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% PROLOCUE

(O
NUREG-OS78, "TMI-2 Lessons Lectned Task Force Status Report, Short Term

Recommendations," requires that Nuclecr Power Plant Licensees:

Perform comprehensive review of control room using NRC human
factors design guidelines cnd evaluation criteria. Modify to
correct significant deficiencies. Issue report describing methods of
review, results of review, including bases for findings made, cnd
implementatim schedule. Applicants to be grcnted operating
licenses prior to September 1981 must perform o preliminary
assessment of their control rooms to identify cnd correct signifi-
cant human factors cnd instrumentation deficiencies.

Licensees and cpplicants will complete review and implement short
lead-time revisions by September 1981 or prior to issucnce of
operating license, whichever is later. Long lead-time revisions
will be completed by April 1982 or prior to issuance of operating
license, whichever is later.

The two volumes of this document contain the NRC guidelines cnd evaluation
criteria to be applied in performing control room reviews.
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O l.0 !NTRODUCTION
'&

The primary objective of the human engineering evaluation described in Volume I is.

to identify operator-control room interfaces that pose risks to safe operation.,

1.1 Means to identify Human Engineering Problems

Since the second werld war human engineers have taken two distinctly different
approaches to identifying interfaces that might cause operational problems - namely,
testing and evaluation.

Testing can be conducted during actual operations or during simulations end, in most
cases, human performance or human error is recorded on one or more tasks. Those tasks

where errors occur repeatedly are identified for backfit. Operational testing is perhaps
the most valid means to identify interface problems, but it suffers low reliability, since
there are few opportunities to repeat a pcrticular task under similar conditions and can be

quite costly if non-intrusive measurements are taken. On the other hand, simulation can

have reasonably high reliability, but validity is always a question since it is difficult to
(, duplicate the psychological environment found in operations. In addition, the high cost of

simulation testing is a modern legend.

One means to identify problems which received support in the nuclear power
community is the use of operator opinion (see Volume I, Sections 2.0 & 3.0). While this

means is fruitful and of very low cost, it is also quite limited in scope and of questionable

(interoperator) reliability. First, operators rarely, if ever, perform in an emergency ;

situation except in simulations; thus, there would be little basis in real experience to
identify problems during these activities. Second, operators often do not know.when they

have made m observational mistake, e.g., reading the wrong meter. Third, operators like

everyone else will forget some of the tasks that caused problems. Finally, some operators

are reluctant to admit their errors. |

|

This is not to say that the operator opinim should be ignored. Operators should have

adminstrative channels through which design and procedural recommendations con be
i

made and implemmted. However, by limiting human engineering data to operator
opinion, many and perhaps most of the interface problems will go undetectea t i. o

failure during operations, such as TMI-2.
t .
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(O) The second method for identifying human engineering problem creas is evaluation,G
which is the type of method described in this guide. Evaluations involve compcring
operator-control room interfaces with estcblished standards, criteria, and/or guidelines
and identifying real or potential problem areas when interfaces don't agree with the
guidelines. Like the other methods, evoluotion has its problems. First, validity is always
questionable since the conditions under which guidelines were developed never duplicate

the operational conditions of the control room. Second, the cpplicability of specific
guidelines is of ten questioned, since the severity of the outcome of cn error differs among

systems, as does the opportunity for error (frequency of task performance).

Unlike testing, the weaknesses of evaluation can be reduced at little cost. As

outlined in Volume I, guidelines are only used to identify interfaces that might benefit
from backfit. Then, a variety of technical cnd management determinations cre used to

determine whether a particular bacbfit would improve system safety or reliability.

As an adjunct to evoluotial, some testing con be performed to tailor specific
guidelines to conditions in the control room. For instance, guidelines on display and Icbel

readability ccn be supplemented by tests yielding readability envelopes for displays and

n') Icbels found in the control room. In general, testing can be used:/
N._ /

To develop label readability envelopes.

To determine accessibility (reach) of controls to the 5th percentilee
operator

To identify dispicys with pcrollax problems, when viewed by 5the
percentile operators.,

|
|

1.2 Cuideline Selection

The process for selecting the guidelines contained in this document was:

1. To collect all potential human engineering guidelines as stated in recognized,

authoritative sources (see References).
'

2. To remove guidelines that were totally irrelevant to control room operations
1or design (e.g., Arctic dress).

3. To synthesize similar guidelines into one and list.
.

4. To draft guideline statements (text).

(3
LJ
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m

5. To determine general types of human error that would result from a
discrepancy.

6. To develop suggestions for backfits that would mitigate the effects of, or
correct discrepancies from the guideline.

7. To develop guidebook organization (table of contents), as well as format,
typography,' and graphics guide!ines.

8. To prepare and review guidelines.
4

As con be seen, unless a guideline is totally irrelevant to control room design
operations, it was included in the guidebook. This was done to ensure completeness.
Guidelines witl'. little or no applicability to control rooms but included in the guide will
not impact the evaluation or its results. However, guidelines incorrectly omitted may
prevent the identification of important discrepancies.

.
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2.0 HUMAN ENGINEERING GUIDELINES

|
!,

'Described below are guidelines to be cpplied in human engineering evaluations of
l

nuclear power plants. Each guideline contains
|

e The general category of the guidelines (controls;, operator / computer '

interface; and dialog) )
,

e A descriptive title j

The text of the guidelinee

Human errors that might result from violating the guideline |e
1

The source (documentation) of the guidelines je,

'

Typical backfits that would correct the operator-control room inter-e
face design or mitigate the error consequences of violating the
guidelines.

!
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(m HUMAN ENGINEERING CUIDELINES FOR NUCf C AR
'

POWER PLANT CONTROL ROOMS

CONTROL ROOM ENVIRONMENT

i

A. TITLE: COMFORT ZONE

TEMPERATURE / HUMIDITY

3. GUIDELINES: Tempercture end hu- , . , ,

midity recuirements shc!! not exceed to - -nm. 3.,

the limits (ccmfert zene) given in the gso - -

figure et right. Optimcl thermcl E 3a_ .
. _

C . OgNg,qaLLy

'*e'sCenditions occur when the effective 5 * coasomo
am- '% c urcmea > -

temcercture is between 72 cnd 78 F %
-

I > x _ -

with relative humidity vclues be- 5
a

tween 20 cnd 60% Under no condi- M" nu.s en
--

ticns shcil the temperature ci the air 2 ~ ~

' ' ' '
( ct ficer level cnd hecd level differ by
N c 65 70 75 30 8s 90

mere then 10 .c
7 3 , ,, ,

'C. HUMAN ERROR: Errces due to im-
paired judgment, reduced decision
mcking ecpcbility.

D. COCUMENTATION: Wcedsen cnd

Cenover (1964); Kubckcwo (1969);
MIL-STD-14725 (1974); McCormick

- (1976).

E. TYPICAL SACXFIT: Adjust thermo-
sict; cdjust humidifiers cnd/cr dehu-
midifiers.

|
|
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O HUMAN ENGINEERING GUICELJNES FCR NUCLEAR
POWER PLANT CONTROL RCOMS

CONTRCL RCOM ENVIRCNMENT

A. TITLE: CLARE

S. CUICELINES:

1. Severcl Iow intensity light

sources shcIl be used instecd of c

few bright ones.

2. Lignt sources shcIl be positioned

et lecst 60 from the viewer's
;

line cf sight.
I

3. Light bcffles or diffuse incirect
lighting shcIl be used.

4. Instrument censoles shcli hcve c
dull mette finish.

5. If reflection or gicre is c prob-
lem, the gicss covers of the in-
struments cnd dispicys should be

sloped slightly off perpendiculcr

to the line of sight.
6. Reflected gicre from the CRT

shcIl be minimized through one
or more of the following meth-
ods.

c. Procer piccement of the CRT

relctive to the light source.
b. Directionct or spectrum fil-

ters.

c. Use of a hood or shield.

d. Optical coctings or filters '

i

.

over the light source.

o
%p

,
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Effects of ctrect glare on visual effectiveness. The effects
of glare become worse as me glare source gets toser to
me iine of signt.

C. HUMAN ERROR: Fciture to respond

to dispicyed informction; misrecding
c display.

D. DOCUMENTATION: Weedsen enc
r

Conover (1964); Vcn Cott enc

Kinkede (1972); Sicestroncutics Octc

Bock (1973).

E. TYP! CAL SACXFIT: Add more "!ess
in tense'' lumincires; sicpe gicss

covers on the instruments cnd dis-
picys; paint consoles c dull mette

color; use c hecd er shield on CRTs;

picce opticci filters er coctings over
the light source.

.- .
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
*

: . POWER PLANT CONTRCL ROOMS
.

| CONTROL ROOM ENVIRONMENT
s

I
i A. TITLE: SHADOW AND SURFACE |

1

COLOR <

i
: ;

3. CUICEL!NES:

1. Amcient illumination shcIl be
provided vic indirect er diffuse

; lighting; direct lighting shcIl be
cVoided.i

2. Ocrk shcdes of grey, green, blue,-

i red, cnd brown shcil nor be used

en ceilings, wcils cr censoles;
i pc:tels cnd light greys cre rec-

ommenced.

C. HUMAN ERROR: Misreccing e cis-
play; misreeding o Icbel.

D. DOCUMENTATION: Vcn Coit end
.

Kinkede (19,72)

'

?.. TYPICAL BACXFIT: Install new
lighting fixtures; reccint ceilings,
wcils, end/cr consoles. !

!
i

!

.

i

.

,

,
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HUMAN ENGINEERING GUIDELJNES FOR NUCLEAR
'QWER PLANT CONTRCL RCOMS

CONTROL RCOM ENVIRCNMENT

A. TFL_: REFLECTANCE

8. GUICELINES: Werkplcce ceflec-

tcnces ShcIl ccnicem to these reccm-
mendctions li5ted in the tcble belcw.

Reflectances

Surface Preferred | Permissible

'Cailing 80 % 30 90 ".
Upper Wall 50 % 50-40 *'.

Lower Wall 15-20 %

Instruments /cisclays 30-100 %

CacineuConsoles 20-40 %

Ficor *0% 15-30 %,

Fumiture 3s% 25-45 %

Chalkboards '15% 15-20 %

' Recommenced reffectances are for finisn only. cver-all
average rs'lectance of acoustic materials may be
somewhat lower. The upper walls (one to two feet below
the ceillng) may be painted with the same paint as is
used on the ceiling.

' In-service '' chalked ** value. Reifectance of clean board
should be as least 5% lower.

The tcble en the fellowing pcge
- ccn be used in determining en

cpprcximate estimate of reflectcnce

vclues for vericus surfcce ccices.

O
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Approximate Reflectance Facters for Various Surf ace Colors

Color Reflectance Color Reflectance

W hite ......... .. ... 85

Light: Dark:
Cream . . 75 Gray . . 30... ... .. .

G ra y . . . . . . 75 Red. 13... .. .. . . ..

Yellow . . 75 3rown . 10........ .. .

Suff..... 70 Slue . 8. ... . .... .

Green . . . . . 65 Green . 7...... . . ..

Slue..... ..... .. 55

Medium: Wood Finish:
Yellow . 65 Maple . 42.. ... .. . ... .

Buff . . . . . 63 Satinwood . 34........ . ..

G ra y . . . . . . . . . . . . . . 55 English Oak. 17.

G reen . . . . . . . . . . . 52 Walnut . 16. . .

Stue . 35 Mahogany. 12.. ... .. .

*
.

C. HUMAN ERRCR: Misrecding c dis-
ploy; misreeding c Icbel.

D. DOCUMENTATION: Kubckcwo
(1969); Vcn Cort cnd Kinkede (1972).

E. TYPICAL BACKFIT: Reccint es
necesscry.

1

i

|
-
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v
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL ROOM ENVIRONMENT

A. TITLE: LUMINANCE RATIO

S. GUIDELINES: To insure uniform
light distri'cutien cnd thus legibility,
the following luminence rctio shcIl
not be exceeded.

RECOMMENDED LUMINANCE RATIOS

Reccmmended
maximum luminance

breas ra tto

Task and adjacent darker
surroundings 3:1

Task and adjacent lighter
surrouncings 1:3

Task and more remote darker
surfaces 10:1

Task and more remote lignter
surfaces 1:10

1,uminaires (or windows, etc.) and
surfaces adjacent to them 20:1

Anywhere within normal field
of view 40:1

C. HUMAN ERROR: Misrecding c dis-
play.

D. DOCUMENTATION: '/ cn C ott cnd
Kinkede (1972); McCormick (1976)

E. TYPICAL BACKFIT: Acjust lignt
sources as necesscry.

O
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!

b) HUMAN ENGINEERING GUICELINES FCR NUM AR I

V POWER PLANT CCNTRCL RCOMS

CONTROL RCOM ENVIRONMENT

A. TITLE: DISPLAY UGHTING

S. GUIDEUNES: Indiccter end pcnel

lighting should conferm to the

recommendctions cs curlined celow:

Luminance
Condition Ughting of Markings Brightness

of Use Technique (Ft-L) Adjustment

Indicator Reading White Flocd 1-20 Fixed or Continuous

Panel Monitoring White Ficod 10-20 Fixed or Continuous

i Chart Reading White Ficod 5-20 Fixed or Continuous

s

C. HUMAN ERROR: Misreccing of
Iccels cnd/cr dispicys.

'

D. DCCUMENTATION: Weedsen cnd -

Cenover (1964); Vcn Cott cnd

Kinkede (1972); MIL-STD-14728

(1974).

E. TYPICAL BACXFIT: Adjus; light
,

sources cs necesscry.

|

U:

I
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HUMAN ENGINEERING GUICELINES FCR NUCLEAR
POWER PLANT CONTRCL ROOMS

CONTRCL ROOM ENVIRONMENT

A. TITLE: ILLUMINATION LEVELS

8. GUIDELINES:
Ugnting (foot-candles *)

1. Pertccle l. .ignts shcIl be prov. , dice
Worx Area or Type of Task Recommenced ! Mintmumi .

ce personnel pert rmung visucl. . .

conscio surf ace 50 :
tcsks in crecs where fixed il-

0'''* 'O 20
luminction is not provided.

'S** 8 3
2. Illu-tinction levels shcIl be in ec-

" *'''' 30 30 cerdence with the recomrnendc-
* *"j,*| tiens in the icble to the left., 5, 3,

roer 20 10
C. HUMAN ERRCR: Misreeding c dis-

Read!ng:
nandwntten reocrts, picy cr !cbel.

In pencil 70 50

',' 'S *5"," ' ] y O. DOCUMENTATION C. cocnis (1963);,,,

Kubckcwc (19',1); Vcn Cott cndscales 50 :0
Kinkede (l o72); MIL-STD- 1472S

* As measured on the tasu ceject or :D inches (| $74),
above flocr.

E. TYP! CAL BACXFIT: Adjust lumi- |
ncires as necesscry.

|

1

l

1

I
|

|

|

1
'

1
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HUMAN ENGINEERING GUTCELJNES FOR NUO AR
POWER PLANT CONTROL RCOMSs

CONTRCL ROOM ENVIRONMENT

A. TITLE: ACOUSTICAL NCiSE

3. GUIDELINES: Accustic metericis
with hign scund-coscrption coef-
ficients should be provided cs neces-

scry in the construction of floors,
wcils, cnd ceiling to effect the re-
quired sound centrol. In the physicci
Icycut of recms cnd werk s;ctions,

excessive noise shCuld be c?tenuCred

by such mecns cs stcggered construc-

tien of,wcils, sicggering of doors in

[) corriders er between recms, cnd use
'

of thick-scned er dcuble-pened win-

dows. Under normcl ooeroting condi-

tiens the cmbient noise level shcli ' '

not exceed 65 cS(A), or 58 c8 PSIL.

C. HUMAN ERRCR: Fciture to respond |
to cuditory signals.

D. COCUMENTATION: MIL-STD-
!

!4729; MIL HOCK-759 (1975);

-Kubekcwo (1969); Wocdsen cnd

Cenover (1964).

E. TYPICAL BACXFIT: Provide ettenu-
crion as necessary.

)-
V

|
L
l

CRE-l I
__
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR I

POWER PLANT CONTROL ROOMS '

l

l

CONTRCL ROOM ENVIRONMENT

A. TITLE: REVERBERATION |

S. CUICELINES: The ccoustical trect-
.

ment of centrol recms ncil be suf-
ficient to reduce reverberation time
to the ccpliccble limits in ccccedence

|with the figure be!cw.
j

|

!

14

O-

i10 '

fAuctTCatuus -

1.0
)

| 1_

IJ
''

| := a/f- ,
la '

/ |
-=-

14
| '

_

g
2 3 4 $ 4 F 89 3 3 4 5 4 189 2 3 4 5 5753

1.000 10.000 100.000 1,300.000

vCLUME C# ACCW (cu. rta

AANGE OF ACCERTASLE AEVEASEAAUCN DME

~ CRif-li
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iJC. HUMAN ERROR: L cilure to respond '
|

,

,
,.

|1: to 'cuditory sigccis. -|
'

!~ :
i ef O. DOCUMENTATION: MIL-STD- 14729 '

. -|
-

| .(1974) .j

E. : . TYPICAL BACKFIT: Install ccoustic
sound cbsorption matericts.

|

| {
'

,

I
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i
1
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. .
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL ROOM ENVIRONMENT

A. TITLE: SOUND CONDITIONING

3. GUlOELJNES: The cvercge room
scund cbscrptier coefficient shcII be

ct lecst 0.20.

C. HUMAN ERRCR: Fciture to res::end
to cuditory signcis.

D. DOCUMENTATION: MIL-STD-l h72S

E. TYPICAL BACXFIT: Instell ccoustic
sound coscrption metericis.

O

.

O

. CRE-14
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^ HUMAN ENGINEERING GUICELINE5 FOR NUCLEAR

( POWER PLANT CONTRCL ROOMS,

CONTROL ROOM EbWIRONMENT

A. TITLE: VENTILATION

3. GUICELINE3: Air sha 1 be introduced

into the centrol reem et c minimum
rete of 30 cubic feet cer minute per

| men; cporeximately two-thirds of

which should be cutside cir. Air shcIl
be moved pcs? the men ct c velocity

no grecter then 100 feet per minute,
65 feet per minute if possible. In.
ickes !ce ventilcticn systems shcli be

;

so loccted cs to preclude / prevent the

introcucticn of centcmincted cir.j. .

g Air ::.cil not blow directly en coerc-
TCrs.

,

C. HUMAN ERROR: Increased likeli-

; heed of errce due to fatigt.e.

D. DOCUMENTATION: Woodsen cnd

| Cenover (1964); ,<ubokawc (1969);
'

MIL-STD-1472d (1974).

E. TYPICAL BACXFIT: Adjust system,

|

| cs necesscry.

4

I

CRE-15
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HUMAN ENGINEERING CUICELINES FOR NUCLEAR
POWER PLANT CCNTRCL RCOMS

CCNTRCL RCOM EbNIRCNMENT

A. TITLE: WORX-REST CYCLE

e fCUCWing guice-cesenotion at worx | Recommended Time IJmits
:.

lines shCfI serve Cs recCmmendedTasa unien recuires ;ow reve;
motor snills,is hignly I.tmi ts fCr tne lengins or. tirne Cn.

opetitive and devo.d c,

:ntical oscisions Up to 12 hours CrerCicr con efitCiently Cerform his--

Hignty recundant task using duties.
standard crococures, i

ted manual r c so Up to 8 hours C. HUMAN EPRCR: InCdver:ent CCruc-

Heavy, continucus physical tICn; CC?IVCfing The wrCng CCnfrCl; i

tacar interso.rs.d .itn I
suitacle recess Up to 5 hours nCf CCtiVCting C ContrCl; misreCding C

Fairty responsible, decision- d SDicy; fCilure fC re5DCnd ?C the dis-

ut ndo assis Up to 4 hours I 'S |

Cntical, $at mcnotonous *

vigilance tasz Up to 2 hours
D. DOCUMENTATION: WCCdscn Cnd

Extremely accurate motor skill
with critical reaction time -no CCnCVer(lOS).
time to relaz Up to 30 minutes

E. TYP! CAL BACXFIT: MCdify wCrk-
NOTE: The time !imits suggested above are suciect to rest CyC!e Cs CCCrCCricie.variations Inclucing proper irisertion of rest periods or
enanges In task routines. Work-rest cyc.*s are normally
based on a 24-nour day, and as such will reflect variations
during this period. It is imoortant to consider the normal
variations in planning entical taskst 1.s., ef ficiency normally
droos off about 10 o' clock in the forenoon, and once again in
midafternoon, followed by an end spurt just before tne
worker knows his work period is over Although we are
normaily criented to an 3-hour workday, with $ Mours for
sleep, pocole can adapt to off9er c/cles quite easily. '

O

. - - ,
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[Y HUMAN ENGINEERING GUICELINES FOR NUCLEAR
x POWER PLANT CONTRCL RCOMS

CONTROL ROOM ENVIRONMENT

A. TITLE: GENERAL WORKSPACE

HAZARDS

'
S. GUICELINES:

1. Mcndrcils shall be cffixed to
pictierms, sfcirs, cnd crcund

ficer cpenings, wherever person-

nel mcy fcil from en elevaticn.

2. Emergency doors cnd exits shcIl

be recdily cccessible end quick

to Ooen. The design should allow

the dco>/ or hctch to be cpened

by a single motion of hcnd er
- foot. Provisons should be mcde

fcr emergency exit from secure

cr cicssified crecs.
j ' 3. Arecs shcIl be soecificcity iden-
' tified where protective cisthing,

,

tools, or equipment, such cs in-

sulated shces, nonsocrking tools,

gloves, er suits, cre necesscry.

! 4 Adequcte illumination shcIl be
l

provided in cil werk cnd work

cecess crecs. Work crecs should
be illumincted by ct lecst 20 ft.-
c., cccess crecs by ct least 8 ft.-
c.

|
5. Exposed edges shcIl be rounded

; g ' to e minimum rcdius of 0.'04
j inch, cnd exposed corners to c

' .

minimum of 0.5 inch.

| '

' :

l

CRE-17 |
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C. HUMAN ERROR: leccvertent ccer-
ation; cccidentcl coerction; persennel
injury.

D. DOCUMENTATION: Vcn Cort cnd
Kinkede (1972); MIL-STD-14729

i

(1974).
i
;

; E. TYPICAL SACXFlT: ?rovice scfe-
i

; gucrds es cooliccole.

,

i

|
!

1

!

,

I
i

O4

:
1

i

|

f
f

,

i

;

;
;

|
4

,

I

.

|

O
'
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f HUMAN ENGINEERING CUIDELINES FCR NUM CAR
POWER PLANT CONTROL ROOMS

,

CONTROL ROOM ENVIRONMENT

A. TITLE: FIRE EXT!NGUISHERS '

! 3. CUICELINES: P:rteble, hcnd opere-

tec ''re exTingisners shcIl be !cccTed -

througneur ine control recm in a vis-.
.

ible end ecsily cecessible leccfien.

C. HUMAN ERRCR: Fciture to leccte-

fire extinguishers.

D. CCCUMENTATICN: MIL-HD8X-759
(l ?75).

E. TYP! CAL BACXFIT: Ins;cil fire ex-.

i tinguishers of the appropricte type.

i

a

.

i^

'
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HUMAN ENGINEERING GUICELINES FOP NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL ROOM EbWIRONMENT

A. TITLE: ECUIPMENT FAILURE

S. GUIDELINE 3: Disolcys shcit be de- !

l

signed to crevice ;:csitive indiection |

when ecuicment hcs fciled er is not
opercting within tolercnce limits.

C. HUMAN ERROR: Fciture to cerect
equipment fciture.

D. DOCUMENTATION: MIL-STD-
14729.

E. TYPICAL BACxFIT: Provice for
cut-of-tclercnce or equioment fciture,

feedbcck.

-

,

~

G

CRE-20
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR
POWER PLANT CONTROL RCOMS

,

CONTROL ROOM ENVIRONMENT

A. T13_E: CPITICAL MALFUNCTIONS

S. GUIDELINES: If equipment is not
' regulcrly menitored, en cuditory

cicrm shcil be provided to indiccte
criticci mcifunctions.

!

C. HUMAN ERROR: Fci!ure to identify
equipment mclfunction.

D. OCCUMENTATICN: MIL-STD-14729

(1974).
.

E. TYPICAL BACXFIT: Instell cIctm(s)
to respective equipment.

,

i

i

.

|
|

| .

O
|

'
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HUMAN ENGINEERING GU!CEL!NES FOR NUCLEAR
POWER PLANT CONTROL ROOMS I

CONTROL ROOM ENVIRONMENT 1

1

A. TITLE: MANUAL CONTROLS l
-

OCCASIONAL ADJUSTMENT

3. GUICELINES: Centrol knees thct
enly require eccesienci resetting (less

then once per shif t) shcIl be proviced

with c cover sect or otherwise
gucrdec cgcinst incdverten t cetuc-
tien. If a cover guced is used, its
Iccetien when coen shc!! not inter-
fere with the acerction of the pec-

tected device er cdiccent ccntrols.

C. HUMAN E' tROR: Inccverten! cetuc-
tien.

D. DOCUMENTATION: Vcn Cett cnd
Kinkede (l?74); MIL-C-31774 Lemps:

Humcn Engineering Design Occument

(l978).

E. TYPICAL BACXFIT: Provide con-
trel(s) with cover gucrc(s) er equiv-
cient mecns to protect cgcinst ined-
Vertent CCiuCtien.,

.

O
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I HUMAN ENGINEERING CUIDELINES FCR NUCLEAR
POWER PLANT CONTRCL RCOMS

.

WORKSPACE ARRANCEMENT
i

A. TITLE: DISPLAY PLACEMENT FOR ;

STANDING OPERATCRS

3. GUICELlNES: Ncrmel Cisolcys -

Visuci dispicys mcunted en verticci

pcnels cnd used in ncrmal equipment

cpercticn shall be plcced in en crec

41 to 70 inches cheve the stcnding
,

surfcce.

Scecici Disolevs - Incice: ors
,

that must be recd precisely cnd fre- =

quentiy shall be plcced in cn crec 50.
.

'

i tc 65 inches cbeve the stending
surfcce.

C. HUMAN ERROR: Misrecding the dis-
plcy.

D. DOCUMENTATION: MIL-STD-14728

(1974).

E. TYP! CAL BACXFIT: Releccte cis-
plays.

,

O

O

v
.

;

|
w :. t
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HUMAN ENGINEERING GUIDELINES FCR NUCLEAR
POWER PLANT CONTROL ROOMS

WCRKSPACE ARRANGEMENT

A. TITLE: DISPLAY PLACEMENT FCR
SEATED CPERATORS

3. GUIDELINES: Nermcl Discicvs -
Visuci discicys mcunted en vertical

pcnels cnd used in ncrmci equipment

cperation shcIl be picced in en crec 6

to 16 inches cbeve the sitting

surfcce.

Sceciel Disolevs - Indiccrers

thct must be recd precisely cnd fre-
quently shcIl be picced in cn crea li
to 35 inches cbove the sitting

surfcce, cnd no further then 21

inches lcterc!!y frem the centerline.

Warnine Discicvs - For " sit"
censoles requiring hcrizentcl visien

over the icp, criticci visucl wcrning
dispicys shcil be mounted ct lecs;

22.5 inches cbove the sitting surfcce.

C. HUMAN ERRCR: Misreeding the dis-
picy.

O. COCUMENTATICN: MIL-STD-l h729
(1974).

E. TYP! CAL BACXFIT: Releccte dis-
*plays.

O

WA-2



- . . . . .. . - _ _ - - - _ _ - -

(9 HUMAN ENGINEERING GUICEUNES FOR NUCLEAR
y/ POWER PLANT CONTRCL ROOMS

WCRKSPACE ARRANGEMENT

A. TITLE: CONTRCL PLACEMENT

FOR STANDING CPERATCRS
:

S. GUIDELINES:

i. Fce precision cnd speed, cne-
hended centrols cre preferchie
to those requiring both hcnds.

2. Centrols shculd be located to
cvoid requirements for cperating

from cwkwcrd er uncomfortchle
positiens like stecping, kneeling,

er crcuching.

3. Centrois cperated with the

whole hcnd snculd be !cceted
within ecproximctely 27 inches

of the bcck of the ccercter's
shoulder.

4

4 Finger-cpercted centrols shculd

be leccted within cpproximately

29 inches fr:m the scme shcul-
der reference point.

5. Centrols shculd be picced:

c. Cicse to the dispicys they
cifect.-

. b. Selow cr to the left for left- / \I

O ohcnd operaticn; below or to
the right for right-hcnd cper- Q Q
ction.

O

J - c. So thct there is en equitcble
distributien . of work!ccd

;- WA-3
- - .. - - , .- - . . . -



bePNeen right Cnd left
hcnds; right-hcnd cceration,,, ,,,,,

, .
' * ' '

shculd be reserved ice~ -
.

', ,' ',,,,f opercticns requiring the,
,

finest cdjustment.

6. Centrols shcIl :e leccted such
thct simultaneous cperaticn of

two conficls dces not .ec ess-
itcie a crossing cr inter-
chcnging of hcnds.

7. All centrols mcunted en c verti-
ci surfcce end used in ncrmcl
equipment ecerction shcil be

located in cn crec 34 to 74

inches cheve the sicncing

surfCCe.

c. CentrcIs requiring precise er
frequent cpercticn end emergen-
Cy Controls shCll be meunted 36

to 57 inches ebeve the siending
surfCCe.

9. Centrols requiring fine cdjust-.

ments should be !ccated clcser
to the cpercter's line of sight
then centrols recuiring gress
positiening.

C. HUMAN ERRCR: Activcting the
wrong centrol; reccing the wreng dis-
plcy; pocr centrol cdjustment; incer-
rect cperaticn.

O

%AA
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O. DOCUMENTATION: MIL-STD-la725 I

| (1974); MIL-HOSK-757 (1975); Ocmen

! ( -); Vcn Cott end Kinkede (1972); f
, -

-

i

[ Woodson end Conover (1972). |
| .l

. E. TYPICAL BACKFIT: Releccte con- !
;

-tTols. )
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HUMAN ENGINEERING CUICELINES FOR NUCLEAR
POWER PLANT CONTRCL ROOMS

WCRKSPACE ARRANGEMENT

A. TITLE: CONTROL PLACEMENT

FOR SEATED CPERATCRS,

i S. GUIDELINES: All centrols e cunted
Y

cn c verticci surfcce shcIl be lecctec
UP TO 3'' (

in en crec no grecter then 8 inches
A
i j i cbove the hecd of the seated 5th

e / percentile operater (52.3 inches

ccove the sect) cnd no further thcn,,

\k 18 inches lctercily from the

4 centerline. Primcry centrels

f (centrols which must be oper ted. y

frequently cr cre criticci to

cperctions) shculd be leccted be-

tween shoulder level cnd weist height

(see figures et left cnd right).

C. HUMAN ERROR: Incerrect cpera-
tion; cctivating the wrong centrel.

; D. DOCUMENTATION: MIL-HCSK-759evanimum riet surf ace area for seconc. contrms j- (1977); Weedsen cnd Conever (1964);
* I McCormick (1976).Preferred limits for other secondary controls g
3~ j E. TYP! CAL BACXF17: Relecere cen-

--- Emergency contrats anc precise- 3
::: :: adjustment secondary contrets 2s- j trels.

:
.

20- 3

N Pnmary corrtrois N
o

15- j.

10- 8

d
20 *M 1,0 5 0 ' LO '4 23

Olstance to the rignt and feit of seat reference point,, :hes
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HUMAN ENGINEERING GUICEUNES FOR NUCLEAR
POWER PLANT CCNTROL ROOMS

WORKSPACE ARRANGEMENT

A. TITLE: SHELF DIMENSIONS

3. GUIDEUNES: Shelves sbcil be lo-

ccted such thct their centents ccn be
both seen end recched. Under no
circumstcnces shcil the tcp shelf be
higher thcn 76 inches. C:her recem-

mended dimensicns ccn be seen in the

figure below.

A
--

' G
Y %

,

t 10" 42"
Y s

;_

A f

i

Is* +I +|-10"
|

y |}. s"

A A
c|e: +

as-
|
.

,

,

.

Y Q i |

C. HUMAN ERROR: Mistcke in re-
trievcl scfety (tcppling). I

.

WA-8



. _ . .
-- -_

O. DOCUMENTATION: Wcod$on enc

Cenover (1964).

E. TYPICAL BACKFIT: Lower end/cr
widen Shelve 5.

|

i
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G.,HUMAN ENGINEERING CUIDELJNES FOR NUCLEAR
P:.WER PLANT CCNTRCL ROOMS l

|

WORKSPACE ARRANCEMENT
l

A. TITLE: SPECIAL TCOLS

,

S. GUIDELINES: Scecict tools recuired

for operctienci cc,iustment shcIl be
securely mc snied in c recdily ccces- |
sible tocction.

'

C. HUMAN ERRCR: Erreneous use of
;

tools. )

D. DOCUMENTATION: MIL-STD-14725

(1974).

E. TYPICAL BACXFIT: Es:cblish cc-
cessible leccticn for teois.

O
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HUMAN ENGINt= MING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL RCOMS

:

WCRKSPACE ARRANGEMENT
!

A. . TITLE: HANDLE DIMENSIONS
.

fS. GUIDELINES: Hcndles which cre to
'be used with gloved er ungloved

hcnds sncil equci er exceec the mini-

mum cppliccble dimensions shown in

the figure en following pcge.

C. HUMAN ERROR: Drepping equip-

ment; demcge tc system instrumen-
tction. .

D. OCCUMENTATICN: MIL-STD- ,

I4729.g
s.

E. TYP! CAL BACXFIT: Mcdify hcndle'

dicmeters; repicce with new hcndles.
|

,

1
&

.

4

e

i .

< .
. )

!
4

|
._ . _ . .. -. . - ._ - _. . . - _ _ _ _ - . - . - -
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CIM ENSICNS IN INCHES Gn mm)

ILLUSTRAT*CNS gg g,,, g {ggg,g g,gg)
X Y Z X Y Z

w-

0-
1 Two. finger tar 125 2.5 10 1.3 10 3.0

.

.h

Q' Cne. hand Bar 2.0 4.3 10 15 5.25 4.0

'v & '
Z A Two. hand her 2.0 3.5 10 13 10.5 4.0

by

'Y k
L0 T.bar 1.3 4.0 3.0 2.0 4.5 4.0

*Lv </gWZ .

om
1

.

k J.cer
, y 2.0 4.0 0.0 2.0 4.3 4.0

X%v
'

] Two. finger recess 1.25 2.5 2.0 1.3 10 2.0

X

Y Yg- Cne-hand recesa 2.0 4.25 3.3 3.3 5.25 4.0
i

%
Z Finger tic recess 0.75 0.5 1.0 0.75

.'' X,

j' {i? -

Cne. finger recess 1.25 2.0 1.5 2.0
,

'
,

1

ICurvature of Handle
|orEdge

Weigfit of item Minimum Diameter Grfocing efficiency is
up to 15 lbs 0 114 in. test if ringer can curt
15 to 20 lbs 0 112 in. around hancie or
20 to 40 lbs 0 3/4 in. edge to any angle of
Over 40 lbs 0 1 in. 120 degrees or better.
T. car Post T .1/2 In.

WA-12
_ _ - -
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HUMAN ENGINEERING GUIDELINES FOR nun CAR-

( POWER PLANT CCNTROL ROOMS,

WORXSPACE ARRANGEMENT

A. TITLE: ROLLOUT RACXS, SLICES
IOR HINCES '

i

|

S. GUICELINES:

1. Units which cre frequently

i pulled cut of their insiclied posi-
i tiens for checking shall be

mounted en rolicut trccks,

slides, er hinges. Relicut rccks

should not shift the center of
gravity to the extent thct the

i entire rcck or censole fcils. If

U) this possibility exists, the con-
sole er rcck shcIl be sciety se-
cured.

2. Limit steps shcil be provided en

eccks cnd drcwers which cre re-
quired to be pulled cut of their -

$ instclied positions for checking
er maintencnce. The limit stop
design shcIl permit convenient
overriding of steps for unit re-
movcl.

: 3. Hinged units shall be provided
|-

with c becce er other mecns to
hold units in the "out" position-

j during checking er mcintencnce.

'
C. ~ HUMAN ERROR: Fcifule to cccess

compenents.%}

!
!

; WA-13
,
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)
1

l

|

.

D. DOCUMENTATION: MIL-STD-I tJ29
(l974). |

E. TYP! CAL BACRFIT: Instcli reticut
eccks; limit stcos cnd/or brcces es

neceSSCry.

O

,

O

WA-14
,
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g HUMAN ENGINEER!NG GUIDELINES FOR NUCLEAR
v POWER PLANT CONTROL ROOMS

,

WORKSPACE ARRANGEMENT

A. TITLE: LATERAL WORKSPACE

S. GUIDELINES: The minimum Icteral
wcrksecce for eccks having decwers

shcIl se cs follows (mecsured from
drcwers in the extended positien):

1. For rccks having decwers

weighing less then 45 pcunds: 13

inches en ene side end 4 inches
4

en the other.
i 2. Fer- ecci<s hcving drcwers

weighing over is pounds: IS

inches cn ecch side.
.

C. HUMAN ERROR: Fciture to cccess
ComOCnents.

D. DOCUMENTATION: MIL-STD-14725

E. TYP! CAL BACXFIT: Relecore reeks,

to provide cdequcte Ictercl werk-

spcce.

;

i

.

'

L

'. .

i

\,

.,

a

wA 1s
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|
.

1
1

I

'

HUMAN ENGINEERING GU!CELINES FCR NUCLEAR
POWER PLANT CONTRCL RCOMS

,

WORKSPACE ARRANGEMENT

A. TITLE: DESKS
%

DN | S. GUTCELINES:
IM i |

N :f.. 1. Heicht - Oesk tcps cnd writingg, u .. , , , ,

% g tecles shcil be 29 to 31 inches

D 2c.. . -% cbove the ficer.
d 2. Werk Surfcce - When writing is

cesx " Minimum Anew.ci. required the work surfcce shcIl i

hcve c depth of c7 lecst 16

inches cnd a width of 24 inches.,,

'l
When other tcsks cre involved,

the minimum width shcl! be ex-
7- pended to 30 inches.-

s

' 4. # 3. Knee Recm Heicht - i ne mini-so - %J |

<
'

@, mum distence between the tcp
]

of the sected suricce cnd the |
bottom of the writing surfcce
shcIl be 7".

4. Kick Recm Heicht cnd Ceoth -
MINIMUM UsEFUL A minimum kick spcce 4 inches
WRITING AREA

deep by 4 inches high shcIl be
provided.

C. HUMAN ERRCR: Celcy in cecessing
k menucis, etc.i

IY
D. DOCUMENTATICN: Weedsen cnd9

_ T* MIN'N Cenover (1965); Xucekcwc (1969);
- A jl MIL-STD-lh728 (1976); McCormick

'

i T

l (1976).

I E. TYPICAL BACXFIT: Remove equic-
T'' 'c.

'

ment, backs, etc. from work surfcce;
f -=.{ 4- H purchese new desks cnd/cr icbies.

KNEE ROOM AND K!CK SPACE
WA-16



(' HUMAN ENGINEERING GUICELINES FCR NUCLEAR
( POWER PLANT CCNTRCL ROOMS

WCRKSPACE ARRANGEMENT

A. TITLE: SEATING

S. GUIDELINES: Secting criteric shcIl
conform to the guidelines listed
below.

1. 'Nidth - The sect width shcIl be
at lecs; 17 inches, cnd prefer-

A A[ lcoly 13 inches. | -
-

2
CONSTANT2. Seckrest - A supporting beck- ie x

rest thct reclines between 103 |M" 'fe"c 1#|&c;';"' "55

" ~cnd i15 shcil be provided with (
Tpreference given towcrds the

.

< t

smclier eng te. The beckrest [ ' ' ' " *

v shcIl engcge the lumber cnd the- 7, a
recic regicns of the bcck, cnd
shcIl support the torso in such c

position that the operator's eyes,

ccn be brought to the " Eye Line"

with no more then 3 inches of
forwcrd body movement. to :o-

: - ern .n.

c. Curvature. Scekrests which 7

%]
/

y
1

cfford only lumbcr support 7
Gin.. din. 8 0 E AO

shculo, not hcve c lcterci
|curvcture deeper then thct N T'

I ( >

of c circle 7.3 inches in rc- --------"-T~,

,,,, , m . _

dius. A shcIlower curvature [ |l

' L 7 A I l,is prefercble. _
,

i *

3. Cushioninc - Where copliccble, ( m a- -+

p both the bcckrest cnd sect shcli 2'" " ' " ' * '~

I

be cushicned with ct lecs? 't inch #

of compressible material cnd e 3 3 y

OMaim wlTM MCelLE G AS$

|

WA-l 7
r
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] provided witn c smooth suricce. Pcdding
,

shcIl be sufficient to prevent the suoject
from ccmcressing the meterict to its co-
solute limit; there should be some resili-

ency remaining.

4. Adiustcbility -,

I
/ c. Fere-cnd-A ft. Fcr fixedL \_ | nacn nsr . .~r 4 . ass o .nnr secting, o to 3 inenes or

. .

Is ia.
-

-

! cdjustment, in I-inch incre--

j] /f I.
~

ments, shall be provided.
AM b. Verticcl. Vert *cci sect cd-2 , 2 c; - -

3 justment from 13 te 21
s suurun ocsTun :enrnct :nn
'vtTMPr280BAstMCMCanscLE inches in increments of no.

ECUt* MEN T Cnnaicas

]( more then I inch shctl be
provided. For sit-stccc
coerctors, verticci height
shcil be cdjustcble to 30

# ~

| | Inches.
I v

5. Knee Rcom - Knee end fcot2
~a

f l room that equais or exceeds the
.,. . . - -

s' ( Y following minimum dimersiens
.

f._.

l ;l--
-

* ' ' " shcil be provided benecth wori<
p;'- - -

e' Q surfcces:,

k I c. Heicht. 25 inches. If c-

J r' C D
/ . " ~ -.' ,,,h, ' _.J.,;r foofrest is provided, this

r ,,, I 'W 3 4 dimension shcil be increased_ 4
e

f
.

I | cccordingly.
""'

I L~~ # -
.

.e 9-. b. Width. 20 inches..-

c. Death. 18 inches.

I C. HUMAN ERRCR: Oceratienci errors-

resulting from fctigue. or incbility to
i

recch ccmpenents.

O

WA-18
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9

O. DOCUMENTATION: Weedsen cnd
'

Cenover (1964); Vcn Cott end

(. !972); MIL-STD-14728Kinkede

(1974); McCormick (1976).

E. TYPICAL BACXFIT: Adjust chcirs;
curchese new chcirs.

!

.

|

|

|

|
l

,

|
i
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR '

POWER PLANT CONTROL ROOMS |
1

WORKSPACE ARRANCEMENT
l
,

A. TITLE: CPERATICNAL

DIMENSIONS

S. CUICELINES: Coeretienci worksocce

dimensions should conform to the cri- ,

1

teric listed in the icble below.

|

|
|

RE N RED
DIMENSION DESCR!PTION AND AREA INVOLVED FUNCTION

CLEARANCES

Minimum
$ feet From bacx of desk or censole to wall (fer **seeover'' to wall disclay, and ccorational

maintenance-coerational functions). maintenance

42% inches Front of console or dess (distance from leadin edge of writf.tg sneif to bacx cf operational
coerator equicmenth administrat!co

33 Inches Per cperator lateraily (seated censole type cperationL cperational

48inenes Psr person laterally (rigit. handed stancing operation,30 inches to the rfqnt of the operational
body centertine and 18 inches to the left; vice versa for the left-handed operationk

50 inches Frem front of equioment to opposite f acing surface for rnomentary bencing and operational
ikneeling activitles, and for single row cf racks or equipment. maintenance '

I8 feet For two rows of equicment racks facing each other, requiring ocerater functions in ccerational
each row and some kneeling or bending function with use of mocile test equicment. maintenance

I

C. HUMAN ERROR: Fciture to cccess
components.

O. DOCUMENTATICN: Kuockcwc
(1969); MIL-STO-14725 (1974).

E. TYPICAL BACXFlT: Releccte con- |

|

soles. 1

O

WA-20
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.

\s

SEATED OPERATIONS

W all
A 6* Min. Y '-

Equipment ,
-> 42W" Min. |W g'-

. . - i
r/
p:
y.
I

'
A

..

____

Ii

'

STANDING OCERATIONS

- 8' Min. >-
(two opposing rows of equipment

A
|

t

>

72" Max. A C-
for random | [

'' monitoring & }
little contrel' ! 48" Max. ('

I without %-

moving'

i

Y ( Y

|

+- 50" Min. *k bsingle row cf equipment

1 * There is no maximum lateral dimension if equipment racks are positioned in
| continuous sequential order.
1-

WA-21
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HUMAN ENGINEERING GUIDE 1JNES FOR NUCLEAR
POWER PLANT CCNTROL ROOMS :

1

WCRXSPACE ARRANGEMENT

A. TITLE: STANDARD CONSOLE

DIMENSICNS

i

S. GUlOEL 'ES: The dimensicns of
instrument consoles shcIl ccnferm to |

|

those guidelines listed in the figure
below cnd the tecle en the following
pcge.

C. HUMAN ERRCR: Delcy in centrol

cctivatices; cency in recding disolcys.

D. DOCUMENTATION: Ycn Cott cnd
Kinkede (1972); MIL-STD-14728

(1974).

E. TYP! CAL BACXFIT: Cesign new
console; modify existing consoles.

95th DERCENTILE
M SEATED EYE HEIGHT

5th PEACENTILEf \ ) [ 7
f A STANOtNG EYE HE!GHT

-| -- V ' . , 70 r
3

-- 7 /

L LJ,

. ~I
fGw 7 I.

