents present in the major elements was not changed. I'

existing control panel (see Fig. 9)were reorganized and Major changes were made in regrouping and reorgs- *
relocated on the panel within the same general area nizing the elements of a particular subsystem to place dif
with the same spacing as on the existing board. associated display and control elements in a closer and
Techniques of outlining, bordering, color coding, and more systematic relationship to one another as com- C'''

,

labeling were incorporated into the revisions. Panel pared with the original configuration. liowever, the drn
elements were retained within their respective major basic arrangement of the steam generator displays and the-
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Fig.10 Slighdy rearranged feedwater control panel to provide a more logical groupin2 of panci
elements. (Compare with Fig. 9.)

associated controls was not disturbed except to modify e!ements on the control boards, it does not appear
the lateral spacing to emphasize the vertical organiza. likely that the boards will sunive their nominal 40-yr

*7 tion of controls and displays fc,. each steam generator. life unchanged. This " face lifting" process should be
Labels were added to identify the functions for each preceded by an analysis of the new information display
row of controls, and coding techniques were used to requirements and the control options revealed by
differentiate cach of the four steam generators. operational c.sperience with the boards.

] Wlute such panel rearrangements would be consid.
etab!y more costly than the surface modifications first

SUMMARY AND CONCLUSIONSn.
diseuned at some point in the life of the control room

". the mg he reunircl. At ene n r.: thit cha.geq % h . u :m: el * . , N .v, u;ceg.m 2
'

.

. reqummmu call for addinons and deicoons .4 pmel aonal or neamperattor.at ,:en*roi boarJs can be up-
|
.
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;raded to impruse the operator e. cit:+ board inter- a. II. P. Van Cott and R. G. Kinkade (Eds.).H:rman
i face. As was stated at the outset. the two Icveh of &ginccring Guide to E,pripment Desiger. Rev. ed.,,

i modification considered would not yield control panels ikpariment of Defense.fipO,1972. i
'

that were completely satisfactory from the human b. E. J. McCormick, //uman factors Engineering.
| factors standpoint, but they would represent a consid. 3rd ed., McGraw.lhll Dook Co., New York,1970.
I enh!e improvement. As evidenced by the numerous c. W. E. Woodsen :md D. W. Cenom, // wren

:: ..npts maic by ope:v., s tu unLxc th:ir beh &;:a..! q 'Dida ;V E. inh x at Dciym. h.' ed . :!

(5m"y as the res:.lt of an opr.it;ou:| min p), the I 'nh c ait. ..t C !.k m u p u .I N 4
' need N upgr ede the hurnan facirs a:p:eu of pr:ent. d. L'//. STD-/ /?29. //:cnen l~glaccer; Design

generalion control rooms is acute. Criteria for.tlilitary Systems. Equipment, ami Facilitics
We are recommending a more systematic examina. (U. S. military standard), Dec 31,1974 (change 1

i i tion of operational control boards to establish speciGe issued May 10,1976).
enhancement requirements and possibilities. Some of S. De data developed from the foregoieg activities
the general recommendations made in this section will should be integrated and summarized to provide a set
apply to su control roorns. e.g., imprond !abeling, of plant.recifi: reco nmenditions in three catego-fes,

; j functional grouping of controls, and color banding of of implementatmn: (1) those which can be imple.
; meers. I!ve.eser. each control rcom needs to be r ented immediat Ie without interrupting power pro-

resiewed on a case by case basis for specdic enhance. duction, (2) those which shou |d be implearnted dur.
ment recommendations. De fouowing steps are recom. ing the next major foreseeable outage, and (3) those
mended to arrive at a comprehensive set of remedial which can only be applied in the design of the next
m:asures specific to each plant: control room procured by the utility.

| 1. The existing boards should be reviewed carefully 6. Modification proposals should be reviewed by

i for signs of operator modifications, e.g., coding'of plant operations, engineering. and mana;ement to

meters, improvised labels, and pencil scribblings on the ensure that the changes are acceptable to a!! concerned

boards. Such additions to the boards are indicative of and do not introduce unforeseen pro %ms. If a
panel design deficiencies and may call for more formal control room simulator is available, some of the cos.

or precise design remedies. metic changes can be attempted in the simulator and
,

2. Each member of the operational department (or evaluated prior to implementation in the operations!
c ntr 1r m. In the absence of a simulator, mock.upsI most of them) should be interviewed individually by

means of the structured interview approach. Such may sene the same purpose.

interviews should preferably be conducted by a neutral
third party, and the anonymity of those who are REFERENCES
inteniewed should be safeguarded. Rese interviews

I ' 8' ' ' * * C "* * ** *"# I' **** #"'"#"
would probe control. board design deficiencies. Factors Review of Nuclear Power Pl. int Control Roon

3. De history of cperator errors and near errors or Design-Final Report. Report EPRI-NP-309.1.ockheed

accidents should be examined carefuUy in terms of the Missiles and Space co., NTIS. November 1976.
2.J. L. Seminara et al.. Human Factors in the Nucfeat Controthuman factors engineering components of the problem.

" "#' " #

Were identical controls placed side by side and one 977
mistaken for the other? Was an essential bit of 3. P. M. ritts and R. E. Jone s. A nalysis of factors Contributing

|
displayed information obscured by a mainten3nce to MO " Pilot-Error" Experiences in Operdnt Asrcraft

Contmis. Memorandum Report TSEAA-69412.U. S. Armyclearance tag? Many so-called " operator errors" are in Air mces, Air Matuiel nman . Aer ca Labwa.
l fact attributable to control board design deficiencies
I tory, July 1,1947. .

! that the customary " retraining" cure will not remedy.
ne criticalincident technique,' a method for system.t

! atically exploring the causes for accidents or near. BIBLIOGRAPHY
j accidents, errors or near-errors, is especially useful in

General Texts and Pubh. cations
.

i this context.,,

I 4.The boards should be reviewed in terms of Acrupace 3fedicine (a E S. j urnal). Now ti: led: Ariation,
' Space, and Environmenr2131edicine.

human factors engineering design standards and cn.. Applied Ergonomics ta British journal).

|
teria. The foUowing documents are especia!!y useful for E. M. Dennett. J. Degan, and J. Spiecel (I'ds).Itaman factors
this purpose: in Technology. McGraw !!in Book Co., New York,1963.
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