'I

+ . , t .

iX f ,a .

g .

g m. ~HJ.t
I

i

,

~ ~ - ~ ~~ _ ,- w:,

General werkplace dimensions

WA-22
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>

^

TYPE OF CONSOLE

Sit Sit Stanc Stand
Sit- (w/ vision (nlo vision (wivision (wro vision

Stand over tool over toen over toen over tool

A Maximum console heignt $2.0 47.1,* to 51.5f to 62.0 72.0
from stancing surf ace 58.0 $2.0

3 Censole docth at tase C p t. Cot. O p t. Ca t. Cot.

C Vertical cimensicn of panel. 25 22 2$ 2b 36
inclucing sills

O Console panet angle from 158 1 58 15' 15' 15'
vertical

( ,/ E Minimum pencillsnell docth 4 4 4 4 4

F Minimum writing surf ace 18 16 16 16 16
geoth inclucing ;encil snoif

G Minimum knee c!earance 18 18 18 - -

H Foot support to seat: 18 18 18 - -

1 Seat aojustacility 4 4 4

J Minimum thign clearance at 6.5 6.5 5.5 - -

miccoint of "t"

K Wnting surfact height from 36.0 25.5 to 25.5 to 36.0 36.0
stancing surface 36.0 35.0

)

L Seat heignt at micacint 29.3 18.0 to 18.0 to - -

of "1" 28.5 23.5 |
1

M Maximum console ;anel 08 06 28 j
breadth ,

i

I
'"A" must never be more than 29.5 in, greater than "L"
?"A" must never te more than 33.5 in, greater than "L",

*When seat.to stancing surface exceeds 18 in., a heel catch snould be provided. |

Note: Standard values for critical cimensions used in the cesign of instrument consoles for the saated anc/or stancing )operator, with and withcut a requirement on the operator to maintain horisontal visual contact with other cisolay cr
test aoparatus beyond the console.

| f' (Refer to accompanying clagram (General workplace cimensionsD
',

,,

1
'
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

WCRKSPACE ARRANGEMENT

A. TITLE: CONSOLE DIMENSICNS FCR

THE STANDING OPERATOR

S. GUIDELINES: Stending coercier cen-

soles shcIl cenferrn to these dimen-
siens cs depicted in the figure en the
following pcge. (See clso WA-l cnd

WA-3)

C. HUMAN ERRCR: De!cys in ceti-
vcting controls er . ecding discicys.

D. DOCUMENTATION: Kuockcwo

(1969); Vcn Cott end Kinkede (1972);

MIL-STD-14728 (! ?74).

E. TYPICAL BACXFIT: Recuild censole
cnd rewire; replece or mcdify
console.

O

WA-24



_ . . - _ - - - - _

[N

l

|

'<EEP UCNTS AOCVE
TOAVCICG VSE

/

- F tt. -- STC. OCCR

CvfANEAC s

- 50 * - 4E7.OISAUYS'

'lla '''\\\\'\\\\\\\-

*"
- 5 ft MICME37 SNELF.

- EMEACENCY 3157uY

- 5 ft \ 41tn CCNTINUQU$ blSUAL wCNITCPfNC
--

g I TC SEE QvEA CCNs4LA.a*CNE wCuTNPE:2

O##.[# - SET 48 CCNTACLSf s

NT QNG I' '*

= CISPt.AY.CCNTAC(
D - 4 ft - - STC. wall SWITCM

C,f,00,,7,Ct - *n wax *Ca <EysCano i .o.,53

'\-
D*

41 in memMC CCUNTE.twiM. t6 in CEE7\*
(MCarZCNLM

Q N ANQ AAJL3
N * :a in CCCa (NCS,

s ,N - 3 ft. 24 in STC. WC AKSENCM: wN 241n

e .' N
tNCREASE 4 r s
TC u in. O
?C Cf. V - 2 ft
CCNTACLS I
'

:s n. - W AINT. CONTRCLS. $7C AACE
s

d,

~ "'
,,, #

r -

y .NCrt: Sm-um~. e,Enarca

4 8a.Q- j

A '

O' '

i

STANDING OPERATOR WORKPLACE

|
|

|
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HUMAN ENGINEER!NG GUIDELJNES FCR NUCLEAR
POWER PLANT CCNTROL ROOMS

WORXSPACE ARRANCEMENT

A. TITLE: CONSCLE DIMENSICNS FCR

THE SEATED CPERATOR

S. GUIDELINES: Sected coercter cen-.

soles shcil coniccm to those dimen-
siens cs depicted in the figure en the
following pcge. (See else WA-2 cnd

WA-6)

C. HUMAN ERROR: De!cys in ceti-

voting controls er in recding disolcys.

D. DOCUMENTATICN: Kucekcwc

(1969); Vcn Cott end Xinkede (1972};

Siccstroncutics Octa Scek (1973);
McCcrmick (1976).

E. TYPICAL BACKFIT: Recuild console
cnd rewire; repicce er modify .

|

Conscle.
,

l

l

i
|

|

.

O
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HUMAN ENGINEERING CUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

WORKSPACE ARRANGEMENT

A. TITLE: WRAP-AROUND CONSOLES
1|

S. GUIDEUNES:

1. Penel Width '// hen require-

ments for preferred pcnel socce

cpT1M AL cCNTRcLs.24" or c single sected ccercicr ex-
- -- ~ ceed a pcnel width of M inches c

$CPTIMAL DISPLAY.16" #
~'

-

crcund conscle shcfl be provided.
44" MAX sTRA!OHT PANEL d 2. Penel Ancle - Ihe left Cnd right

|
1 s%NNN'NN'NWwNNNhhwNNNN hN segments shcIl be picced ct cn

[k cngle, mecsured from the frenic!-*- 24" MIN r(NEE

) - 34" MAX FOLDED P AN E' D:; plcne of the centrcl segment,
i !i N -| \> \ such that they ccn be recched by,

J'*\,/ ) | the 5th percentile stctioncry\
,

j l cperatcr (recch = 28.6 in.). A
C

/ % i10 cngle is recommended.

kb 3. Dimensions (Vision Over Tec) -
N

Conscie Dimensions, Seated Operater g Where visien over the tcp is re-
|
,

Y quired (thereby limiting verticci
pcnel spcce), the width of the
central segment shcIl not exceed

id inches, cnd thc! cf the left
'

end right segments shcil not ex-

ceed 24 inches.

4. Dimensions - Where visien over
the tcp is not r= quired, the totcl

censcle height mcy exceed the
sect height by mere then 29.5
inches, the width of the centrcl

segment shcIl not exceed 3a

.

WA-29
'
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(~N inches, cnd thct of the left end

.U)'

right segments shculd not exceed

24 inches.

5. Viewinc Angle - The forci re-
quired lef t-to-righ t viewing
cngle shcIl r .o t - exceed 190 .

This _ cngle _should be reduced

whenever possible through co-
1 prepricte cenitcl-discicy Icycut.

C. HUMAN ERROR: Activcting the
control (s) too !cte; failure to rescend
to dispicyed informatien.

O. OCCUMENTATION: Kubckcwc
(1969); Siccstroncutics Octc Scck
(1973); MIL-STD-lh729 (l *76).

E. TYPICAL BACXFIT: Releccie

(Qj contrcis/discicys; purchese new con-
%/

sole.
/

INCHES
M 30 20 10 0 10 20 30 40
. . . . . .. . .. . . . ,

1
. - W AXIMuM REACM |

7=

twlTH SCOY SENCINC)40 -

CariMuM Ja
, virMiNo CNE' J |*

-

' u .

30 }--
{ A '# ".-

- 30

E \~ u+ l/ - -

:: c
3 20 L OptMuM uanuAt 1 *,o E

"

a
'

CCNTMC( AAEA 3~

I ~
.

**
CONTRCLS10h \ ',

AEACMEa cairwCutt WAAIMuW VtEWING AAEA CF *O' - 10[ SCCY S(MCimG y wlTM EYE ACTAT:CN CM(Y -
.

_

\ - | -
"

-

' '"
g ".. _ _ '

. CAT'JM | W AX1 MUM viEWil'G AAEA C# 190* "g
witw MEAo.Ano trE aCrAnCn

3ATUM

, , , ,, ,. , ... .. ,. .

f.| I
\ l iMCHES

L/ :n-to c. wn -e , .. no e 3, r. a e erm sae cia . <*.nea a.a6 vi ag eseanc.
PST $9 eSf9M498 3#0*8#. 896881iS Br00eMy fetagaea.

|

i
.
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i

HUMAN ENGINEERING CUICELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

WORKSPACE ARRANCEMENT
1

A. TITLE: DOORS I

l

i

S. CUICELINES: Siiding deces shcil !

.,3. never be installec cs the only ;;er-
~

|' scnnel exit from c comocriment.

! t i When c slicing dccr is used, c sepc-
A

care hinged door in :he sliding dcce
'

should be provided for persennel use.

so-s4- Fixed ecuipment shcIl be et lecst

three inches from the swept crec of

hingec doces.--
- -y 4'** * ~/N C HUMAN ERROR: Persenct injury.

D. DOCUMENTATICN: Kubckcwc
(1969); MIL-STD-l4729 (1974).

E. TYPICAL BACXFIT: Install new
decr; move ecuipment.

O

WA-30
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HUMAN ENGINEERING GUIDEL]NES FOR NUCLEAR
POWER PLANT CONTRCL ROOMS

WORKSPACE ARRANGEMENT |

A. TITLE: PASSAGEWAY DIMENSIONS

S. GUICELINES: Corrider cnd cisle
dimensions shcII ccnferm tc these1

'riteric 03 depicted in the figure be-.

!cw.

.

i

| 13" MIN Cne Man Passage Sideward

+ ('. N cne Van Passage Forward.'+

._ _.

->. + 48 54" Two Man Passage

-

V

-- >- 56-72" ene Coor
i

~

I
A |

J.
'

''

g y
->. + 8496" Facing Doors

I I I

l
l

C. HUMAN ERROR: Personc! injury.

WA-31
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i
.

D. DOCUMENTATION: Weedsen cnd

Cenover (1964); Kucckcwc (1969);
;

MIL-HCSK 759.,

!

E. TYPICAL BACXFIT: Widen pcsscge-'

ways es necesscry.

4

0

..

.

9

O
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,f HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
( POWER PLANT CONTROL ROOMS

WORKSPACE ARRANCEMENT

. A. TITLE: STORAGE SPACE

S. GUIDELINES: Adequcre end suitcble

socce shcIl be provided en censoles or-
>

immecicte work sccce for the stcr-
cge of menucis, worksheets, cnd

other materials thct cre required for
use by the coerotional or mainte-

ncnce personnel.

C. HUMAN ERRCR: Delcys in cecuiring
mer.ucis, etc.

D. DOCUMENTATION: MIL-STD-14278
.

E. TYPICAL BACXFIT: Provide sterege
sccce es necessary.

,

e

.

$m
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HUMAN ENGINEERING CUIDELJNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

WORKSPACE ARRANCEMENT

A. TITLE: STAIRS, STAIR-LADDERS,

FIXED LAOCERS, AND RAMPS:
SF1 :CTION CRITERIA

S. GUICELINES: The selection of

stairs, stair-lcaders, fixed Icdcers, or

rarnps for specific cpp'.iccticns shcIl

be bcsed en the engle of cscent re-
quired cnd the criteric in the figure

S0 * below,as .

f 7s'

/
L'dder:

m-;7

y - %i, #*%,,,
j sG *

[
F

/*
:s -j

-

. e,
'/ 3+

gg4'

:o *
..

. - 1

,y ,
*

35.

'

.;
'

- .

w

'

pteleffd d''

*
-7*

",s
,

_

~

g.
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:
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!.
;. s

r

(..
. dcmcge to system instrtJmentction..

Ci -' HUMAN _ ERROR:- ' Personci injury;

[' ,

i

; D. - DOCUMENTAT10N: - kubokcwc- |
,

l' - (i 969); MIL-STD-14728 (1974).

' E. TYPICAL BACKFlT: ' Adjust cngle of
,

oscent cs necesscry.

.

- I

)
,

|

.'
I

I

i '

! |

'
i

,
-

t

.

O

t
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.
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:
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

WORKSPACE ARRANGEMENT

A. TITLE: HANCRAILS AND

GUARDRAILS

3. GUIDELINES: Hendreils end Cuced-
rails - 5tcirs, s:cir-lcdders, fixec

Icdders, cnd ecmos shoulc be

equippec with c hcndrcil en ecch

side. Where ene er both sides cre
ccen, cperccricte intermedicte

sucrdrcils shall be proviced to pre-
vent personnel injury.

C. HUMAN ERROR: Personc! injury;
demcge to system instrumenrction;

inCdVertent CCiUciicn.

D. DOCUMENTATION: MIL-STD-1472S

(1974)

E. TYPICAL BACXFlT: Provide as
necesscry.

O
.
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[V} HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

WORKSPACE ARRANGEMENT

A. TITLE: STAIRS

B. GUIDELINES: Stcirs shcil be de-
signed to ecnferm with the recem-
mended dimensions in the !!gure
below cnd en the following pcge. In

no instcnce shall the dimensicns
exceed the scecified minimum cr
mcxin um. (See also WA-34)

STAIRS

DIMENSION MINIMyM MAXlMUM RECOMMENDED

A Tread depth (including 9.50" 12.00" 11.00" 12.00"
nosing)

S Riser height 5.00" 8.00" S.50" 7.00"
C Depth of nosing (where 0.75" 1.50" 1.00"

applicable)

0 Width (har drail to handrail):
One way stairs 30.00" 36.00"-

Two way stairs 48.00" 51.00"-

F Height of handrail (from 30.00" 36.00" 33.00"
leading edge of tread)

G Handrail diameter 1.25" 3.00" 1.50'
H Rail clearance from wall 1.75" 3.00"-

C. HUMAN ERRCR: Personal injury.

O. DOCUMENTATION: Kubokcwc
(1969); MIL-STD-14729 (1974).

O E. TYPICAL BACXFIT: Rebuild stcirs
i /.V cs necesscry.

WA-37
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/ HUMAN ENGINEERING GUICELINES FOR NUCLEAR\

POWER PLANT CONTROL ROOMS

WORKSPACE ARRANGEMENT

A. TITLE: STAIR-LADOERS

; S. GUICEUNES: Srcir-icdders shcIl
ccnform with the recommended

dimensions in the figures belcw. The
,

trecd rise shcIl be ccen at the rect.
Lcndings should be ; rovided every

tenth or twelfth trecd. The surfcce
,

of trecds cn exterict s;cir-Icdders

should be constructed of cpen grcting

meterici er shculd be trected with
non-skid material. Steir-ledders shcil

be of metcl construction. Hendrcils
shcIl hcve nonslip surfcces.

I

i

+C+
0

'
r

f
-

'N4

|
^

/ tcs E

| 3

% / A
'

ON P '

7 ~

$TAIR LA00E.9 OIMENSicNS
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C. HUMAN ERRCR: Persenci injury;
cnd dcmcge to sys em instrumente-
tien.

D. COCUMENTATION: MIL-5TD-lh72S

E. TYP! CAL BACXFIT: Rebuild cs
necesscry; purchcse cceeof cole

equioment.

STAIR-LADDER DIMENSIONS

DIMENSION MINIMUM MAXlMUM RECO MM EN D ED

A Tread depth range:

For 50' rise 6.00" 10.00" 8.50"

For 758 rise
(open ladders only) 3.00" 5.50" 4.00"

B Riser height 7.00" 12.00" 9.00"

C Width (handrail to handrail) 21.00" 24.00" 22.00"

O Overhead clearance 'Sa.00" 75.00"-

E Height of handrail
(from leading edge
of tread) 34.00" 37.00" 35.00"

F Handrail diameter 1.25" 3.00" 1.50"

G Rail clearance from veall 2.00" 3.00"-

* Whenever the distance D is less than 74.00", the overhead obstruction

should be painted with yellow and black stripes,

l

O

WA40
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
/m\ POWER PLANT CONTROL ROOMS

'

VISUAL DISPLAYS

A. TITLE: GENERAL INFORMATION

B. GUIDELINES: Evaluation of Disolov

Desicn end Tvoe - Evcluation of
visual dispicys is one of the most
importent problems fccing the

evoluctor in cn assessment of the
effectiveness of a men-mcchine

system. Since the humcn eye is the
medium through which men receives

the greater shcre of his information

cbcut the world in which he lives,
effective trcnsfer of this information

', is vital to his operational efficiency.,

The following general recom-

mendations cre presented cs cn cid in
,'

!
t

the cssessment of the most suitcble
type of indicctor for a given purpose.

Ouclitative -For a few discrete A cVALITATIVE
i

%conditions, use en indicator which

presents Icrge differences in position,
|, , , , , ,,

brightness, or color. Use of two or :,

.

OCWN' more vcricbles together normally |
"increases operator relicbility - e.g.,

color plus position.
oUANMATIVEQucntitative - For precise

,

numerical vclues, with no need for io
f ,

interpolation between numbers, or 20 3 4 b|
for rate or directional indication, use 30

a digital or counter indicator. Use a

'd sccicr indicator, however, when
|

VD-l

. - _ . .



vclues cre to be set into the equip-
ment.

CHECK READING
Check Recdinc - e or numericalo

value plus orientation in time, space,, g 3 3am > 90
l mcgnitude, or rare, use a scalcr indi-

1

tso cctor. Avoid multiple pointers or i

moving scales whenever possible. A
l

pointer plus cn cdjccent counter is |

7pj ,, best when scale expcnsion is neces-
,

<
, , scry.

M - S Pictorial -For multidimensional
s :

r '
L informction, use combinations of

single-vclue indicators or composite,.

w
grcphic or pictorici representations.

Orientation - For qualitative

check recding, use o moving pointer
cgoinst a fixed secle.

Redundcncy - Dispicys shcIl be

redundcnt to reduce the operator's
requirements for moving about the
control room. Otherwise redundcncy

should be avoided.

Disolcy Failure Cicrity - Disp-
Icys shcIl be so designed that failure |

of the dispicy or dispicy circuit will
be immediately cppcrent to the oper-
ctor.

Combined Information - Infor-
motion necesscry for performing dif-
ferent cetivities (e.g., operation cnd
troubleshooting) shall not simul-

teneously cppecr in a single dispicy
unless there cre compcrable func-
tions requiring the some information.

C. HUMAN ERROR: Recding errors cnd
interpretation errors.

VD-2
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D. DOCUMENTATION: MIL-STD- 14729
(1974); Woodson (1964)

E. TYPICAL BACKFIT: Repicce

displays.

!

|

|

|
,

,

a

|

|

|
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS
I

l

A. TITLE: WARNING & CAUTION,
VISUAL & AUDITORY SIGNALS

8. GUIDEUNES: In evclucting a i.

wcrning signc! for a pcrticulcr cppli-
cation, the urgency, the other duties
of the operator, cnd the other l

wcrning devices in the station must

be considered. Unimportent warnings

mcke operators neglect critical ones;

too mcny of the scme type are con-
fusing.

Nuiscnce cictms should be

cvoided. Whenever en c!crm goes off

in a control room it should indiccte
to the operator that something is
wrong cnd not merely thct en instru-
mented component hcs exceeded its

set point. The set points shculd be
estcblished to indicate rect problems.

Auditory signals should be used

only for c few of the most urgent
wcrnings. Such warnings, while
attention-getting cnd independent of

visual secnning, een interfere with
speech communication and mcy be

less suitcble for indicating what is
wrong or what to do.

For situations in which too many

dispicys cre visucIly presented, or for

presenting information independently,

VD-4



'of hecd orientation, cs in duties that%

require body movement or hecd Evaluation Guide for the Use of Auditory
d or Visual Form of Presentation

turning, cuditory signcis ccn be suc-
use seestery use cesse

Cessfully used. pree"*en" 't 8'"*"'*"*"'t

' ' ' " ' " * " ' ' ' * ' ' * * ' " * " * ' ' ' ' " * * ' ' 'Signal lights ccn tell the operc-
s The meeeege la enert x The message is long.

ter what to do by their locction, x n. m q. ..a t ne -n o.
referred te deler. f.ferred to later.

Icbeling, Color or other coding, but he ri ,, e.e,. ,e ,. ( two , e.e eee.. in

e. ente in ame. : anen in ene pient.

must be lookIng in their direction to g 3. %e ceae e , t ne noe.eege o e. ces sa

inensweie unen. ter imeneestie unen.
notice them. Other visuci signcis, t n. e. ,,,, ., ,,,e t r,,e ,,,e,, ,, e, ,e,,, e, n,.

pereen is .- 1 ._ serien it o.or.weeaee..

such cs mechcnical flogs, have low
7,3,,,,,,,,,,,,,,e,,e,,,, 7, 7,,, ,es ,,,,,,, ,,,, .,, ,e

t brignt. to. Mey.
, hey ore practicalatteni,o0 v0Ive. I1

, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , t r, p.,s . i .ae 6,i,,.

i. ,n e cenu .ay. t ,eme,n m one - u mfor g. .iving "on-off" types of . for-in

motion.

C. HUMAN ERROR: Misperceived

wcrnings, ccutions or system mci-
functions.

( O. DOCUMENTATION: Vcn Cott cnd
Kinkade (1972)

E. TYPICAL BACKFIT: Move; repicce;
cr modify. Estcblish ser points to
indicate real problems.

,

!

|

|

'

VD-5
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: INFORMATION PRESENTED

8. GUIDELINES: Content - The infor-
motion dispicyed to en operctor

should be limited to that which is
necesscry to perform specific cetions

or to mcke decisions.

Precision -Information shall be
dispicyed only to the degree of speci-

ficity cnd precision required for

operator actions or decisions.

Format - Information shall be
presented to the operator in a i

directly uscble form. (Requirements
for transposing, computing, interpo- !

lating, or mentcl trcnslation into

other un:* shcIl be avoided.)
Redundency - Redundancy in

the dispicy of information to c single
operctor at one workstation shall be

avoided unless it is required to

achieve specified relicbility or
' reduce movement cbout the control

room.

Combined Informatien - Infor-
motion necesscry for performing dif-

|

ferent cetivities (e.g., operation cnd |
troubleshooting) shall not simul-

teneously cppect in a single display j

unless the cctivities have comparcble

VD-6



functions requiring the scme infor-
(3 .

mornon..

Dispicy Failure Cicrity - Dis-

plays shcIl be so designed that failure

of the display or display circuit will
be immediately cpparent to the oper-

ator.

Disolay Circuit Failure -Failure

of the dispicy circuit shall not cause

a failure in the equipment associated

with the dispicy.

Unrelated Markinos - Trede-
mcrks and compcny names or other

similcr markings not relcted to the
pcnel function shall not be displayed

( en the panel fcce.

C. HUMAN ERROR: Inaccurcte dispicy

recding.

D. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYPICAL BACKFIT: Identify infor-
motion requirements and ensure that !

required information is dispicyed.

1

i

|
|

!

/ .

!

l

1

/
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: DISPLAYS FOR SYSTEM
STATUS MONITORING

8. CUIDEUNES: There cre mcny sys-

tem parcmeters hcving c iow fre-

quency of chcnge; yet, the operator

must be mcde awcre of chcnges when

they do occur. Mcn, being c poor
monitor, reacts unrelicbly to icw-fre-
quency events; thus the dispicy of
such information requires specict
ottention. In evolucting dispicys for
system status monitoring, consider
that: )

1. Chcnges criticci to safety or
effectiveness require c picce of
high priority in the ocerctor's

central field of view. Stimuli
ensuring high levels of cttention

should be used for these indi-
cctions.

|2. When different sources of infor- i

motion are dispicyed, the |

crrcngements or combinations

should be in functionc! or

sequentici groups cs in a mimic.

Such techniques cs pointer clign-
rnent allow for rcpid cnd

cccurate monitoring. Color ccn

clso be used to indiccie safe cnd
unsafe operating vcives.

VD-8
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3. In certain cpplications, dispicys
should provide information on
recommended operating pro-

cedures cs well cs the status of
the system. This is particularly
cpplicable to shut down and stcrt

up procedures.

When mcny subsystems requireL

monitoring, it may be necesscry
,

to use mcchine filtering of infor-
,

motion to cvoid overloeding the
operator or to scve pcnel dispicy

space. " Auto-secnning" systems

ccn be progrcmmed to display
only those information sources

'

that cre chcnging or fall outside
specified tolerance thresholds.

CN C. HUMAN ' ERROR: Misread instru-

j ments; erroneously setting controls.

D. DOCUMENTATION: Vcn Cott end
.

Kinkade (1972).
,
.

E. TYPICAL BACKFIT: i
,

l. Prioritize Ospicys. i

2. Locate impo. tent ennunciators
in a central position.

3. Use mimic pcnels to dispicy .,

relationshics.

4. Uso color coding to denote safe

and unsafe operating crecs. |

' Ch
V

VD-9
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: VISUAL PRESENTATION OF

INFORMATION

B. CUIDELINES: Generci Discicy Con-
1

siderations - Seccuse en opercter |
often needs more visual information

then his uncided senses can gather
cnd present to him, other sources of

information such cs meters, CRTs,
temperature gcuges, etc., hcve been

created cs cdjuncts to the humcn
senses. This section is a guide to the

evcluction cnd use of these devices.

A good visual dispicy must be
much more then merely visible. The
dispicyed information must be under-

stcndcble so that correct decisions or

control cetions ccn be mcde without
unccceptable delcy. This mecns that

a dispicy must be designed to suit the

pcrticulcr conditions under which it
will be used.

Conditions of use. To essess

dispicy effectiveness, the evciuctor

shculd consider at least the following

conditions:

1. Viewina Distence. The mexi-
mum expected viewing distence

will influence the size of details
shown en a dispicy. The ur.uct

recding distance for

VD-10
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printed matericis is cbout 16 in.
/
! Mcny indicators cre designed for(

recding at crm's length, to per-
mit the operctor to recch

switches or cdjust knobs on indi-

cctors. This limit is genercity
set at 28 inches and is used in
determining the recommended
dimensions for secle merkings
cnd numerals. For other reading

distances, these dimensions must

be cdjusted up or down in direct

proportion to the distences. (See

pcge VO-23 Maximum Viewing
Distence, VD-32 Viewing

Distance-Generci, cnd VD-35

Viewing Distcnce).

p 2. Illumination. The size of display

details should be suited to the
lowest expected illuminction

level. The color of the illumi-
notion should also be considered.

Wcming signal lights, cathode-
rey tubes, cnd other dispicys

which emit rcther then reflect
! light cre more often hindered

than helped by other lighting in
the control room. When using

generci illuminction for displays,
i careful design is required to

m,inimize gicre sources on the
cover gicss. (See CRE-3 GIcre
and CRE-9 Dispicy lighting)

3. Angle of View. The preferred

viewing cngle is usucily 90 to<

u
|

| vo-l i
k
i
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the plcne of the dispicy. On

!crge dispicy pcnels, or where
more then one operator views
the scme dispicy, there might be

a censidercble deviction from
the 90 cngle of view. This

situction een give rise to exces-
sive perclicx distortion er ccuse

pcris of the dispicy to be hidden,

unless such offset viewing hcs
been compensated for in design.

4. Presence of Other Disolcys.

Usucily, en operator divides his

attention cmeng severci dis-
picys. inconsistencies in the
menner of presentation cmong
the dispicys een confuse or slow

down the operator. However,

displays should not lock too

much clike beccuse the cperato.-

might recd the wrong one.

Obviously, ecch display must be

well identified.
5. Comoctibility With Reicted Cen-

trols. The design of a display
may be offected by the controls

cssociated with it. Idectly, dis-
plays cnd controls should be de-

signed cnd located so that even

en operator will select the cor-
rect control cnd operate it as

expected without hcving to

ottend to his cetions. Thct is co
scy, the display should imply the

form of the operator's response.

VD-12

_ __



._ . . _ _. ._ .-

,

.

Method of use. The way in_

which the operater will use the infor-

motion presented to him is cn impor-

tent consideration in the evoluction
of display cenfiguration cnd crrcnge-
men t. Therefore, en cnclysis should

be mcde of the type of cction the
operator will be expected to tcke

while receiving or af te- receiving
infcrmation from the display.

C. HUMAN ERROR: Misread dispicys;

selecting the wrong dispicy; misinter-
pretation of information.

D. DOCUMENTATION: Vcn Cott and

Kinkade (1972).

E. TYPICAL BACKFIT: Improvement of'

dispicy identification (Icbeling, shape

or size coding, or colcr ceding); lecc-,

tion; cnd design (recdcbility).
,

|

!

|
!

O
V
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: REPRESENTATIONAL

DISPLAYS

8. GUIDELINES:

1. Grcphic dispicys that depict

trends cre recd better if they
cre formed with lines rather
thcn bars.

2. Pursuit displays (cpercter sees
system input cnd output) cre

usually easier for people to use
ihcn compensatcry dispicys

(cperatcr sees only difference
between system input cnd

outpu t).

3. Ccthode-rcy-tube (CRT) dispicys

are most effective when there
cre seven to nine or more scen
lines per mm.

4. In dispicys of complex configurc-

tims (such as steam routes cnd
wiring dicgrcms), unnecesscry
detcil should be avoided. Sche-
matic representation consistent
with system functions should be

used.

C. HUMAN ERROR: Fciture to note
trend chcnges; to identify all citera-
tions; cnd delcy in tcking cetien.

O
VD-14
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|

i

D. DOCUMENTATION: McCormick

(1976):

E. TYP! CAL BACKFIT: Modify

dispicys.

i,

j

e

|

.

,

1
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HUMAN ENGINEERING CUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: DISPLAY TYPE

APPROPRIATENESS

9. CUIDEUNES: Guide to Visuct

Oispicy Evcluation below.

Gul0E TO VISUAL DISPLAY EVALUATION
To 01 solar

| | |
Setut suause Examore

Go, No Go, Start, $t00 Ught Normaily easy to ted it it is on or erf
Cn. Ctt WATER SUMP

NO. :S

teentifica tion Ugnt Easy to see (may se coded my spacing, color, ;@*:- m 1:-
-

n. ,i;([.Dr. r-y nlocation, or flasning rate: may also nave f ace. CA| i t*:fpf,ggggf,'for panel acolicationse

PRIMARY
CONTAINMENT

'Warning or Caution Lagnt Attracts attennon and can De seen at great
distance it engnt enougn (may ttash
intermittently to increase consoscuity) X VE5SEL

pp

CL Cp N"
c, HSE

Vernal enstruction Annuncia ror lignt Simple " action instruction * reduces time
(ooershng sequencer required for decision making g, e ,g, ,

Emact quantity Digital counter On8y one numeer een te seen, tnus reducing 15;21sujenance of reading erro,

Aapro.imate quanney woving sointer against n=ed c.n.,ai position ce poini.e gives , acid ciue 4 ,

sease to tne quannty 24ue reiauve rate of enang.
/

set 4n cuantity Moving pointer agaesst ti:4d Natural relationship between control and
scale disolay motsons I, i

O
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. C. HUMAN ERROR: Inoccurate. and

j erroneous readings; slow response ,

,
. >

| times. ;.

i t

i D. DOCUMENTATION: Woodson (19M) !.

1

... TYP! CAL SACKFIT: Remove end
,,

i repicce.
}
t-
!

1 .

s !.

>

1 j

i i

.

!'

t

I

e

s i

I t

(
!

10 \
,
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.
I

!

J (".
'

6

0
.

VD-17
|. .

-

,.

' J'1



HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: PLACEMENT

B. GUIDELINES: Crovoinc - All dis-
picys necesscry to sucport en opera-

for cetivity or sequence of cetivities,

shall be grouped together.

Function end Secuence - Dis-
plays shcIl be creenged in relation to

one cnother cccording to their
sequence of use or the functional
relations of the components they

represent. They shcIl be cercnged in

sequence within functional groups
whenever possible to provide a

viewing flow from left to right or top
to bottom.

Frecuency of Use - Dispicys
used most frequently should be
grouped together cnd picced in the

optimum visual zone (See Figure).

Imoortance -Very important or
critical displays shcIl be placed in a
privileged position in the optimum
projected visual zone or otherwise
highlighted.

Consistency - The cercngement
of dispicys shcIl be consistent in prin-

ciple from cpplication to cpplication,
within the limits specified herein.

9
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C. HUMAN ERROR: Incccurate dispicy
s reading.

D. DOCUMENTATION: MIL-STD-14729

(l974).

E. TYPICAL BACKFIT: Recrrcnge,

replace, or repea+ displays; or use

mimic lines, demcrcotton or Icbeling.
.

tP CPTIMuM tS* CPftwum

39' M AXIMuM *5* MAXIMUM ,, gaggggg

| t s' CPttMbu

,e , (c ,:
C. ..,

l!+r ,3'Cnr'~ }
'

o
\ y

27 MAX 1 MUM

1F CPTIMuM

ETE 4CTAflCN

.|
P 0'T3"U" S5' MAXIMUM

Se MAXIMUM 00* MAXIMUM

#e

4 7

N'

II* " ANU"MEAD ACTATICN

IF CPf1 MUM 1PCPflMUM 9F MAX 1 MUM
,

p { 15' OptiMuu

%.9,</,,- M._u M
-

'

3
,, M A_ u M

<,., ,,3'C,
4

I
;

trCPitMuM
MEA 0 AND EYE SCTAftCN

J VERTICAL AND HORIZONTAL VISUAL FIELD
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HUMAN ENGINEER!NG GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: VISUAL DISPLAY LAYOUT

8. GUIDELINES: Preferred visual creas
of control /dispicy pcnels center

cround the cperator's normal line of

sight -cpproximctely 15 down from
horizontal.

Importcnt principles for panel
visual dispicy categories cre:
1. 'Ncrnino Lichts cnd Primcry Dis-

plays. (including emergency
hczard indicators, criticci moni-
toring displays cnd dispicys

where color identification is
critical.) Use of these dispicys
should not require excessive
movement of the operctor's hecd
er eyes from normcl line of

;

sight. |

2. Secondcry Disolcys. (Frequently

used operational dispicys.) Use

of these displays may require
eye movement from the normal

line of sight, cnd should mini-
mize hecd movement.

3. Auxilicry Disolcys. (including

infrequently used dispicys such
as console power indicaters and

maintencnce dispicys.) Use of

9
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these displays mcy require oper--

ator hecd cnd eye movement
_

from normal line of sight. "**'7"*
!

All warning displays (those indi- M,.,,.. . w
m.,_,

ccting a present or potentici system b /

failure or persennel/ equipment f D0lI '
-

/ ,1 p-....o
hazard) should be within 30o cf 'aa """a' = ''

,

g , '-.

normcl line of sight er 45 for a sit- g g ,$accaoaa'

stCnd wCrkspcce.
Preferred placement for visual displays.

In crder to prevent interference - - - - - - -- .-. --

with primcry operator visual tcsks, it

is desirchle to crrcnge displays cnd
controls so that the dispicys are
generclly in the center of the pcnel
(or upper portien) cnd centrols cre
crrcnged in the lower section or

cbcut the periphery of the pcnel.

'h C. HUMAN ERROR: Misrecding the dis-G
play; recding the wreng dispicys.

D. DOCUMENTATION: Vcn Cott and

Kinkede (1972).

E. TYPICAL BACKFIT: Recrrcnge dis-
plays.

.

,

'\

VD-21

l



_ _ _

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: LOCATION APO

ARRANGEMENT

S. GUIDEUNES: Accurcev - Dispicys

shall be leccted cnd designed so thct

they mcy be recd to the degree of
cccurccy required by personnel in the

ncrmal operating positions.

Access - Lcdders, supple-

mentcry lighting, or other specici
equipment should not be required to
cecess or recd a display.

Orientetion -Dispicy fcces shcIl
be perpendiculcr to the operater's
normcl line of sight whenever feasi-

ble end shcIl not be less then 45
from the normal line of sight (See
Figure). Pcrolicx shcIl be minimized.

(See Perc!!cx en page VD-24).

O
1

|
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Oa g/ -
p 'Herizontal une or sight

- - - 0*Lg ,

b
1sa

s

*%elLjn* of si n,g
A
|

Minimum 4s*

\

Mf**f ***

LINES OF SIGHT

\ Reflection - Dispicys shall be
ecnstructed, crrcnged, cnd mounted
to prevent reduction of information

trcnsfer due to the reflection of the
ambient illuminatico from the dispicy

cover, if necesscry, ' techniques (such

cs shields and filters) shcl! be

employed to insure that system per-

formcnce will not be degraded. (See

CRE-6 Glcre)

Mcximum Viewinc Distence -
The viewing distance from the eye
reference point to displays loccted

close to their associated controls,

I shall not exceed 28 inches. Other-
wise, there is not a mcximum limit

;1 / other then that imposed by legibility-

w '..

VO-23
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for by preper design. See VD-10

Viewing Distence, VD-32 Viewing
Distence Generci, cnd VD-33 Viewing

Distence end Chcrecter Height)

Minimum Viewinc Distence -
The effective viewing distence to 1

dispicys, with the exception of

cathede rcy tube dispicys, shcIl never

be less thcn 13 inches cnd prefer bly

not less then 20 inches. (See VD-46
for CRT Distence)

Percilax - Certcin visual dis-
plays must be perpendiculcr to the

line of sight in crder to eliminate
pcraticx cnd cllow for cccurate
recding. This limits freedom in
crrcngement. If it is not possible to
picce all dispicys in optimum posi-
tiens, trcdeoffs will hcve to be mcde.

Visual displays sensitive to percilcx
cre:

1. Cathode rcy tube (CRT) dispicys

with engreved over!cys which
require olignment between ter-
get and engrcvings.

2. Sccie end pointer instruments in

which very precise pointer-scale ;

clignment is required.

3. S tecked, edge-lighted digital
recdout dispicys in which a num- !
ber plate at the recr of the stcek

may be cbscured by the dispicy
Ccse.

O
|
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s 4. All instruments in which the
.

Instrument fcce is deeply inset

below the instrument face cover
gicss (this mcy be true for.

meters, digital counters, cnd
some types of CE 's).

Rules for crrcngement of visuci
displays are genercily quite obvious.

'

They include placement of visual dis-

plays in front of the operator, as
nectly| perpendiculcr to his line of
sight as possible, ot c distence for
cdequcte resolution of visuci detcil
without ccusing fctigue, cnd out of
direct light which ccuses reflection
cndler gicre.

C. HUMAN ERROR: Incccurate display
'

reading. If parallcx is recognized by,

the operater, interpolction - or judg-

ment errors ccn occur; if not recog-
nized, misrecd dispicys will result.

D. DOCUMENTATION: MIL-STD-14729

(1974) cnd Vcn Cott (1972)

E. TYPICAL BACKFlT: Recrrange or
repicce displays.

|

, 0)e
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: INSTRUMENT

ILLUMINATION
{

B. GUIDEUNES: Techniques, lumincnce

end brightness cdjustment for mini-
mum cdequate lighting: (See CRE-9)

Lumincnce
Condition Lighting of Mcrkings Brightness

of Use Technicue (Ft-L) Adiustment

Indicctor Recding White F: cod I-20 Fixed or Continuous
Pcnel Monitoring White Flcod 10-20 Fixed or Continucus
Chcrt Recding White Flood 5-20 Fixed or Continuous

O
C. HUMAN ERROR: Fcilure to notice

status chcnges, recding errers.

D. DOCUMENTATION: Chcpcnis (1965)

E. TYPICAL BACKFIT: In the event
that indicator, pcnel or chcrt lighting
is found to be incdequate, or backfits

are planned for any reason, the fol-
Icwing evoluction guidcnce is

offered:

Lichting Methods - There cre

two general techniques of instrument

lighting: flood lighting cnd integrni
| lighting.
!

O
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FLCoD IN DIRECT EDGE LlGHTING REAR UGHTING

.

Flood Lightina - With this tech-

nique, light is provided by lumincires

not integral to the indicctor or panel.
Seccuse the light rays hcve c fcirly
Icrge engle of incidence, the light
source een be located cbove the indi-
cctor allowing speculcrly reflected

N light to go downwcrd, cwcy from the
~] operctor's eyes. The cdventages of

this technique cre:

1. Uniform light distribution.
2. !!Iuminated deccis, knobs,

switches, cnd indicators.

3. Illuminated spcce between indi-

cators which cids distence per-
ception.

4. A minimum number of lumi-
noires is required, cnd they ccn
be made easily cccessible for

| replacement of bulbs.

5. Luminaires do not obscure the
edges of indicators cs they mcy
in integrcl lighting.
The discdventcges of flood

lighting cre:t

m,
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l
1

1

1. Considerable light is scattered l

to other crecs.

2. It is often difficult to position )
the luminaires without

obstructing visico er otherwise
cluttering workspcce.

3. Shcdows cre ecst by indicator

bezels cs the cngle of incidence )
l

is reduced. I

intecrcl Lichtina - Integral

lighting that is tcilored to er built
into individual instruments er pcnels

has these adventeges:

1. Minimum . light sectter to other
crecs.

2. Lighting tailored to ecch indi-
cator or pcnel.

3. Concected light fixtures do not
obstruct the workspcce.

Among the disadvantcges cre:

1. The surfcces between indiccters

cnd between illuminated pcnel
merkings cre not lighted, there-
by ccusing instrument fcces cnd

pcnel merkings to cppecr to be
floating in spcce.

2. Fcr most systems it is difficult
to cbtain uniform illumination en
all pcrts of cn instrument cnd on

different indicctors er merkings
en the scme pcnel.

The more common types of inte-

grcl lighting cre the following:

O
l
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[ 's I. Indirect Lighting - Light is pro-'(V vided cround the rim of the indi-
cator by reflection from a light
shield or by transmissien through

plcstic. Usually the light

sources are at the top so that;

light which esccpes will go

downward. With this method it
is difficult to 'get uniform light
distribution cnd to cvoid shcdow
crecs. The fixtures cre likely to
occlude - edges of instruments

''

when oblique recding is neces-
scry.

2. Recr Lightinc - Light is trcns-
mitted from the rect through

,

trcnslucent merkings in en
O

otherwise opcque covering over

trcnsparent plcstic. Difficulties
crise in lighting of pointers cnd
other moving pcrts cnd in

mcking the Icmps cecessible for

repiccement.

3. 'Nedge Lighting - For lighting of'

.smcIl cnd medium sized instru-
ments, such cs those used in a

smcil, modern, highly cutomated

control room with a sected oper-

ator cnd c normal view!ng dis-

i tence of 28" or less, light con be

cpplied through wedge-shcped

( cover gicsses. The thick edge of

|. the wedge, cnd the source Icmps,
r

cre plcced at the top, so
' '

esccping light goes downwcrd.v

I
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Usually a reverse wedge gicss is

picced over the light conducting
wedge, directing strcy light
downwcrd.

4. Edce Lichtinc - Light conducted

by internal reflections through
1

flat plates of trcnspcrent plastic

esecpes through cpertures in the 1

otherwise bicek cocting over the
,

|
1

plcstic. Lcmps inserted througn
]

polished holes in the plastic cre '

distributed to give fairly uniform I

|light. As normcliy prescred, the
I

markings on the plastic cre

white under reflected light but
ccn be cny other light color.

'

- The illumination provided by the

edge lighting ccn ciso be cny
desired color. Although instru-
ment dicis ccn be illuminated I

with edge lighting, there is dif-
ficulty in lighting instrument
pointers. This method is better

suited to the lighting of legends
and other merkings on control
pcnels.

5. Electroluminescent Lichtinc -
This is a relatively new type of
integral lighting in which o Icmi- |

noted conducting plate glows
when en electricci potentici is
cpplied, a technique particulcrly

suitcble for lighting of legends
en pcnels of cil types. As

further improvements cre mcde

VO-30
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.

in this technique, it should pro-<-

v vide en ' excellent . solution to,

many ' centrol room lighting

applications. Major cdventages

cre:,

a. Uniform brightness cnd

color of panel markings.

b. Increasing vcriety of colors

which ccn ' be useful for
. coding.

.

For some electroluminescent

applications, it is desircble to 'use

low-reflectcnce coatings, which

cppecr dcrk under reflected light. By

this method, merkings ccn be made
,

f invisible until illuminated. Low-

|0 reflectance coctings cre also bene-
i. ficial for use in high cmbient illumi-'

nation conditiens. The reduced sur-
face reflections result in higher con-

trast between the illuminated
,

markings and the bcckground.

!

t

f

i
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HUMAN ENGINEERING GUIDEllNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: VIEWING DISTANCE -
GENERAL

8. CUIDELINES: -

IMPORTANT GENERAL CONSIDERATIONS
|

1. Distance of the observer from '

the dispicy.

2. Position of the observer relative
to the display (viewing cngle).

3. Type, color, cnd cmeunt of illu-

mination ovcilcble to the

display.

Scale indices shoeld be limited in

number to the cccurccy required.
The smallest recdcble division should
never be finer then the probcble

MuuuM incEx : MEasicas saca viEwiao'
error in the metering device. Indices

iMuon
lmay be spaced as close together asIN7ERMEQlATE

Misca 0.04 inch, although the distence
.us should not be less then twice the I:|' , : || iI stroke width of a " light" index mark |

. sos wa. A l

Faa 1

on a dark background nor less then
i

_ one stroke width when the incex is
dcrker then the bcckground. A mini-incEx wocarVfEWING OtSTANCE g,,,,um mum of "2 inch is recommended for

MAJCR INTERM EQtATE MINOR

the distence between " major" indices.
, en ., i. un a.n o.c.

These figures are for the normal, , , , , , ,, y, ,,,

instrument-pcnel recding distances,2 ,. . zn zu zu,

"*'2 "' ' ' ' *" 14 to 28 inches. The number of
]

,2, ra zu ur un
grcduction marks between numbered !

scale points should not exceed nine. I
j

i
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ON
) LETTER HElGHT VS. VIEWING DISTANCE

AND ILLUMINATION LEVEL

""-"" '==: "J",'=in'rsr' ~'a*

0.8

II I I IF,,

I I XP
! ,|,, I | Il > T .L - |i0 I I XIEj M I ;

il ,Oi, M .L- t 'L#T | | | |
i }T 7 II I! |
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t 'U#.e j j| | | i
ri ,

|0.1

| | | | || |
0

0 20 40 60 80 100 120 140 160 180 200 220 240
'

viaWING DisfANCE Gncnes)

- For Instruments where the position of the numerals may vary and the illumination
is between 0.003 and 1.0 ft 1.

-For Instruments where the position of the numerals is fixed and the illuminetton is
0.31.0ft.1, or where position of the numerals may vary and the illumination exceeds
1.0ft.1.

/ - . -For instruments where the position of the numerais is fixec and the illumina.
tion is above 1.0 ft-1.

NUMERALS, LETTERS,
AND INDICES

LETTER. STROKE WIDTH VS DISTANCE VIEWED
0.13 0.13

I I I/ | | | | 11II0.12 0.12. ,

0.11 BLACK ON WHITE 0.11 .

WHITE ON SLACK

' ' '0 10 0.10

i l | | Y | , 'i | | 1 I I I f I ,*,

i J,", i I fl Vi |/ [" II I I fl Pi
'

,,

I '0.07 O.07 ' -*

0.04 - 0.06 ' ' *-

0.05 0.05 ' -

#
0.04 -- 0.04 '''

,

O.03 ,

Vi l III I i' , J 'l i I I
0.03 '

0.02 .

I iil | II M i i i 1 i
0.02

/
** **O I Ii l i i l | I i l I i | | |0 0g

'% - 0 20 40 50 80 100 120 140 160 130 200 220 240 0 20 40 60 80 100 120 140 160 180 200 220 240

VIEWING DISTANCE (Inches) VIEWING DISTANCE (Inches)

.
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,

C. HUMAN ERROR: Incccurate dispicy
recding.

1

D. DOCUMENTATION: Weedsen (1964). 1

!'

E. TYPICAL BACKFIT: Replace )
'

existing instruments with appropriate

size; cdjust illuminction; or relecote
instrument pcnel or operater work-
picce.

t

#
,
,
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
q ,/ POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: VIEWING DISTANCE AND

CHARACTER HEIGHT

B. GUIDELINES: Chcracter Height end

Viewing Distence - For generci dici
cnd pcnel design, with the luminence

2ncrmcIly cbove I ft-L (3.4 cd/m ),
chcrccter height should cpproximate

the vclues given below fer vcricus
dis *cnces: (To ensure an angular

subtence of ct lecst 15 cre minutes.)

Viewino Distence Heicht

\ 20 inches er less 0.09

20 - 36 inches 0.17

36 - 72 inches 0.34

72 - 144 inches 0.68

144 - 240 inches 1.13

C. HUMAN ERROR: Misreed dispicys.
~

D. DOCUMENTATION: MIL-STD-l4728

(1974).

E. TYPICAL BACKFIT: Modify, repicce

. cr move dispicys or workplcce.

!
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR |

POWER PLANT CCNTROL ROOMS '

'

VISUAL DISPLAYS
l

l
A. TITLE: NUMERALS, LETTERS, AND

.

i INDICES ;

i

B. GUIDELINES: For pcnel use, the

design of letters cnd numercis should

be without flourishes. Such dercils

are confusing, especially under emer- |

gency conditions. The criticci detc!!s

of the figures should be simple but-

w/ prominent. Dicgonci portions of the I

chcrccters should be as nect 45 de-'

grees as possible and such chcrecter-
! PREFERRED POOR

, tic features es openings cnd brecks' is

should be recdily cppcrent.

The strcke width of bicek chcr-
ccteers on white bcckground should be

cbout one-sixth of the chcrceter I,

height. Stroke width of white figures
'

'
j

.
on bicek bcckground should be cbout

one-seventh to one-eighth of the

chcrccter height; the ncrrower stroke
wommuussemenum is necesscry since the light figure

tends to sprecd or irredicte.

,f The height-to-width ratio of the
,

: N normal chcrccter should be cbout
'

i' i JI
three to two. Although there are.

exceptions to this rule, a close

cpproximation to this rctio is recom-

mended, especicily for panel cnd

scale design.

1

VD-M
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1

| . For more specific guidcnce, see I

;- "Numerci and Letter Style," VD-38. !
>

t

! C. HUMAN ERROR: Misrecd dispicys.
I

i D. DOCUMENTATION: Woodson and
i

! Conover (1964). -

h E. TYPICAL EACKFIT: Modify or

-. repicce.
i :
i
+

f
!

i

6

I
!
:

|

1

| ?

I

:

i
,

I
;

!.
1

f

I

i

!
I

l ~.

I

i
|
:

|

i

f
i
1
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,
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTRCL ROOMS

VISUAL DISPLAYS

A. TITLE: NUMERAL AND LEI itR
STYLE

'

B. GUIDELINES: Control room cipha-
numeric cnd related dispicys should 1

be systematically assessed in terms

of communication effectiveness. The

effectiveness of communicctions that I

involve ciphenumeric cnd symbolic
chcrecters depends upon vcrious

fcctors, including typogrcphy, con-
tent, selection of words, cnd writing
style.

Definitions -
I. Visibility: The quclity of a chcr-

ceter er symbol that mckes it

sepcrately visible from its sur-

roundings. l

2. Legibility: The attribute of
ciphenumeric chcrecters that
mckes it possible for ecch one to

be identificble from others.
(This depends on such fectures cs

strokewidth, form of chcrceters,
centrcst, cnd illuminction.)

3. Readcbility: A quality thct 1
1

mckes possible the recognition
of information when repre-
sented by ciphanumeric chcr-

,

ceters in mecningful groupings,

VD-38
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such cs words, sentences, or con- |
tinuous text. (This depends me e,

on the spccing of chcrccters cnd

groups of chcrccters, on their
combination into sentences or
other forms, en the spccing
between lines, cnd on mergins,
then on the specific features of

the individual chcrccters.)
Tycogrcohy - The typography

of ciphcnumeric materici refers to

the vcrious features of the chcr-
ceters end their crrcngement.

Strokewidth - The strokewidth
of ciphcnumeric charccters is usucily
expressed cs the ratio of the thick-

j ness of the stroke to the heights of
g the letters or numercls. Some excm-
/

sies of strokewidth-to-height ratioss

cre shown in the Figure. White chcr-

acters on bicek should hcve thinner
strokewidths then bicek on white.
Black on white is preferable for con-

trol room dispicy pcnels.

VISUAL CISPLAYS

$fr he'
*I I !!cck On amfg #Ptite On :tocx

$5 A B C 4 5 6 EN,4
'

ABC 456 :N,-

"5 -

"'' -. , -

A BC 4 56, : M'w - BEST
"s 2m,- *

ABC 456 :: Ne;@,p
_

"e

:O A B C 4 5 6 E41::idkT">a

| mustrat: ens et stro ewietn-to-neignt ratios or retters ano nurnerais.

|
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'Nidth-Heicht Ratios -The
relationship between the width cnd
height of ciphenumeric chcrccters is
usucily described cs the width-height

ratio (expressed cs c ratio such cs
4:5, or cs a percent such as 80

percent). In the ecse of ecpitcl

letters, the ratio should be cbout 1:1,
.

cithough this ccn be reduced to cbout

3:5 without serious loss in legibility.
In the case of numercis, the stendcrd

recommendation is a ratio of cbout
3:5. These retics cre illustrated in
the figure on page VO-39. The

letters as shown hcve c width-height

rctio of 1:1 (except for 1, J, L, and
'N). These ratios ccn be reduced to
cbout 2:3 without cny coprecicble
reduction in legibility. The numercis
have a width-height ratio of 3:5
(except I cnd 4). Letter cnd numercl

,

font of United States Militcry
Specification No. MIL-M-180128
(July 20,1964); also referred to as
NAMEL (Navy Aerencutical Medicci

Equipment Lcboratory) or as AMEL.

O
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Letter and numeral font of Unitec States Whta / scecification No.
MIL-M-18012S Muly 20.1964): also referrec to as NAMEL (Navy Aeronautical Mecical Ecur:-
ment Laboratory) or as AMEL.

Font of Alchenumeric Chcrcc-
ters - Most conventionc! fonts of
ciphenumeric chcrceters (cnd mcny
of the nonconventionc! styles) ccn be

\. recd with recsoncble cccurccy under

normal conditions where size, con-
trcst, illuminction, cnd time permit.
There cre, however, significent dif-
ferences in the legibility end

t

readcbi;ity of different type fonts
when viewing conditiens cre cdverse,

where time is imperient, or where
cccurccy is importent. In this con-

nection, the font of ccpitcl letters
cnd numerals shown in the Figure
(United Stctes Milicry Specification

.

No. MIL-M-180128) has been rather
widely tested cnd found to be

genercily satisfactory.

,t
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Another set of chcracters that is
rather widely used by the militcry

ABCDEFGHIJKLM services is that shown in this figure

NOPQRSTUVWXYZ 4-23 (Mll Stendcrd MS 33558 (ASG).
The bcsic stroke width-to-height0123456789
ratio is I:8, and the width is cbout 70

percent of the height. These cre
i

sometimes referred to es AND (Air )
Force-Ncvy Drawing 10400).

Size of Alohanumeric Char- j

ceters - The cbility of people to l

mcke visuoi discri..iinctions (such cs
of ciphenumeric chcrecters) depends

en such fceters as size, centrast,
illumination, and exposure time. A

systematic prccedure hcs been

ceveloped for determining the size of
,

c'phcnumeric chcrccters which takes

into cecount certcin such fceters
(illuminction, viewing conditiens,

viewing distance, cnd importcnce of

recding accurccy). This procedure is

based on the following formula:

H (height of letter, in.) =

0.00220 + K; + K2

where D viewing distence,=

K = correction facter forg

illuminatien and

viewing condition,

Kg = correction for impor-

tance (for importent

items such as emer-

gency icbels, K2 = .075;
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79 for c!! other conditions, X
2

() = .0)

This formula has been cpplied to

various viewing distences, in combin-

Otion with the other variables, to

derive the heights of letters and
numerals for those conditions es
given in the tcble. The lower beunds

of these values for c recding distence

of 28 inches (for K; vclues of 0.06)
cre 0.12 for nonimportent cnd 0.20
inch for importent mcrkings. For

greater viewing distences, of course,

the sizes of chcrccters need to be in-

creased.

p Table of Heights H of Letters and Numerals Recommended for Labels and Markings on Panels, for
Varying Distance and Conditions, Derived from Formula H (in) = 0.00220 + K, * + K,

Nonimportant markings, important markings,
Viewing K = .3 K = .07s

distance, 0.00220
in salue K, = .06 K, = .16 K, = .26 K, = .06 K, = .16 K, = .26

14 0.0306 0.09 0.19 0.29 0.17 0.27 0.37
25 0.0616 0.12 0.22 0.32 0.20 0.30 0.40
42 0.0926 0.1 s 0.2s 0.3s 0.23 0.33 0.43
sa 0.1232 0.19 0.28 0.38 0.2s 0.3s 0.4s

' Applicability of K, values:
K, = .06 (above 1.0 fe, f avorable reading conditions)
K, = .16 (aeove 1.0 fc, unfavorable reading conditions)
K, = .16 (below 1.0 fe, favorable reading conditions)
K. = .26 (below 1.0 fe, unfavorable reading conditions)

.

One cdditienc! point should be

mcde cbout the size of chcrceters.
Some styles of letters have longer
"escenders" cnd "descenders" than
others (i.e., the tip of letters such cs

v 5, cnd the teils of letters such as y).

,
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Legibility is Icrgely influenced by the

height cf the mein body of the

letters, cnd is not influenced much by

the length of the cscenders or

descenders.

Reedcbility - The recdcbility of
printed or typed text, and its com-
prehension, is c function of a wide
cssortment of fccters such cs type
style (font), type form (ccpital, i

lowerecse, boldfcce, italics, etc.),
size, contrcst, lecding (spccing be-
tween lines), length of lines, cnd
mcrgins.

In the use of words cs Icbels
(such as on instrument pcnels for
identification), words in all ecpital

letters are more recdeble then those
in lowerecse or mixed type.

C. HUMAN ERROR: Recding errors.

D. DOCUMENTATION: McCormick

(l976).

E. TYPICAL BACKFIT: Re!cbel,

modify, repicce, or releccte dispicy
or workspcce. ;

;

|

O
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p HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

J )V POWER PLANT CONTROL ROOMS
\

VISUAL DISPLAYS

A. TITLE: CATHODE RAY TUBES
(CRT)

8. GUIDELINES: Sicnol Size - When a
dispicyed chcrecter or symbol of
complex shcpe is to be distinguished

from cnother cherccter shcpe that is

also complex, the chcrocter signal
should subtend not less then 20 min-
utes of visual cngle end should sub-

tend not less then 10 lines or reso-
lution elements. Imcge quality shcIl

.

be consistent with the operctor's
needs. (See VO-14)

Alohenumerics - Alphcnumeric

chorecters shall subtend not less then

12 - 15 minutes of visuci engle. The
chorecters shcIl be composed of
upper case letters with a resolution

of not less then ten lines per symbol
neight.

Heicht-to-Width R atic - Theo

height-to-width ratio for ciphc-

numerics shcIl be between 7:5 cad
3:2.

. Stroke Width-to-Height Ratio -

Streke width shall be in the rcnge of
1:6 to 1:10 charceter height, with the

thinner width used fer light chcr -
p ceters on a dcrk bcckground.
\

VD-45
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Cherecter Secoration - Wider
spccing between charceters shall be

used for light symbols on a dcrk
background rather then for dcrk sym ,
bois on a light bcekground.

Generally, chcrecter separatien shcIl

be between 25 cnd 63% of the symbol

height, with the lower limit preferred

under low cmbient illumination (I
Ft.c.) er when the visucl angle sub-
tended by the charceters is less then

16 minutes of crc. When the illumi-

nation level is increased between 20
end 40 Ft.c., chcrecter sepcration
should be two times the symbol
height.

Viewino Distence - A viewing
distence of 18 inches shcIl be pro-
vided whenever prceticcble. When

periods of scope observation will be

short or where dim signcis must be
detected, the viewing distance mcy
be reduced to 14 inches. Due to eye :

strain cnd fatigue effects, viewing
distences of less then 16 inches shcIl
be avoided. The mcximum viewing
distence for a single sected opercter 1

shall be 28 inches, unless the screen I

size end symbol subtense cre cdjusted

cccordingly.

Viewino Anale - The optimc! |
1horizontal cngle fer viewing a CRT I

dispicy is 90 straight-en. No viewer

should be sected with a viewing cngle

|

|
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[VT smaller then 45 cnd under no cir-
cumstcnces shcil en observer be
required to view the dispicy from cn
cngle smaller then 30 .<

Screen Lumincnce - The
cmbient illumincnce shall not con-
tribute more then 25% of screen
brightness through diffuse reflection
end phosphor excitation. A m:nimal

screen luminence of 25mL shcIl be
4

maintained, with a preferred screen

lumincnce of 50mL. Under low
ambient conditions (1.0 fL), light

symbois on a dcrk bcckground shcIl
be used. Ocrk symbols en a light
bcckground shall be used under

- medium and high cmbient illumi-
yr nation levels. A contrast of 88% is

recommended, while 94% is

preferred.

Ambient illuminence - The

cmbient illumination should be mcin-

toined at a level below the brightness

of the CRT background.

Reflected Gicre - Reflected
glare shcIl be minimized by proper
picce: ment of the -scope relative to

the light source. The light source
should not be located within 60 of

j the viewer's centrel field-of-view.
The light shall be diffused cnd dis-
tributed evenly over the work crec,
with the ratio between light and dcrk

f portions of the work surfcce not
' ' ' exceeding 7:1. In cddition, . gicre-

shcIl be minimized by proper piece-
ment -of the scope relctive to the

VD-47
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l'ght source, through the use of c
hood or shield; by opticci coctings or

filters over the fight source; or by
directionc! or spectrum filters. All

surfcces cdiccent to the CRT shall
have c dull matte finish. The reflec-
tences of these surfcces shall be such

thct the resultcnt lumincnces will be

consistent with the criteric estcb-
lished cbove.

Phoscher - The choice of

phosphor depends primarily upon sys-

tem cpplicction, but generclly should

be one which emits in the green
region of the visible spectrum cnd
reduces flicker. Short persistence
phosphors (deccy rctes less then 10-3

sec.) should be used with dispicys
having high regeneration rates cnd
slow imcge movements. Medium per-

sistence phosphors (decay rctes not

more then 0.! sec.) should be used
with moderate imcge movement,
whi!e the longer persistence phos-
phers cre best for displays where
information update is relatively
infrequent, between 30 seconds cnd

several minutes cpcrt. Red symbols

on a green bcekground shcil be

avoided.

Sicncl-To-Noise Ratio -The sig-

nel-to-noise rctio shcil be one which
is Icrge enough to achieve system
objectives. Generally, a signcl-to-
noise ratio of 10:1 is considered
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satisfcctory, 30:1 is considered good,
' cnd 50:1 is considered excellent.

Shcdes of Gray -To insure chcr-

ceter recognition cnd to provide

reclistic TV images, et lecst 10
shades of gray should be used.

Resolution - Point resolution is
conventionally a fixed percentcge of
dispicy size. On a 12-inch CRT,

-

resolution is cbout 85 points per inch

(1023 x 1023 points per display sur-

face). A 4-foot display of 1023 x
1023 points would have a resolution

of cbout 21 points to en inch. This
hos liftie effect on ciphcnumeric
data, but puts a definite limitation on

graphic dispicys. On this 4-foot'*

screen, lines or points must be sepc-
J

rated by .05 inch. In both the CRT

cnd the Icrge screen display, line
thickness is also proportional to dis-
play crec.

Regeneration - - Rete - The

regenerction rate for a pcrticulcr
'

display depends on a number of fcc-

tors, but genercily shcIl be cbove the

critical frequency ct fusion such ther

the occurrence of disturbing flicker
is not percepti* le.o

Resoonse Time -The time from
initiation of computer output until c
new CRT pcge cppecrs on the screen

should be no longer then one second

O cnd shall not exceed three seconds.

VD-49
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Cecmetric Distortion - The

cumulative effects of all geometric
distortion should not dispicce cny
point on the screen from its correct
posinon by more then 2 - 5 percent

1of picture height.
|

Crechics -Lines should be com-
.

|

posed of ct least 20 points per cm (50

points per inch) to provice the

illusion of continuity.
Symbolocy - Geometric cnd :

pictorici symbols shc!! subtend a

minimum of 16 minutes of visuct
cngle. Symbolic codes should be

dispicyed cecording to the following
bcsic principles whenever techniccily

.

feasible.

l. Number of cctegories - The
number of discrete symbols used

to provide information in sym-

bolic form should be held to a
minimum.

2. Symbol mecnings should be sten-

derdized. Wherever used, a sym-

bol should have the scme

mecning.

3. Absolute identification - Oper-

ators must be cble to decode or
interpret symbols quickly, with-
out referring to compcrison

standcrds. This type of recdout |

requires absolute recognition of
|

c symbol stcnding clone or in a l

complex dispicy, including the
entire s mbology ciphcbet. '

|

|
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>[D 4. Combination codes -If a single
symbol ecnnot convey sufficient
informoilon, or if a symbcl con-
veys more - then one type of

information, then a combination

code may be used. The respec-

tive mecnings must be decodcble

sepcrately without confusion.

5. Ecse of. lecrning - Operctors
must be cble to lecrn. the code
system ecsily, cnd its interpre-
totion should not be degrcded by

emergencies or cdverse condi-
tions.

6. Symbol-reedout ecmpetibility -
The symbol should be naturally
related to the event it symbo-
lizes. Their cssociction should

,

conform to well-established

hcbits or population stereotypes.

7. Size-symbols should be lcrge
enough for good legibility, yet
small enough to fit on a screen
without cluttering it or inter-
fering with recding other infor-
motion. Size should be at least
20 minutes of crc at the normal
viewing distence.

8. Evoluction Guide for symbolic
coding:

! \

'J'

.
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Number of
Code Steos in Code Evoluction

Alphc-numerics Unlimited Excellent High information-hcndling rate.

Unlimited number of coding steos.

Geometrics 20 or more Excellent Certcin shcpes ecsily recognized.
Mcny coding steps.

Color 4 Excellent Difficulty in techniques of repro-
ducing for CRT. Objects ecsily cnd

*

quickly identified.

Blink 2 Poor Distracting cnd fatiguing. Intercets
poorly with other codes. Sest for i

attention ge tting. Few steps in
code.

Brightness 2 Peer Limited number of stecs. Feriguing.
Detrimental to decoding
performance.

Line Lengths 4 Fcir Limited number of steps. Clutters
displays.

Angular Orientation 12 Fcir 95 percent of es timates correct
within 15 percent.

Inclinction 24 or mere Fcir Mcny coding steps, especially with
combinations.

Visual Number (dots) 6 Fcir Few steps.

Cerrbinations Unlimited Good Avoid overlocding symools with too
much information. Complex com-
binction ccn degrade decoding speed I

cnd cccurccy.
|
|

When electronic dispicys cre

usucily presented on ccthode-rcy
tubes in rectcngulcr er polcr-,

coordinate form, dispicy considerc-
tiens that affect operator perform-e

r
+ cnce cre:

Disolcy Size - At a 28 inch

viewing distence for a single sected '. .

,

cperater, the screen size should be i2
FoR PLOTTING

inches in diagonal.
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!v) When plotting or simulteneous
s

viewing by severcl operators is not
important, there is no significant
cdventcge between large or smc!!
tubes. More time is required to scen -

the whole scope of en extremely

Icrge tube, but such c tube will allow

use of a more cdequate grid overlay
and thus improve cccurccy.-

Shcoe - The bezel or frcme
cround a CRT dispicy should conform

to the general configuration of the
type of presentation - rectcnguicr for

en A-scen.

Meuntino Position - CRTs

should be mounted so that the visual

( cxis of the operator is perpendiculcr

V] to the face of the tube ct its center.

f

/ \,
I e ) i
I )* ^

CRT
1 7 I'

'
/\/. * q

A .

'
,

\
\. ,

, s,

Ak

Console Desicn for CRTs - The
O ]

illustrations show recommendations'('j
for cngulcr mounting of visual

,

VD-53
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O
CONSOLE DESIGN FOR CRT'S

The illustrations snow recommendations for angular moun-
ting of visual displays such as CRT's. These dimensions are
enty approximate. They do. however. represent usable stan.
dards for about 90 percerit of the male population.

'

s

'.,

's 30 '

| V.. s

>

{ g
.

% g*
14"
CR 3741"

{ CLOSER

t''s*
/

,- s.e e >

STAND /
'

O/ \ s

|1 \' W'

45 --

,
,

tf N,\

' 's Y-
'

._ .

''' A
.

/ 12"
A A ir 3

I, ', {
'

l

I" ', ', 37 41"
I is ;

28 32" Y r .,

'
SlT #

'[1

60 * I U I e e T..n i,s

's, 's, SIT STAND

's,.

_ _ J.',9 . / 7gr
' -X AI N Y

s
10"

W}%[
A n"
| /1:

/ 18"

o O: dih I e Yo o

.

! VD-54



. . . - -

p
e dispicys such es CRTs. These dimen-
k

sions cre only cpproximate. They do,
however, represent usable stendcrds

for cbout 90 percent of the male
population.

Centrol Devices - Control

Devices for CRT permit the operator

to point out, request information, or
cet on c specified object. The light
pen is a pointing device which recog-

nizes only bright line structures
s;.ecifically called by the computer
progrcm cnd falling within a field of
cpproximately cne symbol dicmeter.

To avoid problems, the followingi

constraints must be considered:

n i. No light penncble chcracter shall

be coded by a blink rate beccuse

it is difficult to capture a

blinking chcrecter.

2. Two individual light penncble
chcrecters must be sepcrated by
at lecst one symbol creo.

3. The . cord connecting the light
pen to the console body shall be
positioned to minimize interfer-

ence with the . viewed screen
crec.

'

4. The light pen cord shcIl either be

retrcctable or guarded so that it

connot catch on the console
shelf.

5. Since the light pen cceepts the
first opproprictely coded line
that it sees, light pen sensitivity

VD-55

. .



should not be turned on until the
light pen is over the symbol to
be designated.

!

C. HUMAN ERROR: Erroneous system

status conclusiens.

D. DOCUMENTATION: MIL-STD-1472S
(1974); MIL-STD-1472, Essex

Revision, (1980); MIL-HCSK-75?

(1975); Vcn Cott cnd Kinkede (1972);

Woodson cnd Cenover (1964).

E. TYPICAL BACKFIT: Mcdify or re-
plcce hardware or softwcre.

~

9

.

O
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I I HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
V' POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: MIMIC BOARDS AND
GRAPHIC PANELS

9. GUIDELINES: Ocerational Status
Portrayal - A graphic representation
of a complex control system corweys

operctional status to en operator
more clearly then the typical crray
of obstreet meters cnd controls. The
grcphic pcnel should pictoriclize the

salient features of a system directly
on the pcnel, so that the operator hcs

"

.O c better cppreciation for the pcrts,
' direction of flow, cnd subsystem i

relationships. The extent to which
the elements of the dispicy cre static

or dynamic will depend upon system

complexity. In the simplest cose,
elements of the system cre painted
on the panel. For more complex
renditions, the elements (including
flow lines) cre made to cppecr
dyncmic by mecns of illuminated

indicators, edge- or bcck-lighted
lines, or by use of electro-
luminescent panels cnd strip ele-1

ments. Color coding should be used

for segregating various subsystems or
|

n fer emphcsizing certain critical ele-
/ \

( ) ments of the dispicy. A ficshing light

s en be used for cttrccting attention
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.

to importent elements of the dis-

play - especicily when it is irrper-
tent for the cperctor to recct quickly
to the signal.

--

i
*

b' !
'

// - =v umu
:

.
pw. ~1

d
"

o_. ,
Ci ===. |

..

i-

C- O-.

isn=nc I i h-

i [hb
' ' '' "EN ra ci

,,
'

* *|*.. 1

x

C. HUMAN ERROR: Late response;
premature response; incorrect switch

operation; incdequcte er excessive
71cgnitude of control cction cnd

failure to obicin or cpply all relevcnt
decision informaticn; or failure to
identify cli cpplicable citernctives. '
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(' O. DOCUMENTATION: Woodson &
\

Conover (1964)

E. TYPICAL BACXFlT: Redrow,

repaint, recolor er repicce existing
mimic lines or develop new ones. If

the decision is mcde to instcil
modern mimic bocrds or grcphic 1 2 3 4

- D-pcnels, the following guidcnce is
:OM. . OI Ooffered

A typicci cpplication is a pcnel '
~

-

which dispicys open or closed volve No. 2 stm open

conditions. In the upper illustration L'
,

to the right, the circles (when ,--

illuminated) indiccte that c

pcrticulcr vcive is still open. '"
,~ ,n

In the lower illustratien, tubes or
l .7-.

2 ;
tanks cre pictoriclized, showing when ' '

the hatch is open cnd also when a s m ,eys

tube is being flooded.
Empty tube flooding

Electro-luminescent pcnels cre
very useful in mcking up dispicys of
this type.

Combinations of edge-lighted

lines, crecs, symbol cnd indicator
lights, ennunciators, or illuminated
instruments cre useful in developing

a grcphic !cyout of complex systems.

in the design of graphic panels
using edge-lig; ving techniques, it is
importent to control the sprecd of
light in the picstic trcnsilluminating
medium. Scrriers must be provided

between elements to avoid having
! strcy light from one pcrt of thev
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grcphic affect cnother. Also, it is

f"j,'- } , c't ' importcnt to position the Icmps in
^

such a wcy that there is c good
w .,

c '''
' bCICnce Cmong various pcris of the

| TRANSLUSCENT
, Mir _ STRIP

*7'
,

display. If it is impossible to loccie
'

p' the Icmps in en optimal position, it is

,2 ] sometimes possible to balcnce the.'-

3

-[ illumination by means of filters.
\-

I /f/p ///f/s !i( /f / ~~/p

'[.

T; - ,

- ., %,
# /g 1

5ARRIER CONTROLS BACKLIGHT

,-- -D I >, . . . . FILLED ENGRAVING EDGE LIGHTED,

. . 3.? r _ /
~

' ~~'
- - INDICATORw , ,; . , ,,

_

, ri; ,,' , p--

,

'~

' .t . :p : ' ' . - "
LUMINAIRE I

1,' .2

'
.,

-

4=

hhv' ' ] }i' i i ,

h.- " fa|. . ; 'k-~{ ' ^ *^
,,

'"" *
., . . N ',

een
N -

e.
s. - -

#"', #
.-! - , s", , s

.,,+;, * *,# s - ~,

.", ,#I .

. - 2 g ;; 9*
.,
*

- ,* *,

\k.\'s .

,
"* ".

'- Q. gs ' , ' ' . #
i

'

'

NNs s -
-

N''N, N.

' \, Q s'Cut, fli!ed with opaque ' s\ lpaint, forms light barrier \
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[ HUMAN ENGINEERING GUICELINES FOR NUCLEAR
\ POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: ASSESSMENT OF

MECHAN! CAL INSTRUMENTS

8. GUIDELINES: The criteric in the
toole are provided for general guid-
cnce in the gross essessment of the

effactiveness of mechcnical instru-
ment displays in a control room.

APPLICATION OF VARIOUS TYPES OF MECHANICAL DISPLAYS

SCALES
k USE i CcUNTERS PRINTERS FLAGS'

Moving Pointer | Fixed Pointer

FAlR FAIR C000 GCCO

May be difficual to reed Mar to difficuit to read Mammum uma and error for Minimum time and error for
NA

CUANTTTATIVE enile pointer is an monon. ende scale se en monen, emact nutnencat esive, enact numencal vesue.
INFORMATION Pfevedes reference ruoros.

GCCO 900R *CCR 900R GCCD

Location of pointer easy. 06fticust to judge direction Nurnoers must De read. Nurncers must me road, fassey cetected.

Numoors and sease need and magmtude of oevianon Position efienges not eas.ly Posetton caeages not easly Econormcas et space.

CUAufATivt not se reed. Pos tton witneut reading a moors cotuted. cetected.v
INFCnMaflCN cnange easdy detected. and scade.

GCCO FAlm 3000

Simoso and direct relation of amation to motion 9 Most acaurate morntonne of
motion of penter to motion settang anoa may De numencal setting. Dotation
of setting knoo. Possuon amoiqueue. No poenter te monen of somng ej ~ gg **

syna enange 3.de monotonng. pos non enenge to a,d tesa aurect man ser me..no
monotonag. Not readeele pointer. Not readaose dunng
during rapid setting. raced setting.

Reguares largest esposed Saves panes space. Cray Most economeca6 of soece Urnsted sooncanon, umeted soo*ication
and situnnpated area on smed sectton of scale need and istuminshon. Sease
pened. Sca6e lengtn limited to esposed and illvinated. tengm semited orwy ne
unless envitiese poeters use of teos adows sca e. nurnoer of counter crums.

[m\, GENERAL used.

U
>
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Tyoes of Sccie Indicators -

The types of scale indicators that

should be censidered cre:

1. Moving-pointer, fixed-secle, cir-
culcr, curved (crc), horizontal
straight, and verticci strcight.

2. Fixed-pointer, moving-secle, cir-
cular, curved .(cre), horizontal
straight, cnd verticcl strcight.
Dolications - The appropricte-

ness of secle indicctors for vcrious
cpplications should be bcsed on the |

criteric in the tcble cs well cs the
specific criteric contained in this

section. Moving-pointer, fixed-secle
indicators shcIl be used in preference

to fixed-pointer, moving-secle indi-
cators. If a fixed-pointer, moving-
secle indicator is found in c centrol
room it must be replaced or the

responsible cuthority must demon-
strate thct it is nGessitated by oper-

otional requirements or specici con-
ditions.

Quentitative Information -
Scale indicators should be used to
dispicy quantitative information in
combination with qualitctive infor-
motion (such as trend cnd direction-
of-motion) cnd where only qucnti-
totive information is to be dispicyed
cnd there is no requirement (such cs

speed end cccurccy of response)
which demcmds the use of printers or

counters.
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[7 Lineer Scales - Except where4

\vh system requirements electly dictate
nonlinecrity to satisfy oporator infor-
motion requirements, rlect scales
shall be used in preferr.,ce to non-
linecr scales. Non-linear scales

should be used in situations where it

is necesscry to condense a Icrge
rcnge into a smcil spcce in such a
way cs to permit sensitive recdings
at certcin critical rcnges of the

scale.

Sccie Markincs -(See VD-71)
1. Creductions - Secle graductions

shcil progress by 1, 2, or 5 units

or decimcl multiples thereof.

Graduction-interval vclues of 2s

) cre less desirable thcn vclues ofQ
l or 5 cnd should be avoided
when possible.

2. Intermedicte Merks - The num-
ber of minor or intermedicte
mcrks between numbered scale

mcrks shall not exceed nine.

Numercis -
1. Mcior Merks - Except for

measurements that are normally

expressed in decimcis, whole
numbers shall be used fcr mojer
grcduction mcrks.

2. Stcrtinc Point - Dispicy secle

shcIl stcet at zero, except where
I this would be incppropriate for
' A t% function ir.volved.
t

:

I
f

~

'
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Pointers -
1. Lenoth - The display shall be

designed so that the control or
dispicy pointer will extend to,
but not obscure, the shertest

scale graduction mcrks.

2. Width - The width of the

pointer, where it intercepts the
graduction mcrks, shall not

exceed the width of the inter-
mediate marks.

3. Mounting - The pointer shcIl be

mounted as close es possible to

the face of the dial to minimize.

parallox.

Luminence Contrest - Lumi-.

ncnce contrast of ct lecst 50 percent
shcIl be provided between the secle

fcce end the merkings cnd pointer.

Calibration Information - Pro-
vision shcIl be made for piccing cali-

brction information on instruments
without interfering with dial legi-
bility.

Codino -
I. Use of Codino - Coding on the

face of secle indicators mcy be
used to convey such information

.

cs desircble opercting rcnge,
dcngerous operating level, ccu-
tion, undesircble, and inef-
ficient.

2. Pattern or Color Coding - When

certcin operating conditions

clwcys fall within a given rcnge

!

|
VD-64

i



O
/ on the secle, these crecs shall be

mcde recdily identificble by
mecns of pattern or color coding
cpplied to the fcce of the

instrument.

3. Choice of Colors - Fer use under

white lighting, the colors red,
yellow, cnd green mcy be

cpplied, provided they conform
to the mecnings specified herein

cnd cre distinguishcble under cil

expected lighting conditions.

4. Pottern Cedn.c - Zone secles

may be shcpe coded when the
indicator must be viewed in
b!cckout stations or where the
illuminent color will ecuse dif-

Q ficulty in color bcnd discrimi-

nation.

Movino-Pointer. Fixed-Secle
~

Indicators -
1. Numerical Procression - The

increcse of numerical pro-

gression on fixed scales shcIl
recd clockwise, from left to

right, or from the bottom up,
depending on dispicy design or
orientation.

2. Orientetion - Numbers on sta-
tioncry scales shcIl be oriented
in the upright position.

Circular Sccies -
1. Secle Recding end Pointer Move-

( ment - The mcgnitude of the
\v/ secle recding shcIl increcse with

|
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clockwise movement of the

pointer.

2. Zero Positien end Direction of
Movement - When positive end
negative values cre dispicyed
cround a zero or a null position,
the zero or null point shall be

~

loccted ct either the 12 o' clock
or 9 o' clock position. Positive
values shcil increcse with
clockwise movement of the

pointer, cnd negative values
shcIl increcse with

counterclockwise movement.
3. Sccle Breck - There shcIl be en

obvious breck of et lecst 10 of
cre between the two ends of the
scele, except on multirevolution

instruments such cs clocks.
4. Number of Pointers - Whenever

precise readings are required,
not more then two coaxici
pointers shcIl be mounted on one

indicator f::ce.
5. Pointer Alicnment - When a

stable value exists for given
operating conditions in c group
of circulcr-secte indicctors, they -

shall be crrcnged either in rows

so that cli pointers line up hori-
zentally on the 9 o' clock position

under normal operating con-
ditions or in columns so that all ,

pointers line up verticcily in the
12 o' clock position under normal
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(~N operating conditions. If a matrix
'V) of indicctors is needed, prefer-

ence shall be given to the 9 ~

o' clock position.

6. Piccement of Numercis - Nume-

rals shall be plcced outside

grcduction mcrks to cvoid having

numbers covered by the pointer.

Numerals mcy be piaced inside
of grcduction marks when it is
necesscry to cvoid constriction
of the scale. In cny ccse, the
pointer shcIl extend to, but not
cbscure, the shortest grcduction

mcrks.

Curved (Arc). Horizontal
Streicht, cnd Vertical Streicht

(, s) Secles -
'"

1. Seele Recdinc cnd Pointer Move-

ment - The mcgnitude of the
'

secle recding shall increase with

movement of the pointer up or
to the right.

2. Zero Position end Direction of
Movements - When positive end

negative values cre displayed
cround a zero point, the positive

vclues shcIl increase with move-

ment of the pointer up or to the
right, cnd negative values shall
increcse with movement of the
pointer down or to the left.

3. Placement of Pointers - Pointers

A shall be located to the right of

h v rticci secles cnd ct the bottom
of horizontal sccies.
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4. Piccement of Numercis - Nume-
rcIs shall be picced en the side
of grcduction mcrks away frem
the pointer to avoid having num-

bers covered by the pointer. If
' spcce is limited (for curved er

cre scales) numercis may be

placed inside grcduction mcrks
to avoid undue constriction of
the scale.

C. HUMAN ERROR: Recding errors.

D. DOCUMENTATION: MIL-STD-l &728
(1974); MIL-STD-1472 (Essex

Revision,1930)

E. TYPICAL BACKFIT: Modify er

repicce.

O

4

O

VD-48



.- _-

N HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAY

A. TITLE: MULTIPLE. RANGE METERS -

S. GUIDELINES: Ordincrily, multiple
scales should not cppecr en the scme

dispicy. When such a compromise is

necesscry, colcr coding should be
i used to help the observer cssociate o '"-

!i o to
; the right scale with the proper o i i

selector-switch positien. ]coeu

/ S's neo

C. HUMAN ERROR: Moving a control
,, ,, , ,,, _

to the wrong position; confusing cne
'

scale with anothe. . .

D. DOCUMENTATION: Woodsen end

Conover (1964)

E. TYPICAL BACXFIT: Colcr code
i- scales; replcce meters.
4.

e

. A
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: POINTERS

8. GUIDELINES: Preferred Tvoes -
The p.cinter should be designed so
that there is a minimum distence
between tip cnd index - 1/16 inch

maximum.
PREFERRED POOR

Avoid use of pointers which

=== ==== over!co index.
"6 6 The pointer should be mounted-

# # so that visual parclicx is minimized.

The pointer shovM ce ocinted

the some color cs numbers cnd
-

indices when possible.

,
, p* When reciprocci recdings cre

' '
' '' necessary, the two ends of the-

pointer must be identificble.

Simplicity in pointer-tip design
is importent for reading speed cnd
cccurccy.

C. HUMAN ERROR: Percilcx, spccing
cnd poor coding con produce reading
errors.

D. DOCUMENTATION: Woodson (1964)

E. TYPICAL BACKFIT: Modify or

repicce.

O
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HUtMN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: SCALE MARKINGS

8. GUIDELINES: Similcr Secles -When to

two or more similcr sectes cppect on
,

the scme pcnel, they shculd hcve 5
l'

,

compctible numericci progression cnd

scale orgcnization. (See VD-63) 0 0

POOR

-

RECOMMENDED NUMERICAL PROGRESSION

GCCO FAIR POORU
1 2 3 4 5 2 4 6 8 10 3 6 9 12*

5 to 15 20 25 20 40 60 30 100 4 8 12 to

10 20 30 40 50 1.25 2.5 5 7.s

* Except for bearing dials where cardinal directions
are standard orienting points or wnere operating doctrine
specifies conditions of tirne scales, or turn rates.

RECOMMENDED SCALE BREAKDOWN

0 10 0 to 20 0 to 20

I l ii t t i, r i ,I1 ,,,i,,,,1 i , ,,

Secle Rct ces end Interval

Valves - Sccles that cre to be recd
under normal illumination should
have the some relctive proportions cs

.

(] cre shown in the figure, but the gred-

Cl uction mcrks may be spcced cs

VD-71
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closely cs .04 inch. In cny cese. the

minimum distence between mcjor
grcduction r,1crks should not be less

then 0.5 inch, cnd the heights of the
major, intermedicte, cnd minor

mcrks should not be less then 0.22,

0.16, cnd 0.09 inch, respectively.

.

GR AOU ATIC N NUMBERED
INTERVAL VALUE INTERVAL VALUE MAJOR INTERM ECI ATE MIN 3 A

30
0,1, 1, 10 [0 *'*40

. g ?00 400 :

0 5U to
tbog

,

5,50,500 x x
oo :

40 to , 2.20,200 x x

m2004 A 4.ic.ico x x
100 300

0.2, 2. 20 ,

2,24M x x x40 100
400 1000

4I 200 t0 1,10,100 x xgO tg
- 100 t000 :-

20
0.3, ,, 30 0 200 , . , 2.20,200 x x x

400

!

O s00 i0
gca ( s,50,500 x x x

!000-:

Recommended scale ranges and interval values.

O
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Recommended format of qucn-

titative scales, considering length of2

scale unit and graduction mcrkers.
Format A is proposed for normal

|

illumination conditions under normal I
viewing conditions, cnd B for low |

illumination.
'

Basic sketches, measurements in inches

*

.._ LH "'2'
..a -. .

3 . . . . . . - ,
* "" 'J-'a'-*''"**--'"io,- . . . .,

A A
i

utts 3*
- g--

"'""
,I

4 d b"" . , . . . . . . ,. . . , , . ,

::. I,J
"'25

- ___3 3 J.
i

_ _ _ _ -. -- r
.

, , --s------ 1 ,
_

,
_ _ _ _ _ _

a.,aJ 4-urm" u,
'

i
U"Ce7.,Ib umeng 0%Te'""I"*"

Actual size

|Illitill till 1111

j FORMAT A FORMATS

C. HUMAN ERROR: Incorrect display
'

reading and interpretation.

D. DOCUMENTATION: . Woodson (1964);

McCormick (1970); Chcpcnis (1965);

Vcn Cott (1972)

E. TYPICAL BACKFIT: Reconfigure -

scale markings.,

Ch
V'
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HUMAN ENGINEER!NG CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS
.

A. TITLE: DIAL MARXING

B. GUIDELINES: Uscble Values - The
lecst precise secle that fulfills the.y.s

$od needs of the operctor shcIl be used.30 '0 -( , 20004o

:ipo
.

apu so7
,

gpusooo All dispicys should indicate vclues in: zooo

gd $ltoco
20 7000- en immedictely uscble form without
1,

a 110 ' o 8000 mental conversion by the operator.'-

Trcnsforminc Ve!ues - Trcns-
" * * * " * * " * ' ' ' ' * *

of7un*Io!sTe$ng e* iso ay o. forming the secle vclues into percentc

rpm relieves the operator of the

necessity of remembering opercting
.

rpm values for diffuent engines. In
cddition, the range from 0 to 100% is

more ecsily interpreted then a rcnge
of true values, such cs 0 to 8,000
rpm, cnd the smaller numbers on the

dici mcke a more recdeble scale. In
the figure, the two techometers

illustrate these cdventcges. The less

cluttered dici on the left ccn be recd
more precisely then the ene en the
right.

Zone Merkinc - Zone markings.

indicate vcrious operating conditions

on mcny indicators: such cs, opera-

ting rcnge; upper, lower or dcnger
limits; ccution; etc. These zone
markings can be color or shcpe
coded. Because of frequent need fer

VD-74
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GREEN

[] relocation, they cre placed on the
U ,

indicator's window in preference to s " 7
'

the dici fcce. $ YELLOW
3 ;,

'/Color Coding -The figure shows 2
3o

*recommended colors associated with a

YELLOW '

various operating conditions. If the RED
RED

indicator is illuminated with colored
cotog coNoiTioN

light, do not use color ceding. Colors Rgo__ __ ___ ,__ DANGER

cre not recdily distinguishcole when YELL "------ -

, PEE DES RABLE. .--

illumincred by colered light.
Color coding of instrument range markers.

Shece Codino - Zone merking
sheces ccn indicate vcrious operating des!RABLE

conditions. The shcpes in the figure
cre recommended beccuse they cre

ecsy to lecrn cnd cre distinguishcble

under low cnd colored illumination. '

CAUTION,p OANcER

*C. HUMAN ERROR: Incorrect dispicy
recding cnd interpretation.

g,,G,g,Lg,gg Liu,7,'ago DANGER UPPER LIMIT RED

D. DOCUMENTATION: Vcn Cott (1972)
Shape coding of instrument range markers.

,

E. TYPICAL BACXFIT: Replace;

repaint; renumber; or reletter dici
fcce.

{Q
N

VD-75

. - - - - - . .



HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: MOVING-POINTER, FI;ED

SCALE INDICATORS

8. GUIDEUNES: Circulcr Sccies - The
magnitude of recding should increcse

with a clockwise movement of the
U pointer (see A). Where positive end

,

.; go

3 42 2

to)o 20 20 negative values cround zero cre being
/ o displayed, the zero should be located

,

A
'

ct the 9 or the 12 o' clock position (S).-234 8
This crrcngement provides for

M pointer increases upwcrd or to theW %
Ny right, which are expected directions.

N Thus, positive values will increcse

with clockwise movement of the
C

pointer cnd the negative values will
n.comm.ne.d direction of motion on circular increase with counterclockwisemoving-pointer inoicators.

movement. In cddition, clockwise
movement of a pointer should result

from clockwise movement of the
associated knob or crcnk; movement

forwcrd, upwcrd, or to the right of an
cssociated lever; or movement

upwcrd or to the right of the csso-
ciated equipment (C).

O
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!Streicht Secles - The po nter~

j should move up or to the right to
indicate en increcse in mcgnitude.
This movement should result from:
(c) clockwise rotation of the esso- zo :5 | .i to zo

= ...i....i....l.ciated knob or crcnk; (b) movement
-| | 4

forwcrd, upwcrd, or to the right of a
lever; or (c) movement upwcrd or to-

N/
the right of the associated equip- g Q
men t. /,

1

j C. HUMAN ERROR: Control errors of
Recomenended direction of motion on straight-scale,

directlon cnd time. moving-pointer Innicators.

D. DOCUMENTATION: Vcn Cott (1972)

E. TYPICAL BACKFIT: Modify or
i replace dial (or fcce).
,

.

.

I

l,

.

|

1*

1

|

|
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HUMAN ENGINEER;NG GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: PRINTERS, GRAPHIC

RECORDERS

8. GUIDEUNES:

1. Acolication - Printers or plot-
ters should be used when c visuci

record of dctc is necessary or ;_

desircble, especic!!y trend dctc.
j

2. Form of Information - Printed
information shcIl be presented in

a directly uscble form with mini-
OOO mal requirements for ecceding,

trcnsposing, cnd interpolcting.
When en operator is required to

interpret grcphic dcto, cids (e.g.,,

9 grcphic over!cys) shall 'be pro-
G vided but such cids shall not

D
obscure er distort the dotc.

3. Insertion & Removal of
_ Materials - Ccptive-pcper

storcge should be provided so
|

that the operator isn't required
to provide some mcke-shift j
method collecting the pcper cs it

comes from the mcchine. The !

method reloading chcrt pcper
should be quick cnd easy. Pen

assemblies should be designed so-

that they cre ecsy to refill cnd '

do not leck or lecd to spillage
j

beccuse the operator did not
cdjust the assembly properly.
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,q 4. Annotatien - Recording devices
) should be designed so that, when

cppliccble, it is possible for the

operator to mcke notes directly
on the chart. Continuously veri-
cble paper-speed control is

recommended. Mcnual controls
should be picced so that the
operator does not cover the

trccing as he cdjusts the centrol
knobs.

5. Svoolies - A positive indicotion

of the remaining supply of
!

recording meterials (e.g., pcper,

ink cnd ribbon) shcil be provided.
a. Chcrt Tcces - The information

on the tcpes shcil be recorded in -

such a menner that it een be
'

recd directly when it is received~

from the machine without
requiring the cutting cnd posting
of sections of tcpe. A simple,
sure method of tecring oc cut-
ting off finished chcrt-pcper
segments shcIl be provided.

7. Illumination - The printer shcIl
be designed with internci illumi-

i

:natien if the printed matter is
j

not completely cnd ecsily recd-
cble in the operational cmbient-

illuminction.
8. Contrcst - A minimum of 50%

luminance centrast shall be pro-

vided .between the recordedfg
t. ) materict cnd the background.4

v

VD-79

, - .-



9. Visibility -The recorded matter

shcIl not be in any way hidden,
mcsked, or obscured so that

direct recding ccnnot be ecsily
cnd cccurately cccomplished.

Plotting points shcIl be readily
visible cnd shall not be

obstructed by the pen assembly

or crm. Pen-recording devices

should be designed so that the
pen essembly covers no more of

,

the chcrt then is cbsolutely

necessary. Design of chcrt

pcper to be used in cutomatic
pen-recording equipment should

consider visibility cnd legibility.
Under normal lighting ' con-
ditions, the pcper shculd be

white, grcph lines bicek, cnd pen

trccing red, green, or some other

color which shows up well

cgoinst the bicek grcph lines.
For single-sheet chcrt systems,
the pen should always move from

left to right. For moving-chcrt
systems, the paper should move

from right to left. For printers
(e.g., telet. pe), the pcper should

move from bottom to top.

C. HUMAN ERROR: Failure to obtain
or cpply all relevcnt decision infor-
motion.

O
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D. DOCUMENTATION: MIL-STD-14728
(1974); Weedsen & Conover (1964)

E. TYPICAL BACKFIT: Modify er re-
picce.

l
,

.
\
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: COUNTERS

8. GUIDELINES: Movement - Snco
Action - Numbers shcIl chcnge by
sncp cetion in preference to con-

tinuous movement.

Rate - Numbers shcIl follow

ecch other not fester then 2 per

second when the observer is expected

to recd the numcers consecutively.

Direction - An "upwcrd" move-
l ment of the counter ' drum should

indicate a numericci increase. If a
manual control is ossocicted with the
counter, clockwise rotation of the

control should result in numerical
M increase. Contro!-dispicy ratio

3
- should be such that one revolution of

the control knob equals cpproxi-
mately 50 counts on the counter.

Mounting - Counters shall be
5(O(9(9 @ mounted cs close os possible to the

panel surface so cs to minimize

pcrollox and shadows and mcximize

the viewing cngle.
4(3(6 (4((3((6( soccing eetween Digits - The;

PREFERRED POOq horizontal separation between nume-

rcis shcIl be between one-qucrter enc'

one-hcif the numeral width.
Numerci Procortions - Except

| for the number "l", which shcIl be

!
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/~N one stroke width, the height-to-width

())I

ratio of numerals for counter-wheel
recd-outs should be 1:1 rather then PREFERRED POOR
the 3:2 recommended for other dis-

f
plays. This is beccuse of the 5 !4 5 4
distortion from the curved drum '

surface.
!Orientation - Counters should

1ciways be oriented horizontally to y
recd from left to right. I

1 Sl815 -

Several Digits - If more than I

four digits cre required, it is ecsier
i 'to recd and reccli groups of digits if -

1 1

they cre sepcrated by slightly grecter '
0*4 5'6'

spcce or by c decimal symbol or

commes.
; ;

Digit Window - No more then | ! |

'

one digit should cppear in the open
U window at one time.

Viewing Angle - Seccuse of the *o3a

limited viewing cngle of drum-type i ^

5
'x

. ->counters, they should be mounted ;

perpendiculcr to the observer's line

of sight.
i

Automatic Reser - Counters

used to indicate the sequencing of
equipment shcIl be designed to be
reset cutomatically upon completion -

I

of the sequence. Provision shcIl also
|
1be made for mcnual resetting. 1

!!!uminction - Counters shcil be |

)
self-illuminated when used in crecs in
which cmbient illumination will pro-

e- vide dispicy luminence below I f t-Ls
- ) (3.4 cd/m ),2
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Finish - The surfcce of the

counter drums and surrounding crecs

shall hcve a dull finish so as to mini-
1

mize gicre. '

Contrast - Color of the numerals
cnd bcckground shall provide high
contrcst (bicek en white or converse,
cs appropricte).

Acolication - Counters should be
used for presenting quantitative darc

when a continuous trend indication is
not required cnd when a quick, pre-
cise indication is required.

C. HUMAN ERROR: Errors in dispicy
(counter) recding.

D. DOCUMENTATION: MIL-STD-14729
(1974); Woodson (1964); cnd Vcn Cott

cnd Kinkede (1972).

E. TYPICAL BACKFIT: Modify or

repicce counters. '

.

O
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./] HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
'\g POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

. A. TITLE: CHECK-READING DIAL
LAYOUT

S. GUIDELINES: For a single group of

five or fewer check-recding dicis in a

horizontal row, normal operating
position of the pointers should be
located ct the 9-o' clock position; for

. ggggthe verticc! groups, orient the j

pointers at the 12-o' clock position.

For groups of six or more use

rows or columns rcther thcn extend a
single row; long rows or columns
impose undestrcole secnning require-s

ments upon the cperator.

For severcl groups on the same

pcnel use c consistent pointer posi-
tion regardless of the cbove recom-

h
_

mendations.

Linecr gcuges or meters should h
follow the same general rules as
specified for details.

The positions of specific dicis I

which cre grouped together should be p
" 'determined by the sequence in which i

they cre to be recd, that is, the

operator should be cble to recd in

order of sequence frora left to right _

or from the top of the panel to the
O bottom.
\ ._
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C. HUMAN ERROR: Activating the
wrcng control; not cctivating a con-<

trol; misrecding the dispicy; recding
the wrong display.

D. DOCUMENTATION: Woodson cnd,

Conover (1964).

E. TYPICAL BACKFIT: Recrient dis-
plcys; purchese new dispicys.

i

O
,

9

a

O
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f] HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
(g' POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: PANELS OF DISPLAYS FOR

CHECK READING

8. GUIDELINES: Pette n - When

severci qucntitative dispicys cre used i: .w. so,, 5 a?.!*
for check recding (to determine if Oaoeo oooo og
condition is normcl er not), the OOOO OOOO OOGo- ., gggg0000 GOGO ooocrrcngement of the dispicys ccn OOOO OOOO GO

w m o infccilitate the identification of cny
00000 ROr.cnnermcl disp;cy. -^

._ o eoo g3 o[s"oThe patterns in the illustration ' " * " O O O *o o ov

were compcred end the errers a m O m
resulting from this Compcrison Cre Patterns of penets of check reading clais.

( shown et the right. It is, therefore,
recommended that the type d pcttern

with normal et the 12 o' clock position

cnd extended lines drawn between
dispicys.

C. HUMAN ERROR: Failure to detect Arrangement
|I

nonnormc! conditions.
|

Subgroups '

O. DOCUMENTATION: McCormick 12 o'erock subgroups rated

(1976)
~

e,,, ,, 33 3, 333 ,, g,

Extended line d. 8 e.15 f. 41
E. TYPICAL BACKFIT: Modify or re-

piece to mcke the deviant dici more
conspicucus. One cpprocch is to
install extended pointers, if short
ones exist, cnd cdd extended iines.

O \1
\.)i
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response end not merely control
posi' ion.

Information -Lights cnd related

indicators shall be used spcringly cnd

shall dispicy only thct information
necesscry for effective system oper-
ction.

Positive Feedbcek - The

cbsence or extinguishment of a signal

or visual indicction shall not be used
to denote c "go-checd," "recdy," "in-
tolerance " -r completion condition,

nor shcil such obsence be used to
denote a "molfunction," "no-go," Sr
"out-of-tolercnce" condition; how-
ever, the cbsence of a " Power On"

signc! or visuci indication shall be
ccceptcble to indicate a " Power Off"

condition. Chcnges in dispicy status

shcIl signify chcnges in functional
status rather then results of centrol

'

cetuation clone.

Grovoino -Master caution, mes-

ter warning, mester cdvisory cnd
summation lights used to indiccte the

condition of cn entire subsystem shcl!

be set cpart from the lights which
show the status of the subsystem
components, except cs required under

the paragraph on Maintencnce

Disolays on the following pcge.

Location - When a trcns-

illuminated indicator is associated
with a control, the indicator light

VO-88
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fN shcIl be so located cs to be immedi-
c i

\s/ ctely cnd uncmbiguously associated

with the control cnd visible to the -
operater during centrol operation.

Locatien. Criticc! Functions -
For critical functions, indicctors

shall be located within 15 of the
normal line of sight of the operator
responsible for monitoring that indi-
cctor. (See TITLE: P!ccement, pcge

VD- 18). Wcrning lights shcIl be cn

integrci pcrt of, er loccted cdJccent
to, the lever, switch, or other centroi

device by which the operctor is to
tcke cction.,

Maintencnce Disolcys - Indi-

catcr lights used solely fcr mcinte-
ncnce end cdjustment, cnd referred

'
to infrequently, shcIl be covered or-

non-vis!ble during ncrmcl eculpment

operation, but shall .be recdily ccces-

sible when required.

Lumincnce - The lumincnce
(brightness) of transilluminated dis-

picys shall be compatible with the
normal cmbient illuminence level,
cnd shcIl be at lecst 10% grecter
then the surrounding lumincnce.

Luminence Control - When dis-
'

plays cre used under vcried ambient

illuminence, a dimming contrel shcIl
be provided. The rcnge of the con-
trol shcIl permit the displays to be

g legible under cil expected cmbient
( ,/ - illumincnce. The control shcIl be

.
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ccpcble of dimming the dispicy from
full ON to full OFF.

Reflection - Provision shall be
mcde to prevent direct end/or

reflected light from mcking indi-
cators cppect illuminated when they

cre not, or to cppect extinguished
'

wnen they cre illuminated.

Centrast Within the Indicator -
The contrcst cetween the bcckground

cnd c figure equcis the cbsolute dif-

ference in the higher lumincnce (L )
g

cnd the lower lumincnce (L ) divided
2

by the higher luminence; i.e.,

C = I'l - '2 !
'l

The luminence centrcst within the
indicator shall be et least 50%, cs
determined by the cbove method. g

Lemo Redundancy For incen-
descent dispicys, icmps sncil be pro-

vided that inccrporate filcment
redundcncy or duct bulbs, so that

when one filcment or bulb fails, the
intensity of the light shcIl decrease
sufficiently ;o indiccte the need for
lamp repiccement, but not so much

cs to degrcde operator performance.

Lcmo Testing - When indicctor

lights using incendescent bulbs cre
installed on a control panel, c mester

Icmp test control shcIl be incorpo-
rated. When cppliccble, design shcIl

VD-91
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4.

{ cllow testing of cil centrol pcnels at
\ one time. Pcnels containing three or

fewer lights mcy be designed for
individual press-to-test bulb testing.
Circuitry should be designed to test
the operation of the totcl indicator

circuit.

Lamo Removal. Method -Where
~

possible, provisions sncil be mcde for

lamp removci from the front of the

display pcnel without the use of

tools, er by some other equally rcpid

and convenient mecns.

Lemo Removci. Safety -Dispicy
'

circuits shall be designed so that
bulbs mcy be removed and repicced
while power is cpplied without
ccusing failure of indicator circuit
components or imposing cersonnel
safety hazcrds.

Indicator - Covers - Legend

, screen or indicator covers shcl! be
?

designed to prevent incdvertent

interchenge or c means shall be pro-

vided for checking the covers offer
installation to insure proper instcl-
lation.

C. HUMAN ERROR: Incccurate dispicy
recding cnd essociated control errers.

D. DOCUMENTATION: MIL-STD-14726
(1974).

E. TYPICAL BACKFIT: Modify or
-

repicce.

j
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: DISPLAYS ILLUMINATION

B. GUIDELINES: Ceneral - Illumin-
,

,

ction level should be sufficient to
provide the operator with a ciecr

indication of equipment or system
conditions for operation under cli
expected use conditions.

'Nhere multiple dispicys cre
grouped together, the dispicys shall
hcve brightness uniformity so that cil

cppect of equal brightness ceross the

rcnge of full ON to full OFF. The

lowest expected luminction level

should be sufficient to read the

smcilest required display details et
the required viewing distance.

C. HUMAN ERROR: Centrol error;
operator incction; reading errors.

D. DOCUMENTATION: MIL-STD-14729

(1974); Vcn Cott (1972).

! E. TYPICAL BACKFIT: Replace or
modify equipment or lighting.

;

,

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
j POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: INDICATOR AND WARNING
LIGHTS -GENERAL

B. GUIDELINES: General Preccutioncry

Notes - A centrol room should con-
tcin only the minimum number of

lights required. The ettention vclue

of indicator cnd wcrning !ignts is
reduced if there are too mcny of
them, especially when they serve
little purpose. For excmple, if a
normal condition of "on" is indicated
by sounds or the movement of a

v meter, etc., it is not necesscry to
have a pilot light indicating "on." On

the other hcnd, when cn operator
looks at c console containing several

chcnnels, he will find it helpful if
lighted indicators show which chen-

nels are cctivated.

C. HUMAN ERROR: Failure to notice
signal.

D. DOCUMENTATION: 'Noodson &

Conover (1964)

E. TYPICAL BACXFIT: Conduct humcn
fcctors engineering enclysis cnd

remove all unnecessary lights. Mcin-

tcin or cdd all required lights.
[ \

)LJ ,
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h HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
i POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. Tm E: INDICATORS AND

WARNING LIGHTS

- CHARACTERISTICS

8. GUIDELINES: Status indicctors -If
basic data represent discrete, inde-
pendent categories, er if basiccity

,

qucntitative data cre ciways used in

terms of such categories, dispicys
should be used that represent ecch.

,

Signci cnd Werning Lichts - Mini-

mum size used must be consistent
with luminence cnd exposure time.

g With low signcl-to-background
contrast, red light is more visible.

F!csh rate of ficshing lights of I
to 10 per second ccn be detected by
people.

,

C. HUMAN ERROR: Fciture to detect
status change or warning light.

|

D. DOCUMENTATION: McCormick l

(1976)
l-
'

E. TYPICAL BACKFIT: Modify or

repicce.

-

.

) ,

(v)-
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HUMAN ENGINEERING CUIDEUNES FOR NUCLEAR '

POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: INDICATOR AND WARNING

LIGHTS -SPECIFICS

I
B. CUIDEUNES: Identification should

normally be provided with light dis-
plays. If the cmbient conditions of

@
4illumination cre sufficient, the iden-

EMPTY tification does not hcve to be printed

directly on the light.

Simple panel lights mcy be used

for indicating certain types of opera-
ting conditions. For excmple:

GO, NO-GO condition

CAUTION
~

WARNING

In cddition, indicator lights with
engraved nomenclature mcy be used

to give visual commends or identify

conditions. These are often referred
REACTOR to as ennunciator dispicys.

TRIP Brightness fcctors are of prime
concern in light dispicys. Lights

TURBINE
OVERSPEED AN NUNC!ATOR which must attract .immediate atten-

'
tion should be at lecst twice as bright

TURBINE THRUST cs the immediate bcckground. The
BEARING bcckground should be dark in contrast

to the display and should be a dull
finish. 'Nhen a major pcnel crea is
light in color, it is possible to
improve the effecti' eress of t te dis-

play by painting the immediate crea
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cround the display a dark mette

/m') finish.
V

Color combinctions which ccn be
ecsily confused, such cs red cod
orange, purple end blue, etc., shoeid

not be used in control rooms.

Electronic Recister-Tubes - Chcra-
cter configuration is recsoncbly good.

These neon-glow dispicys cre good to

60,000 hours cnd ccn 'ce recd up to 30

feet end 120 degrees. A response

rate as low cs 10 micro-seconds is
possible. The tube must be shielded

from cmbient light to cvoid spectral

reflection from the curved surfcce of
the tube.

DEFINITIONS

n WARNING: Ocngerous condition
i T

(/ requiring immediate cction!
..

CAUTION: Abnormal condition
not necesscrily requiring immedicte
action.

,

Lichts for Wernino Signals - A

warning light signcis a dangerous
condition requiring prompt cetion by
the operator. Such lights normcIly

- should be red beccuse red mecns
dcnger to most people. Since red
lights cre commonly used cs signals
in control rooms, ficshing red should

; be reserved for wcrning. Other
E signc! lights in the warning light

vicinity should be of other colors. In

cddition, the location, lurqincnce, cnd

( cttention value of lights for warning
N2 should be considered.

.
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Location cnd identificction -
Seccuse wcrning lights become less
effective es they are moved out of

the center of the field of vision,
urgent warnings should ciweys be the

centrol portion of the pcnel.

Sometimes mcny wcrning or

ccution signals must be used in en
operator station. This situction not

only adds to the operator's ideatifi-
cation problem, but it clso creates
the problem of finding penei spcce
necr the operctor's normal line of

sight.

When there is insufficient pcnel
spcce for all of the re<;uired system-

malfunction indicctors single mester

Wcrning cnd/or Ccution lights mcy be

lxated in a conspicuous position on
the pcnel close to the normcl work-

stt ion - with sepcrate system-

malfunction indicators grouped in
cnother, less criticci crec..

CAUTION WARNING The mcster light een be located

necr en operator's line of sight on the

instrument panel, cnd the specific
TEMPERATURE wcrning panel ccn be located where

spcce is more readily cvcilcble. Any

time the mester light comes on, the

operctor checks the specific wcrning
| PRESSURE panel. For very urgent wcrnings the

master warning light mcy be supple-,

mented by en cuditory warning. This
is particulcrly cdviscble if the

I operator's visual duties could ccuse

him to miss the mcster light.
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(~N Secause wcrning lights call for
)-

'(/ fcst corrective cetion, their identifi-
. cation must be simple end positive.
Idectly, ecch light should have o
unique location and be ecsily distin-

guishable from other lights. As a
further cid, the wcrning light may be

nect or built into the cssociated cor-
rective control device.

Intensity -Wcrning lights should

be bright enough to stcnd out electly

cgoinst the pcnel on which they
cppect under c!! expected lighting
conditions, but they should not be so

bright cs to blind the operctor.
Size of Lettering -incsmuch cs

speed of recding is importcnt, cny
letters or numercls on wcrning lightsv4

should be Icrge. For dcrk letters on a

lighted background viewed at a dis-4.

tance of cbout 28 inches, c letter
height of 0.2 to 0.3 inch is

recommended. See Viewing

Distence, No. VD-32.

Attention Valve - Ficshing

lights 'cre good attention-getters.
Flcsh cctes of 3 to 10 per second with

"or duration" of at least 0.05 secend
cre recommended (four per second,

with equal light end dcrk interval:, is
-preferred).

.importent light indicators should

-be located within 30 degrees of the

normal visual oxis from the location
(,, - where the operator is likely to be

!

l
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working, to insure that the observer

will see the light when it comes on.

Ccution Lichts - The use of
lights as ccution signals must not be

over-done. A fcrge crray ccn confuse
the operator. Avoid using signci
lights for information that the opera-g

'
> g for ccn get in other ways, such as

4_ _ 3 *1
'

from control position.
'

C. HUMAN ERROR: Fciture to detect
Gi- system malfunction.

'

O. DOCUMENTATION: Woodson cnd

Conover (1964) cnd Vcn Cott cnd
Kinkcde (1972)

E. TYPICAL BACKFIT: Modify or

replace.

O

.

O
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p HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

$

VISUAL DISPLAYS

A. TITLE: LUMINANCE AND COLOR

B. GUIDELINES: Acuity - Acuity is

'increcsed - by ~ - lumincnce contrcst.
|

: Making the object of focus cnd bcck-
ground two different colors does not

i

-increase ccuity if there is high lumi-
ncnce contrcst. If lumincnce con-
trost is low, color contrast improves
visual ceuity cpprecicbly.

!

Detecting Colored Lights - 4

There is a detection problem when #creen -- -
..

color-coded lights are et c grect dis- Yellow - - ,/ /

tence. Signal color recognition g
- white - /

_
,va
/nee - . -g ,7

depends on eye illuminction from the ; ,/,'
light. This is proportioncl to the h2

-~

,/,
intensity .of the light end inversely | .. /

*

proportional to the squcre of,the dis- g1
- .-*/

,,... , //
"""'*""~'tence. It is also affected by the 5 /w -

luminence of the bcckground and the Eo .-- - - - - #-

-

color of the light. The curves show

iri milliccndles the threshold illumi- .i ' ' ' ' '
'

-6 -4 -2 .o 2 4
nation for color recognition of point *

BACKGROUND LUMIN ANCE (fog it.c.)
source signal lights when viewed Intensity thresholds of point source signai Hghts as a

function of the background lutninance for signallignt
- Cgainst neutrci bcCkgrounds .of color. Figures are for 90% thresholds.

various lumincnces. These are 90%

thresholds. . The curves show - that
red,- green,_cnd w .ite are nearly

| equal in terms of threshold intensity

[ for~ color identification. For . yellow
'1% the threshold is somewhat higher
,
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beccuse of a tendency to confuse
yellow with white.

C. HUMAN ERROR: Recding errors;
failure to detect system status

changes.

D. DOCUMENTATION: Vcn Cott and
Kinkade (1972)

E. TYPICAL BACKFIT: Adjust lumi-
nonce contrast and light intensity cnd
modify colors.

O

O
,

1
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(~N HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

.

VISUAL DISPLAYS

A. TITLE: TRANSILLUMINATED

NUMERALS AND LETTERS

8. GUIDELINES: Evcluction of Numer-
! cis cnd Letters - Trcnsilluminated

types of dispicys requiring special
height-width cnd stroke-width speci-

fications cre not covered in numercl

cnd letter recommendations found
elsewhere in this guide. Special care

'

must be tcken in engrcving the send-

wich materials, for the slightest vari-
ation in the engraving depth mckcs c

(y grect difference in the brigntness of
the emitted light. If retrofits are
required it should be noted that the

thickness of commercicily cvcilcble

plastic sheets vcries considercbly cnd

the engraving techniques ordincrily
,

used will not give satisfactory
results. Engraving depth must be

| mecsvred from the opaque top sur-
fcce.

Letters should be cil capitals,
similcr to Futura Demi-Bold type or
Groton Extended engraving. Nume-

rcis should be similcr to Futurc
,

Medium or Tempo Bold type or

Groton Condensed engraving. For

,gp} stroke width cnd height-width ratios,
V see the letter end. numeral samples,

following.

VD-103
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Letters may be reduced in size

to o heignt-width ratio of 5:3 when
there is not sufficient spcce for the

1:1 ratio shown. The streke width-
to-height ratio should be I:3 to 1:10,

[] cnd fer highly luminous letters,1:12
k./ to I:20.

C. HUMAN ERROR: Misreed dispicys.
9

D. DOCUMENTATION: Woodson cnd
Conover (1964).

E. TYPICAL BACKFIT: Modify er

replcce.

rh
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR ' h
POWER PLANT CONTROL ROOMS '

VISUAL DISPLAYS

A. TITLE: CODING - WARNING,
CAUTION ANNUNCIATORS

8. GUIDELINES: Obiectives - Coding
techniques shcIl be used to fccilitate:

1. Discrimination between . indi-
vidual dispicys.

2. Identification of functionctly re-
lated dispicys.

3. Indicction of relationship

between dispicys.

4. Iden'ificction of critical infor-
motion within a dispicy.

Technicues - Dispicys shcIl be
coded by color, size, location, shcpe,

ficsh rate, ciphenumerics, brightness,

motion, or inclination, as cppliccble.

1. Only one kind of information

should be coded by one method.

Compound coding for only one
kind of information usually is
ess satisfcetory then single cod-

ing if the single code used is the

t.: st cvoilcble.
2. If two or more kinds of informa-

tion cre to be coded, the some

number of coding methods should

be used; do not use one coding

method to code two or more
kinds of information.
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Stcndardizction - All coding. /my) within the control room shcIl be uni-
form.

Color Coding - Color coding

should be used when en observer must
,

secrch for, pick out, or locate one or
i

more chcrecters from a matrix of I
dispicyed chcrecters. With the

exceptien of system status indicator 1
'

lights, transilluminated light emitting
diode (LED) and ;ncendescent dis-

plays, when used cs wcrning or ccu-
1tion signcis, shcIl conform to the fol-
i

lowing color coding scheme:

1. RED shcIl be used to ciert en
operator that the system or any

:
1portion of the system is inopera- '

'O tive, or thct a successful opera-
\d tion is not possible until cppro-

pricte corrective or override

cetion is taken. Exemples of
,

indicators which should be coded

RED cre those which dispicy
such information as "no-go,"

i " error," " failure," "mcifunction,"
etc.

2. FLASHING RED shcIl be used
only .to denote emergency condi-

.

tions which require operator
cetion to be taken without undue

delay, to cvert impending per-
sonnel- injury, equipment

' domcge, or both.
- 3. YELLOW shcIl be used to cdvire

.( operator thct a condition exists

:

VD-107
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which is mergincl. YELLOW

shall clso be used to ciert the
'

operator to situations where
ecution, recheck, or unexpected

delay is necesacry.

4. GREEN shall be used to indicate

that the monitored equipment is

in tolercnce or a ccndition is
s isfcctory and that it is all

'

right to proceed ( e.g. , "go-

checd," "in-tolercnce," "recdy,"
" function cctivated," " power on,"

etc.).

5. WHITE shcIl be used to indicate
system Conditions that do not

hcve "right" or " wrong" implicc-
tions, such as citernative func-

tions (e.g., Mcke-up Pump No. I

selected) or trcnsitory conditions

(e.g., cction or test in progress,
function availcble), provided

such indication does not imply
success or failure of operations.

6. BLUE may be used for en

advisory light, but preferentici
use of BLUE should be avoided.

Choice of Color -No more than
five chromatic colors (seven

including bicek cnd white) shall be
used when coding information within
a dispicy. The choice of colors shcIl

be in conformance with the above
pcrcgrcph.

Size end Soccino - Alpha-
numeric cnd geometric or pictorial

.
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.

O. symbols shall subtend a - minimum

k viewing engie .of 20 cre minutes,
cithough 26-30 cre minutes is pre-
ferred. To prevent color fusion there

. should be o spccing of at least three
lines between symbols.

Flashing Lights - The use of
fIcshing lights shall be minimized.
Flcshing lights mcy be used only

'

'when it is necesscry to ec!! the oper-

otor's attention - to - some condition
requiring immediate action. The

flash rcte shcIl be in the rcnge
- between one to five. ficshes per'

second, with the on cnd off phases of'

. cbout equal duration. No more then

three frequencies shcIl be used, with

no more then two, cnd prefercbly one

blinking signal on the dispicy at cny
given time. The frequencies should

; be equally spcced on. a logarithmic
; scale, with the faster ficsh rates-
+ 3

representing the more critical infor-t

motion. The indicator shall be
designed such that, if energized cnd '

the flasher device fcils, the light will
illuminate end burn stecdily. See

section in Auditory / Visual wcrning.;

Legend Lights -
1. Use - Legend lights shall be

used in. preference .: to simple.

indicctor lights except where
'

design considerations demand

N ' tho+ .iple indicators be used.*o

)~s
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2. Color Codine - Legend lights
shcIl be color coded as for trens-
illuminated dispicys end, where

cppliccble, shall be further
coded as to function by location,

size, and flash coding. Legend

lights required to denote per-

sonnel or equipment discster

(FLASHING RED), ccution or
impending danger (YELLOW),

cnd master summation, go

(GREEN) er no-go (RED), shcIl
be discrimincbly larger, cnd

prefercbly brighter, then all

of.9er legend lights.

Si'uoe Codina - Shcpe coding
should be used when a viewer must
identify one or more objects from c
matrix of dispicyed objects. Shcpe

coding should clso be used when the

information represented on the dis-
play is qualitative in nature end when

coding by color is not fecsible. A

maximum of 15 shcpes shcIl be used,

cnd only six under cdverse dispicy
conditions. To cugment object iden-
tification, color redundcncy should be j

cdded. If possible, the symbols shall

be cssociated with the objects they
'represent. Only simple, symmetrical

symbols with enclosed creas cnd

sharp cngles or smooth curves should

be used. Vcrictions of a single geo- |
.

.
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,s Differences between rectcngu-
t
( Icr, squcre, tricngulcr, or round indi-v,

cators cre useful for identification. 7 -

1

N .-For example, tne shcpes in the illus-
- 4

_.

trction are suggested by the instru-
SPEED ANGLE CAPACITY TIME

ment movement.
* ' ' *Posi' ion Coding - One of the

best mecns of cssisting indicator
identificction is to mcintain c con-

I
*

; sistent instrument position cmong
vcrious models of the picnt or

system.
,

Alchenumeric Coding - Letters

and numbers should be used for
identification tasks cnd short cede
words which represent one of c kind
type items. For three-chcrccter

A combinations, a number should be

used for the first cnd third chcr-
ceters, and c letter for the middle

chcracter. ' There is no maximum
number of ciphcnumeric combi-

nations which ccn be used.
Size Coding - The mcximum

number of steps which should be used

at cny given time is three. To insure

that the sizes cre equally identi-
ficble, the steps should increase on a

logarithmic scale.

Brightness = Codinc - Brightness

coding is not generally recommended,

but if used should employ no more

then two levels (dim and bright). The
higher level should represent items of,s

/ \ ,

|.,(v) - primary interest with the lower level
!

.

!
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reserved for background or supple-
mentary information.

Motion Coding - Motion coding
is not genercily cdvocated, howe /er,
if used, no more then two velocities

cre recommended.

Inclination Codino -The cngulcr
orientation of lines on a dispicy shall

contain no more then 24 inclinations.

Where rcpid, cccurate recding of the

display is required, eight inclinatiens

are recommended while four cre pre-

ferred. The line length should be
between 0.2 cnd 0.3 inch. Intrc-line
orientation (measured in degrees)
shcIl contcin equally spcced devic-
tions.

Crovoina of Sicncis - By

grouping signal lights or mechcnical
I' flags" in cppropriate patterns the

pcnel design een help the operator to

lecrn what is wrong. Such patterns
mcke a different signal easy to
detect. A pictorici pattern een be of
even more help to the operator. By
showing him the position of switches,

vcives, etc., cs part of a dicgrcm, the

effects of their operation cre ecsy to
see.

Warnino Recuirements - A good

wcrning device meets four require-
ments:

1. It attreets the ottention of a
busy or bored operator.

2. It tells him what is wrong or
what ccticn to tcke.
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3. It should not prevent his cen-

tinued attention to other duties.
- 4. The warning device should not

'

; itself be likely to fail or.to give
false warnings. Failures of the

4

warning device should be easily

detected (such c5 by c press-to-i

-test button).j

C. HUMAN ERROR: Undetected sig-
nals; misrecd dispicys.

D. DOCUMENTATION: MIL-STD-14728

(1974); . MIL-STD-1472, . Essex Revi-

sien . (1980); Vcn Cott end Kinkade

(1972)..

E. .TYP! CAL BACKFlT: Modify er
.

repicce.

1

i

i

,

4

4

. -

J

>
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

VISUAL DISPLAYS

A. TITLE: AUDITORY SIGNALS

8. CUIDEUPES: Auditory signcis

should be used to supplement ennun-

clator lights for dispicys which cre
not constcntly monitored, when it is
imnortant that changes in their indi-
cation be noted immediately.

C. HUMAN ERROR: Fciling to checl< c
dispicy at the proper time and fcilure
to respond to dispicyed information.

D. DOCUMENTATION: Folley

E. TYPICAL BACKFIT: Modify or

replace cuditory warning signal (s).

|

!

|

|

|

9
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(s ' HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
t POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS
i

A. TITLE: GENF7AL EVALUATlON
GUIDEUNES

,

B. GUIDELINES:

1. Auditory signcis should be com-

potible with system conditions
(e.g., Ngh frequencies used to
denote high system values).

2. Two stcge signals shall only be
used for: 1) cierting; cnd 2)
designation (provide system

value information).
3. Ambient control room noises

Q should not be confused with cu-
h ditory signal (s).

4. Audio signal frequencies shall be

minimized (in terms of numbers
of distinct signal presentations
over time).

S. The mecning of ecch cudio signci

should be invarient.
!

C. HUMAN ERROR:
i 1. Temporal errors in compre-

hending signct mecnings/
interpretation errors in evalu-
oting signal meaning.

2. Errors of omission (failure to de-
tect signal presentation).

3. _ Hcbituation to signals (loss of;

signal significence due to over
.\ presentotion).

AD-1
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"
4. Substitut.'on errors due to failure

to discriminate signcis.

D. DOCUMENTATION: McCormick
1974); MIL-STD-14728; Woodson &
Conover (1966); cnd Vcn Cott &
Kinkede (1972)

E. TYPICAL BACKFIT: Redesign;

modify; or replace.

.

s

O-

,

O
|
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Q HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
t / POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: GENERAL EVALUATION
GUIDELINES

8. GUIDELINES:

1. Simultaneous presentation of cu-

ditory signals should be cvoided.

2. Auditory signols should be priori-

tized cccording to importcnce/
urgency of the information pro-
vided.

3. Short term memory require-
ments should be minimized by
limiting rate (over time) of sig-
nol presentation.

b 4. Multiple cuditory signals re-
1

quiring individual responses

should be temperolly distinguish-'

able.

5. Auditory signcis shall be used in

preference to visual signcis for
infrequently monitored vcri-

cbles.

6. Auditory signals should direct I

operator (s) to crec(s) requiring
- operator cction (cuditory locali-

zotion).
1

7. Importent cuditory signals should |

not compete for operator's ct-
tention with unimportent signals. I

,

_

.!
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8. In quiet surroundings (below 30
dB) cuditory signals should be 40

to 50 dB cbove threshold.
9. Wide bcnd cuditory signcls

should be used over narrow band

signals (cpproximately 100 Hz).

10. Signals should be compatible es

to meaning (e.g., high pitch
tones for overpressure situctions

censistent for cll overpressure
clarms).

C. HUMAN ERROR:

1. Feiture to conduct importcnt
operator cctions.

2. Omission of importent cctiens/
increased cperator time require-

ments (to decide which signal to

attend).
3. Decision errors, omission 3rrors

cnd incorrect cetivation errors.
4. Errors of emission due to per-

ceptuct masking.

5. Failure to locate controls / dis-
play within system time con-

strcints.
6. Failure to discriminate between

mecnings of signels.

D. DOCUMENTATION: McCormick

(1976); Van Cott & Kinkede (1972);
MIL-STD-14728 (1974); cnd Woodson

& Conover (1964).

E. TYP! CAL BACKFIT: 1) Adjust sound

qualities of cuditory signcis; 2) pro-
vide sepercte localized cuditory sig-
nals; cnd 3) prioritize cuditory sig-
nals.

AD-4
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: RELATION TO ,ISUAL

DISPLAYS

B. GUIDELINES: Audible signals should

! ciert end direct operctor attention to

cppropriate visuci displays cnd con-
trol locations.

C. HUMAN ERROR: Failure to identify
malfuncticns/out-of-tolercnce
systems / components.

J

D. DOCUMENTATION: MIL-STD-l472

(l ?74).

O E. TYPICAL BACKFIT: Mcke the cudi-.

) ble signals help the operctor leccte
i the cppropriate control or dispicy.

1

s

;

~
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HUMAN ENGINEER!NG GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: PROPAGATION OF

AUDIBLE DISPLAYS

B. GUIDELINES:

1. Sound sources (buzzers, etc.)

{ shall direct sound towcrd the
-_ operator.

2. Sound sources thcIl be picced at

cbout the hecd level of the oper-

otor, or cbove.

PULL oOWN SPEAKERS C. HUMAN ERROR:

1. Temperci errors in locating
"

.. C. sound ~ source /cuditory leccli-
*** zotion errors due to echo ef-.

fects.
# #i ! 2. Errors due to attenuation of,0,0

cudible dispicy due to inter-

vening operators, equipment,

etc.

D. DOCUMENTATION: Woodson &

Conover (1964).

E. TYP! CAL BACKFIT: P!cce cudible
displays et cbout 6' - 7' level cnd

direct sound towcrds principle operc-

ting creas.

O
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O HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

'

|

AUDITORY DISPLAYS

*

A. TITLE: SIGNAL DURATION

LIMITATIONS

:

B. GUlOELINES: Signals that increcse'

,

progressively in level should not be
;

used where menuci shut off is re- |4

quired. l

.

C. HUMAN ERROR: Operator failure to
.

attend to time constrainec emerg-
er.cy cetions.

D. DOCUMENTATION: MIL-STD-14728 j
; (1974). |

E. TYPICAL BACKFIT: Use a different
signol.

:
i

i

$

1

i
|

i .
!

I
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWEP PLANT CONTROL ROOMS

,

? AUDITORY DISFLAYS

A. TITLE: CONTROL OF AUDIBLE
DISPLAYS

8. GUIDELINES:

1. Mecns to shut off cudible dis-
plcys should be provided (cicrm

silence).

2. Audibles shculd be shut off only

after initiation of the signcis.
The picnt should never be oper-

cted A*h the cnnunciator alcrm
defected. Other methods must
be employed to eliminate

nuiscnce cicrms.

C. HUMAN ERROR:

1. Mo king of subsequent cicrms
due to incoility to silence prece-

dent ennunciations.

2. Failure to detect system /

component malfunctions or out-

of-tolercnce conditions.

D. DOCUMENTATION: MIL-STD-14729

(1974). I
|
'

E. TYPICAL BACXFIT:

l. Provide cutomatic cudible si-
lence circuiting.

2. Provide menuct cudible silence
ecpability.

O

AD-8
|
!



. . . . .. - - _ ___

= 7 %M + sJ ,gNS--_ w -e e-w - he

.

HUMAN ENGlNEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS,

,

4

AUDITORY DISPLAYS

A. TITLE: AUTOMATIC RESET

B. GUIDELINES:

1. An cutomatic reset function
should be provided which cuto-

'

,
metically reseis audible dispicys.

2. The cutomatic reset function
should be contrclled by the

'

sensing mechcnism which ini; -
cted the cudible.

C. HUMAN ERROR: System feiture to

trcnsmit subsequent cudible signc!s.
.

( O. DOCUMENTATION: MIL-STD-14729

(1974).

E. TYPICAL BACXFIT: Provide cuto-
metic reset function.

!

{

O
.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

A.UDITORY DISPLAYS

A. TITLE: TEST CIRCUlTS

8. GUIDELINES: All cudio displays shall

be equipped with circuitry test de-
vices.

C. HUMAN ERROR: Failure to detect
hczcrdous or cut-of-tolercnce system

conditions due to undetected fciture
of cudible dispicy circuitry.

D. DOCUMENTATION: MIL-STD-

14729; McCormick (1974).

E. TYPICAL BACKFIT: Provide mecns
to test cudible dispicys.

f

9
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O HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMC ,

AUDITORY DISPLAYS

A. TITLE: Fall SAFE DESIGN

i

B. GUIDELINES:

1. Failure of. cudible cicrm cir-
cuiting should not cdversly of-
feet equipment.

2. System failures should not effect

opercbility of cudible cicrm sys-
tems.

C. HUMAN ERROR: Misinterpretatico

f of clarm (cudible) status.

D. DOCUMENTATION: MIL-STD-1472B

(1974).

| E. TYPICAL BACKFIT: Redesign cir-

f cuits.

,

t

i

;

.

.
6
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS ;

AUDITORY DISPLAYS

A. TITLE: CHARACTERISTICS OF !

AUDIBLE DISPLAYS

B. GUIDELINES: Audible dispicys

should be evolucted in cccordcnce
with the following.
1. Frequencies between 200 cnd

5000 Hz, cnd prefer bly between

500 cnd 3000 Hz should be used.

2. Frequencies below 1000 Hz

should be used when signcis hcve

to trcvel long distances (over
1000 feet).

3. Frequencies below 500 Hz should

be used when signals have to
" bend cround" major obstccles or

pcss through partitions.

4. Sepcrate communic:: tion systems

for wcrnings, such cs loud-

speckers, horns, or other devices

should not be used for other pur-
poses.

C. HUMAN ERROR:

1. Failure to detect signal due to
stimulus masking.

2. Signci substitution due to failure

to discriminate signcis.
3. Temporal errors due to failure to

detect /discrimincte signals.

O
.
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.
' >D. DOCUMENTATlON: . McCormick,

..

i- -(1976); Von' Cott & Kinkede (1972); ;

7
x

[ MIL-STD-14729 (1974); cnd Woodson

! .& Conover (1964).' '

:.
! E. TYPICAL BACKFlT: Modify or '

i
j. . replace cudible display system.
1
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS l

AUDITORY DISPLAYS

A. TITLE: FREOUENCY SELECTION

B. CUIDELINES: if chcnges in the fre-
cuency (Hz) of disolcys denote infer-
motion, tones of 500 to 1000 H

should be used.

C. HUMAN ERROR: Failure to detect
frequency er intensity chcnges of the |
cudible disolcy (loss of informetien).

D. DOCUMENTATION: Vcn Cott &
Kinkcde (! ?72).

E. TYPICAL BACKFIT: Where f2
cuency chcnges denote information,
replace or modify system to use low
frequency tones.

|

e
|
4

AD-i4
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR '
,

POWER PLANT CONTROL ROOMS,

%J-

i

AUDITORY DISPLAYS 1

i
A. TITLE: CODING (FREGUENCY) )

i

B. GUIDELINES:

1. Four to seven different fre-
'

quencies shcIl be the 'mcximum

allowcble.

2. The- fmquency levels used shall

be spaced widely cpcrt.
'

3. Intensity levels should be 30 dB

cbove (cmbient) thresholds.'

C. HUMAN ERROR: Operctor interpre-
,

totion errors.

D. DOCUMENTATION: McCormick
^

( (1976).

E. TYPICAL BACKFIT: Adjust cuditory

signals using frequency coding to
guidelines under entry 'B' cbove.

I
.i

j

t

,

.o
|.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITOP.Y DISPLAYS

A. TITLE: AUDITORf SIGNALS WITH
TWO COMPONENTS

8. GUIDELINES:

1. Where information is coded by
both intensity cnd frequency, the

maximum number of cuditory
signal combinations shall not ex-

ceed five.

2. If two components cre used, the
operators should be trained to

discriminate those signals.

C. HUMAN ERROR:

1. Temporal errors due to infor-
motion processing limitations in
the cuditory system of humcns/

information overload.
2. Substitution errors due to com-

plexity of cuditory discrimi-

notors.

D. DOCUMENTATION: Vcn Cott &
Kinkede (1972); McCormick (1976);

cnd MIL-STD-14729 (1974).

E. TYPICAL tiACKFIT: Modify the

existing system.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. . TITLE: MASK!NG

- B. GUIDELINES: Audible signals should

! not interfere with cny other cudible
wcrning or cdvisory signals.

'C. HUMAN ERROR: Fciture to detect
cudible signals due to masking.

D. DOCUMENTATION: MIL-STD-14728

(1974).

: E. TYP! CAL BACKFIT:

1. Select signal frequene es to

cvoid masking.

- 2. Use broad bcnd signals.

3. Modulcte signals.
l4. Sequence signct presentation. 1

|

,

.

'A

| |
|

|
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HUMAN ENGINEERING GUIDELINES FCR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: AUDITORY DISPLAY

MEANINGS

8. GUIDELINES: Similar cudible signals

shall not be contrcdictory in

mecning.

C. HUMAN ERROR: Interpretation

errors / substitute errors due to dif-
ficult cuditory discriminations.

D. DOCUMENTATION: McCormick

(1976); MIL-STD-14729 (1974).

E. TYPICAL BACXFIT: Eliminate simi-
Icr signals with centradictory

meanings.

|

|

O'

AD-i 8
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
d POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS-

i A. TITLE: CODING (SOLND .

DURATION)
'

t

!

B. GUIDELINES: T

l. When sound curation is used to ;

code cudible signcis, ecen signci !

should be cpproximately 15 to 2 i

; times cs long as the preceding '

signal.

2. The mcximum number of cudible.

signcis codes by. sound duration '|
cn at cny given time should not
exceed 2 or 3.

.

'C. HUMAN ERROR: Stimulus substi-

tution due to fciture to discriminate
'

between scund duration differences.

j D. DOCUMENTATION: McCormick
(1976); MIL-STD-14728 (1974).;

E. TYPICAL BACKFIT: Limit number
of temperci cuditory discriminations

to 3 cnd mcke durction differences
ciecreut. (duration differences for'

ecch of 3 tone multiples of 2, e.g., I
second,2 seconds,4 seconds.)

1

a

s

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: CODING SPATIAL

INFORMATION (AUDITORY

LOCAUZATION)

B. GUIDEUNES:

1. Chcr.ges in signci intensity

should be used cs a spatici

coding cue. Frequency chcnges

shcIl not be used to locate com-
ponents.

2. Intermittent chcnges in signal
intensity shall be used (versus a

single chcnge) in locating centrol

room crecs.

3. The mcximum number of spc-
ticily ceded signcis (vic intensity
chcnges) shcl! not exceed four.

C. HUMAN ERROR: Errors in

centrol/ display locclizction due to
cuditcry processing limitations in
humcns.

D. DOCUMENTATION: Vcn Cott &

Kinkede (1972); MIL-STD-14729

(1974).

E. TYPICAL BACXFIT: Conduct en
cnclysis to determine spatici
infermation ecding requirements cnd

replcce or modify coding system
cecordingly.

AD-20
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O' HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: CODING (SOUND

DIRECTION)

8. GUIDELINES: Differences in sound
intensity (due to distence sound
travels cnd direction of incidence to

the ect cround the herizon) should be
distinct.

,

'

C. HUMAN ERROR: Temporal errors in

loccting sound source.

D. DOCUMENTATION: McCormick
(1976); MIL-STD-14729 (1974).

;

O E. TYPICAL BACKFIT: Increcse dis-
% tences between spaticity coded sound

sources.

I

'|

|

t

i

,

tO
,

'
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: CODING METHODS

(INTENSITY)

8. GUIDELINES:

1. Five (S) levels of intensity should

be used.

2. Wide bcnd tones should be used.
3. Pure tenes should be between

l000 to 4000 Hz.

C. HUMAN ERROR:

1. Misinterpretation of cuditory
signcis/ substitution

errors /temperci errers

2. Stimulus mcsking (omission)

3. Omission (ncreew bcnd hecring
loss /mesking)

i

D. DOCUMEN TATION: McCormick :

(1974).

E. TYPICAL BACKFIT:
1. Restrict intensity discrimi-

nations to five.
2. Increase bcnd widths.
3. Avoid pure tones / restrict use to

1000 to 4000 H&.

|

O
AD-22
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS.

\, _)
AUDITORY DISPLAYS

A. TITLE: AUDITORY DISPLAYS AS
WARNING SIGNALS

9. GUIDELINES:

1. Audible clarms shcIl be used in
conjunction with wcening lights,

unless the cicrm is for evacuc-
tion, etc.

2. Audible cicrms should scund 20
dB louder then the general cmbi-

'

ent level.

C. HUMAN ERROR:

1. Temporal errors in locating mal-
functioning /out-of-tolercnce

i\ systems / components.

2. Errers of omission by failing to
detect cudible signals.

D. DOCUMENTATION: MIL-HDBK-759

cnd MIL-STD-I4728 (1974).

E. TYPICAL BACKFIT: 1) Provide
4

wcrning lights for every cudible com-

munication; cnd 2) increase energy in
cudible display to 20 dB chove cmbi-

ent noise levels.

\w
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HUMAN ENGINEERING CUiDELINES FOR NUCLEAR
POWER PLANT CONTRCL ROOMS

AUDITORY DISPLAYS

A. TITLE: TWO-PHASE SIGNALS

-

8. GUIDELINES: Where two phase sig-
ncis are employed:

1. Alerting signcis (which inform
the operater that en informaticn

signc! will follow) should have c

duratien of Ya second er lenger.

2. Action /information signals

(which provide en cperater with
system infermction) should hcve

a durction of 2 seconds or
longer.

C. HUMAN ERROR: Fciture to respend
to signcis.

,

D. ' DOCUMENTATION: Woodson &

Conover (1964).

E. TYPICAL BACKFIT: Adjust signci
presentation times.

O
AD-24
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I
i

!
! HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS
.

I
,

|
. AUDITORY DISPLAYS

!

{ A. TITLE: CRITICAL AUDIBLE
1 . SIGNALS
i:
,

j B. GUIDELINES: When reacticn time is
'

criticci, signcis of short durction
; should be used. ('': second)
;

i C. HUMAN ERROR: Incbility to dis-
!, crimincte critical signals.
t

j D. DOCUMENTAT|ON: MIL-STD-14728
i (1974).
|

| E. TYPICAL BACVSIT: Redesign criti-*

eci signcis.

!
!
;

*
.

i

!

;

j

I

i

1

)

t

i

k'

!
;

,

.

|
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: CRITICAL

SIGNALS / CODING

B. GUIDELINES: The first h second of a

fcst recction cudio signct should be
discrimincble from the first $ sec. of
cny other signal that does not require

immedicte operater cction.

C. HUMAN ERROR: Failure to dis-
criminate criticci wcrning signcis
from non-critical signc!s.

D. DOCUMENTATION: MIL-STD-14728

(1974).

E. TYP! CAL BACKFIT: Code critical
wcrning signcis differently from non-
criticci signcis.

.

O
!
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HUMAN ENGINE a uNG GUIDELINES FOR NUCLEAR
f'N POWER .'LANT CONTROL ROOMSJ ;

AUDITORY DISPLAYS

A. TITLE: EVACUATION SIGNAL TYPE
d

S. GUIDELINES: The signet shcIl be
unique in the plcnt or fccility in
which it is instclied cnd shcIl not be
employed for purposes other then im-

medicte evccuction.

The signci shcIl be a mid-

frequency complex sound wcve that*

mcy be cmplitude modulated ct a
subsonic frequency. The fundcmental

frequency should not exceed 1000 Hz. I

Modulation should be et a rate less
then 5 Hz.

C. HUMAN ERROR: Mistcking evccuc-

, tio:1 signal with cnother. '

O. DOCUMENTATION: ANSI /ANS-N7.3
(1979).

E. TYPICAL BACKFIT: Instell cppro-
priate signol.

i

s
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

<

l

AUDITORY DISPLAYS j

A. TITLE: EVACUATION SIGNAL

SOUND LEVEL REGUIREMENTS j

|

B. GUIDELINES:

1. The signal generctor should pro-

duce en overall sound pressure

level which is not less then 10 dB

(cnd prefercbly 20 cB)+ cbove
the overcli maximum typical
cmbient noise level, cnd in cny

case not less than 7S dB (refer-
2enced to 20 xN/m ) at every

location from which immedicte
evacuation is deemed essentici.

2. Since excessive noise levels can

be injurious to personnel, the
signal genercter should not pro-

duce en A-weighted scund level

in excess of 115 dB (referenced

to 20 xN/m ) at tne ecr of cn
individual. In crecs with inher-
ently high bcckground noise, it
may be necesscry to supplement

or repicce the cudible signal
with visual signcis.

3. A sufficient number of signal
generctors shcIl be instclled so

that the cbove requirements cre
me t.

4. After initiation, the signal shall
continue to sound as required by

AD-29
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4

.

:

emergency procedures for a time

sufficient to allow people to
leave the cree to be evacuated.

! * Advocated by cuthors.
;

C. HUMAN ERROR:- Mistcking evacuc-

tion signc! with cnother; not per-
| ceiving signal at great cistences or

. behind bcrriers.

D. DOCUMENTATlON: ANS/ ANSI,N2.3

(1979).
.

E.- TYP! CAL BACKFIT: Increase sound
i

| pressure level (volume); Install new |
'

isignal; Increcse number cnd reposi-
| tion loudspeckers. |
,

i

,

! '

!
|
l

t 1

!
'

.

1

: 1

i
,

i

4

|
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: EVACUATION SIGNAL

ACTIVATION AND DEACTIVATION

B. GUIDELINES:

1. The signc!-generating system

shcIl be cutomatically cctucted
by en initiating event withcut
requiring humcn action.

2. The system should be equipped

with c menval control cs c sup-
piement to cutomatic initiction.

3. A mecns of deccti/cting the sys-
tem should be provided. Access

to cny mecns of decctivcting er
overriding the system should be

limited to cuthorized personnel.

C. HUMAN ERROR: Activating the
wrong signal; fciture to cctivcte the
signal.

D. DOCUMENTATION: ANS/ ANSI-N2.3

(1979).

E. TYP! CAL E ACXFIT: Instcil

cutcmatic/menucl cetivaticn device.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
. POWER PLANT CONTROL ROOMS

AUDITORY DISPLAYS

A. TITLE: CAUTION SIGNALS

!

B. GUIDELINES:
.

l. Ccution signcis should be distin-

guishoble fror.1 wcrning signcis.
I 2. Ccution signals should be used to

indicate conditions requiring

owcreness but not immediate cc-<

tion.

i C. HUMAN ERROR:

1. Temperci errers

2. Errors of anission due to lectned
; responset to ccution signcis

D. DOCUMENTATION: M!L-STD-14728

(1974).
<

E. TYPICAL BACXFIT: Provide sepc-

rcte coded (distinguishcble) signcis
,

for ecution end warning cudible dis-
plays.

,

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR-[ POWER PLANT CONTROL ROOMS -

CONTROLS '

,

A. TITLE: CCNTROLLABELING

'
O. GUIDELINES: Each control should

have a visible cnd recdily recdeble
"

Icbel indicating what its function is
cnd the direction of cctivation, if it
isn't obvious.

C. HUMAN ERROR: Operating the,

wrong control; operating the control
in the wrong direction; lack of a
timely control response.

D. DOCUMENTATION: MIL-STD-759.

E. TYPICAL BACXFIT: Add cppropri-
cte Icbeling.

|

|
1

I

.

O
CON-1
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS ;

,

CONTROLS

A. TITLE: CONTROL SURFACES

B. GUIDELINES: Centrol surfcees

should hcve c highly frictienclized |

surfcce to prevent the operater's
hcnd from slipping.

C. HUMAN ERROR: Improper cerivc-

tion of a centrol.

D. DOCUMENTATION: Vcn Cott cnd
Kinkede (1972).

,

E. TYP: CAL BACKFIT: Roughen con-

trol surface.

O
.

|

.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

: CONTROLS

A. TITLE: CONTROL / PANEL

CONTRAST

B. CUlOELINES: The colcr of the cen-
trol should have a high contrcst with
the pcnel bcckground.

C. HUMAN ERROR: Lcck of c timely :

response due to time taken to loccte

a centrol.

D. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYP! CAL BACKFIT: Use demcrec-
tion lines er odd color to control.

:

.

t

, CON-3
,
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONEOLS

A. TITLE: CONTROL COMPATIBILITY

WITH EMERGENCY GEAR

S. CUIDELINES: Centrols shculd be
easy to cctivcte while wecting emer-

gency clothing. (e.g., gloves)

C. HUMAN ERROR: Incdvertent ceti-
votion; improper cetivctien; incbility
to cetivcte.

D. DOCUMENTATION: MIL-STD-|4728

(1774).

E. TYPICAL BACKFIT: Mcdify the cen-

trol hcndle to be compatible with

emergency hcndwecr; if centrols ccn

not be sepcrated encugh, gucrd -
protect from incdvertent cetivetion.

I
1

O

CON-4
1
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| HUMAN ENGINEERING GUIOELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS
!

A. TITLE: CONTROLSEPARATION

B. GUIDELINES: Different cQntrols

! Should be sepcrated by the following

di5tence5:

MINIMUM SEPARATION DISTANCES FOR CONTROLS

OONTINUCUS ROTARY DISCRETE
!

TOGGLE * PUSH. ROT /RY SELECTOR THUM8 WHEEL
SWITCHES BUTTONS CONTROLS SWITCH ES CONTROLS

A TOGGLE
t SWITCHES 0.75" 0.5" 0.75" 0.75" 0.5"(

' PUSH OUTTONS 0.5" 0.5" 0.5" 0.5" 0.5"

CONTINUOUS
ROTARY
CONTRCLS 0.75" 0.5" 1.0" 1.0" 0.75"

ROTARY
|SELECTOR

SWITCHES 0.75" 0.5" 1.0" 1.0" 0.75"

OISCRETE
THUM8 WHEEL
CONTROLS 0.5" 0.5'' O.75" 0.75" 0.4"

'For pushbuttons not separated by barriers

All values are for one hand operation. Distances are measured in inches and are measured from edge to
edge of each control.

C. HUMAN ERROR: Inadvertent ccti-
votion.

V'

1

|

CON-5
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i

D. DOCUMENTATION: MIL-STD-14729

(1974).

E. TYPICAL BACKFIT: Relocate con-
trols.

.

<

0
.

i

O

CON-6
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

,

CONTROLS.

A. TITLE: PRIMARY CONTROL

LOCATION

:
:

| B. GUIDELINES: The most frequently
used cnd importent controls should be

located in the most favorcble posi-
tions with respect to ecse of recch-
Ing.

'

C. HUMAN ERROR: Lcck of a timely
control response; cperatcr frustrction

cnd fatigue lecding to cetivation'

,

errors.
.

D. DCCUMENTATION MIL-STD-14729
; (1974).

E. TYPICAL BACXFIT: Move controls
to cppropriate positions, demcrection
lines.

t.

!

:

.

I

;O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: CONSISTENCY OF

CONTROL LOCATION AND

ARRANGEMENT

B. GUIDELINES: Functionally similar er

identical primary centrols should be
censistently crrcnged cnd located
from pcnel to panel er throughout the

system.

C. HUMAN ERROR: Activction of the
wrong centrol by cssuming c cen-
sistency.

D. DOCUMENTATION: MIL-STD-147 2t3

(1974); MIL-HCBK-759.

E. TYPICAL BACKFIT: Recrrcnge con-

t cis.

|
.

O

CON-8
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

'f

CONTROLS

A. TITLE: CONTROL FUNCTIONAL
GROUP!NG

"

.

B. GUIDEUNES: All controls that cre
functionctly related should be

i grouped together.

C. HUMAN ERROR: Incorrect control
cctivated; Icek of a timely control
response.

;

j D. DOCUMENTATION: MIL-STD-14728
(1974).

I

E. TYPICAL BACKFIT: Relocate con- '

trols in functionci grouping; demer-
cction lines.

|
|

|

)

2

1

8

CON-9
|

.. . . . -. - .. .. . - - .- . - . . - - - - _ - . - . - . . - - - . - . - . - .



I

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOAtS

CONTROLS

A. TITLE: CONTROLS - SEOUENTIAL

GROUPING

B. GUIDELINES: If controls cre used in
a spec:fic sequence, they should be

grouped so that the operator's hcnd
moves in a smooth, continuous move-

ment, prefercbly left to right or tcp
to bottom.

C. HUMAN ERROR: Opercting controls

out of sequence; Icck of a timely
control response.

D. DOCUMENTATION: Chcpcnis (1965);

MIL-HOSK-759.

E. TYPICAL BACKFIT: Regroup the

Contr0is.

-

e

O
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p HUMAN ENGINEERING GUIDELINES FOP, NUCLEAR
POWER PLANT CCNTRO8. ROOMS

CONTROLS

A. TITLE: CONTROL DIRECTION OF
MOVEMENT

B. GUIDEUNES: To minimize cperator
error, control movement should con-

form to the following pcpulation
stereotypes:

Direction of Motien
Conventions for Controls

Function Control Action

On Up, right, forwcrd,
clockwise pull

Off Dovm, left, recrwced,
) counterclockwise, push

Right Clockwise, right
Left Counterclockwise, lef t

Raise Up

Lower Down

Retract Up, recrwcrd, pull
Extend Dove, forwcrd, push

increase Forwcrd, up, right,
clockwise

Decrease Recrwcrd, down, left,
counterclockwise

C. HOMAN ERROR: Activeting the
control in the wrong direction; icek
of a timely control response.

'

O. DOCUMENTATION: Kubekcwc
(1969); Chcponis (1965); Vcn Cott and

(.)]
( Kinkede (1972); MIL-STD-14729

(1974); Woodson and Cenover (1964).

CON-1 I
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|

: E. TYP! CAL BACKFIT: Modify the

| existing control to conform to the
i population stereotypes.

i

.

1

0

,

CON-12
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o HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
i POWER PLANT CCNTROL ROOMS( I%

CONTROLS

A. TITLE: PREVENTION OF

ACCIDENTAL ACTIVATION OF

CONTROLS

S. GUIDELINES: Accidental cc ivation
of controls should be minimized by
one of the following methods:

1. Locate end crient the controls so

that the operator is not likely to
strike or move them cccidentcily
in the normal sequence of con-
trol movements.

2. Recess, shield, or otherwise sur-

round the controls by physical
v

barriers. The control shcIl be
entirely contained within the en-

velope described by the recess or

bccrier.

3. Cover or sucrd the controls.
Safety or lock wire shall not be
used.

'4. Provide tne controls with inter-
locks so that extra movement
(e.g., a side movement out of a

detent position or o pull-to-
engage clutch) or the prior oper-

ation of a related or locking con- '

trol is required.
1

S. Provide the controls with resis-

|((]-
tence (i.e., viscous or coulomb

| ) friction, spring-locding, or

CON-13
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inertic) so that definite er sus-
toined effort is required for cc-

tuction.

6. Provide the controls witti a lock
to prevent the centrol from

pcssing through a position with-
out delay when strict sequential

cctivation is necesscry (i.e., the
centrol moved only to the next

position, then delcyed).

7. Design the centrols for operation

by rotcry cetion.

C. HUMAN ERROR: Incdvertent ccti-
votion.

D. DOCUMENTATION: MIL-STD-14728
(1974); Vcn Cott cnd Kinkede (1972).

E. TYPICAL BACKFlT: Modify centrois

using one of the cbove methods, cs

cppropriate.

I

O
.

CON-14 ,
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p HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
-POWER PLANT CCNTROL ROOMS

CONTROLS ,

A. TIR.E: CONTROL PROTECTION

FROM INADVERTENT ACTIVATION

f S. GUIDELINES: Any method used to
prevent incdvertent cetivation of a

contml should not interfere with the
operation of other controls or the

operation of' the protected control
within c required time period.

C. HUMAN ERROR: Incoility to effec-
tively operate a centrol; Icck of a
timely control response.

D. DOCUMENTATION: MIL-STD-14729
(1974).

E. TYP! CAL BACKFIT: Modify the pro-
tecting mechcnism.

!
t

J

CON-15
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS I

|

l

CONTROLS l

i

A. TITLE: CODING OF CONTROLS

<

8. GUIDELINES: Methods cnd Recuire-

ments - Coding mode (e.g., size end

color) for a pcrticulcr cpplicatien
shcIl be determined by the relative
cdventcges and disadventcges for
ecch type of coding. Where coding is

used for the purpose of differenti-
ating cmong controls, cpplication of
the code shall be uniform throughout

the system. (See Tcble for cdven-
tcges cnd discdventcges.)

ADVANTAGES AND DISADVANTAGES OF VARIOUS TYPES OF CODING

TYPE cF COOING

! Mo0E oF
ADVANTAGES LOCATION SHAPE sl2E oPERATloN LABELING COLOR'

imo, .. io.nnn..uon. x x x x x

Imor.v nonvi.e.iid.ntific. tion I x x x x
o.cin..no un..m.nex

| x x x x x x.. . . n.., 4. . .n.

A,l. Id.ntific.ts.9 und., l 1.v.d.inm.o. .n.nennn.: inom.a. i inum.o. .e

e x x x x iwhen tr.n.- tWh.n tr.n.-
.

'
u., . in w.oney.n, ..n., x x x

.n.n <..mn,.$ j
'

a .., nm. o.n .nv,i e,.,ne
x

;.no . i e., .mn,. :
I

|
1

I
| | | | |cisADVANTAGES

w.,, .,...ir..... x , x x x
;

2n.<i. ,.. . i.n.n .. m. ..nirni x x x x
<........,6 .

um.i in non.. .. .... .... x x x x x
.n,.....

,

v ., . i . .".e i.. ie ,. e., | x x x
... ,

1

c.on o . ...... a... ... x x,

. ..inin .. .,... .n. m,

ui. .uwom. .n ,.. s|

|
.

'
.
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The tcble is provided only cs c,._

(Vj general guideline for centrol coding
evcluction end mere specificclly for
trede-offs, in the event that retrofit
is necessary. In the finct cnolysis,
control codes will be dictated by
specific use end criticality er impor-
tence, e.g., if gloves cre required,

during high rcdiction situations, then
shape coded centrols that een be
detected by a gloved hcnd should be

used. If there is a low probability of-
c control ever being used by a gloved

hand, a shcpe ceded centrol might be

censidered cs a bcckfit. By the scme,

token, if repcinting controls ccnveys
the necesscry information, then the

.

O extra expense of rejeccting a control
might not be wcrrcnted.

Location-Codina - Controls as-
sociated with similar functions should

be in the some relctive lecction from
pcnel to panel.

Size-Coding - No mere then

three different sizes of centrols shcil
be used in coding controls for dis-
crimination by absolute size. Con -

'

trols used for performing the scme
function on different items or equip-

ment shcIl be the same size. When
knob diameter is used cs the coding

Ipcremeter, differences between di-

cmeters shcl! not be less then 0.5 in.
When knob thickness is the coding

C')o
.

CON-17
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parameter, differences between thickness

shall not be less then 0.4 in.

Shcoe-Codino - Control shcpes
shall be both visually cnd tactucily
identificble end shcIl be designed to
be free of shcrp edges. If possible,
the shcpes chosen shcIl be cssociated

with or resemble centrol functicn.
The discrimination of shape-coded
controls is essentially one of tcctual
sensitivity. At leest two sets of

eight lever knobs hcve been identi-
fled, such that the knobs within each

group cre rcrely confused with ecch
other. Knobs within each set cre
distinguishcble by touch alone. The
shcpes in each set rcrely cre

confused with ecch other.

i @ e aa @ s a 0.

@@9@@w@@
TWO $8t3 Cf knCCS for fevers that are 0:$tingulSnable Cy touCM alone The Snaces

in 43CM 3et are rarely confused with each Cther.

The United States Air Force hcs

developed 15 knob designs which cre

not often ecnfused with ecch other.
These designs cre of three different

types, ecch type being designed to
serve a particular purpose. -|

|
,
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Clcss A: Multiole Rotation -
'y) These knobs cre for use on controls ,__

2) for which the cdjustment rcnge is
_ _

| f \\1) which require twirling or soinning, ! h |
g,; g,, <,,

one full turn or more, cnd 3) for
which the knob position is not a criti- | 5,

,
"

col item of informction in the control
operction. 5 J

Cicss 8: Frcctional Rotation - - I

a,,,,,[,,,,,,,,,,,,[,gno,,I #'#
These knobs cre for use on controls
1) which do not require spinning er

twirling, 2) for which the cdjustment
^ A

rcnge usucily .is less then one full
turn, cnd 3) for which the knob posi- v

tion is not a critical item of infor- "

motion in the control operation. -l , - - - ,

CIcss C: Detent Positioning - (n) s (k) m. (m)

#'"#'"*"""*''''"""**O These knobs cre for use on discrete
\v/ setting controls.

The 15 knobs in these three
classes cre shown in the Figure. In \

connection with sizes of knobs in
these cicsses, it is recommended that

they not be more than 4 in. In their
maximur 1 dimensions cnd not less (n) (c) (p)

cauc, d.t.nt posinening knobsthen h .1. (except for class C, 3/4 in.

minimul1). In height they should not xnon designs or inr et .... inat are s.idom confused by touen.

be less then 5 in. but need not be
more then I in.

Color-Coding -

Choice of Colors - In general,
only five colc 1 should be used for
single-color coding; red, orange-

yellow, green, white, blue. Even

v(q) under ideal conditions, an operator

CON-19
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has difficulty cttcching a name, or func-
tion, to more then 10 or 12 colors. How-

ever, by patterning a few colors, such cs
citerncting red cnd bicek stripes, many
distinctive combinations are possible.

Relation to Disolay - When

color-coding is used to relate a con-
trol to its correspcnding dispicy, the
scme co!or shall be used for both the_

control cnd the dispicy.

Control Penel Cont cst - The
color of the control shcIl provide
contrcst between the pcnel bcek-
ground cnd the control.

Lcbelinc of Controls - Control
Icbeling shall conform to the criteric
in the Lcbeling section.

C. HUMAN ERROR: Controi errers of
commission end omission.

D. DOCUMENTATION: MIL-STD-14728
(1974); MIL-STD-1472, Essex Re-
vision (1980); Vcn Cott cnd Kinkede
(1972); McCormick (1976).

E. TYP! CAL BACKFIT: Modify or re-
picce.

.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

- A. TITLE: MULTIPLE CONTROLS

B. GUIDELINES: When more"then one
control is used for cdjusting a single
(cr interccting) function, the controls '

shall be picced en the scme pcnel
within functienc! recch of one en-
other.

C. HUMAN ERROR: fnecerect sequence;

in operating severci centrols; con-
fusing one control for cnother.

.

D. DOCUMENTATION: Vcn Cott cnd
Kinkede (1972).

E. TYPICAL BACKFIT: Relocate con-
trol (s); Repicce peel.

.

l

j

!

.

t

!U
.

,
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HUMAN ENGINEEP,1NG GUIDELINES FOR NUCLEAR !
POWER PLANT CONTROL ROOMS '

CONTROLS |
|

A. TITLE: MULTIPLE DISPLAYS
1
1

8. GUIDELINES: When the mcnipulation

of one control, requires the recding of

severci dispicys, the centrol shcIl be

picced cs near cs possible to the
related dispicys cnd prefercbly be-
necth the rniddle of the group of
displays.

C. HUMAN ERROR: Confusing one con-

trol /c" spicy with cnother.

D. DOCUMENTATION: MIL-STD-1472S

(1974).

E. TYP! CAL BACXFIT: Center centrol
*

cecordingly; repicce censole.

O
I
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

w ;

CONTROLS

A. TITLE: ROTARY CONTROL

POINTER AND SCALES

8. GUIDELINES: To mcximize centrol
icbel recdebility, rotcry centrols

should hcve c moving pointer end a
fixed scale.

C. HUMAN ERRCR: Piccing the contrel

in cn incpprcpricte setting or mis-
recding the current setting.

D. DOCUMENTATION: MIL-STD-14729

(1974); Vcn Cott cnd Kinkede (1972).

E. TYPICAL BACKFIT: Repicce moving

scale contros with c moving pointer
knob cnd fixed scale.

4

i

.

i O
i

|

| ' CON-23
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: ROTARY CONTROLS AND

PARALLAX

9. GUIDELINES: To minimize the pro-
blem of pcrcilcx, pointers on knobs
should be mounted close to the secle

markings.

C. HUMAN ERROR: Misreeding of cen-

trol position; incorrect positioning of

control.

D. DOCUMENTATION: Vcn Cott cnd
Kinkede (1972); MIL-STD-14728

(1974).

E. TYPICAL BACKFIT: Repicce with I

cpprcpriate controis; cdd retrofit
pointers.

|

O

CON-24
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

5

*

CONTROLS

{ A. TITLE: ROTARY CONTROL-

| POINTER CONTRAST

lB. GUIDELINES: . To mcximize the reed-

cbility of control position, rotcry
centrols should be provided with a
reference line on the pointer. This

line should have at lecst 50 percent
!,

contrcst with the control cover under
cll lighting conditions.

C. HUMAN ERROR: Improper posi-
tioning of control; misrecding control

,

position.

D. DOCUMENTATION: MIL-STD-14726
(1974).

I

i E. TYPICAL BACKFIT: Replace with
i

j- contrei knob that has reference line.

I
1
i

-

i

,

.

A.

I

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: ROTARY CONTROL

DIRECTION OF ACTIVATlON

B. CUIDELINES: To minimize error,
rotcrf control setting values should
increcse with a clockwise rotation.

C. HUMAN ERROR: Incorrect control
setting.

D. DOCUMENTATION: Vcn Cott end

Kinkade (1972).

E. TYP! CAL BACKFIT: Repicce the
,

control with cn cppropricte control;
icbel highlighting order.

|

9
| |

|
| CON-26
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g HUMAN ENGINEERING GUlOELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS >

A. TITLE: ROTARY CCNTROL SHAPEi

CODING,

8. GUiOELINES: If retcry centrols used

for widely different functiens cre
'

placed on the scme pcnel, shcpe
coding should be employed.

I
C. HUMAN ERROR: Substitution.

! D. DOCUMENTATION: MIL-STD-14729

(1974).
.

E. TYPICAL BACKFIT: Replcce control
; f< nobs.

't

i

i

!

i

r .-

:
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

1

I

CONTROLS

A. TITLE: ROYt9Y CONTROL SHAPE

CODING CHARACTERISTICS

8. CUIDELINES: To facilitate control
recognition, shcpe coding should be
both visuc|ty cnd tcctually identifi-
cble. The shcpe should be free of

shcrp edges.

C. HUMAN ERROR: Actuation of in-
correct control.

,

.

D. DOCUMENTATION: MIL-STD-1472S

(1974); Woodson and Conover (1969).

E. TYPICAL BACXFIT: Replcce with

cppropricte control knobs, demer-
cation cnd Icbeling.

1

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: ROTARY CONTROLS WITH
KFG SKIRTS

.

2. GUIDELINES: If knob skirts cre used,

the knobs should conform to the [ '

, i, a ., w
dimensions et the right. .s25- L

C. HUMAN ERROR: Operator's hcnd 1 P"~ Y

obscuring the points or lcheling; im-
; .75- | ;

proper cetivation due to poor grcsp ' NAFiNasa sTop i .2 r-
ing beccuse of size. . a

D. DOCUMENTATION: Woodson cnd

Conover (1964).

E. TYP! CAL BACKFIT: Repicce control

knobs.

\

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS -

CONTROLS

A. TITLE: DISCRETE ROTARY

CONTROL APPLICATION

8. GUIDELINES: Discrete retcry cen-
..

trols cre best used when three or
more detented positiens cre required.

C. HUMAN ERROR: Incdvertent ccti-
vction; misreading controi position.

D. DOCUMENTATION: MIL-STD-1472B

(4974).

E. TYP! CAL BACXFIT: Repicce centrol

with cppropriate type centrol.

|

|

l

-
.

|
|

O
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4

l

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR>

POWER PLANT CONTROL ROOMS

CONTROLS.

A. TITLE: DISCRETE ROTARY

CONTROL SIZE AND SHAPE

S. GUIDELINES: The preferred shcpe
cnd size of discrete rotary centrols
cre given on the following pcge.

C. HUMAN ERROR: Incdvertent ceti-
votion; misrecding centrol position.

D. DOCUMENTATION: MIL-STD-14729 |
(1974); Vcn Cott cnd Kinkade (1972); |

'

cnd MIL-STD-1472C (1980).

I E. TYP! CAL BACKFIT: Repicce with
cppropriate centrol, if necesscry. i

1

|

r

l

I

i

i

|

|

1

|
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* W * + H +

0
OlVENSIONS RESISTANCE

HL W ,

Length Width Depth |

Minimum 1.0" 0.625" 1.0 in. ib

Masimum 4.0" 1.0" 3.0" 6.0 In-lb

OISPLACEMENT SEPARATION

^ One-Hand Two.H and )
Rancom Operation j' "

g

Minimum 15 ceg 30 dog 1.0" 10"

Maximum 40 dog 90 dog
2.0" 5.0"

Preferred

For facilitating perforc ance.a

" When special engineering requirements demand largs
separa tion.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS,

A. TITLE: DISCRETE ROTARY

CONTROL POSITIONS

B. GUIDELINES: To minimize error a
mcximum of 24 positions should be i.

used on a rotcry control. !
,

:

C. HUMAN ERROR: Selecting incorrect I

centrol setting.

D. DOCUMENTATION: MIL-STD-14723 i
(1974). |

E. Tr'PICAL BACKFlT: Replace with
' cn cppropriate control.

|

|

,

*
a

:
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR I
POWER PLANT CONTROL ROOMS

CONTRCLS |

A. TITLE: DISCRETE ROTARY

CONTROL RANGE STOPS

I
B. CUIDE' lNES: To minimize the pos- i

sibility of piccing a rotary centrol in ;

cn unused position, stops should be j

provided at the beginning cnd end of

the control rcnge. l

C. HUMAN ERROR: Adjustment error.

D. DOCUMENTATION: MIL-SYD-14278

(1974).

E. TYPICAL BACKFIT: Repicce with

en cppropriate control.

l

1

)

O
CON-34
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
( POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: DISCRETE ROTARY

CONTROL DETENTS

B. GUIDELINES: To insure proper posi-

tioning of c discrete rotcry control,
detents should be provided at ecch
centrol position. To prevent a con-
trol from being plcced between de-

tents there should be on elcstic resis-

tence that builds up then decreases

cs ecch control position is ep-

procched. This will cause the control

to fall into picce.

( C. HUMAN ERROR: Adjustment errors.

D. DOCUMENTATION: Vcn Cott and
Kinkade (1972); MIL-STD-14728

(1974).

E. TYPICAL BACKFlT: Replace with
cppropriate controls.

-
,

|
,
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HUMAN ENGINEERING CUIDELINES FCR NUCLEAR

POWER PLANT CONTROL ROOMS

!

CONTROLS
-

A. TITLE: CONTINUOUS

ADJUSTMENT ROTARY CONTROL
APPLICATION

8. GUIDELINES: To insure precise con-

trol clong a continuous vcrichie, cen-

tinuous cdjustment rotcry knobs

should be used if little force is re-
quired.

C. HUMAN ERROR: Adjustment.

D. DOCUMENTATICN: MIL-STD-1472B
(1974); 'Noodson cnd Conover (1964).

E. TYPICAL BACXFIT: Repicce with
cppropriate centrol kneb.

O
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;
HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS

CONTROLS,

A. TITLE: CONTINUOUS

ADJUSTMENT ROTARY KNOB
SHAPE

8. GUIDELINES: Continuous cdjustment

rotcry knobs should be round in shcpe

with knurled or serrated edges.

C. HUMAN ERROR: Adjustment.

D. DOCUMENTATION: Woodson and
Conover (1964); Vcn Cott cnd

Kinkede (1972); Ocmon.

E. TYPICAL BACKFIT: Repicce with
cppropricte control knob.

i

.

A

i

O-
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: CONTINUOUS

ADJUSTMENT ROTARY CONTROL
DIMENSIONS

8. CUIDELINES: To maximize the ef-
fectiveness of continuous cdjustment

of rotary centrch, the dimensions on

the following pcge should be foi-
lowed:

C. HUMAN ERROR: Adjustment; ined-
vertent activction.

D. DOCUMENTATION: MIL-STD-14728
(1974); Vcn Cott cnd Kinkede (1972). -

:

E. TYPICAL BACXFIT: Repicce with !

cppropriate cc trol.

1

O
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CONTINUOUS ADJUSTMENT ROTARY CONTROL KNOSSO
Oa Fingertip Grasp b Thunt and Finger C Palm Graso

Encircled

D D D L
Height Diameter Diameter Diameter Lengeti

MINIMUM 0.5" 0.375" 1.0" 1.5" 3.0"

MAXIMUM 1.0" 4.0" 3.0" 3.0"

TORCUE SEPARATtCN

S S
Cne Hand Two Hands -

| Individually Simultaneously* **

MINIMUM 1.0" 3.0"

O PTiMUM 2.0" 5.0"

MAX! MUM 4.5 in. oz 6.0 in..oz

'To and including 1.0 in. diameter knoes
** Greater than 1.0.in. diamter knoos

i e S --o-

I '

@ U, w @ ;
'

,

. _ ,

/ >\W W @ \
* o

\, V- |
-

t. 6

r
C) 'i<

_-.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTRCLS
|

A. TITLE: ROTARY SELECTOR )
SWITCH-POINTERS

S. GUIDEUNES: Pointers which cre
'

bicek or of a dark color (A) should
hcve c contrasting white mcrk

1

showing the pointer exis. However,

the mcrk should not extend more
thcn halfway down the top surfcce of

the knob.

Pointers which cre of a light
/ color (B) shculd hcve a white merker

'

I' outlined in bicek to provide sufficient

!@ contrast between the bcsic (light)
color of the knob cnd the white
marker.

Some switches (C) hcve insets
which are pointed white or filled witht

phosphorescent pigment, if the insete
is too deep, the marker mcy not be
seen beccuse of percilax. Ccre

@ should be tcken to fill the inset com-
pletely or reduce the depth of the
inset.

Even though some controls (D)

don't require exact setting (dimmers,
- etc.), some indication af the position

is desircble. The pointer configu-
rations shown cre all equally . good.

b Where more cccurccy is required, en-
c grave (cnd fill with contrastingQ,w:
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!+

:

i

'

' pigment) a line both on top cnd down
i the side . cs shown in the bottom,

| excmple.
i

| - C. HUMAN ERROR: Moving a control
'

.
to the wrong position. j

i

D. DOCUMENTATION: Woodson cndj
i Conover (1964).
!

! E. TYP! CAL BACKFIT: Repicce control li

knobs.
i i

!
;

r

i

i
2

o

i
;

i @
.

}
:

i

I
4

J

4

1

i

s

i -

;

i

i

!
4

i-

!

.

.

!
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: CONCENTRIC KNOB USE

B. GUIDELINES: Two concer. nebs

are recommended but not mv. then.

three should be used.

C. HUMAN ERROR: Incdvertent ceti-
votion.

D. DOCUMENTATICN: Weedsen and

Cenover (I a64).

E. T'PICAL BACKFIT: Replace with
appropricte knobs.

O

O
.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: CONCENTRIC KNCBS
1

; (GANGED) DIMENSIONS

8. GUIDELINES: To insure that humcns
ccn differentiate knebs by touch, the ' "

dimensions to the right should be f 1 73

used. O
,73

C. HUMAN ERROR: Incdvertent ccti-
~

,73 ,

[(Vy)'votion. !-

'.2s
O. DOCUMENTATION: Woodson cnd j i

Cenover (1964); cnd McCormick !

(1976). !C/.AL CIMENSION FOR "GANGE0" KNOSS :

i E. TYP! CAL BACKFIT: Repicce with

( cppropriate sized controls.
|
|

1
,

,

W

I

, .

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL RCOMS

CONTROLSOPEN OR J HANDLE

A. TITLE: J HANDLE DIMENSIONS

-+--- 3.75 Min. *
c opt. B. GUIDELINES: If J Scndles cre used

4.5" giove' they should conform to the dimen-
* m

FG9 i (@| siens at the left:
'{ 1" min.

C. HUMAN ERROR: Incdverten t cc ti-2 op. .

2" gin.s I
votion; not being cble to operate con-.. ,,

A
|

1 trol within time constroints.
w s.875" to 1.25" optimum
w ..s" min. for over 40 it. D. DOCUMENTAT!ON: Dreyfuss (l c67).
sido clear: 2"C to weil

E. TYPICAL BACKFIT: Repicce centrol

hcndles with cpprcprictely sized

handles.

.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: KEY OPERATED SWITCHES

B. GUIDELINES: To mcximize the ef-
fectiveness of Ray cperated switches,

the following should be :enformed to:

1. Keys with a single row of teeth

should be inserted into the lock
with the teeth pointing up or
forwcrd.

2. If keys have teeth on both edges,
they should fit the lock with

either side up or forwcrd.

3. Locks should be oriented so the
key's verticci position is the OFF
position.

4. Operators should normally not be

cble to remove the key from the

lock unless the switch is turned
OFF.

5. ON cnd OFF positions should be

Icbeled.

C. HUMAN ERROR: Incdvertent acti-
votion; improper cssociation of con-

trol position end function; Icck of
cctivation in a timely fashion.

D. DOCUMENTATION: MIL-STD-14729
(1974).

E. TYPICAL BACKFIT. Repiccement of

(m control with cppropriate control;
icbeling; reorienting control.
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HUMAN ENGINEERING GUIDELINES FGR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: KEY OPERATED SWITCH

DIMENSIONS

8. GUIDELINES: To insure ease of use,

the following dimensions should be
used for key operated switches:

KEY-OPERATED SWITCH

t

A

,

x-

'-

f /* -
L 7v I - $s

- j
\ //i t

O C
*- - .,,

@
,

s "
,

I

IhN
.

t

_- 1
I

DISPLACEMENT HEIGHT
(A) (H) RESISTANCE

i MINIMUM 80' O. Sin. 1 in. Ib
(13mm) (113mN m)

i MAXIMUM 90* 3.0 in. 6 in. lb
| (75mm) (678mN m)

CON-46
,

i



. _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ . . _ . _ . _ _ _ _ . __ __ _______ _ . _ _ _ . . _ . _ . ._ _ . _ . _ _ _ ,

p |
: i

'i |

!
:

I C. HUMAN ERROR: Lcck of recog- |
1

-

' nition of control position; incdvertent
,

| activation.

D. DOCUMENTATION: MIL-STD-14729

(1974).
.

! E. TYP! CAL BACXFIT: Replace with
i

j oppropriate controls; fabeling of con-

trol positions; changing size of key.
,

!

i

I

|

|
|

i
a

i
i

3

J

!

I

:

*
1

, ;.

,

.
,

I

|

|
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HUMAN ENGINEERING GUIDELJNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: PUSHBUTTON ARRAYS

9. GUIDELINES: Pushbutton crrays

should be crrcnged in the ncturcl
sequence of operation; if possible,
buttons numbered from one through
zero should be crrcnged in a key-set

arrcngement.

C. HUMAN ERROR: Substitution; ined-

vertent activation.

D. DOCUMENTATION: Woodson cnd

Conover (1964).

E. TYP! CAL BACKFIT: Rewiring cnd
reicbeling buttons; replacing with co-
propriate control crrays.

,

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: PUSHBUTTON GUARDS

AGAINST INADVERTENT
'

ACTIVATION
!
l

8. GUIDELINES: A gucrd should be used

when it is necesscry to prevent ceci-

dental cetivation. This gucrd ccn be
either a chcnnel gucrd or a cover.
When the gucrd is in the open posi-

tion it should not interfere with the
operation of the gucrded control or

1

other adiccent controls.

O, C. HUMAN ERROR: Prevention of acti-
votien; inadvertent cctivation.

D. DOCUMENTATION: MIL-STD-14729
(1974); MIL-STD-1472C (1980).

E. TYPICAL BACKFIT: Adding cppro-
priate gucrd.

,

1

CON-49
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: PUSHBUTTON CONTROL

DIMENSIONS

8. CUIDELINES: To insure effective
use Of pushbuttens, the follOwing di-.

mensions shOuld be conformed to:

PUSHBUTTONS (FINGER OR HAND OPERATED)

OtMENSIONS RESISTANCE DISPt.ACEMENT

D'ameter
D A

Fingertlp Thumb or Heel Fingertip Uttle Finger Thumb or Finger
Operation of Hand Operation Operation Operation Operation

Minimum 0.385" 0.75" to cz 5 oz 0.125"

Maximum 0.75" 40 oz 2Coz 1.5"

SEPARATION

S
Single Finger Single Finger Operation by

Operation * *1uential Operation Several Fingers

Minimum 0.5" 0.25" 0.5"

Preferred 2.0" 1.00" 0.5"

D

\--> D 4 S >
f

4. .2 r , -Y r__. 3g

| b!!Illoil A

CON-50



, . . . . . . . _ _ _ _ _ . __ - _._.-_ ___ _ _ . _ _ _ _ - - _ _ _ - - - - . - - - - - - - - -_

.t .
]

. . .

f

-
.

.

'
C. HUMAN ERRCR: Incdvertent ccti- !

I

|
votion; substitution. . l

<

0. DOCUMENTATION: MIL-STD-14728 !
! (1974); Van Cott & Kinkede (1972);

,

j Woodson end Conover (1964).

E. TYPICAL BACXFIT: Replace with*

approprlate controls.
,

:

;
'|

'

!
>

i

$ '

,

' .

*

!

*
!

!

;

;

.

i

|

i

1

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CCNTROL ROOMS

CONTROLS

A. TITLE: PUSI-BUTTON SURFACE

B. GUIDELINES: To mcximize the oper-

otion of pushbuttons, the surfcce
shculd effer c high degree cf resist- ;

cnce er be cccccve.
,

!

C. HUMAN ERRCPa Lcck of cetivction.

D. DOCUMENTATICN: Vcn Cett & |

Kinkede (1972); Dcmen.

E. TYPICAL BACXFIT: Repicce the
buttens; roughen the surfcce.

1

I
i

O
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O HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: PUSHBUTTON POSITIVE

FEEDBACK OF ACTIVATION

S. GUIDEUNES: To insure thct the
Cperctor knCWs thct C pushbutten hCs

been pressed fcr encugh for ccti-
votion, c positive indiccticn should be

orovided in the form of c snco feel,
eudible click or integr:1 light.

C. HUMAN ERROR: Lcck of cetivation
when pressed.,

D. DOCUMENTATION: Vcn Cort &
Kinkcde (1972); MIL-HDEK-759; MIL-'

i STD-14729 (1974).

E. TYP! CAL BACXFIT: Repiccement of
centrol.

!

i p >:
is

i
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HUMAN ENGINEERING GUTCELINES FOR NUCLEAR l

POWER PLANT CONTRCL ROOMS

CCbOROLS

A. TITLE: HEAVY DUTY SWITCH
|

PUSFEUTTCN DIMENSIONS !

2. GUIDEL!NES: cushbuttens fer hecvy

duty switches shculc ccnfccm to the

fellowing dimensicns:

1. Minimum dicmeter = 0.75"
2. Mcximum resistence = 5 lbs.

3. Minimum seperctien = 0.25"

4. Minimum dispiccement for 5 ingle

button = 0.!25"; for double but-
ten = 0.25"

C. HUMAN ERRCR: Incdvertent ccti-
vaticn; substitutien; Ice!< of cctivc-
tien when pressed.

D. DOCUMENTATICN: Weedsen enc

Cenover (1964).

E. TYPICAL BACXFIT: Repicce with
cppropricte centrol.

.

O
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T'~
HUMAN ENGINEE?JNG GUIDEUNES ~CR NUCLEAR

POWER PLANT CONTRCL RCOMS

CONTROLS

A. TITLE: LEGEND PUSHSUTrCN
DIMENSlCNS

S. GUiOEUNES: To mcximize the ef-
fectiveness of legeri pushbutten cen-

trols, the cimensions en the following
pcge sbculd be used.

C. HUMAN ERRCR: Incdvertent ccti-
VctiCn.

O. DOCUMEt!TATION: MIL-STD-I t729
(1974).

.

C 's E. TYPICAL BACXFIT: Repicce with
\V) coprcpricte centrels.

!
.

.

|

/- 1

( |
*

h
'

\v
|

|
|
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O-

LEGEND PUSHBUTTCN

fSARRIERS*3 A RESISTANCE
Size CISPLACEMENT

Sw Be

MImmum 0.75" 0.125" " 0.125" 0.183* 10 or
.

Maximum 1.5" 0.250" 0.250" 0.250" 40 oz

'Sarners shau have rounced ecges.
"*J15"(5mm) for positive position switenes.

0 O# W .
_ _

Qc,

- , ,
A

,( ~3 g
'

'
| / \

f , f-/A

-

nW' |'

N !
-

ac f I 1.

/
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-
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<* |
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/

|
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e HUMAN ENGINEERING GUICELINES FCR NUCLEAR
( POWER PLANT CONTROL ROOMS
%

i CONTROLS

A. TITLE: LEGEND PUSHEUTTONS '

8. GUIDELINES: To insure ease of
cpercticn of legend pushbuttens, the
folicwing guidelines shculd be fol-
lowed:

1. For positive indiccticn of switch

cctivction, the legend switch
shcIl be provided with c detent
er click. When lege .d switches

,

cre touch sensitive crd not
mechCnicci, C positive indICctich

,m of cctivation mcy be en integrci
light within er cbove the switch
being cctivcted.

2. The legend shcIl be legible with

or withcut internel illuminction.
3. A Icmp test er duct Icmp/filo-

' ment reliccility shcIl be pro-
vided, except fcr switches using
LEDs in piece of incendescent
Icmps.

A. Lcmps within the legend switch
shcil be repiccecble from the -

front of the panel by hcnd cnd
Ithe legends er covers shcIl be j

keyed to prevent the possibility
.

l

of interchenging the legend

Covers.

d
,

|
|

!

!
--. --

I



__ _ ._

5. There shcil be c mcximum of
three lines of lettering cn the
legend picte.

C. HUMAN ERROR: incdvertent ceti-
vction; cdjustment; substitution.

D. DOCUMENTATICN: MIL-STD-14729
(1974).

E. TYP! CAL BACXFIT: 7,epicce with
copropricte controls.

O

.

O
!

r
!

!
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS i

CONTROLS.

A. TITLE: PUSHBUTTON WHEEL i

SWITCHES

S. GUIDELINES: If pushbutten-wheels

cre used they shculd conferm to the
felicwing:

1. The pushbutten surfcce shculd

conform to the guidelines for
pushbuttens.i

2. The coerctor should get a posi-

tive indication of the cdvcnce-
ment en the rotcry wheel.

; 3. There shculd be no unused pcsi-

( tiens of the rotcry wneel.
'

4. The dispicy window shculd not
i obscure cny pcrt of the nurnber

cnd the cperctor's hcnd should

not cbscure the window during
operction.

5. The chcracters en the rotcry
wheel should conform to the
stenderds set forth in the labels
section of the guidelines.

6. Only the dispicyed numerci

should be visible in the window.
7. The physicci chcrecteristics of

the pushbutton should conform

to the guidelines fer pushbut-
tons.

O

CON-59
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C. HUMAN ERROR: Incdvertent ceti-
votion; misrecding er misinterpreting
the dispicy; Icek of a timely rescense

due to moving the centrol ico fer.

D. DOCUMENTATION: MIL-STD-li72C
(1980).

E. TYPICAL BACXFIT: Mcdifying the
leccticn er crientction of the centrol;

mcdifying the pushbutten; reolccing
with cn copropricte centrol.

O

O
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(O HUMAN ENGINEERING CUIDELINES FCR NUCLEAR
/ POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: PUSH-PULL CONTROLS

S. CUIDELINES:

1. Push-pull centrols shculd hcve

the operating positicn in the cut
position. ,p

2. If there is Icbeling en the cen- p j<| { .1''3
'

.5-1.:s-
M.. .

trol, the control shcft should be jog

locked in ene position to prevent

the Icbeling frem being other
then in the corrtet crientation.

3. The dimensions to . the right
should be conformed to:

l.75 inches for two-w =

finger operction (cdd
0.50 inch fer g!cved
hend)

2.75 inches for three-
,

finger cperction (cdd | 7

0.625 inch for gloved
hcnd) :

3.50 inches for four- I w#.

finger cperatien (cdd '* c'oc = "4

0.75 inch for gloved .

)
hand) N'

..

:
0.625 to 0.75 incht =

d l-inch minimum (1.50=

inches fer gloved hend)
p 4. The mcximum resistence shculd

be:

CON 41
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c. One hcnd cieng the bcdy
midline - 30 to 20 lbs. de-
;:ending en distence frem
the body (the fcrther cwcy,
the grecter the resisiccce).

b. Two hended - 60 to 100 lbs.

C. HUMAN ERROR: Incbility to cde-
quctely cetivcte the centrel; incDility
to ecsily recd the [ccel.

O. DOCUMENTATION: Vcn Cott cnd
Kinkede (1972); Weedsen cnd Cenover

(1964).

E. TYPICAL BACKFIT: Repicce centrei

hcndle with cpprcpriciely sized

hcndle; repicce the centrcl with c

more cppropricte centrol.

,

|

l
1

l
|

|

|
1
i

|
. |

9
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HUMAN ENGINEERING GUICEU iES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CCNTROLS

A. TITLE: TOGGLE SWITCH

DIMENSIONS

3. GUIDEUNES: To insure that toggle'

centro (s cre used effectively, the di-
mensions en the following pcge
should be ccnfermed to.

C. HJMAN ERROR: Incdvertent ccti-.

; vetien; not being cole to determine
centrol position; not being cble to
cetivate ecsily enough.

O. DOCUMENTATION: MIL-STD-14729
(1974); Kubckcwc (1969); Vcn Cort

*

cnd Xinkede (1972); Ocmen.

E. TYPICAL SACXFIT: Mcdify existing
centrols; repicce with repropricte

i controls.
1

l
1

?
2

CON-63
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OlMENSIONS | RESISTANCE
L

{
A A MLENGTH 3 SMALL LARGE

CONTRCL TIP SWITCM SWITCHg ,,, ;
=

HINIMUM 0.3" 1.S" 3.1"5" 10 or 10 oz

M AX!M UM 2.0'* 2.0" 1.0" 16 oz 40 oz

DISPLACEM ENT

TWO POSITICN THREE POSITICN
I

MINIMUM 3C' 18'
MAXIMUM 120' 6C'
OES! A ED 25'

SEPARATION ,

SINGLE FINGER
C PER ATIC N $1NGLE FINGER $1MULTANECUS CPERAT:CN

f SEQUENTIAL OPERATION SY OlFFERENT FINGERS,

MINIMUM 0.75" 1.0" 0.5" 0.525"
CPTiMUM 2.0" 2.0" 1.0" 0.75"

* ** r |USE BY B ARE FINGER USE SY GLCVED FINGER USING A LEVER LCCX TCGGLE SWITCH

O
TOGGLE SWITCHES

CCN-64
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HUMAN ENGINEER!NG GUICELINES FCR NUCLEAR

POWER PLANT CCNTROL RCOMS

CONTROLS

A. TITLE: TOGGLE SWITCH

RESISTANCE

3. GUIDEL!NES: To minimize the pes-
sibiitty of incevertent cetivcticn end
centrol piccement between cetive-
tien positions, tcggle switches should

hcve en etcstic resistence thct in-
,

_ crecses slowly cs the centrol is

moved cnd then drops te zero es the
switch snces into pcsition.

t

C. HUMAN ERROR: Incdvertent ceti-
Y vction; piccing the centrol in a posi-

'

tien thct doesn't cetivcte the switch.

O. DOCUMENTATION: MIL-STD-14729
(1974); %bekcwc (1969); Vcn Cort
end Kinkede (1972); Weedsen end
Cenever (1964).

E. TYPICAL BACKFIT: Repicce with
en cpprcpricte centrol.

i

4

't

4

V
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HUMAN ENGINF.2:.rt!NG GUIDEUNES FCR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: TOGGLE SWITCH

ORIENTATiCN

S. GU1DELINES: To cenicrm to peculc-

tien hereotype end to mcximize per-

formence, teggle switches should be

criented verticc!!y with the en, go, or
increcse functions in the up position.

Horizeriiui crientction shculd only be

used ic mcke the centrol censistent )

with the crientation of a cen trcl
function, eculpment leccrion or dis-
picy lecction.

C. HUMAN ERROR: Piccing the centrci
in cn inccerect position.

D. COCUMENTATICN: MIL-STO-1472S
(1974); Vcn Cett cnd Xinkede (1972).

E. TYPICAL SACKFIT: Recrient the
centrol cnd/or function. |

l

.

I

CON-46
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Q(G
HUMAN ENGINEERING GUiOELJNES FOR NUCLEAR

PGWER PLANT CONTROL RCOMS

CONTROLS

A. TITLE: TOGGLE SWITCH

ACTIVATION FEECBACK
:

S. GUIDELINES: Tcggle switches should
;

' be provided with cn cudible click to

crovide feecbeck of cetivcticn.,

|C. HUMAN ERROR: Assurning c ccntrof
|

hcs been positioned correctly when it !

hcsn't; cccidentally cctivcting c con- i

!

' trol witN:ut knowing it.

O. DOCUMENTATION: MIL-HOSK-759;
Vcn Cort cnd Kinkede (1972);

Kubckcwo (1969). !

E. TYPICAL BACXFIT: Repicce with
cn cppropriate centrol.

1

.
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HUMAN ENGINEERING GUlOELINES FCR NUCLEAR
POWER PLANT CONTRCL ROOMS

CONTROLS

A. TITLE: TOGGLE SWITC*r"ES AND

PREVENTION OF INADVERTENT

ACTIVATION

S. GUiOEUNES: When it is criticci to
prevent incdvertent cctivction of c

tcggle switch, c gucrd shculd be pro-

vided. This gucrd mcy be a lift-to-
unlock mechcnism, c scfety cever er
cny equivclent device. If c lift-to-

unleck mechcnism is used, resistence

shculd not exceed 48 oz. If a cover
gucrd is used, its lecction should not

interfere with the cctivcticn of the
suceded centrei er cny ccjecent cen-
trols.

C. HUMAN ERROR: Incdvertent ccri-
vction of a criticci centrol; incbility
to activcte e centrol within c given
time limit.

D. DOCUMENTATION: MIL-STO-l4729
(1974); MIL-STO-1572C (1950);

Weedsen end Cenover (1964).
.

E. TYP! CAL BACXFIT: Instc!!ing en
cpprcpricte guard; replccing c guced
with cpprcpriate gucrd.

O
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1

-p HUMAN ENGINEERING GUICELINES FOR NUCLEAR
Q POWER PLANT CONTRCL RCOMS

1
I

CONTRCLS |

A. TITLE: ROC'4R SWITCH

DIMENSIONS 1

;
1

3. CUIDEL!NES: To mcximize efree-
tiveness, recker switches should cen-

form to the dimensiens en the - fol-
lowing pcge.

C. HUMAN ERROR: Incdvertent ccti-
vctien; mcking fctse cssumption

cbout centrol position; incbility to
cctivate centrol in c timely fcshion.

O. COCUMENTATION: MIL-STD-1472S
(1974).4

s

E. TYPICAL 8ACXFiT: Mcdify the:

existing centrol er repicce with cn
cpprcpricte centrol.

<

t

,
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W
WlOTH RESISTANCE

MINIMUM 3.75" to oz

max!Mus 1.3" 4o ::

S A
SEPARAT10N DISPLACEM ENT

2 POSITICN * PO SITIO N

WINIMUM 0.5* Oc* t aa

MAXIMUM 107 $C*---

O PTIMUM 2.0" 25'---

ROCKER SWITCHES

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: ROCKER SWITCHES

- S. GUIDELINES: To mcximize the ecse
of coeretien of rocker switches, they

. . .

shculd cenicem to the following:
1. Orientatien - Rocker switches

should be criented verticc!!y
with cetivcticn of the veger pcrt
centrolling the en er increcse
function. Horizentc! crientcticn
shculd be used cnly to be ecm-
pctible with the centrolled func-

tien er equipment lecction.

2. Indiccticn of Activetien - Cen-

| trol cetivetien shculd be indi-
ccted by c sncp feel, cedible
click, csscciated cc integrci
light. ice on positien shculd be

flush with the pcnel surfcce.

3. Resistence - Centrol resistence

should grcducily increcse, then
drcp to zero when the centrol

sncps into position. The resis--

tence shculd preclude the switch

being pieced between positions. '

4. Incdvertent Activetien - The

switch shculd be protected by
chcnnel gucrds cc other mecns to

prevent incdvertent cctivation.

Q (if it centrols c criticcl
function.)

: CON-71
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C. HUMAN ERRCR: !ncdvertent ceti-
votion; inccrrect cctivction of the

centrol.

D. DOCUMENTATICN: MIL-STD-1472C
(1980); Weedsen cnd Conover (1964). |

i

E. TYPICAL BACXF1T: Modify existing
controls by piccement cod cddition oi

gucrds; realcce with c::grocricte ccn-
trols.

1

|

O

,

.

i

l

O
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f HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR\ . POWER PLANT CCNTROL ROOMS
.

CONTROLS

A. TITLE: SLIDE SWITCH DIMENSIONS

S. GUIDEUNES: If slide switches cre
used, the dimensiens et the right
should be cenfermed to fer mcximum

.25" 25"effectiveness. Serrctions er knurling i
i

Mshould be provided.
m/ ,

C. HUMAN ERROR: Incoility to ccti- Ii -

vcte the centrol en the first ettempt;
too much effert required to cpercte.

- '

O. DOCUMENTATION: Weedsen end

Cenover (1 %4).

E. TYPICAL BACXFIT: Cut serrcticns;
repicce with cpprcprictely sized cen-
trol.

i

l

)

|

.

J

n .

; U
,

t
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CCNTROL RCOMS

O
CONTROLS

A. TITLE: KEYBOARD KEY

DIMENSIONS

8. GUIDELINES: To mcximize the ef-
fectiveness of key' ccrds, the fol-a

Icwing dimensicns +culd be cen-
formed to:

KEYBOARDS

Dimensions |
_

Resistance
Olameter

0

Bare- | Aloha- Dual
handed Gloves Numeric numeric Function

Minimum 0.385" 0.75" 3.5 oz 0.9 oz 0.9 oz
Maximum 0.75" 14.0 oz 5.3 oz 5.3 oz
Preferred 0.5" 0.75"

Displacement Separation
Alpha- Dual (between adjacent key tops)

Numeric numeric Function

Minimum 0.03" 0.05" 0.03" 0.25"
Maximum 0.19" 0.25" 0.19"
Preferred 0.25"

C. HUMAN ERROR: Incdvertent ceti-
votion; su'ostitution; cetivction of im-
proper keys.

O
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D. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYPICAL BACKFIT: Modify existing
keyboard or replace with new key-
bocrds.

i

i

CON-75

. -. .- - . ., . _ - . - _ - _ .



._. _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ .

HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
PO'#ER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: KEYBOARD SLOPE

B. GUIDEUNES: To optimize operator

use, keyboards should have a slope
.

between 15 cnd 25 degrees; 16 to 17

degrees is the optimum.

C. HUMAN ERROR: Incdvertent ccti-
votion; substitution; fatigue of opera-
tor.

D. DOCUMENTATION: MIL-STD-14728

(l974).

E. TYPICAL BACKFIT: Adjust console
to provide cdequate slope.

.

O
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O HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

&

CONTROLS

A. TITLE: USE OF MULTIPLE

KEYBOARDS
,

8. GUIDEUNES: If multiple keybacrds

cre used in a control room, the key
cenfigurction should be the same.

C. HUMAN ERROR: Incorrect keys will

be cctivated when en operator trcns-
fers from one keybocrd to cnother.

3

D. DOCUMENTATION: MIL-STD-1472C
(1980).

E. TYPICAL BACKFlT: Modify existing
keybocrds to be consistent er re-.

picce.'

1

4

4

4

;

|

|
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: ALPHA-NUMERIC

KEYBOARD ARRANCEMENT

8. CUIDELINES: Alpha-numeric key-

bocrds should conferm to the

"QWERTY" crrcngement.

C. HUMAN ERROR: Pressing imprcper

keys due to different crrcngement
from typewriter.

D. DOCUMENTATION: Vcn Cott cnd
Kinkade (1972).

E. TYPICAL BACKFIT: Mcdify key-
bocrd.

~

G.
!
!
1
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f] HUMAN ENGINEERING CUIDELINE5 FOR NUCLEARye POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: NUMERIC KEYBOARD

B. GUIDELINES: The configuration of LIKE THIS NOT THIS
the keybocrd which shcIl be used to 1 2 3 9 8 7
enter solely numeric data should be c 4 5 6 6 5 4

. 3x3+1 matrix, numbered sequentic!!y 7 8 9 3 2 i

from left to right, top to bottom, 0 0

beginning with 1, 2, 3 en the top row,

with the zero digit centered on the
bottom row (i.e., telephone style).

C. HUMAN ERROR: Incorrect cetuc-
tion.

D. DOCUMENTATION: Lutz cnd
~

Chcponis (1955); Paul, et cl. (1955);
Conrad (1967); Cenrcd cnd Hill
(1968); McCormick (1976).

E. TYP! CAL BACXFIT: Repicce
keybocrd.

O

i-
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: JOYSTICKS

S. GUIDEUNES: To mcximize the ef-
fectiveness of Joysticks, they should

conform to the following:

1. Fcr most cpplications, joystick
controls should be provided with

c spring return to center posi-
tion.

2. The delcy between control

movement cnd dispicy respense

shall not exceed .3 sec.

3. The ratio of the control's dis-
piccement to the resulting dis-
play movement shcIl be censis-

tent with the speed cnd occurccy

requirements of the operater.

4. For precise cdjustments in which

the operator grcsps the joystick
" pencil style" below the tip

rather than at the tip, the pivot
point shcIl be recessed below the

surfcce on which the wrist rests.

C. HUMAN ERROR: Lcck of consistent,

cppropriate centrol.

D. DOCUMENTATION: MIL-STD-1472C

(1980).

E. TYPICAL BACMFiT: Modify the

existing control er nplace with c
cppropriate control.

1
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: JOYSTICK DIMENSIONS

8. GUIDELINES: To maximize their ef-
fectiveness, joysticks should conform

to the dimensions on -the following
pcge.

C. HUMAN ERROR: Incdvertent ceti-
votion; insufficient cctivction.

j D. DOCUMENTATION: MIL-STO-14728

(1974).>

E. TYPICAL BACXFIT: Modify existing
control er repicce with cpprcpriate
control.

!

I

t
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DIMENSIONS RESISTANCE OlSPLACEMENT

L D A
APM LENGTH OIAME TER CONE OF ROTATION

MINIMUM 3* o.25" 12 oz. 0*
*

MAXIMUM s" 1.o'' 32 oz. 57'
OPTIMUM 5*-20*_ ._,

* ISOMETRIC (FORCE) JOYSTICK

JOYSTICK CONTROL
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p HUMAN ENGINEERING GUIDELINES FOR NUCLEAR )g POWER PLANT CONTROL ROOMS '

CONTROLS

A. TITLE: LIMB SUPPORT FOR

JOYSTICK CONTROLS

.|
S. GUIDELINES: If precise or contin-

vous control is required, the operator

should hcve en crm rest supplied with

the joystick.

C. HUMAN ERROR: Fatigue lecding to
improper cetivation or termination of

cetivction prior to terminction time.

D. DOCUMENTATION: MIL-STD-1472C

(1980).

E. TYPICAL BACKFIT: Supply en crm
rest.

,

' *
,

i

i

O
,
I

CON-83

|
,. . - , _ . , , _ - - . . - - _ . - - - . ,. .. ,. -- . ... .--. . _ - , - - , .



- _ -

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: LEVER DIMENSIONS

8. GUIDELINES: To maximize the ef-
fectiveness of levers, the dimensions

en the following pcge should be con-

fermed to.

C. HUMAN ERROR: Incdvertent ccti-
vetion; fatigue lecding to incorrect
cetivaticn; incorrect cetivation due
to incdequate size.

D. DOCUMENTATION: MIL-STD-1472B
(1974); Vcn Cott cnd Kinkede (1972).

9E. TYPICAL BACKFIT: Mcdify existing
control er repicce with more cppro-
priate control.

O
!
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LEVER

OlAMETER RESISTANCE

D (d.1) (d.2)
Finger Hand.

Grasp Grasp One Hand Two Hands one hand Two Hands

MINIMUM 0.5'' 1.5" 2 lb 2 tb 2 lb 2 lb

MAXIMUM 3.0" 3.0" 30lb $0 lb 20lb 30lb

OISPLACEMENT SEPARATION

A
Forward lateral One Hand Two Hands

(d1) (d.2) Random Simultaneously

MINIMUM 2.0" 3.0"

PREFERRED 4.0" 5.0"

MAXIMUM 14.0" 33.0"
n 1

O
/

A A
(d.2) (d.1)

|
$

D

i y
,

1
.

(~d:
u
.
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: LEVER LABELING AND
CODING

:

S. GUIDELJNES: Levers shculd be
icbeled cs to function cnd direction
of motion, if lever Icbels cre
grouped together the lever handles
should be coded.

C. HUMAN ERROR: Substitution; im-
|proper cetivation of the control.

C. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYPICAL BACKFIT: Code hcndles
with shcpes or Icbels; lcbel centrols
in en cppropriate menner.

1

I

.

9
1
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR

O POWER PLANT CONTROL ROOMS

CONTROLS
.

A. TITLE: LEVERS AND ^ ARM
SUPPORTS

8. GUIDELINES: If a lever is used to
mcke fine or continuous cdjustments,

crm support should be provided oc-

cording to the following:,
l. For large hcnd movements: el-

bow.

2. For small hcnd movements:

forecrm.

3. For finger movements: wrist.;

t

C. HUMAN ERROR: Fatigue lecding to

( inappropriate reponses or termination

of response prior to correct time.

D. DOCUMENTATION: MIL-STD-1472B

(1974).

E. TYPICAL BACXFIT: . Attcch cn cp-
propriate support.

:
,

,

f
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS
,

A. TITLE: THUMBWHEEL CONTROL

APPLICATION

B. GUIDELINES: The use of thumb-
wheels is discourcged but if the func-

tion requires a compcet digitcl con-
trol-input device cnd a recdout of

inputs for verification, they mcy be
used.

C. HUMAN ERROR: Adjustment; inad-
vertent cetivation.

D. DOCUMENTATION: MIL-STD-14728
(1974); Woodson cnd Conover (1964).

E. TYPICAL BACKFIT: Determine
requirements for thumbwheel

control. If required use guidcnce in
MIL-STD-14728 (1974).

'

1
1

!
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HUMAN ENGINEERING GUIDELINES FOR NUCLEARb POWER PLANT CONTROL ROOMS\

CONTROLS

A. TITLE: THUMBWHEEL VISIBILITY
'

' 8. GUIDELINES: To minimize error,
thumbwheel recdouts should be

visible from cll operator positions..

,

C. HUMAN ERROR: Misrecding a dis-
picy; not recding a dispicy.

D. DOCUMENTATION: MIL-STD-14728

(1974).

E. TYPICAL BACXFIT: Repicce with a
i control that is recdeble or reposition.
!

,

,

e
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-
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: THUMBWHEEL COLOR AND l

INTERNAL ILLUMINATION

B. GUIDELINES: To fccilitate chcr-
ceter recognition, digits on thumb- :

wheels should be bold with bicek
numerals engraved on a light (or
white) bcckground. If the cmbient
illumination provides a dispicy lumi-
ncnce of I ft-Lcmbert or less, in-

ternci illuminction shculd be provided

with chcracters being illuminated on
a bicek bcekgrcund.

C. HUMAN ERROR: Misrecding dispicy;

not being cble to see the numercis.
!

D. DOCUMENTATION: MIL-STD-14728
(1974); Vcn Cott and Kinkede (1972).

E. TYPICAL BACKFIT: Repicce with

cppropriate centrol.

O
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEARO POWER PLANT CONTROL ROOMS
'

CONTROLS

A. TITLE: THUMBWHEEL CODING
i-

8. GUIDELINES: If the thumbwheels,

; cre used as input devices, the off er
ncrmal positions should be color "

coded to fccilitate visual reccgnitioni

of status.

C. HUMAN ERROR: Misrecding; misin-

terpretino of centrol position.

D. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYPICAL BACKFIT: Repicce with
cppropricte centrol.

.

i

O
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: DISCRETE BUMBWFEEL
DIMENSIONS

8. GUIDELINES: To maximize the ease
of operation of discrete thumbwheel

controls, the following guidelines for

size, separation, etc., should be 'ol-
lowed:

DISCRETE THUMBWHEEL CONTROL
-.

D L W H S

DIAM ETER UGH WIDTH OEPTH SEPARATION RESISTANCE
O

MINIMUM 1.5 in. 0.45 in. 0.1 |n. . 0.125 in. O,4 in. 6 oz

MAXIMUM 2.5 in. 0.75 In. 3.5 in. 20 oz

4 D > _p. q__w

_.

_- -

H
I -

i

A --*- s w --i .

!

4 L +

.
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)
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| C. HUMAN ERROR: 'Incdvertent ccti-
.

i votion; cdjustrnent. !

| D. DOCUMENTATION: MIL-STD-14728 ;

j- (1974); Vcn Cott cnd Kinkede (1972).
;

j E. ' TYPICAL : BACKFIT: Repicce with
! cppropricte control.
1

!

$.
3

-

i s
F

I

4

1

h
1

!

,

!- '!
t :
4

,

|9
I

.
e

i
'

! -

- ,

k

I

i~
t

4

4- i

'

a

: :

, . f

I
! ,

! i

.
*1- .,

I
I

i
r
}
f

'-

}'
i
!

O
,

,

i CON-93
i

F
!
..-.-......; _ . - _ _ . - . - _ . - _ _ . - _ _ _ _ _ . . . _ _ _ _ _ _ _ - - - - - - . . _ _ _ _ _ _ _ _ _ . _ _- - - _ ~ _



.

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: DISCRETE THUMBWHEEL

CONTROL - DIRECTION OF

MOTION

"

9. GUIDELINES: To conferm to populc-

tion stereotype, a downwcrd control

movement should be cssociated with

a decrecse end en upwcrd control
movement with cn increcse.

C. HUMAN ERROR: Adjustment; rever-
sal.

D. DOCUMENTATION: Vcn Cott and
Kinkede (1972).

E. TYPICAL BACKFlT: Reverse the
direction of movement.

.

,

i

1
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/^ HUMAN ENGINEERING GUIDELINES FOR NUCLEAR |( POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: DISCRETE THUM8 WHEEL

CONTROL RESISTANCE

8. GUIDELINES: To . minimize control,

error, discrete thumbwheel centrols

should have detents with resistence
that builds up cnd then decrecses os

the detent is cpproached. This;

ccuses the controi to sncp into posi-

tion end minimizes the possibility of
,

positioning between detents.
,

t C. HUMAN ERROR: Adjustment.

D. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYPICAL BACKF1T: Replace with a

centrol that has sufficient resistence.

;

.

!
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR ,

POWER PLANT CONTROL ROOMS
:

CONTROLS

A. TITLE: DISCRETE (DETENTED)
THUMBWHEEL CONTROL ;

CHARACTERS

I

8. GUIDELINES: To mcximize :nterpre-

totion of discrete thumbwheels, 10
positions should be provided repre-
senting 0-9.

C. HUMAN ERROR: Misrecding centrel l
i

positiens. !

D. DOCUMENTATION: MIL-STD-14728 i

(1974). '

|

E. TYPICAL BACXFIT: Repicce with '

appropriate control.

O'
I
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

.A. TITLE: CONTINUOUS

THUMBWHFF1 CONTROL

DIMENSIONS
f

I
S. GUIDELINES: To mcximize the oper-

cbility of continuous thumbwheel

controls,' at least I inch of the wheel

should be exposed. The controls
should be sepercred by at lecst .25

inch. Resistence should be between 3

cnd 6 ozs.

C. HUMAN ERROR: Incdvertent acti-
votion, cdjustment.

; D. DOCUMENTATION: MIL-STD-14728
'

(1974); MIL-STD-1472C (1980);

Vcn Cott cnd Kinkade (1972);

Woodson end Conover (1964).
.

E. TYPICAL BACKFIT: Repicce with
cppropriate controls.

|
l

] |
,
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROO/AS

CONTROLS

A. TITLE: CONTINUOUS

THUMBWHEELS - DIRECTION OF
OPERATION

8. CUIDELINES: To mcximize the
centrol/dispicy relationship, continu-

ous thumbwheels should have o move-

ment up, forwcrd er to the right to
increase. The display should respond

in o corresponding menner.

C. HUMAN ERROR: Adjustment: rever-
sol.

D. DOCUMENTATION: Vm Cott and
Kinkede (1972).

E. TYPICAL BACXF1T: Chcnge the
control cnd dispicy, if necesscry, to
conferm.

|

i

O
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! HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

| CONTROLS
,

| A. TITLE: CONTINUOUS

THUM8'NHEEL CONTROLS - OFF,

i POSITION

i

| S. GUIDELINES: If a continuous thumb-
I wheel has en off position, a detent

should be provided to let the operator

know that the control is of f.
t

C. HUMAN ERROR: Leaving a function

on when it should be off.

D. DOCUMENTATION: MIL-STD-1472C

(1980).

- E. TYPICAL BACKFIT: Repicce with
; en cppropricte control.

| -

.

| -

i
!
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: HANDWHEEL CONTROL -
DIMENSIONS

H AN OWH EELS
3. GUIDEUNES: To mCximize the ef-

Parameter Minimum Maximum
feCtivenes5 of hCndwheelS, the di-

Size:
Clameter (In.)* 7.0 21.0 menSICns to the left ShCuld be Con-
Rim thickness (In.) 0.75 2.0

Displacement (t) *90-120' formed to.
Resistance (lb.):

[to 3.5 in$'r'a$Eus C. HUMAN ERROR: InCdvertent CCti-
*

n.a. n.a.
5.0 to 8.0 in radius 2.5 8.0

Resistance at rim: VQtion; inSUff. .!Clent Cr CVer-CCt.!VC-. . ,

Cne hand 5.0 30.0 .

Two hands 5.0 50.0 ilOn.

Minimum pretened D. DOCUMENTATION: VCn Cott Cnd
Control separation (In.)$ 3.0 5.0 KinkCde (1972).

Adapted from MIL STD-803A (f)SAF) and AFSCM So-3.
* Two-hand grasp. E. TYP! CAL BACKFIT: Modify preSent
t Cetermined by desired CiD ratio.
8 Provided optimum C/D ratto is not hindererf. CCOtrol; if POSSible, repICCO hCnd-| Edge-to-edge septration.

wheel; replCCe entire Centrol.

|

1

)

|
l
l
|
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i HUMAN ENGINEERING GUICELINE5 FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTRC LS

A. TITLE: HANOWHEEL RIMS
i

B. GUIDELINES: To be most effective-

bcndwheel rims should be provided*

i

| with centoured molding cnd hcve a |
' ' ~

high degree of frictional resistence.

C. HUMAN ERROR. Slippcge of the
operator's hcnds thct lecds to incer-

|
rect cetivation.

D. DOCUMENTATION: Vcn Cott end;

Kinkcde (1972).

E. TYPICAL BACXFIT: Modify the
i- existing hcndle.

|

,

t 1
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS

A. TITLE: HANDWHEELS AND

INADVERTENT ACTIVATION

B. CUIDELINES: To prevent cecidentc!

cetivation of a handwheel, c locking

ein should be used.

C. HUMAN ERROR: Incdvertent ccti-
votion.

D. DOCUMENTATICN: Vcn Cott end

Kinkede (1972).

E. TYPICAL BACKFIT: InstcIl a locking
pin.

!

!

|

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROLS4

A. TIRE: HAND CRANK DIMENSIONS

S. GUIDELINES: To insure the effec-
tiveness of hcnd crcnks, they should>

p.r.m.c., minimum Maximum

Conform to the dimensions to the g. iu.,t.ngen (in.) 0.s 4.s < tight loso)
20.0 (heavy load)..

rlgn f.,

Handle Diamoter (In.) 1.0 3.0
C. HUMAN ERROR: Incdvertent ceti- g,, ;, L,,,,3 (,,,3 3,3

votion; setting control ct improper
,,,,,,,,,,(,,,,3

: po3jtjon* Radius less than 3.5 In. 2.0 5.0
Radius of 5 to 8 in. 5.0 10.0

'

i Radius of 5 to 3 in. with 2.5 8.0
D. DOCUMENTATION: Vcn Cott cnd requirement for precise

settings
Kinkede (1972).

Separation (In.)

one hand', randomly
2.0 4.0E. TYPICAL BACKFIT: Mcdify existing Two M.ne ..qu.nti.ily 3.0 5.0s

control size, resistance or repicce
control.

|

!

.

4
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS ,

CONTROLS

A. TITLE: HAND CRANK HANDLES

8. GUIDEUNES: To mcximize effici-
ency of use, hcnd cranks should hcve

a hcndle that turns freely cround its
shaft; the hcndle surfcce should be

provided with a high degree of fric-
tional resistence.

C. HUMAN ERROR: Improper setting
of the centrol; not operating the con-
trol within specific time period.

D. DOCUMENTATION: Vcn Cott cnd
Kinkade (1972).

E. TYPICAL BACKFIT: Repicce hcndle.

O
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,- m HUMA.N ENGINEERING GUIDELINES FOR NUCLEAR
( \ POWER PLANT CONTROL ROOMSLY

CONTROL / DISPLAY INTEGRATION

A. TITLE: CONTROL / DISPLAY
Decrease

COMPATIBILITY: MOVING increase,,,

POINTER FIXED SCALE '

N
B. GUIDELINES: In dispicy control sys- \

tems in which a control movement is _

ossociated with a movement of some ; ~

feature of the dispicy (such as a
pointer), o clockwise increment of a

rotary control or movement of a

lineer control forward, up, or to the
right shall produce:

oecr...[. \ncrea e
i

1. A clockwise movement of cir-
[ i cular scale pointers cnd cn in-

crecse in the mcgnitude of the
settings, or

2. A movement op or to the right
for vertical cnd horizontcl secle
pointers cnd en increase in the

o 3a a 3o ,o

mcgnitude of the recding.
| ,y,,| g j,,,,;,,,,|,,,,;,,,,j

C. HUMAN ERROR: Moving a control
to the wrong position; moving a con-

"

trol In a direction opposite to that Decrease Increase

necessary to produce a desired ef- jg,

,,,f, |

,,,,

fect.

D. DOCUMENTATION: DeGreene

(1970); Bioastroncutics Octo Book
l

(1973); MIL-STD-14728 (1974); MIL- I

HDBK-759 (1975); cnd McCormick
( ) (197o).
R.J

CDI-I

|



4 --
=
-

c crees. Increes.

30d ! [ \ E. TYPICAL BACXFIT: Chcnge con-= s
5i trol /dispicy movement relationship;

20 - replcce dispicys.
' e

: ::
O 2= t u'
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=

0
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p( HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLAMT CONTROL ROOMS

CONTROL /OISPLAY INTEGRATION

A. TITLE: CONTROL / DISPLAY,

'

COMPATIBILITY: FIXED POINTER
MOVING SCALE

B. GUIDEUNES: Dispicys with moving ~

scales cnd fixed pointers should be
avoided. However, if' necesscry,
clockwise movement of a rotcry con-

trol or movement of a lineer control
forwcrd, up, or to the right shcIl
produce:

1. A ecunterclockwise movement
-

of the secle and en increcse in
. the rnagnitude of the recding , or\

2. A movement of the secle down
er to the left cnd en increase in
the magnitude of the recding.

C. FXJMAN ERROR: Moving a control

to the wrong position; moving a con-
trol in .c direction opposite to that
necesscry to produce o desired ef-
fcct.

D., DOCUMENTATION: Chcpcnis (1965);

MIL-STD-I4728 (1974); McCormick .

(1976).

E. . TYPICAL BACKFIT: Chcnge control
display movement relationship;
replace dispicys.

-

v
,

5

CDI-3
i.

.- _

_ .-- . . , . .. .- .



HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CCNTROL/ DISPLAY INTEGRATION

A. TITLE: CONTROL / DISPLAY

COMPATABILITY: DIFFERENT

,fg/ \ PLANES

S. GUIDEUNES: In systems where con-

| trol devices cre located in different
'

picnes from the dispicys with which

/ - they are cssociated, the relationship

between control movement cnd di-
rection of pointer movement shcl! be

in cecordence with the movement re-'

lationships cs depicted in the figure
' e at left.

*

/ C. HUMAN ERROR: Moving a control
to the wrong position; moving a cen-
trol in a direction opposite to that
necesscry to produce o desired ef-
fect.

!

D. DOCUMENTATICN: McCormick j

(1976). !

E. TYPICAL BACKFIT: Chcnge con-

trol / display movement relationship;
replcce dispicys.

O
1

CDI-4
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR |(n POWER PLANT CONTROL ROOMS |
,

CONTROL / DISPLAY INTEGRATION

A. TITLE: CONTROL / DISPLAY RATIO

B. GUIDELINES: kneb, Coerse Set-

tinc - When a knob is provided for
mcking cocrse dispicy element set-
tings on lineer scales --0.016 to 0.100

inch tolerance - cpproximately 6 '

inches of dispicy element movement

shcil be provided for one complete
turn of the knob.

Knob, Fine Setting - For fine
:etting on lineer scales - 0.007 to

0.015 inch tolercnce - I to 2 inches
of dispicy element movement shcIl be

provided for cne complete turn of the
knob.

Lever, Cocrse Settino - When c

lever is provided for coarse set-
tings - 0.016 to 0.100 inch toler-
ance - one unit of dispicy element
movement shall be used to three
units of lever movement.

Lever, Two-Oimensional Set-
ting 'Nhen a lever is provided to ~

mcke settings in two dimensions to

cocrse tolerances -0.1 inch, one unit
of dispicy element movement shcIl be

used to two end one-hcif units of
lever movement.

p. Ceunters - When counters cre
V provided, the control-dispicy ratio

CDI-S

_ . _ _. - -
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shcIl be such that one revolution of
the kncb equals cpproximately 50
counts (i.e., the right hend drum re-
tates five times).

C. HUMAN ERROR: Operating a con-
trol too slowly or too rcpidly; exces-
sive continuance of control cetion;
inadequate centinucnce of , centrol
cction.

D. DOCUMENTATION: Chcpanis (1965);

kubokawa (1969); MIL-STD-14728
(1974); MIL-HDBK-759 (1975).

E. TYPICAL BACKFIT: Adjust control-
dispicy rctios; purchese new gects,

1

| ccps, linkcges, etc; repicce
! controls / displays.

O

OPTIMUM CONTROL-DISPLAY RATIOS

Approximate
Control Control Movement Display Movement

Kaob, coarse setting 1 complete turn 6 inches

Knob, fine setting 1 complete turn 1 - 2 inches
Lever, coarse setting 3 units 1 unit

Lever, coarse setting, two
dimensions 2-% units 1 unit
Counter 1 complete turn (or reset Approximately 50 counts

| knob) (right drum rotates 5 times)
|

!

.

CDI-6
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
) POWER PLANT CONTROL ROOMSi

v

CONTROL / DISPLAY INTEGRATION

A. TITLE: ROTARY VS. LINEAR
CONTROLS: MOVEMENT
RELATIONSHIPS

9. GUIDEUNES: When there is a direct
linkage between control cnd dispicy
(e.g., rcdio frequency selector _ cnd

station pointer), a rotary control
shall be used if the indicator moves
through en crc of more then 180 . If

the indicator moves through an arc of

less then 180 , c 'ineer control may
be used, provided the path of control

movement pero!!els the avercge path

of the indiccter movement cnd the
indicator cnd control move in the
some relative direction.

C. HUMAN ERROR: Wrong direction of

control cetion; incdequate continu-
ance of control action; excessive
continuance of control cetion.

D. DOCUMENTATION: MIL-STD-14728
(1974).

E. TYPICAL BACXFIT: Replace control
or dispicy.

Oi
V

CDI-7
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTRCL/ DISPLAY INTEGRATION

A. TITLE: PRINCIPLES OF CONTROL-

DISPLAY ARRANGEMENT

.

8. GUIDELINES: Visual dispicys cnd

controls should be crrcnged in such c

way that it is not possible for the
operator to obstruct his view of cny
of the dispicys. Furthermore, the

arrcngement of controls and dispicys

shcil conform to one of the fo!!owing
principles of control pcnel Icyout:

1. Secuence-of-Use Princiole - In
ttle use of certain items, there
cre sequences or potterns of re-

!ctionship that frequently occur
in the operation of the equip-
men t. In coplying this principle,

t% items would be so arrcnged
so as to take adventcge of such
patterns; thus, items used in se-

quence would be in close physi-
col relationship with ecch other.

2. Functional Principle -The func-

tional principle of crrcngement
provides for the grouping of
components cccording to their
function, such as the grouping
together of dispicys, or controls,

that cre functionally relcted in
the operation of the system.

.

CDI-8
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I
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!

3. Frequency-of-Use Princiole - As

O implied by the ncme, this con-,

cept coplies to the frequency
,

with which some component is
used.

4. Importence Principle -This

principle decis with operational
*

importcnce, that is, the degree

.

to which the performance of the

activity with the component is
vital to the cchievement of the
objectives of the system or some !
other consideration.

C. HUMAN ERROR: Activating the
wrong control; recding the wrong dis-
play; temporal error..

-

D. DOCU' MENTATION: Woodson end
i, j Conover (1964); Meister (1971);

McCormick (1976).

E. TYPICAL BACXFIT: Redesign con-
trol panel Icyout; use of demcreation

lines end merkings. |
'

!

i

I
'

,

1

+

h
.[G

I
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL / DISPLAY lNTEGRATION

A. TITLE: CONTROL / DISPLAY

ARRANGEMENT

8. GUIDELINES.

% l. If concentric cr gcnged knobs
cre used to control a set of dis-'

plcys, the centrcl (smcilest) knob

should operate the dispicy fur-
ther left, the middle knob should

||| operate the center dispicy, and
the bottom (lcrgest) knob should

operate the display to the right,
with the combined control

undernecth the center of the dis-
plays.

2. Dispicys cnd controls that cre to

% be used in a fixed order should

p be crranged in sequence (c) from

h '

gh left to right (preferred) (b) from
top to bottom, or (c) in rowsi

from top to bottom, and from
Og g left to right within the rows.

h 3. When a number of dispicys cnd

controls cre ecch cssocicted
with c group of similar com-

ponents, the crrangement of the
controls cnd dispicys should cor-

respond to the crrangement of
the components.

4. Controls cssociated with specific

displays should be located so

:

CDI-10 I
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(3 that the operator's hcnd does not

) prevent him from seeing the dis- |

play. When a number of associ-
' *cted controls and displays cppect

on a panel, (c) put each control

directly below its corresponding
s e 7 :display or (b) group all the dis-

plays above cnd c!! the controls

below, but crrcnge the controls
cnd the dispicys in excctly the

, , 3 ,

same order.

OOOO5. Vertical cnd Horizontal
Arrays - If a horizontal row of s a 7 e

dispicys must be cssociated with

a vertical column of controls or
vice verso, the fortbest feft item

in the horizontal crray shall cor- ggg
[s respond to the top item in the

_

1 2 3
,

\ vertical array, etc. However, h @
this type of crrcngement shall be O 2

000Ocvoided whenever possible. O
3 i 2 a

6. Left-to-Right Arrcngement - If
controls must be orronged in
fewer rows than displays, con-
trols offecting the top row of
dispicys shcIl be positioned at
the for left; controls offecting i 2 3

the 'second row of dispicys shall @ @h
gh of hese tc

7 8 9

C. HUMAN ERROR: Operating wrong 000000000
- control /dispicy;. reading wrong dis- t 2 34 4 a7as

play; incorrect sequence in operating
_

O several controls.

(

CDl-l I
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"

.

D. DOCUMENTATION: Chcpenis (1965);

Van Cott and Kinkode (1972); cndj

! MIL-STO-1472B (1974).

E. TYPICAL BACKFIT: Rectrenge

control /dispicy Icyout; replace

Con $ oles.
f

4

$

9

O
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-( HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL / DISPLAY INTEGRATION;

'

A. TITLE: ACCENTUATING

| CONTROL / DISPLAY GROUPS

8. GUIDELINES: One or more of the

-

following techniques should be used Methods for accentuating grouping
and functional association,

for setting apart functionally similar
i groups.

1. Contrasting color or shading be-

tween subpenel cnd basic pcnel.
'

2. Outlining with contrasting color
(a line border around a group of

items). \ h
3. A panel relief. h
4 An insert panel. Q/.

5. Alternating slopes cnd modular d d O
supplement.'

If functional groups are to be O
'

cceentuated by outlining with con-
Color oR SHADING

trasting lines, a 1/16 inch border
^

should designote secondary or non-

critical groups, and a 3/16 inch
border should designate primary,
emergency, or extremely criticcl

operations.

C. HUMAN ERROR: Failure to respond

to a signal change; Icte response to a

signal - change; and monitoring the
wrong dispicy -

D. DOCUMENTATION: Van Cott end
i Kinkade (1972) cnd? MIL-STD-14729

(1974).

'

CDI-13
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' E. TYPICAL BACKFIT: Add demer-

g Cotion lines or provide C Similcr

method of cccentuation.

OO
08 'Wo o

8

00666 TT
UNE BCRDER ARCUND GROUP

f

0000000 x/0000000 Q ogo"
O0000000 @g@@N0000000 e

. >

SPACING BETWEEN GROUPS '

ADOED PANEL RELIEF

i-

e e !! *>66
'

// ses
'

xp
===_ eINSERT PANEL p

CDI-14
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K HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL / DISPLAY INTEGRATION

A. TITLE: PANEL CONSISTENCY

B. CUIDELINES: Location of recurring
functienct grvups cnd individual
items shall be similcr from pcnel to

: pcnel. When related centrols end
dispicys must be located on sepcrate

panels and both pcnels cre mounted

at cpproximctely the scme cngle
relative to the operator, the contro!

,

positions on ene pcnel shcIl cor-
respond to the cssociated display
positions on the other pcnel. The two

| panels shall not be mounted fccing

| ecch other.

C. HUMAN ERROR: Confusing one con-

trol with another; activating the
wrong control; incorrect sequence in,

operating several controls; wrong
direction of control cetion.

D. DOCUMENTATION: MIL-STD-14728 -
(1974).

E. TYPICAL BACKFIT: Modify or ~

repiece penels.

.

I I

V
:
i
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HU! VI ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

CONTROL / DISPLAY INTEGRATION

A. TITLE: MIRROR IMAGING

B. GUIDELINES: The use of mirror-
imcged control pcnels should not be

used in multi-unit control rooms.
The crrcngement of functionally

similcr or identiccl primcry controls
and dispicys should be consistent
from pcnel to pcnel.

C. HUMAN ERROR: Recording er
reporting c signal chcnge in the

wrong directicn; con fusing one

control / display with cnother; failing
to identify a needed centrol/dispicy;
moving a control to the wrong

position; incorrect sequence in

operating several controls; moving a
control in a directicn opposite to that
necesscry to produce a desired

effec t.

D. DOCUMENTATION: EPRI Report
NP-309 (1977).

E. TYPICAL BACXFIT: Limit opera-
tional crews to one or the other
mirrored half of the ocrds; use two
different color schemes to dif-

ferentiate the two units (e.g., the
bocrd surfcce creas, the operator
staticos, cnd the carpeting).

CDI-16
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOM 5

\ '

\v' . \
OPERATOR / COMPUTER INTERFACE AND DIALOG

1

!

A. TITLE: DATA PRESENTATION

B. GUIDELINES: Octo shcIl be pre- !

sented to the operator- in ' o . readily !

usable end readcble format. Re-
|

quirements for trcnsoosing, com-
puting, interpolating, or mental,

1trcnslation into other units or numer- !

icci bcses chcIl be avoided. When !

prceticcble, dcto shall be presented

to conform to the following:
1. Illustratiens shall be used when-

ever possible to supplement or
exemplify text.

CI 2. When five or more digits end/or
c!phanumerics cre dispicyed, cnd

no natural (i.e., population stere-

.otyped) orgcnization exists,

chcrccters shall be grouped in
blocks of 3 to 4 chorecters each.
Groups shall be separcted by a,

minimum of one bicnk charceter.
3. When data fields contain a

naturally occurring order (e.g.,
chronological). such order shall

be reflected in the organization
of the field.

4 Identical data shall be dispicyed

in a consistent, _ stcndcrdized
menner,- irrespective of their

O module of origin. .
\v)

OCI-I
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1

5. Tasks involving counting shcIl
commence with the number

"one," tasks related to measuring

shcIl start with zero. |

6. Numbers shall be used as desig-

notors when listing selectcble
items. !

7. Lists shall be vertically cligned
cnd left-justified. Indentation

should be used for subc!cssifi-
cations.

8. Octo which must be secnned cnd

compared shcl! be presented in
tabular or graphic form.

9. The use of hyphenation shcIl be

minimized.

10. When presented in tcbular form,

ciphenumeric data shall be left
justified; numeric data shcIl be
right justified by decimal point.

I1. Periods shall be plcced after
item selection numbers, at the
end of a sentence, and where
r,ecessary for classificction.

12. The use of contractions or short-

ened forms of words should be
avoided.

13. Each individual field shall be
Icbeled. The operator should not

I have to rely on contextual cues
to identify a field.

14. The following stcndardized fields
j shall be used:
!

c. Telephone Number: (9 l4)

555-1212

OCI-2
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_

t-

b. - Time: HH:MM:SS, HH:MM,
, . MM:SS:(.5)

c. Octa: MM:DO:YY
15. Where lists extend over more

then one dispicy pcge, the last of
,

one page shcIl be the first -line
. on the succeeding pcge.

'

C. HUMAN ERROR: Fciture to obtain
or cpply all relevcnt decision infer- !

motion.
;

D. DOCUMENTATION: Engel cnd

.Grcnda (1975).

E. TYPICAL BACXFIT: Rewrite soft-
were. '

|

1

[' :

;

|

t

!
(

i

;

,

e

I

|

|,
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: SCREEN LAYOUT AND
STRUCTURING

B. GUIDELINES: Operational tests on
simulators or mockups should be used

to develop screen Icyouts cnd struc-

turing that minimize operator scen-
ning cnd recding requirements, cnd
minimize the probcbility of operator
error. When prccticcble, screen icy-
out and structuring shcIl conform to
the following:

1. Dispicyed data shcIl be orgen-
ized in a logicci, consistent men-

ner, reflecting some obvious cnd

inherent quality of the data

groups (e.g., hiercrchicci, se-
quential or mimic relationships).

2. Physical location of specific

data groups on the screen shcIl
be consistent throughout the

operation of the system, irre-
spective of the module or pro-
gram in use.

3. Screen layout cnd separation
shall be made cppcrent to the
operator through the use of-

blank spcces, lines, or some
other form of visible demcrec-
tien.

OCl-4



4. Lists of options shc!! be orgen-
ized cecording to the probcbility

of selection- for ecch item, with

high probcbility items presented
first.

.
5. Non-option lists or lists of equal-

probcbility options shall be pre-
sented in ciphcbeticci or numeri-

colorder.
6. Text peregrcphs shc!! be sepc-

rated by at least one bicnk line.

7. Formats shcIl be organized to
minimize positioning movements

of the cursor.

8. Selection numbers shall be sepc-

rated from text descriptors by at

least one bicnk spcce.

9. Items contcined in a numbered
list and described on " continue"
pcges shcIl be numbered relative

to the first number on the first -
page of the list.

10. When directions to the operator
accompcny c list of options, such

directions shall precede presen-

totion of the list.
I1. Critical messcges requiring im-

medicte operator response shall .

be highlighted, cnd, when proc-
ticable, picced in the center of
the operator's field of view relo-

tive to the display or window.

12. ' The size of the selectable crec
for en operator option shall

m

OCl-5
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i

|
;

1

encompcss, at a minimum, the ciphonu-

meric string of the option designator.
!

C. HUMAN ERROR: Omitting a pro- i

cedural step; mis-ordering a proc-
edural step; fciture to obtain or cpply

ci! relevent decision information.

D. DOCUMENTATION: Engel cnd

Grenda (1975).

E. TYPICAL BACKFlT: Redesign hcrd-

WCre.

l
|

l

l

O.

1

W

O
.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEARm

[v} POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: HIGHLIGHTING

S. GUIDELINES: Highlighting shcIl be
used when a pcrticulcr data item or

message is criticci to operctor deci-
sion or cetion requirements. The

following methods of highlighting cre
cceeptchte:

1. Contreet enhcncement - (i.e.,
duct level illumination)

2. Blinking - rete between 2-3Hz,

with a minimum ficsh duration
of 50 msec.

3. Inverse video.
U 4. Graphics - (i.e., the use of

highlighting symbology, such cs

crrows, csterir.ks, boxes, under-
lining, etc.). Lines should be
composed of at least 50 points
per inch to provide the illusion
of continuity.

C. HUMAN ERROR: Fciture to record
or report a signal chcnge.

D. DOCUMENTATION: Engel cnd

Grendo (1975).

E. TYPICAL BACKFIT: Redesign ;
hardwcre. '

nv
OCl-7
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: MECHANICAL OVERLAYS

9. GUIDELINES: Mechcnical overlcys

such as coverings over the keybocrd~

or trcnsparent sheets plcced on the
dispicy should be avoided.

C. HUMAN ERROR: Activcting the
wrong key; misreading +5e gentcy.

D. DOCUMENTATION: Engel cnd

Grcnda (1975).

E. TYP! CAL BACKFIT: Remove over-
Icys cnd redesign controls / disp!cys as

cppropricte.

|

l

l
!

O
'

I

OCl-8|
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR |

[U)-
POWER PLANT CONTROL ROOMS

;

1

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: FRAME CONTENT:

GENERAL

B. GUIDELINES: Frcme content shall
,

be limited to that information re-
quired by the operator for a specific

action or decision. Information re-
quirements shall be determined by
task cnclysis or some similcr proce-

dure.

C. HUMAN ERROR: Failure to mcke
correct. decision; omitting a pro-
cedural step; failure-to obtain er cp-
ply all relevcnt decision information.

D. DOCUMENTATION: Engel cnd

| Gronda (1975).

E. TYPICAL BACKFIT: Rewrite soft-
Ware.

!

,
I

{ OCl-9
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: FEEDBACK

B. GUIDELINES: Feedbcck shcIl be pro-

vided to the operator to indiccte the
status of system functioning. When
practicable, feedback shcIl conform
to the following:

1. When a dispicyed message or
datum is selected cs en option or

input to the system, tne subject

item shcIl be highlighted to indi-

cote acknowledgement by the
system.

2. When system functioning re-
quires the operator to stcndby,
periodic feedbock shcIl be pro-
vided the operator to indicate
normal system operction.

3. When a process or sequence is
completed by the system. posi-
tive indication shall be presented

to the operator concerning the
outcome of the process cnd the i

requirements for subsequent )
operator cctions.

4. If the system rejects cn operator

input, feedbcck shcIl be provided

to indicate the nature of the
problem cnd the required cor-
rective cction.

OCl-10
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|

l4

,

C. -HUMAN ERROR: Late response to e '

systern chcnge; premature cction;
recording or reporting c system

'

change when none has occurred.

I D. DOCUMENTATION: Engel cnd )
,

Grande (1975).
.

| . E. TYPICAL BACKFIT: Redesign soft-
were end hardware.

. . . .

!

;

|
,

1

a

#

4

.

1

I

I

:
.

s

,

I

f

I

|

i

I
i
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR I
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG I

A. TITLE: LABELING

B. GUIDELINES: Ecch individual dato
l

group or messcge shcIl contain a
descriptive title, phrcse, word or
similar device to designate the con-
tent of the group or messcge. Where
prccticcble, Icbeling shcIl conferm to

the followir.g:
1. Lcbels shall be located in c con-

sistent fcshion ediccent to the
data group or messcge they |

.

describe. Lcbels should be ori-
ented horizontally cnd !ocated ,

cbove the functionci groups they
identify.

7. Labels shall be highlighted er
otherwise cceentuated to fccili-
tcte operator secnning cnd

recognition. The technique used

to highlight Icbels shall be easily
distinguished from that used to
highlight emergency er critical |

|messcges. 1

3. Lcbels shall reflect some chcr-
ccteristic common to the group
or message being designated.
Lcbels shall be sufficiently |

1

unique to preclude operator con- '

fusion.

OCl-12
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f

i

4. When presenting a list of opera-
~

9

) tor options, the Icbel shall re-''

flect the question being posed to*

; - the operator.

C. HUMAN. ERROR: Recding the wrong

information;~ failure to obtain or cp-
,

ply all repect decision information;
cnd delaying a decision beyond the,

; ~ ime it is required.t -

D. DOC'JMENTATION: Engel cnd
'

Grcnda (1975).

; E. TYPICAL BACKFIT: Rewrite soft-
were.

|
4

.

|

)
;

:
;

I

'

,
,

M

|

l

4

i

A

4

i

'

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: MESSAGES

8. GUIDELINES: Messages shcIl be con-

cise end provide the operator with
the information necesscry to com-
plete a specific cetion or decision
sequence. When prccticcble, mes-

scges shall conform to the following:

1. Information contained in a mes-
sage shcIl be necesscry, com-
plete cnd recdily usable. Mes-
sages which require the operator

to reference externci data

sources or trcns!cte message
content shall be avoided.

2. Messages shcIl contain cdequate

feedbcck to the operator to indi-
cote that operator choices or

cetions have been cceepted.

3. Criticci informction shcIl be
presented at the beginning of the

message.

4. Information required for the
~

next operator entry shall be

picced at the end of the mes-
soge.

5. The terminal's output speed

sho . .d cpproximcte the mean

reading speed of the expected
user populction. Ccpability for
cdjusting output speed should be

provided.

OCl-14
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l
: 6. Messcges. shcIl be restricted to

fcctual cnd informative dctc.
No attempts at humor, screcsm

or other irrelevcnt modes of pre-

,
sentation 'shcIl be mcde, unless

specifically requested by the
procuring activity.

f

- C. HUMAN ERROR: Failure to use
availcble information to derive
needed solution; failure to obtain or

1 cpply all relevcnt decision informa-

tion; failure to identify all reasoncble

citernating;. mcking cn unnecesscry

or premature decision; delaying a de-

cision beyond the time it is required.
|

D. DOCUMENTATION: Engel cnd

Grcnda (1975).
1

E. TYP! CAL BACKFIT: Rewrite soft-
were.

\.

OCl-IS
1

e ,- - -- - , - - ,-w- w - ,_-- . - _ . , ..-7, c - .- - p e ,~,,y e -



___

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: INTERFRAME

CONSIDERATIONS

B. GUIDELINES: Interfreme design
shcIl minimize the requirements for
operator memory. f/ hen prccticcble,

interfrcme design shc!! conform to
the following:

1. When frcmes cre orgcnized in a

hiercrchical fcshion, contcining
a number of different pcths

through the series, a visual audit

trail of the choices mcde shcIl
be availcble upon operator re-
quest.

2. When the operator is forced to
scroll on a Icrge logicci frcme,
the presen end mcximum locc-

tions shall be presented on tne
viewchle portion of the frcme
(e.g., line 62 of I I2).

3. The operator shall be ccpcble of

controlling the cmount, formct
cnd complexity of informction
being displayed by the system
'e.g., core dumps, program out-

puts, error messcges, etc.).

4. When text is presented in the
form of prose, upper cnd lower

CCl-16
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~4 . ccse letters shcIl be used con-
sistent with estchlished ortho-
grcphic principles, except la
ccses ' requiring cceentuction
(e.g., labels).

5. All data relevant to a specific
operator entry shcIl be displayed

on c single frcme. Requirements
for operctor recollection of darc

between frames shcIl be cvoided.

6. The mecning end context of I

technicci words or phrases shall
,

be consistent between frcmes.
7. A messcge occurring in more

then one frcme shcIl mcintain c
constant physical location on the

screen. If the messcge is c veri-

f cble option list, common ele-
'\ ments shall maintcin their physi- !

cci relctionship to other recur-
ring elements.

8. Octc, text, formats, etc.,_ which

hcve been designcted cs essen- !

tici to system performcnce shall

be under system control. Volun-

tcry complicnce by the operator )
shcIl be avoided.

C. HUMAN ERROR: Failure to obtcin
or opply oil relevant decision infor-

motion; delaying a decision beyond
- the time it is required; failure to use-

avcilcble informction to derive

needed solutions.
,m

~)'s
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i

O. DOCUMENTATION: Engel cnd

Grcnde (1975).

E. TYF' CAL BACKFIT: Redesign soft-
were cnd hcrdwcre.

O

.

9

O
\

.
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HUMAN ENGINEERING GUICELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS,

'O
OPERATOR / COMPUTER INTERFACE AND DIALOG

1

A. TITLE: ERROR MESSAGES
i

B. GUIDELINES: The - system .shall be

ccpcble of recognizing cnd reporting

detectcble errers. The error messcge -

shall reflect the following censide-
rations:

1. Feedbcek -Dispicyed indicction
shall be provided which describes

the type end locction of the

error.

2. Directional Guidcoce - Error
messcges sha!! contain instruc-

tions to the operator regcrding
required corrective cetion.

3. Temocral cnd Sectici Prox-

imity - Error - messages cnd

prompting shcIl be dispicyed cd-
~

Jccent to the offected data field
as quickly as possible.

4. Corrective Action - Ccpcbility
'

shall be provided to the operator

to immediately rectify detected
errors. This ccpcbility shcIl per-
mit the cperator to cddress the
error individuclly without of-
fecting cdiccent entries.

C. HUMAN ERROR: Failure to record
or report a system chcnge; failure to

respcnd to a system chcnge; !cte

%)

OCI-19
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response to c system chcnge; failure to
obtain or cpply all relevcnt decision

information.
2

D. DOCUMENTATION: Engel cnd

Grendo (1975).

E. TYPICAL BACKFlT: Rewrite

softwcre.

!|

O'

.

.|

1

|

' O
I
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: COMMAND LANGUAGE,

S. GUIDELINES: Commend Icnguage

shcIl be logicci, cnd used in c

consistent menner reflective of the ' '

vocabulcry and syntcx of the;

expected user populction.

C. HUMAN ERROR: Incorrect com-
mcnd to computer.

D. DOCUMENTATION: Engel cnd

Grendo (1975).

E. TYPICAL BACKFIT: Rewrite soft-
were end modify hardware to receive

cnd process cceeptcble commcnd
Icngucge.

.

t

O.

OCl-21
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: COMMAND LANGUAGE -
ENTRY LENGTH AND

AB8REVIATIONS

8. GUIDELINES: Requirements for

typed inputs shall be minimcl. The

length of individuct input words (e.g.,

Keywords) should not exceed S-7 ci-

phabetic chcrceters, cnd should cp-
proximate rect words. Abbrevictions
shall be used whenever possible to
minimize operator input require-

ments. The use of chorevictions for-

output shcIl be cvoided. When proc-
ticcble, cbbrevictions shall conform
to the following:

1. If the operator is using a syno-
nym or cbbreviction for a system

commend ncme, the system

should use the scme synonym or

cbbreviation when referring to j

that commend in messcges, I

iprompts, etc., to the operator.

2. Critical operator inputs, re-

sponses or actions, in which cn

error could significently degrade

system performance, shcIl not be

dependent on a single keystroke.

O
OCl-22
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|:
'

C.. HUMAN ERROR: Inputing the wrong

commend and delcying a decision be--

;- yond the time it is required.
. . .

l-
[ D. DOCUMENTATION: Engel cnd
i

| Granda (1975).
..

!i

i E. TYPICAL' BACKFIT: Rewrite soft-
were.

.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: COMMAND LANGUAGE -
PROMPTING AND STRUCTURING

8. GUIDELINES: The vstem shcil con-
tain prompting cnd structuring fec-
tures ccpoble of requesting cdditional

or corrected information when cn
error is detected, providing orien-
totion to the operator throughout all

intercctive sessions. When prcctic-

cble, prompting cnd structuring shcIl

conform to the following:

1. When operating in special modes,-

the system shall display the

mode designation cnd the file (s)

being processed.

2. The system shcIl be designed to

permit correction of individuci
errors without requiring re-entry
of correctly entered data.

3. The system shcIl contain en his-

toricci file of or,erator entries,
in sequence, cvoilcble upon oper-

| ctor request.
[

4. Before processing cny operator

requests which would result iri
extensive, final enti permcnent
chcnges to existing data, the
system shcli . display the poten-

. tici implication of such changes,

OCI-24

. _ . _ _____ _ _ . - _ -



._

O

cnd require operator ccknowl-
[ edgement.

1 - (*
5. Nomenclature shall be constont

~

for similar or identicci functions
ceross components, tcsks, cnd
roles for commend names, sub-

commenti ncmes, cnd percme-
-ters.

6. 'Nork cctivities shcIl be pro-
grcmmed in a closed loop, re-
quiring the operator to issue en
explicit commend in order to

exit.
7. Command Icngucge shall reflect

the operator's point of view, not
,

the programmer's.

8. The system shcIl be designed to.

g provide hcrd copy of cny frcme
,

! upon user request. If the copy
will be printed remote to the

operator, e print confirmation or

denici messcge shcIl be dis-
1 picyed. Print operction shall not

permcnently citer screen con-
'

tent.
|

C. hs' MAN ERROR: Not cctivating a l

control; tcking too much time to re-
spend; cnd -failure to identify cli j

reasonable citernatives. |

D. DOCUMENTATION: Engel and

Grcndo (1975).
;

E. TYPICAL BACXFIT: Rewrite soft-
were; expand hardwcre.

'f
Q'
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: EDITING

9. GUIDELINES: When inserting chcr-
ceters, words or phrases (e.g.,

editing), items to be inserted shall be'

collected cnd dispicyed on a buffer
crea of the screen, cnd then simul-
tcneously inserted by operator com-

mend.

C. HUMAN ERROR: Inserting the
wrong chcrecter, word, or phrcse;
ccrrying out en inccrrect commend.

D. DOCUMENTATION: Engel cnd

Grcnde (1975).

E. TYPICAL BACKFlT: Rewrite soft-
ware.

l

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR |O POWER PLANT CONTROL ROOMS |
v

|
.

OPERATOR / COMPUTER INTERFACE ,JD DIALOG

A. TITLE: OPERATOR ENTRY

TECHNIQUES -KEYBOARDS

8. GUIDELINES: Octa being entered vic '

keybacid shall be dispicyed as keyed

- en the screen. Additienci keybecrd
requirements shall conform to those

guidelines cuttined in the section
entitled " keyboards," located in the

Centrols chcpter of this guidebook.

C. HUMAN ERROR: Incerrect spelling;
incorrect entry; incorrect command.

D. DOCUMENTATION: Engel cnd

(/ Granda (1975).

E. TYPICAL BACKFIT: Rewrite soft-,

WCre.

1

.

Oa
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

OPERATOR / COMPUTER INTERFACE AND DIALOG

A. TITLE: OPERATOR ENTRY

TECHNIGUES -LIGHT PENS
,

,

1

S. GUIDELINES: If light pens cre used
as en input medium, the following
requirements shcl! be cchered to:

1. Dimensions -Light pens shall be

cpproximately 0.5 inch in dic-
meter, cnd 6.0 inch in length.

2. Activation -Light pens shal! be
equipped with a discrete ccti-
voting mechanism. For most cp-
plications, a push-tip switch re-

quiring 2-Soz. of force to ceti-
vote, is preferred.

3. Feedbcck - Two forms of feed-
bcek shcIl be provided to the
operator when using a light pen:

a) feedbcek concerning light pen

piccement, preferably in the

form of cn illuminated circle
projected from the light pen

onto the dispicy screen, cnd b)
feedbcek that the light pen has-

cetuated and the input received
by the system.

C. HUMAN ERROR: Brecking the light
pen; incdvertent cctuction; failure to
cctivate the system.

O
OCi-28
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|

D. DOCUMENTATION: Engel cnd

Cronde (1975).

E. TYPICAL BACKFIT: Order new light

pent rewrite software; redesign hard-
ware.

.

f

|
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: OVERLEARNING-

S. GUIDELINES: If retention of a skill
is pcrticularly importent, the student

should overlectn. Overlearning is cd-
i ditionct practice efter pe.formcnce

stendards have ' een met. Importent'

c

tasks should be overlecrned, especici-

ly when there is little expectation for

frequent review cfter initial lecrning.
In cddition to ciding retention, over-
learning tends to prevent skill deteri-

crction under stressful conditions.,

C. HUMAN ERROR: Formulating erro-

neous rules or guiding principles;
mcking a procedural error; cpplicc-
tion of a follacicus rule; mcking en
vnnecesscry, premature er incppro-,

priate decision; failure to apply cn
cvailable rule.

D. DOCUMENTATION: Vcn Cott cnd
Kinkade (1972)

E. TYPICAL BACXFIT: Extend training
period.

.

\

l

|

l-
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: STUDENT STATIONS

8. GUIDELINES: To help maximize the

positive trcnsfer of training, .the stu-
dent's station (e.g., simulator) snould

include the following provisions.

1. The sequentici illuminction of
instruments to guide the trcinee

through a fixed (cr vericble) cp-
timum scen sequence.

2. A TV ccmera for viewing cnd
recording the trainee's gross be-
havior.

3. A recording of the eye move-
ment of the trcinee to cid in
improving search behavior.

4 A CRT (cnd/or en cudio device)
for quickly cnd cutomaticcily
dispicying information ( e. g. ,

feedback or knowledge of re-
suits) to the student cbout the
edequccy of his performance. ;

5. Equipment to mecsure espects of

the student's physiological state
(e.g., hecrt rcte) cs en indirect

indication of his state of atten- :

tion. I

6. Rendering " touch sensitive" |
1those instruments which must be
|
,

visually inspected in a check.

PA-2
|
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I The treinee is instructed to'

k,

touch ecch instrument cs he in-
spects it, thus cllowing the ecm-;

puter to record cutomaticcily
,

the completeness and cccuracy
of the procedure.

7. A dispicy, which mcy be th-
CRT described cbove, which
cdvises the trainee of impending
out-of-tolercnce canditions, thus

implementing features of cuing
cnd guided trcining.

C. HUMAN ERROR: Omitting er mis-
ordering a procedurcl step; inserting
cn unnecesscry procedurci step; cc-

ceptcnce of cn incdequcte solution cs

final.
1

O. DOCUMENTATION: Vcn Cott cnd-

Kinkcde (1972)

E. TYPICAL BACKFIT: Purchcse ep-

propriate equipment.

i

\

|

PA-3
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: INSTRUCTOR STATIONS

8. GUIDELINES: The instructor's sta-
tion should contcin the following pro- *

visions:

1. Corrputer-generated dispicys

which ccn sample the state of

the system in a genercl fashion
(e.g., ground trccks) cnd in detcil

(e.g., en instrument reading). On

these dispicys the instructor ccn
call up informatio - in vcrious

combinations cnd e times of his
choosing.

2. Pre-crogrcmmed cutomatic
modes which semple data cc-
cording to expected instructor
need or only during out-of-

tolerance conditions.
3. Computer-controlled slides

which contain data cbout the
training problem (e.g., the rules
of a decision game) which the

'

in tructor needs only at particu-

Icr times.
4. TV monitor for trainee cetivity

not ecsily observed otherwise.

S. Adcptive training scores and
conditions summcrized by the

,

computer for rapid cssessment. j

PA-4
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k

. I

i

.

6. . Controis for seque.ncing per-
: fermcnce informction from c

.
.

-

} numoer of trainee stations on c
! given display thus centributing
4

to en increase in the rctio ofi

students to instructors (where
cpplicc' le).o

4 :
'

C. HUMAN ERROR: '
,

1 O. DOCUMENTATION: '/en Cott cnd
3

[ ; Kinkade (l?72) !~

r
t'

E. TYPICAL BACKFIT: Purchase cp- i
>

. ;

preoricte equipment.
|

i l
!

'

l

|
r

i
:

i
!

Ii

1. -

;

$

i

;

i

i'

, i

!

i
:

f^

!

I

I
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: SIMULATORS

S. GUIDELINES: A simulator shculd be

used when:

l. It is less expensive then the cc-.

tual equipment but still repre-
.

sents the essential tcsk ele-
ments. The cetuci equipment
may require the use of ''.al or
additionci personnel not needed

with the device.
2. It is the only fecsible way to

prcetice a tcsk. It shculd be
used when there is a poci'lity
of damcge to equipment, injury
to students, or destruction of

property when performing the
task.

3. It is more relicble for prcctice
purposes then the cctuci equip-
ment.

4. It permits more effective con-
trol over the !ecrning process
then the cetual equipment. .

C. HUMAN ERROR: If simulators cre
not used during initici training end,
periodically thereaf ter, a myriad of
errors is likely to develop.

O
1
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d

|

C. DOCUMENTATION: Vcn Cett cnd
i Xinkede (1972)

E. TYPICAL BACKFIT: Increase use of,

! simulator s.

;

.

e

,

l

I
l
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: TECHNICAL MANUAL

READABILITY AND

COMPREHENSION

B. CUIDELINES: Format - Informatien
shcIl be presented to the operator in

a directly usecble form. (Require-

ments for trcnsposing, computing, in-

terpolating, or mentcl f. ans!ction

into other units shall be cvoiced.)

Textual Materials - Texi shcIl
be prepared in a Roman fcce (12
point IBM Documentcry or equivc-
lent) in cap cnd lower cose, single
spcced. On reduced copy final size

of characters shcIl measure no less
then 8 points.

Pcge Numberinc Pcges of the

mcnual shcIl be numbered sequen-

ticlly beginning with the Arabic nu-
meral "I ." Even numbers shcIl be
placed in the b ver left hcnd corner

of the pcge end odd numbers shc!! be

picced in the lower right corner of -
the page. If a pcge is bicnk on the
back, the printed side shcIl be num-

bered, for excmple 2S/(26 bicnk).

Numberinc of Ilivstrations cnd
Tcbles - Illustrations shcil be num-
bered sequentially be 'nning with the |
Arcbic Numeral * Tcbles cnd

PA-8
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/ Figures shcIl also be numbered se-)
s j
<> quenticity cnd Icbeled.

Numoerino for Procedures cnd
Checkout Stecs - Segmented pro-
cedures shall be identified cs Step 1,
Step 2, et_. Indented checkout steps

listed shcIl be letterec sequentially
A, 8, C, e tc.

f
|Unity. A singleness of ourpose
{
icnd direction should chcrceterize |

f every unit (c!cusc, sentence, etc.) of
|

the writing from beginning to end.
No irrelevcnt materici, no cimless-
ness, no speculation should be in-

cluded. All extrcneous metericls
should be omitted, all relevcnt mate-

ricls should be logico!!y sequenced,

f Hecdi .gs shculd be used to promote
unity. l

,

l
Simolicity. The word flow in

|
sentences should be smooth; only
words suitable to the occasion cnd
the matter at hcnd must be used.
The most ordincry word having cp-
propriate precision and emphasis for

the occasion must be used. Pre-
tentiousness snould not cppect in
printed matter.

~

Ccnciseness. Conciseness in
technical writing entcils leoving out
unimportent details cnd using the
correct method of subordinction.

Irrelevent information, as well
/'~'; cs relevant infermation that is not
t i
L/ necesscry for the tcsk immediately

PA-9
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l

|

ct hcnd should be omitted. Only

sentences that scy cil they are cc-
pcble of scying (cnd only ther much)
should cppecr , beccuse they cre sub- ;

ordincte to some foregoing "direc-
tive" statement.

Excetness cnd Concreteness.

Any deviction from excetitude in ex-

pression ct cny point in the docu-
meatction that is likely to leod to en

erroneous or cmbiguous rendering of

the procedure is to be cvoided. Only

the correct fcets, the most cppro-
prlcte words to convey those fccts,
and combinations of those words in
sentences in a menner to optimize
the probcbility thct they will be un-
derstood by the recders should cp-
pect.

Comoleteness. The goal of a
procedure is to encbie the operctor
to complete en assigned tcsk. No

information necesscry to that erid
must be omitted. There must be no
suggestion or implication of cspects

" surrounding" that task. The proce-
dure must convey completely (cnd
precisely) everything relevcnt to the
recder's full understanding and cde-
quote grasp of all elements involved
in the prcblem. It should be noted
that completeness comes from
written words that are compa.Ne
with the reader's needs, experience,
cnd intended purpose, cnd not from

PA-10
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. 'N the engineer's knowledge of the sys-
te m.

Clarity. While c!crity is a prime
requisite for technicci writing style,
it might better be considered en end,

and not c mecns. Without simplicity
cnd unity, the major thrust of the
material will most likely be obscured.

Cicrity is the composite of cil the-

other virtues, yet greater then the
sum of its pcrts. It results from c
regulcr cppearance of expected pot-
terns in Icngucge. It is a product of
reflecting exactly what is to be said

cnd what words cnd crrcngement of
words scy it ex::ctly.

Coherence. There must be nom
gcps for the recder to bridge. He

must be cble to move with minimcl
effort from sentence to sen tence,

. peregrcph to pcrogrcph, cnd section
te section. Sentences must unfold
the subject matter in logical or
chronological order, using natural ex-

pression, cnd providing cppropricte

trcnsitional devices between sen-
tences, peregraphs, cnd sections.

Emohesis. Emphcsis is critical
to technical writing. It tells the user
exactly how important particular
pcrts of his documentation cre-to
his safety, .the consequences to the
equipment, etc. Such cherccteristics

cs the position of emphcsis (at the
g) beginning of sentences or in specially

|

PA-l!
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segregated crecs etc.) must be at-
tended to. Frcm the point of view of

the recder, the criticciity of
W A R NI N G... CAUTION...D A NGER.

etc., demands that they stcnd out
from standard procedural infor-
motion.

Wording. A good technicci docu-

merit will contcin:
1. Words of high (versus low) fre-

quency cnd/or fcmilicrity.
2. Shorter wcrds (pcrticularly in re-

lation to " con tent" words),

rather then longer words.
3. Words with high association

value - those which call up

other words quickly.

4. Concrete (rather then cbstrcct)
words - words which ecsily

crouse en imcge in one's mind -
whenever possible.

S. The cetive form of verbs rather
inen their nominclizations.

6. Sentence end phrase structure

that limits the use of pronouns
and other words or phrases which

refer back to previous units of
material.

Sentences cod Statements. Good

technicci documentation will cdhere
to the following guidelines.
l. Shorter sentences cnd c!cuses

contribute to more recdeble pro-

cedures.

PA-12
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.

p 2. Statements tend to preduce bet-
'
s ter reccll then do questions.

,

3. Positive er cffirmctive sen-
tences cre likely to be " verified"

mere quickly cnd with fewer

errers then cre negative con-
structions.

4. Active stctements lecd to ecsier
. 2:c!! then pcssive stctements.

5. Self-embedded ccnstructions
i tend to . be mere difficult to

comprehend then nonembedded

statements.
'6. - Constructions ther cre high in

word depth (i.e., require greater

" commitments" cc memory locd
on the recder's pcrt) tend to be

more difficult then low word-
d depth sentences.

'

C. HUMAN ERROR: Misunderstcnding
er Icck of comprehension.

D. DOCUMENTATION: MIL-STD-1472S
(1974); Survey of Technical Mcnuci

Recdebility cnd Comprehensibility
(1972); Project PIMO Final Report 5_

'

(1969).

E. TYPICAL BACKFIT: Update end re-
vise or repicce Technicci Mcnucts.

\1

v
!-
!

PA-13
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HUMAN ENGINEER!NG GUIDELINES FOR *iUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: COMPREHENSIBILITY

B. GUIDELINES: Centent - A pro-

cedure shculd centcin the following:
1. A description of the equipment

on which the tcsk is to be per-

fermed.

2. All required setting up cnd se-
curing cperations.

3. A step by step, timed (if pos-
sible) secuence of instructions.

4. A listing of perscnnel required to
perform the tcsk.

5. Required safety preccutions.

6. All criticci operations ccpital-
ized or otherv:'se emphcsized.

7. Any cdditional reference pro-

cedures or technical dato (how-
ever, .s desircble, where fec-

sible, to write oil prccedures in
full).

T.: vice Checklist - Instructions
should, if ct all possible, be written

*

in tcculcr checklist form, which in-
cludes the following in this order: |

1. Time at which 'Se step is to be j

performed. |

2. If the tes'< es a whole requires |

more than one operator, the car- I

ticulcr operator (by job title) 1

who will perform the step.
,

P A-14
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4

1

J

.

! 3. The stimulus for the coerctor to !

. initiate a procedurcl step.

,

4. The operator response required

| (in . terms of' monitoringi de-

|- cidino, manipulating).
'

{ 5. Required communications,

d. Feedbcek dispicy or communi-
cation.

, ,

! C. HUMAN ERROR: C mmunicction I

cnd procedurcl errors. f
D. DOCUMENTATION: Meister & !

| Rcbidecu ( ).

' E. TYP! CAL BACKFIT: Comply with
'

the above guideline.
i

!' !

1 |
,

I
!

!
i

d
!
;

! |

,

e

6

;

4

4

4

+ .
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL RCOMS

PERFORMANCE AIDS
s

A. TITLE: PRINTED MATTER -
GENERAL

SUBJECT. 8. GUIDELINES: Pace Levout - The
\ recder normGily enters the PCgeTEXT s.

/ \' s
s' (visually, inct is) ct the upper left-

p. _ _ hcad corner. Layout concepts pro-
p 'r z_- = = 25 G .'.. .

inceed trom thct po. t on. The pcges
42 -=_

:-- - - -
,

-
= m-,.

of the present book cre icid out with~

~ _. :. = . 5 ,0 '' i55-7.-
__ _=_ _- -- considerction for the user,s pc..'nt of. .

M;, 2_ = - M______j -ys, view. It ccn be used cs en evoluction
-

-

- -

- --E -

'3 % ---## -

,, .-J. model, since it is designed to be used
-

,
.5 cs a recdy ? eference. The icyout wc3

,

8

\ designed p imcrily with a "thumcing

NILLUSTRATioN / through" behavior in mind. Illus-

trations cnd hecdings cre picced ctocoo
%\ ( poon the outer portions of ecch pcge so.,

,dy3%:- d ,./ that they are recdily ovcilcDie as the

%' j$V user thumbs through the book, from
either direction.

At lecst ":-inch outer mergins
should be provided for book printed-

matter. Inner margins must be Icrge
enough to prevent obscuring printed

matter by the method of binding.

In generci, the following size-to-
thickness reictionships are reason-
cble:

7 1/8 x 10 I/2" pcq - up to 2"
thick

5 3/8 x 7 5/16" pcge -up to I"
thick.

PA-16
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(O Such sizes cre ecsy to handle end
\

store. Lcrger volumes cre, of course,

to be found; owing to their size end FLIT

weight, the user needs something to
support the book.

Books should be bound so that
the pcges will lie f!ct when the book /

U
is sorecd open.

Bccks used for reference ere
more effective if some methed of
indexing . is provided. if tabs cre
provided, these should be constructed

so thct they cennot tect out with
i

normcl uscge.
~

Column Seacration - If more _ __ _ _ _ ,
_

then one column per pcge is used,
__
--

_
--6

,

- - = . -
'

there should be et least 0.166 in. of -- =_=g-| (~' _

( space between columns. U*e of ruled
- _--

-

^

lines 'to separate columns is not '
* *

o.1sain.
recommended.

C. HUMAN ERROR: Misunderstcnding
of printed matter.

D. DOCUMENTATION: Woodson end

Conover (1964)

E. TYPICAL BACKFIT: Revise or re-
place.

,
,

'

!
I
,

q
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: PRINTED MATTER

B. GUIDELINES: Detail recommenda-

tionS for evaluation of design of
printed matter.

RECOMMENDATIONS FOR DESIGN OF PRINTED MATTER

Labels Check Lists, Signs,
Ucense Pfates, instruments, Graohs, Tables, Charts.

Socks and Pampniets and Technical Manuals and Scales

.

PRINT STYLE Sookman CId Style Gothic See Labels, etc.
Ve,tical (roman) print is Garamond Spartan
recommended for normal Cheltenham Copperplate
use, italics are permissible Antique Futura
for special emp? asis, but Scotch Roman Note: Condensed, medium,
should be used sparingly. (Styles under Labels, etc., and some demibold

can also be used for versions of the above are
headings, graphs, tables, permissible. Avoid bold or

etc.) extra bold versions.

PRINT FORM Combinations of capital All "caos" for instruments All "caos" preferred.
and lower case letters and labels. Combinations are permis.

Others: combination of sible for extended printed
caps and lower case, text insens.
depending on length of
material.

PRINT SIZE 10-point type preferred; 9 Oepends on viewing For use in books and
to 12 points permissible. .iistance manuals, size depends on
(1 point = 0.0138 inch.) page proportions. For other

uses, size depends on
viewing distance

LIN E LENGTH 19 picas pref erred; 14 to 28 For manuals ese Books As required
plcas permissable. and Pamphlets. For others,
(1 pica = 0.168 inch) as required or dictated by .

specs and balance.

LINE SP ACING With 10-point type, space Minimum.= 3 points Graphs, as required. Tables,
between lines should not 0.2 of letter height is
be less than 2 points. recommended minimum

separation.

CONTRAST Dark print on light back. For manuals see Books Dark Print on light back.
ground. Black print on and Pamphlets. For others ground
highly reflecting but non. see specialinstructions
glossy white paper is under appropriate sections
recommended for general of Guide.
use. Paper weight must be
sufficient to avoid bleed.
through of print from the
opposite side of page.

PA-18
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C. HUMAN ERROR: Extrection of in-
! correct information or fcilure to ex- t,-
i

. '

i treet desired information end exces-
|!
.

sive reading time required. i
.! l

! D. DOCUMENTATION: Woodson (1964)
t '

,

i E. TYPICAL' BACKFIT: Rewrite docu- !
1

i

mentction. !

!
f,

i :

t

i

i
I
;' |
2 i

! ,

|
'

,

O 1
,

i

f
'

!
,

d

!

I
i

!

|

0
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: FOLDOUTS,

TRANSPARENCIES

2. GUIDELINES: Foldout - Fold-out
FOLD CUT for REFERENCE

; ,

@ A.wa i certcin types of printed mette r..a <- [- _ hey cre en excellent mecns for pro-

9
~;gg t

T viding c particular reference ocge en~

a continuous bcsis for reference
while the reader proced nrough

several relcted pcges of material.
The fold-out, however, should never

fold into the !cp of the recder. It
should fold to the top, right, or left.

Trensacrencies - Trcnsparent

overlays cre an effective mecns for- - - -

/h ! successively combining or exposing
j(J pcrts of en illustrcMan. They creC

particularly useful for cnolyzing c
technical illustration of complex cb-

Jects or collections of oojects. Use
of color coding with the successive
Icyers will further enhcnce the dis-

play.

C. HUMAN ERROR: Important infor-

motion missed or misinterpreted;
temporal errors.

D. DOCUMENTATION: Woodson (1964)

E. TYPICAL BACKFIT: Revise or
replCCe.

PA-20



[mV} HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFCRMANCE A!OS

A. TITLE: TABLES

S. CUIDELINES: Tcb re or Crcoh r,
m., ... :Preference - Tcbles cre prefercble m em n- a t=.... . -

to grCohs or scales for numerical |[ ",] 1f || [_,,

' . .Ez" !... | I/ | | | | | |"a d E0 -data - except where the general *

. . . -_
shCPe of c fuCCtion is important cod $* "2 f uns

,

! f
} -! E

.a,a sus - / I C-

Is more eCsily understood from a "# mm I I - ** -'3 ;~ ""s.*" **" 2 Csi u u a. u u a,u ...

grcph, er if interpolation is neces- 'w. ,-c-m u. -

scry. Crcphs, scales, cnd chcrts, cre "*" **" 5#^8

cbout equal in terms of readcbility
cnd should be used to show trends or
relationships between qucntita tive

V values.

Simoticity -Tcbles should be re-

duced to the simplest form consistent

with the cegree of sensitivity re- co,1,,, ,,,|,,, e,,,1.,,, ,,,|,,, e i.,,,, ,,,|,,,
~ * * * * * '~ ****'" ~~** *****quired -cvoid mcking the recder in-

terpolate between steps. For | |E || |* E I:s
3 1 993 13 0.M9 23 1.003example, if pressure steps of 100 lbs ; ;; [= 2; ':g**

cre not sufficien .ly sensitive for' re- e om 2 im :s i.oce
F 1HF 1F 3.999 27 1.00F

quired cccurccy more pressure steps |* ;| ':% N |:0
*

' *" ' " * *should be included.

Secorate Grouos - When tcble
columns are long, sepcrate numbers

into' groups by providing a spcce be-
. tween groups of five or less.

Lines - Use of vertical lines in
the design of a tcole is recommended

O
t to cicrify the column separation.
L

L

PA-21
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Hori Lisci lines should be used only

for sepcration of mcjor sections of
the tecle. Wher columns run to r.u-

.merous items, however, they become

difficult to recd, cnd separation

should be provided after every fif tn

ite m.

C. HUMAN ERROR: Information mis-
in terpretation.

D. DOCUMENTATION: Woodsen and

Conoser (1964); Vcn Cort (1974).

E. TYPICAL BACKFIT: Revise, modify

or repicce.

O

O
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s HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

(Q POWER PLANT CONTROL ROOMS

PERFORMANCE A'OS

A. TITLE: GRAPHS

B. GUIDELINESt Errohosis Order
'

CRDER OF EMPHASIS IN THE

EVALUATION OF CHARTS

AND GRAPHS

Title

Curve (s)

Curve ccptions

Secles cnd their ecptions
_

SW titles ord notes
-

Grid rulings rw'

n Crech Construction - Crophs
should be used when overcil general _

impressions are to be communiccted. - = =

They should inc!vde all necesscry no-

totions to mcke them self-explanc-,

tory. They. should also be mutually pro 00CTION

supplementary with cny cssociated

written test.

Reeder Effort - Gre s should -

be designed with the idea of mini-
mizing recder effort. They sould be
free of all lines cnd lettering which-

cre not cbsolutely essential to elecr

unders tend'ng. Viewed cs "c whole,"

o graph should give a quick cnd cbvi-
ous impression of the feature: of

mcjor importcnce, with subsidicry
parts suggestive of the meaning of
the whole.

PA-23
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(S * ** *- Titles - Crcoh titles should be
@"" cs concise as possible. A subtitle ccn

A @"* be used to cugment the title for'f s

\ \ clarity. Titles should not cppecr
@ \ ^gA

with.in the gr.d crec. Abbrev. tions.

i ic

should not cppect in titles. Onlyy
I %

srcndcrd cbbrevictions should be used

elsewhere on grcphs or chcris.

Numoer of Curves - The numcer

of curves for a single grcph should be
'p . 3 M

limited to four to cvoid cn copect-
l/ cnce of clutter.

1 2 3 4

: i ./i

: J /

. ''. f .f.:
i
/ /*

.
.

Curve Tvoes - Use different
\ \ types in the order of importcnce end

NNNNNN\\*+
pre ference. (Sur it is not clways

OaeE A
NNNNN\\ necessary to mcke cli curve lines

| PREFERRED | | POOR | different.)

Point identificatien - For indi-
cating ebserved points en a curve

, pen, circles, squares, er tricngles cre

| |
pre ferred.

Lcbels - Brief labels close to'
LasEt

~
curves are prefercole to letters or2 / <

- i' 'i #

| t i i numoers requiring a " key." Remove
-

grid lines cround these Icbels. When

legends er keys cre required, they

|3 should cppear within the grid system.i

n

ev Crids - A grid system " wider
than high" should be used: for data
extending over c long time-period;
for c series requiring frequen t

PA-24
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coserved points; when Octual rcte of

growth is slow. A grid " higher then I

wide" should be used: for dcto over a
short period of time; when it is desir-

cble to cccentuate minor fluctuct-
icns; when cetual rate of growth is

LEGENDrcpid; for sepercting overlopp.ing
curves; for showing series which dif- ,E 5
fer greatly in mcgnitude. a m

U bYESI NO!
~

Letterino - Lettering for graph
Icbels cnd notctions should be ori- '""'"

,

ented to recd clong the bottom cnd
en the lef t.

Lines - The '%eight" (or thick- i
eness) of vcrious lines on the grcph g

a V 5 'm Poorshould very with the crder of imper- 5 / v v m
-

'tence; i.e., the principal curve should

f be the mcst prominent. Coordinate LASEL

Y lines should never be os bold cs the
curve. Numbered lines should be
hecvier then unnumbered lines. When
ten-line intervcis cre used, the lifth -

7
or intermediate line should be less #p

#bold then numbered lines, but mcy be " ' " '''' ''" ' ' ' " '

colder then other unnumbered lines.

Tick IAcrks - Limit the number
of coordinate lines on "non-crith-
metic scales" by the use of " tick
marks."

TITLE
Ccotions - Graph sccie, cep- :

tions, etc., should be crrcnged to give j j
,

*

,

c sense of balance cround vertical . " . #
.

I-

cnd horizontal cxes. The center of i .' *
*

I

n\ the mass should be slightly cbove the E*
/

d i

(V) halfwcy point to cppect balanced. 'ad'P*ad*"' V''' * b'' '

-
I

l

i

PA-25 l
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Horizontal (independen t vericble).

values progress normcily from lef t to

right, verticci (dependent vcrichle)

from bottom to top. Ccptions should

indicate "Qucntity cnd Unit of

Measuremen t."

Symools - Sccle numbers may

require shortening to avoid mcking
the secle difficult to re:d. Some-

times common symcols ccn be used

rather thcn word ccptions to identify

scale numoers.

o 500 s00.000 *c C 5
Z 400 400.000 'd! Q 4
5 300 300.000 m 3

c@z 22 200 200,000
9 100 100,000 3= 1

C 0 0 > 0

L J

PREFERRED F R

Commonolity - When two scales

are required on the scme grcph, it is

desircble to convert both secles to a
common bcse: index numbers, per

cent of cverage, etc.

Lecends - Circled numoers er
letters cre preferred to prin ter's

symbols (*, etc.) for use in reference
legends.

Abbrevicticns - Use Sun, Mon,
Tue, etc. Maintain the three-letter
balance. Spcce ccn be saved by the

following: 1940, '41, '42, '43, e te.

Multiocrametric Crcobs - Avoid
combining mcny vcr icbles in to a
single multipcrametric grcph. Cen-

erally, the parcme ters for line

PA-26
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Q grcphs should not excaed three. If:

additienci pcrometers n ust be shown,

use additienci grcphs.

Construct grcphs- so that num-
bered grids cre bolder than unnum-

bered grids. If ten-grid'intervcis are
used, the fith intermedicte grid
should be less bold thcn numbered
grids but bolder then unnumoered
grids.

Verticci cnd Horizontcl Arrcnge-

ment -Vertical and horizontal grcoh
scales shoulc be cdjusted to slightly

exceed the mcximum ranges of the

values . to be covered, thereby

sprecding the plotted data cs widely
as possible.

C. HUMAN ERROR: Misinterpreted
i

grcphs.

O. DOCUMENTATION: Woodson cnd

Conover (1964)

! E. TYPICAL BACKFIT: Replace or cor-

rec t.

.

1

J

nv
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: LABELING CENERAL

REQUIREMENTS

8. GUIDELINES:

1. Centrols, dispicys cnd cny other

items of equioment that must be

located, identified, recd or |
|mcnipulated shcIl be cppropri- <

ately cnd electly Icbeled.

2. To permit rcpid cnd cccurate
humcn performance, Icoels shall

be prepared in ecpital letters,
except extended copy which

shcIl be in lower case letters.
I

C. HUMAN ERROR: Fciling to identify |
c needed centrol or dispicy.

D. DOCUMENTATION: Woodson and,

Conover (1964); Vcn Cort and

Kinkede (1972); MIL-STD-1472B

(1974).

E. TYPICAL BACKFIT: Chcnge or
modify Icbeling.

.

O1
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O HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
\ / POWER PLANT CONTROL ROOMS -

4

*E PERFORMANCE AIDS

; A. TITLE: LABELING

. 8. GUIDEUNES: Each cccess opening

should be Icbeled with nomenclature
for items visible or cccessible; .

through it, comenc!cture for cuxi-
licry ' equipment to be used with it
cnd recommended procedures for cc-

complishing operations.

Accesses shcil be Icbeled with
warning signs, cdvising of cny Scz-
crds existing beyond the cecess and

stating necessary preccution.
1 If instructions cpplying to av

covered item cre lettered on a hinged

door, the lettering shcIl be properly

oriented to be recd when the door is
open.

Werning notices shcIl be elecr,
,

direct cnd ottention-getting cnd of
25% !crger letter size then cny de-
toiled instructions which follow (e.g.,
Ocnger! Decdly Shock Hezcrd!

.

rcther then Warning-High Voltcge).

i C. HUMAN ERROR: Personal injury;
omitting a procedural step; system
dcmcge.

G.
f
t
k

i

PA-29 '
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D. DOCUMENTATION: MIL-STD-
14728.

E. TYPICAL BACKFIT: Provide neces-
sar/ Iccels cnd/or precedures.

t

O

O

PA-30
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

'

PERFORMANCE AIDS'

A. TITLE: SIZE GRADUATION

B. GUIDELINES: To reduce confusion
t

cnd coerator secrch time, Icoels shcIl

be grcducted in size. The chcrccters

used in group !cbels shall be lcrger
then those used to identify individJol

controls cnd dispicys. The characters

identifying centrols cnd displays shcIl

be larger then the charceters identi~-

fying control positions. With the
smallest chorccter determined by

. viewing conditions ecch !cbel shcIl be
(, at lecst 25 percent Icrger then the

rext smaller Icbel.

C. HUMAN ERROR: Confusing one con-

trol with another; excessive response

time resulting in system degredation.

D. DOCUMENTATION: MIL-STD-14728 ,

(1974) !

E. TYPICAL BACKFIT: Chcnge or
mocify Icbeling.

i

|

|
'

PA-31
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: FUNCTIONAL

CONTROL / DISPLAY LABELING

B. GUIDELINES: Ecch control cr.d dis-
play sha!! be |cceled cecording to
function, cnd the followir''; criteric
shcIl cpply:

1. Highly similar ccmes for dif-

ferent controls cnd displays shcIl

be cvoided.

2. Instruments shcIl be icbeled in
terms of what is being mecsured

or controlled tcking into cccount

the user cnd purpose.

3. Control icbeling shcIl indicate
the functional result of control
movement ( e.g. , increase) cnd
may include eclibratien data
where cppliccble. Such in for-

motion shcIl be visible during
normal operation of the control.

4. When controls cnd displays must

be used together (in certain cd-
justment icsks), cporopriate

Icbels shcIl indicate their func-
tional relctionship.

C. HUMAN ERROR: Confusing one

control /dispicy for cnother; moving a

control to the wrong position.

PA-32
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,

i

|

| D. DOCUMENTATION: MIL-STD-14729
(1974).,

i
i

E. TYPICAL BACKFIT: Reicoel '

! control / displays cecording to

func tion.

,

,

PA-33
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: LABELING - CHARACTER -

HEIGHT AND VIEWING DISTANCE

8. GUIDELINES: For general pcnel cnd

dici design, with the lumincnce nor-
mally cbove I ft-L, chcrccrer end

numeral height shall cpproximate the

values below for vcricus distcnces.

RECOMMENDED SIZE FOR LETTERING ON LABELS

Viewing
Distance Critical Labels Routine Labels

For illumination 28 in. .10 to .20 in. .05 to .15 in.
greater than 1 f t-i 3ft .13 to .26 in. .06 to .19 in.

6 ft .26 to .51 in. .13 to .39 in.
* 20 f t .86 to 1.71 in. .43 to 1.29 in.

Critical labels refer to key control or component identifiers and to position markings
on such controls (i.e., numerals on counters, & scales).
Routine labels refer to over-all instrument identifiers, routine instructions, or any
marking required only for initial familiarization.

'For greater viewing distances: L,etter height = * '[8
* * "9

C. HUMAN ERROR: Failure to identify

a needed control or display; cctivat-
ing the wrong control.

D. DOCUMENTATION: Woodson cnd
| Conover (1964); Kubokawa (1969);
I Vcn Cott cnd Kinkade (1972); MIL-

STD-14729 (1974); MIL-HASK-759

(1975).

PA-34



. . . - - ._ . .

/ -

TYPICAL BACKFIT: Chcnge or med.c.
, if/ Icbeling.

:

:

}

,

;

i

I

f

!

r

!

|

.c
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: FONT STYLE

B. CUIDELINES:

1. Instruction plates cre recd more

ecsily if they are printed in

"ccps-cnd-lower-ccse" lettering.
The identifying hecding, how- :

1

ever, should be "cIl ecos." The

use of letters of the style found

in commercici lettering guides is

satisfactory, as long cs the cs-
pect rctics cre in cgreement
with the recommendations

h herein.

2. The design of letters cnd numer-
n m ateo acca cis shcIl be without 'lourishes

cnd serifs. Dicgonci pertions of

the chcrccters should be cs nect
45 degrees es possible end such

chcrccteristic features as

openings and brecks should be
recdily cpparent.

C. HUMAN ERROR: Delcying c deci-
sion beyond the time it is required.

D. DOCUMENTATION: Woodson cnd
Conover (1964); Van Cott end

Kinkede (1972); MIL-STD-1472B

(1974).

E. TYPICAL BACKFIT: Reicbel equip-
ment with cppropriate Font-Style.
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./^ HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: WIDTH-TO-HEIGHT RATIO

'

B. GUIDELINES: The width of the let-
,

ters cnd numercis shall be 3/5 of the
height, except the numeral "4" which

.shcIl be one stroke width wider; the

numeral "1" cnd the letter "1" which
shall be one stroke width, cnd the
letters "M" cnd "W" which shcIl be
4/5 of the height. On curved sur-
faces cnd mechanical counters the

! bcsic width-to-height ratio may be
increased to 1:1.

C. HUMAN ERROR: Failure to identify

a needed control or dispicy.

D. DOCUMENTATION: MIL-M-18072

(1964); Wcodson end Conover (1964);,

Kubokcwo (1969); Vcn Cott end.

Kinkede (1972); MIL-STD-14728

(1974); MIL-HDSK-759 (1975).

E. TYPICAL BACKFIT: Chcnge

!cbeling.

,

V ;

. ,

1
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: STROKE-WIDTH-TO-

HEIGHT RATIO

9. GUIDELINES: Where pcnel Icbels cre

illumincted by ambient or individual
illumination, the stroke width shcIl
be in conformance with the guide

lines below.

For dcrk chcrceters on c light

bcckground, the stroke width shcIl be
1/6 of the letter height; for light
chcrecters on a derk bcckground, the

stroke width shcIl be 1/3 of the letter

height.

C. HUMAN ERROR: Fciture to identify

a needed control or dispicy.

D. DOCUMENTATION: Woodson and

Conover (1964); Kubokawa (1969);
Vcn Cott cnd Kinkede (1972); MIL-
STD-14728 (1974); MIL-HD8K-759

(1975).

E. TYPICAL BACKFIT: Chcnge

Icbeling.

|

91
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( \ HUMAN ENGINEERING GUIDELINES FOR NUCLEARlV POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS,

A. TITLE: TRANSILLUMINATED

DISPLAYS: Lt1 iWING

S. GUIDELINES: Lettering should be all

ccpitals with font style similicr to
Futurc Demibold type cr, Groten Ex-

tended engraving. Numercis should

be similcr to Futura Medium cnd
Tempo Sold type or Groton Cen-
densed engraving. Letter width-to-
height ratio should be 1:1, but mcy be

reduc-.: i . size to 3:5. The stroke
width-to-height ratio should be I:S to

\j 1:10, cnd for highly luminous letters,

1:12 to I:20.

C. HUMAN ERROR: Late respense to
displayed information.

D. DOCUMENTATION: Heglin (1973).

E. TYPICAL BACKFIT: Purchase new
dispicy(s).

.

e

n
e.
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: FIGURE ORIENTATION ON
INSTRUMENTATION

o
330 | 30

N /

c3. GUIDEUNES: All Icbels should e
300 s /60

normally oriented to that they ccn ce

-- g read from left to right. $pecic! ccsesR$ m - -270 - -

of vertical orientation are permis-
/ N

240 t20 sible when the Icbel is generclly ig-
/ \ nored cnd confusion might crise if it

zio 1 iso
Iso were cdiccent to more criticci (coels.

For ecse in reading, figures
should be oriented cecording to the
type c. scale or dici used:3, ,

\ ' l. Orient figures vertically on dicis

which have a fixed secle cnd-

moving pointer._y

g 2. When the secle is of finite length
'

there should be c breck between

the end and the beginning of the

scale. The breck should be equct

to or greater then c mejor secle

division. Place breck cs shown.
Y 3. Orient figures rcdiclly on dicts

I which have a fixed pointer cnd'

Y ##
moving scale. When possible,

8 5 orient the index ct the 12-
__ g g_ o'c!cck position.

4. When the figures of c dici move
b 8 post en open window, they should

#4 #on be oriented so that they cppear
'

vertically at the window opening

PA40
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/

,/ Q
-s's Two or more figures should ep- />no ,/

-
|

y/ - s(v) peor in the window simultane- ' O N
,/ \

ously. / \ >270/8 f s
/ \ % \5. Numoers should cppect to in-

f f \ g'crease in a clockwise direction, I ) I \i g.
left to right, or bottom to top.

N
N6. 'Nhenever possible, orient a dial N

--scale so that the critical rcnge
to be recd will capecr cs left to

rignt or bottom to top, to cvoid
4 5 6Confusion cs to direction of in- .

2 'g, f a

crecse. This is esoecially impor- 0
'

tent for check-recding instru- 50
;

ments.
% I

7. For multirevolution dicis, orient
zero at tne 12-o' clock position.

.
8. Pointers cnd secle indices should

be oriented so thct tne pointer,
C/ either moving or fixed, is close

0 10 20to the index cnd yet does not
g,,u ; ,,jg ggg|3

cover the numoer. 20 g 30 g t )
- :

9. Airnough moving-scale dispicys 7 ]
cre genercily to be avoided, they 10j 70

7will undoub tedly be used at 5 ii l""l""l""I""!:
60 70 80times. If the control is a gross 0; I 60 ~

lcpproximator of position cnd is
detented (i.e., it steps mechcni-

50cally from one position to cn-
other), the numbers should in- 50

crecse from right to left. This
will ~ be compctible with the ~

e 3 4
naturcl inclinatinn to turn the -

knob "right" for an increase in 30

value.

) 30 |(/
PREFERRED Poor |

PA-41
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10. If mere excet setting is required

o (as shown ct the left), the num-
g

*I bers should increase from left
v 3 to right, mcking th- interpretc-

+ ti n f the unmcrked secle in-P 5
AVOID d[ces ecsier.

~

11. Note that nurtiers cre oriented
'b

g normal to the index pointer. Al-
though the 12 o'c!cck index posi-

PREFERRED

i i tion is preferred, other ccrdinct
v sg

positions mcy be used in specici-
,

,

o 10
+ cases. When other index posi-

' * ~ tions cre used, remember to

chcnge number orientation.

C. HUMAN ERROR: Incorrect recding;
7

bbb failure to identify a recding.
I

@
*

SETTER

Cenover (lo64)

E. TYPICAL BACXF1T: Purchase new

instrumentation.

O
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ex HUMAN ENGINEERING GUIDELINES FOR NUCLEAR i

) POWER PLANT CONTROL ROOMS |

PERFORMANCE AIDS

A. TITLE: ORIENTATION

8. GUIDELINES:

1. Lcbels cnd informc en thereon
should be criented hori7entcily

YES LABEL
so that they mcy be recd quickly

cnd ecsily from left to right.
Verticci orientaticn shall be used I

LABEL 3only when Icbels are not criticci No g
c

for personnel safety or perfccm-

cnce end where spcce is limited.

When used, vertical labels shcli
.

recd from top to bottom. Avoid
O use of curved pctterns of Ic-

beling.

2. Lcbels should copect upright
even though the essembly crray

chcnges from a horizontal to c c

verticci position. taggt

C. HUMAN ERROR: Fciture to identify r C
^ ~ ~

i

a needed control; excessive response I uSEL
ktime in cetivating a centrol. --

c ;

D. DOCUMENTATION: Woodson cnd |

Conover (1964); MIL-STD-14723 c ,

(1974).

E. TYPICAL BACKFIT: Recrient icbels;

repicce icbels; repicce dispicys.

(O)v
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HUMAN ENGINEERING GUIDEUNES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: LABEL LOCATION -
GENERAL

B. GUIDEUNES: The gress identifying

Icbel on en essembly er major ccm-
ponent shcIl be located:

1. Externally in such a position thct

it is not cbscured by cdjacent
essemblies or compenents.

2. On the ficttest, most unclut-

tered surfcce avcilcble.

3. On a main chessis of the equip-

ment.

4. In a wcy to minimize wect or

obscurement by grecse, grime,
or dirt.

5. In a way to preclude cccidental

removal, obstruction, er hcndling

demcge.

C. HUMAN ERROR: Failure to identify

a needed control er disp!cy; confusing4

one control / display with enother.

D. DOCUMENTATION: MIL-STD-1472B

(1974); MIL-HOBK-759 (1975).

E. TYPICAL BACKFIT: Reposition

Icbel.

O

.

PA-44



_ _ _

HUMAN ENGINEERING GUIDELINES FOR NUCLEAR,

(d) POWER PLANT CONTROL ROOMS
1

PERFORMANCE AIOS

A. TITLE: LABEL LOCATION -
CONTROLS ANO DISPLAYS

5. GUIDELINES: The following criteric
shcIl cpply to the locction of control
cnd dispicy Icbels.

l. Ecse of control cperation shcIl

'be given priority over visibility
of control position Icbels.

2. Lcbels should normcily be picced

cbove the controls cnd dispicys
they describe. When the pcnel is

cbove eye level,' !cbels may be

!ccated below if Icbel visibility
V will be enhanced thereby.

3. The units of mecsurement (e.g.,
volts, psi, meters) shcIl be lo-

! cated on the pcnel.
4. Lccels shcIl be used to identify

functionctly grouped centrols
cnd dispicys. The icbels shall be

located cbove the functional
groups they identify. When c

line is used to enclose a func-
tional group cnd de fine its
boundcries, the Icbel shall be

centered at the top of the group.

either in a breck in the line or
just below the line. When

;h colored pcds are used, the icoei
!

Q, shall be centered at the top

i
|

PA-45
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within the padded crec. If a new

equipment is to be used later
with cn olcer piece of gecr,
mcke the new panel consistent
with the old, unless it is too
poorly Icbeled. In the latter
case, the old equipment Icbeis
should be modified.

| 3. Arrange Icbels close to the com-

UHF RADIO ,) POWER ponent being identified and mcke

POOR [A 'oc w e en els crent
f so Close together that they cp-
I pear to be "one c Continuction of

the other."
6. Lcbel indicators in terms of

what is being mecsvred cnd not
by the ncme of the dev:ce.

7. Unusual technical terms should
be employed only when cbso-
tutely necesscry cnd only when

they are fcmilicr to all operc-
tors.

8. Whenever possible, Icbels should
*/

=-/ P R ESS [27 appect on the control itself.
-| g Lcbels or directions should cp-

-

,

%To pear " upright" to the observer.
PREFERREO! The Icoel or direction should ' ec

brief but "clect" in its mecning.
If you hcve cny doubt, test it
with persons who cre unfcmilict
with the operation. If cbbre-
victions are necessary beccuse

of limited spcce, use only stan-

dard cbbrevictions. Ccoital let-
ters shall be used. Periods

PA !+6



_fG shcIl be omitted except when
'V) needed to preclude misinterpre-

tation. .Tra scme cb' revicticno

shcIl-be used for cil tenses cnd
for both singulcr cnd plural

LA,,L L,,,L |

forms of a word. I

9. Fcr centrols too small to cecem-

modate icbels, picce the Icbel cs

close to the control as is prec-
ticcble and mcl<e sure the posi-

tion is stendcrdized for all con-
trols on the scme pcnel (e.g., all

cbove, or cil below).

10. Certcin types of controls, such
cs the thumb control, cre not

designed for putting icbels er di-

rections right en the control. SRIGHT.

Lettering should be criented cs
' shown. OlM S RIGHT

' II. When !chels cre used on en in- i

strument fcce, they should not
obscure er detreet from the im-. ciu

pertent figures or secles which
must be recd by the operator.
Avoid use of mcnufceturer's f g / 4
Icbels plcced directly on the in-

strument fcce.

T %
'

C. HUMAN ERRCR: Incdvertent ceti- ..ypca-

voting; confusing one control /dispicy
( / \ MFGR /with cnother; fciture to identify a

AVolD BETTER
needed control /dispicy.

.

t )
\ -s'
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|

|
|

C. DOCUMENTATION: Y!cedsen cnd
Cencver (1964); Vcn Cott end

! Rinkede (1972); MIL-STD-14723
(1974); MIL-HDBK-759 (1975).

E. TYPICALBACKFIT:Determinecentrol
cnd dispicy Icbel requirements cnd
icbel cecordingly.

O

O
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'
HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS
3

A. TITLE: PANEL LABELING

S. GUIDELINES: The piecement of
; icbels on centrol peneis shcIl ccnform

to the recommended stcndcrds de-
picted in the figure en pcge PA-50.

4

C. HUMAN ERROR: Confusing one con-

trol with cnother; cctivating the

1| wrong centrol.

D. DOCUMENTATION: Kubokcwc

(1969).
'

E. TYP! CAL BACXFIT: Reicbel con-
trols and dispicys as necesscry.

,

)

i

I

I

:

O
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i
.

TEST CONTROt. AND MONITOR

#CwEA CCNTACL SUBSYSTEM t SU8 SYSTEM 2 SUS $YstEM 3 I |
AC powta INeyT CUNRENT QufpuT VCLTAGE

115V co NomMAL NORMAL

NO CO LOW Low
3g,g

--

~

~ - . ~
~ TEST # UNCTION ]

:sv0C
' ~ OFF |8'"8L TEST CONTROL # 3 / 8QN CMANNEL SELECT

v| h Q \ u

l uSE I c- our,ur ooNire.

_ _%
O O

_ _ _, - --- --
,s

4 5 6

Typical Panel Labeling Standards
Label Designation Letter Size Location

1. Panel title 18 pt (0.187 in.) Centered;'l,In. from top edge of panel
2. Panel subsection 14 pt (0.156 in.) Centereti at top of subsection; 21, in. from

top edge of panel
3. Subtitle 12 pt (0.125 in.) '1, in. above component (s) or '/, in, above

labels of individual components
4. Toggle Switch 10 pt (0.093 in.) '/,in, above and below standard switch
5. Single Component 12 pt (0.125 in.) 'l, in. above component
6. Rotary switch pos!tions 10 pt (0.093 in.) '/,in. from apex of pointer,line from pointer

to label

PA-50
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

'

POWER PLANT CONTROL ROOMS

PdRFORMANCE AIDS

A. TITLE: SELECTOR SWITCHES -

INTERNAL LABELING
i

B. GUIDELINES: When selector
'

switches hcve to be used with the;

cover pcnel off, duplicate switch-

position Icbels shall be placed on the

internoi unit.
i

C. HUMAN ERROR: Moving the switch

to the wrong positions.
f

' O. DOCUMENTATION: Vcn Cott cnd
Kinkcce (1972).

E. TYPICAL BACKFIT: Provide switch-

V position Icbels on the internoi unit.

,

s

j

4

J

4

i

'
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR GPOWER PLANT CONTROL ROOMS

l
PERFORMANCE AIDS |

A. TITLE: LABELING CONCENTRIC

CONTROLS

I
1

8. GUIDELINES: The icbeling cf con- |
"

centric controls shcil consist of c
4

i
g hiercrchy provided by a smcIl solid

;-s
N dot, a Icrger solid line end c still

e lcrger breken circle, for the smcIlest

,,/ f ' 's to Icrgest kinds, respectively. A
' '

similar set of nomenc!cture shcIl be-

located cdiccent to the controls on
the pcnel identifying the function of
ecch knob. Color coding shculd be
employed to further increase the

code-symbol reliability.

C. HUMAN ERROR: Confusing one con-

trol for cnother; failure to identify c
needed control; cctivcting the wrong
centrol.

D. DOCUMENTATION: Woodson cnd

Cenover (19%); Lcmps: Human Engi-
neering Design Document (1978).

E. TYPICAL BACKFIT: Reichel con .
trols.

O
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O HUMAN ENGINEERING GUIDELINES FOP, NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: ENGRAVED SURFACES

8. GUIDELINES: Engraved Icbels cnd

controls shcIl be filled with c point
pigment or covered with c ciecr plas-

Otic Cover to prCvent the cIpha Cnd/or,

$

5)I- numeric etching from filling with dirt
I or grecse. ccusing a reduc tion ' '
! printing !egibility. FILLED

C. HUMAN ERROR: Ccnfusing one con-

trol with cnother; fcilure to identify
1

,
c.needed centrol.

i D. DOCUMENTATION: Wocdson cnd' /
# Conover (1964); Vcn Cott cnd

Xinkede (1972).

E. -TYPICAL BACKFIT: Fill or emboss
etched surfcce.

i

I

4

9

1

i

Ng
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: STANDARDIZATION

8. GUIDELINES: Lcbels shcIl be located
,

in a consistent mcnner throughout-

the equipment cnd system, in such a

wcy that they cre not covered or

cbscured by other units in the equip-

ment essembly.

C. HUMAN ERROR: Fciture to identify
a needed control or dispicy; ccti-
voting the wrong control; recding the

wrong dispicy; confusing one control
cnd/or dispicy for another.

D. DOCUMENTATION: MIL-STD-14729

(1974).

E. TYPICAL BACKFIT: Reichel equip-

ment cecordingly.

l

O
!
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r HUMAN ENGibEERING GUIDELINES FOR NUCLEAR
( POWER PLANT CONTROL ROOMS,

PERFORMANCE AIDS,

A. TITLE: LABEL CONTENT

: 8. GUIDELINES:

,' I. Word Selection -Words cnd sen-
tences are more immediately

recognized depending on their
,

degree of fcmilicrity. There-

fore, deccis, check lists, cnd
,

Icbels should be composed of
common words, but only if the
words will say excefly what is
intended. For pcrticulcr popu-
!ations, common technicci terms

mcy be_ used even though these

words . occur infrequently in

general langucge.

2. Cicrity of Mecnina - Instruc-

tions should be elecr end direct;

cvoid complex or lengthy sen-
tence structures.

3. Brevity - Lcbels shall be - cs
I ciecr and concise cs possible

without distorting the intended
mecning. Redundancy shcIl be

minimized. Where the general
function is obvious, only the spe-

cific function shcil be identified
(e.g., frequency as opposed to
frequency fcctor).

(O, . 4. Fcmilicrity - Words shcIl be
d chosen on the basis of operator

.

PA-SS
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fcmilicrity whenever possible,
provided the words express

excetly what is intended. Brev-

ity shcIl not be stressed if the

results will be unicmiliar to
operating personnel. For parti-
culcr users (e.g., maintencnce
technicicns), common technicci

terms mcy be used even thougn
they may be unfcmilict to non-

users. Abstrec t symbols (e.g.,
squares cnd Creek letters) shall

. be used only when they have a
.

OXYGEN SYSTEM commonly accepted mecning for

all intended recders. Common,
mecningful symbols (e.g., % cnd
+) may be used as necessary.

SERVICE e ' | _

tcuroment t unctions - Lcbels
_

a. . _

should primarily describe the
* func tions of equipment items.FILL

Secondcrily, the engineering
CONFUSING chcrceteristics or nomencloture

may be described.

6. Similarity - Avoid the use of
_ _ _ . . . . _ . _ _ . . . . . . _ _ . . -

similcr words if these could lead
OXYGEN SYSTEM to cn error in interpretction.

C. HUMAN ERROR: Using cvcilcble

information to derive erronecus solu-
@fgJ7gM e | t tion; reading incppropriate dato; con-

fusing one control /dispicy with cn-
other.,

GROUND
SERVICE

BETTER

i

PA-56,
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]

:
,

D. DOCUMENTATION: Woodson cnd
Conover (1964); Vcn Cott cnd

;

Kinkcde (1972); MIL.STD-l472S
(l974).

E. TYPICAL BACRFiT: Reicbel equip-
mtnT c5 necesScry,

,

f

il

.

3

I

.

,

i

:
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: LEGIBlUTY CF COLOR
COMBINATIONS

8. GUICELINES: The color comoinc-
tions for the print cnd bcckground of
written procedures shcIl be in con-

formcnce with the first four rcnkings
in the tcbie at right, with preference

. . _ _ . given to the first rcnk.
Rank Crder Printion -Rickground

C. HUMAN ERROR: Misinterpretction;
1 Blue White
2 Black Yellow omitting a procedurcl step; temporcl3 Green White
4 Black White error.
$ Green Red
6 YeHow

D. DOCUMENTATION: Folley ( )w
4 Orange Black
9 Black Purpi. E. TYPICAL BACKFIT: Reprint pro-10 Crange White

11 Red Green Cedures.

.

I

O

|
PA-58
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: CONTRAST

S. GUIDELINES: To ensure cdequate
Relative Legibility of Colorcontrcst, bicek chcrecters should be

Combinations Under Reflected Light
provided on c white bcckground. If

bili Raung color e inauen
colored print is used for coding pur-
poses, Colors shall be chosen for very good stack letters on white background

mcximum centrcst cgcinst the back- coed stack on yeitow
Dark blue on wnite

ground. creas gre.n on onite

Fair Red cn w teC. HUMAN ERROR: Fciture to identify
on , , ,

a needed control /dispicy; cetivating
Poor creen on red

the wrong control. R*d ca s'''a
crange on black
' * " " "*""*D. DOCUMENTATION: Woodson cnd

Conover (1964); Kubokawa (1969);,

Vcn Cott end Kinkede (1972); MIL-

STD-1472B (1974).

E. TYPICAL BACKFIT: Conform with
recommendations herein.

l

|

|
1
I

i
,
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

,

PERFORMANCE AIDS

A. TITLE: CHARACTER SPACING

B. GUIDELINES: The minimum spcce

between chcrccters shcli be one
stroke width.

C. HUMAN ERROR: Misrecding c icbel;
.

delaying a decision beyond the time
it is required.

D. DOCUMENTATION: MIL-STD-1472B
(1974); MIL-HD2K-759 (1975).

E. TYPICAL BACKF1T: Reicbel with
cppropricte chcrcerer spccing.

.

l.

l

O
,
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

PERFORMANCE AIDS

A. TITLE: WORD SPACING.

!

! 3. GUIDELINES: The minimum spcce

between words shcIl be the width of
i .

one ChCrcCter.

C. HUMAN ERROR: Misrecding c icoel;
delaying a decision beyond the time
it is required.

O. DOCUMENTATION: MIL-STO-1472S
i

(1974).,

E. TYPICAL BACKFIT: Reicbel with
' cpprcpriate word spacing.

'
t.

!

I

]

!

i

4

5 !

4

.

f
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

|

PEP 50RMANCE AIDS

A. TITLE: LINE SPACING j
.

|

8. GUIDELINES: The minimum spcce

between lines shcIl be one-hctf the
.,

chcrccter height.

C. HUMAN ERROR: Misrecding a !coel;

de'cying a decision beyond the time l

it is required.

D. DOCUMENTATION: MIL-STD-14728

(1974).

E. TYPICAL BACKFIT: Reichel with
copropriate line spccing.

1

O
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

U
PERFCRMANCE AIDS

A. TITLE: PROCEDURE / DISPLAY

CONTINUITY,

B. GUlOELINES: Thera should be no
mismatch between the pctlence as
outlined in the procedures end the
technical specifications cs printed on

the display. For excmple, if a pcr-
' ticulcr procedure refers to volume in

gallons, then the corresponding dis-
picy should recd in gcIlons, rather
then in units of feet.

C. HUMAN ERROR: Recording or

O reporting a fcliccious system chcnge; !

misinterpreting a conversion chcrt.

D. DOCUMENTATION: EPRI Repor t

NP-309 (1977).
'

E. TYPICAL BACKFIT: Rewrite tech-
nical specifications in conformance
with the dispicy; re-calibrate end
reicbel dispicy in conformance with
the procedural technicci
specificction.

.

b
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. . HUMAN ENGINEERING GUIDELINES FOR NUCLEAR

POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLEi COMMUNICATION SYSTEM
CHARACTERISTICS

S. GUIDELINES: Amolifier. Trensmit-
ter, cnd Receiver - Cherceteristics -

,

These components should hcve the

following chcrceteristics:

1. Sufficient bcndwidth to provide
c "f!ct" cudio-frequency re-

soonse from at lecst 250 to 4000
Hz (prefercbly 200 to 6100 Hz

$ for intelligibility cnd 100 to 7500

p Hz for quality of reproduction).

b 2. Sufficient. dynamic rcnge end
gcin to hcndle the rcnge of

instcntoneous precsures found in

speech cnd to develop the neces-

scry signal level at the hecdset
or loudspecker terminals. 1

3. They should introduce less bcck-
1

l
ground noise then is introduced

by a microphone.

Recommendations for Dynamic

Rcnge

1. Very high-quality communicc-
tions call for a dynamic rcnge of
60 dB.

2. For commercial broadccst pur-
- poses, the dyncmic range can be

[' 40 to 45 dB.
x

1

COM-l
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3. With a mechcnism thct com-
pensates for vcrictions in

cvercge speech levels cmeng
tolkers, c dyncmic rcnge of 30
dB is cdequate, though not
recommended.

4. With prccticed talkers cnd lis-
teners, communicction een be

quite effective et c dyncmic
rcnge of only 20 dB.

DESIRABLE CHARACTERISTIC FOR VOICE COMMUNICATION SYSTE
re..on.no a naase

Communtennene See uit STO-tes

Soeeen transnusasen equ'oment

Conmes fregueacy resoonse 150 4400 Ma

Minimum frequency resoonee 200 3C00 Ms

Wicroonene eynames range $4nad Inout vertatione ei 30 08
minamum

..e ca. n. . ononee ,morov. men, a. ...e. ,0 .. ,*e.

aceeen to MMS no.no ratte

Pre emones's 9 dtwoctave, sesative,
ever 144dOO Ma

Sooecn reception equeoment

Musttenanneurnuttisoesser i range s 5 at overrange 1C44400 Hs

Seoaration of speaaers for muits, 10' acet raelasty rotative to central
cnannee monstering operator position

Fi for multicnannet seeste, 2 en ne s = W Mateoasst

3 enanness F = 1000 Mah9esal
= no cuterf
= 2500 Haleoess)

0*emon e sss 9 68 toc' ave, negative,
over 1444400 Mr

C. HUMAN ERROR: M!sunderstcnding
<

|

Ithe communiccted messc.ge; failure
to respond.

1

O. DOCUMENTATION: Kubckcwc
l

(1969); Vcn Cott end Kinkcde (1972) |
|

|

E. TYP! CAL BACKFIT: Modify er i

replace equipment.

COM-2
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x HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POV ~9 PLANT CCNTROL ROOMS

,
.

COMMUNICATIONS

A. TITLE: SPEECH

INTELLIGIBILITY / COMMUNICATIONS

COMPONENT SELECTION

i
"

8. GUIDELINES: Communication com-
ponents should provide:

l. Gain control.*

2. High pcss filters on microphones

to reduce high frequency noises.

(to increcse speech intelligi-
' bility).

3. Peck limiter if communications
'

system has en cpprecicble
,

' cmount of interval noise.

C. HUMAN ERROR: Feilure to obtcio
all relevcnt messcge in formction;

i misinterpretation of message.
]

D. DOCUMENTATION: Chcpcnis (1966);

j MIL-STD-14728 (!974).
!

E. TYP! CAL BACKFIT: Add high pass

filters microchones.

:
i

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: C PERATING CONTROLS

8. GUIDELINES:

1. Volume or gain controls should
be provided for ecch communi-

cation receiving chcnnel.

2. Controls should be ccpcbie of

controlling sound pressure level

to i10 dB.
3. Minimum setting of volume con-

trols should be cudible in cmbi-
ent noise environment.

C. HUMAN ERROR: Failure to receive
communications; misinterpretation of

messcges; pcrtici loss of communicc-

tions information.

D. DOCUMENTATION: MIL-STD-14728

(l974).

E. TYPICAL BACKFIT: Replcce with
cppropriate device.

O

COM-4
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS *

4

i
I COMMUNICATIONS

!>

'

A. .. TITLE: SPEECH RECEPTION
tEQUIPMENT

S. GUIDELINES: Hecdchenes end loud- :
i

speckers should be ccpcole of repro- ''

i

; ducing sound from 100 to 4000 Hz. (-

5 dB)

C. HUMAN ERROR: Misinterpretation.

of speech signcis. i

,

-D. DOCUMENTATION: MIL-STD-1472B
! (1974).~
l

| E. TYP! CAL BACXFIT: Replace with
cpprcpricte devices.

,

1

|

1

!

)

:
i

,
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HUMAN EN";lNEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: SPEECH TRANSMISSION

EQUIPMENT (FREQUENCY)

DYNAMIC RANGE

S. GUIDELINES:

1. Speech system input devices
should respond to 200 to 6100

Hz.

2. The minimum dyncmic rcnge of
input devices should be 50 c8.

C. HUMAN ERROR: Communication

errors: information loss; misinter-
pretction of spcken messcges.

D. DOCUMENTATION: MIL-STD-14723

(1974).

E. TYPICAL BACKFIT: Repicce with !

cppropricte devices.

.

O
|

|
1

l
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m HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: SPEECH INTELLIGIBILITY

8. GUIDELINES:

Micrechones should:.

1. Hcve high sensitivity to ccoustic

soeech signals.
1

2. Transduce ccoustic sounds well.

3. Reject other ccoustic signals cnd
,

noises at the speci<ers location.

| C. HUMAN ERROR: Fciture to cecur-
ately receive messcges.

O. DOCUMENTATION: Chcocnis (1966);
;

MIL-STD-l 4728 (1974). t

c. TYPICAL BACKFIT: Provide micro-
phones which hcve high sensitivity to

speech sound:; provide noise-cencel-
,

ling microphones.
,

k
s

I
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HUMAN ENGINEERING GUIDELINES FCR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: FEEDBACK

9. GUIDELINES: Hecdset/hendset users'

ShCuld hecr their own voice in

hecdset/hendse t in phcse with
Speech.

C. HUMAN ERROR: Communication

errers.

D. DOCUMENTATION: MIL-STD-14729

(1974).

E. TYPICAL BACKFIT: Repicce with
cppropriate device.

,

1 O
f
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O HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

4

'

COMMUNICATlONS

A. TITLE: REVERBERATION

ATTENUATION: SPEAKER

PLACEMENT

8. GUIDELINES: If speaker reverbero-

tion is a problem, mcny low-powered
loudspeckers should be used rather

than c few powerful loudspeckers.
The loudspeckers should be direc-
tional in nature, and oriented to

cover, out not overicp, the most im-
,

.

portent pcrts of the room.

C. HUMAN ERROP: Misunderstcnding{'
communicated me<sege.

D. DOCUMENTATION: Chcpanis (1965);

Vcn Cott cnd Kinkade (1972L

E. TYPICAL BACKFIT: Purchese new

,

speckers; relocate speckers.
!

|

.

,

J
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATlONS

A. TITLE: MULTICHANNEL

LISTENING

8. GUlOELINES: i'he following guide-
lines cre recommended for enhcncing

the intelligibility of multichennel

broedecsts.

l. A sepcrate loudscecker should be

used for ecch speech chcnnel,
cnd located ct different engles
from the listeners.

2. If there cre two speech chcnnels,

one chcnnel should be fed into
une ecr cnd the other chenr.el
into the other ecr so the listener

ccn switen his attention. If this
is not done, both signcis should
be " picket-fenced" at 30 to 40

Hz cnd interlecved.

3. Frequency-selective filters
should be used to give chcrcc-
teristic timbre to signals. If

there cre three chcnnels in-
volved, cne chcnnel should be

unfiltered, o high-pass filter
(with 1000-Hz cutoff) should be
used in the second channel, cnd a

low-pcss filter (with a 2500 Fz )

cutoff) in the third channel.
4. A visuoi signal should be used to

show which channel is in use. j
i
i

!

COM-10 )
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1

5. If fecsible, c messcge-stcrage
device should be used for all

; incoming messcges. A seperate
,

recording channel is best for
ecch communication chcnnel end '

,

switching crrcngements should
4

be setup for messcge review.
The oldest messages shoulc' be

;; cutomatically ercsed to mcke
recording spcce evcilcble for '

new messages.

C. HUMAN ERROR: Misunderstcnding.

the communicated messcge; fcilure

i; to respond to messcge.

| 0. DOCUMENTATION: Vcn Cott cnd
Kinkede (1972).

|f E. TYP! CAL BACKFIT: Modify or

repicce equipment.
i

i

'
,

h

!

!
;

!

!

. .

!
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: GENERAL GUIDELINES FOR

CODING INFORMATlON SOURCES

B. GUIDELINES:
'

l. Where these cre different com-
municction systems (e.g., inter-
coms, radios, etc.) use cudible

clerting signcts; ecch should

hcve c different signal.
2. Loudspeckers of different com-

munication chcnnels shculd be
sepcrated, et a minimum, of 10

from the operators' position.

3. Where chcnnel identification is 1
1

importcnt, each chcnnel should
)

hcve en indicator light showing
source.

C. HUMAN ERROR: Temporal errors i,

identifying sources of communica-
tions.

D. DOCUMENTATION: MIL-HOSK-759;

Woodson & Conover (1966)

E. TYP! CAL BACKFlT: Separate speck-

ers; code, by cierting tones or indi-
cator lights, sources of commv.1i-
cations.

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR[ POWER PLANT CCNTROL ROOMS

|
4

COMMUNICATIONS

A. TITLE: COMMUNICATION
: THROUGH GAS MASKS

9. GUIDELINES: To improve scund
trcnsmission cnd divorce it from
exhcust valve cction, operator worn-

masks should be equipped with dic-
phrcgms especicily designed to trcns-

mit speech.

C. HUMAN ERROR: Misunderstending

communicated messcge.

D. DOCUMENTATION: Vcn Cott cnd

f Kinkode (1972)
i

ii E. TYPICAL BACKFIT: Modify er
replace with masks equipped with
speech cc:entuction dicphregms.

,

4

,

!

4
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: OPERATOR COMFORT

S. GUIDELINES: Communicction equip-

ment to be worn by the operator
,

should precluce discomfort.

C. HUMAN ERROR: Communicction

errors due to discomfort distrcctions.

D. DOCUMENTATION: MIL-STD-14723

(1o74).

E. TYPICAL BACKFIT: Replcce with
cppropricte devices to elimincte
problem.

i

|
1

I

O
,

I

|
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N HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS-

COMMUNICATIONS '

;

A. TITLE: MICROPHONES

8. GUIDELINES:
,

l. Choose a microphone with a
smooth frequency-response chcr-

ceteristic cs wide es that of the
rest of the system. It should:

i

extend, at lecst, from 200 to

6100 Hz for highest intelligibili-
ty.

2. The dyncmic rcnge of the micro-
4

phone, when working into the
selected emplifier, should be

great enough to cdmit 50-dB

: variations in signci input es a
minimum.

3. For close talking, consider only
microphones that do not over-

locd with signals as high as 125

to 130 dB.

4. Avoid condenser microphones if
i the bics voltcge (typically 200)

would constitute o scfety hcz-
crd, i.e., in a high oxygen envi-
ronment.

5. Avoid ccrbon microphones in
which " packing" of the carbon '

granules occur.

6. Do not. use ccrbon microphones

if the quality criteric demand a

COM-15
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truly linect resense chcrecteris-

tic of very low bcckground noise.
7. Do not use a ribbon micrcphone

for close tclking unless the mi-
crophone has been designed

specifically for this use.

8. Fcr close talking, protect a
microphone cgainst brectn bicst,

which mcy demcge it end will
certcinly mcke the reproduced
sound quality objectiencble.

Protect it clso cgcinst moisture
condensction, pcrticulctly scliva.

9. If feecbeck "squect" is a prob-
lem, use a directionc! micro-

phene.

C. HUMAN ERROR: Misunderstcnding

communicated messcge; fcilure to
transmit intelligible messcge.

D. DOCUMENTATION: Vcn Cott cnd
Kinkede (1972)

E. TYPICAL SACKFIT: Modify er

repicce microphones.

.

O
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O HUMAN ENGINEERING GUIDEL!NES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

'

A. TITLE: MICROPHONE / TELEPHONE

HANOSETS

h
B. CU!OELINE5: The hcnd-held micro- 24 3 p

phone or the telephone handset must A

' ' ' "ce convenient to the operctor's (5th A --* ~

*
RECEIVER / MOUTHPIECEpercentile femcle to 95th percentile

V fmale) hcnd size. Avoid the use of g 3

* - /7cngular pcckcges unless special hcnd
#grips cre attached, for they cre un-

comfortcole over lcng periods of use

cnd prevent the operator from cp-
a w " ----*:

plying a secure grip to the hcndset.

Non-kink or self-retrccting cords

cre cnother convenience which mckes

for higher operator efficiency.
PCRTABLE

Mouth cnd ecr pieces should be MIKE STAND

spcced on the hcndset pcckcge so
that the operator mcy sect the ecr-
piece firmly on his ear cnd yet main-

tain a minimum distence and direct
mouth position with respect to the
mouthpiece.

Press-to-talk switches on hcnd-
#

sets should be located so that they .

cre convenient to either the right or
lef t hcnd.

When the operator's hcnds must

be used for other manipulatory tcsks,

O. provide him with such conveniences

as boom-type microphones, end/or

COM-17
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foot-cctucted press-to-tcik switches,

The boom microphone is especicily

9 useful to the operctor who chcnges
c.-) hecd positions often.
?

C. HUMAN ERROR: Fou.':,g microp-
'

hone er telephone cord; fciture to
trcnsmit intelligible messcge.

D. DOCUMENTATION: Woodsen cnd

Conover (1964)

E. TYP! CAL BACKFIT: Modify or

repicce equipment.

.

O

O
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMSx

COMMUNICATIONS

A. TITLE: ACCESSIBilLITY OF*

HANOSETS

.,

8. CUIDELINES:

1. The most frequently used and
the most importent hcndsets

I should be most accessible.

2. Where many hcndsets cre lo-
cated close together, color
coding or Icbeling of units should

be employed.

; C. HUMAN ERROR: Tempcral errors in

locating cnd using handsets.

D. DOCUMENTATION: MIL-STD-1472S

(1974).

I E. TYPICAL BACKFIT: Color code
hcndsets by communicction func-

tions; place frequently used/ critical
handsets in immedictly cecessible CR

crecs.

'.
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HUMAN ENGINEERING GUIDELINES F0Ft NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: HEADSETS - HANDS FREE
OPERATION

S. GUIDELINES: Hecdphones and1

micrcphones should permit hcnds free

operction.

C. HUMAN ERROR: incoility to com-

municate end perform operational

fcsks concurrently.

D. DOCUMENTATION: MIL-STC-14729

(1974).

E. ' TYPICAL BACKFIT: Modify er re-

picce with cppropricte device.

,

,

O
1

.

|
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(c) HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTRCL ROOMSwJ

COMMUNICATIONS

A. TITLE: HEADSET

CHARACTERISTICS

B. GUIDELINES:

1. The hecdset's frequency response

should be as brocd cs that of the
remainder of the system.

2. Se sure thct the dyncmic rcnge,
without cpprecicble distortion, is

at least 60 dB cnd ther the4

power-hcndling ccpccity is cde-
qucte to receive the pecks of the

amplifier output.

3. Pick a combination of ecrphone
O

and socket or cushion for which
the earphorie sensitivity cnd the

ecreep cttenuction together will
provide en cdequate signal-to-
noise ratio.

4. The earphone cushion should be

comfortcble enough to permit
the user to weer it cs long cs
necesscry. The ect cushion
should cover the outer ect with-
out crushing it. There should be

a minimum of ear enclosed with-

in the cushion socket.

5. Supporting structures for the ear

pieces should be designed so that

they do not impose . discomforts

COM-21,
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of weight, concentrated pres-
sures, or metal contcet with the

skin. They should be ecsy to

remove but in turn must hold the
ecrpiece firmly in picce.

C. HUMAN ERROR: Misunderstcnding

communicated messcge; fciture to
respond to messcge.

.

D. DOCUMENTATION: Woodson cnd

Conover (1964); Vcn Cott cnd

Kinkede (l?72)

E. TYPICAL BACXFIT: Modify er

repicce hecdphones.

!

O

O
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r- HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
.( POWER PLANT CONTROL ROOMS-s

COMMUNICATIONS

A. TITLE: HEADSET RECElVER

CHARACTERISTICS

B. GUIDEUNES:- Hecdset receivers
should possess the following operc-

tienci chcrceteristics:
1. Sufficient electrical power to

drive peck sound-pressure level

to 131 dB when using two ecr-
phones.

2. A gain control with dyncmic

rcnge sufficient to mcke the sig-

nel 15 dB more intense then the
ambient noise.m

3. A reduction in frequency rcnge
below 500 cps and cbove 4000
cps if it results in cn increase in

the cvercge power of the cudio
|

signal. I

4. A uniform frequency response of

receiver and hecdset between
300 cnd 4000 cps to cvoid unpre-

dictable distortions.
.5. Lcyout of the_ opercting controls -

for a typical communications re-

ceiver should provide the

" turning or station-select" :en- -
trol for the right hcnd cnd the
volume control for the lef t hcnd.

*O 6. Intercom station consoles should
be arrcnged so that there is

.

9
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plenty of spcce for the several
station Icbels.

C. HUMAN ERROR: Misunderstcnding

communiccted messcge; failure to
respond to messcge.

D. DOCUMENTATION: Woodson end

Conover (1964)

-

E. TYPICAL BACKFIT: Modify er

repicce receiver.

(

4

O
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS*

~J

COMMUNICATIONS

A. TITLE: USE OF HEADSETS VS.
LOUDSPEAKERS

8. GUIDELINES: Hecdsets should be
used instecd of foudspeckers when:

1. Ambient noise levels cre high.

2. Ambient white noise or low fre-
quency noises are of high levels.

3. Different messcges presented to
bifferent operators cnd con-
flicting/extrcneous messcges

. comoe te for coerctors' atten-
tion.

4. Control room subject to ccousticv
reverberction end echo effects.

C. HUMAN ERROR: Failure to receive
messages; misinterpretation of mes-;

scges; receiving cn incorrect messcge

(chcnnel shared systems with loud-
|~

speakers).

D. DOCUMENTATION: Chepcnis (1965). |
|

E. TYPICAL BACKFIT: Repicce loud- )
soeckers with hecdsets.

l
,

(D
U
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HUMAN ENGINEERING GUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS

A. TITLE: REMOTE AREA PAGING

8. GUlOELINES: Remote crecs (e.g.,
restrooms cnd kitchens) frequented
by operator's which cre out of normal

voice call rcnge shall centcin a loud-

speaker permitting cn cudible pcge of

the missing cperater(s).

C. HUMAN ERROR: Unsuccessful

attempt to centrol system stctus due

to insufficient centrol room staffing.

D. DOCUMENTATION: EPRI Report

NP-309 (1977).

E. TYP: CAL BACKFIT: Install specker

in restrooms end/or kitchen.

!

!
1

)

l

O
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HUMAN ENGINEERING CUIDELINES FOR NUCLEAR
POWER PLANT CONTROL ROOMS

COMMUNICATIONS
i

A. TITLE: ARRANCEMENT OF

COMMUNICATION EGUIPMENT

S. GUIDELINES: Phenes end pcge sys-

tems should be crrcnged et the

operator's desk so that the operator j

sits fccing the control pcnels. In I

cddition, the distribution of phones !

cnd length of phone cerds should be

sufficient to allow operaters to 1

..
communiccte with others while at
the control pcnels.

C. HUMAN ERROR: Fciture to monitor;

fciture to recced or report a system
chcnge.

D. DOCUMENTATION: EPRI Report

NP-309 (1977).

E. TYPICAL BACXFIT: Rectrenge

phones, pcge system er desks; instcli

longer phone cerds.

\vi
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