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Human Factors Review Team Guidelines
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Appendix B

HUMAN FACTORS REVIEW TEAM GUIDELINES

Description

Systems within 2 functional group should be grouped together.

Layout of identical systems within a group should be identical, not mirror images.

Associated controls and displays should be in ciose proximity (within 2 ft of each other)

Displays which bave to be compared should be adjacent and values easily readable and comparable.

Di:playundeonzrolsvhiehmmsidctdwbothcmimpomntormnndexumivdyw
be placed in the optimum viewing use areas.

Devices of lesser use or importance should be placed in lower, optional areas.
Dnieuwhicbmnudintmuendy:honldbomedwloalbouda. .
Alarms, displays and controls for systems should have identical spatial arrangements.

Relationships between funcsional characteristics of systems and compoaeats should be the same oa
all of the control boards. .

Boundaries between systems sh.ocld be demarked and the areas so contained Fshonld be single (one
system should be clearly separated {rom another system).

Systems and subsystems should be cleariy identified as systems, not by the identification of each
individual componeat.

- An annunciator system should draw the distinction between safety and economic functions with

plant safety being the hignest layout priority.
&dmﬁncwdfucﬁoadd:ﬂwuddnringwddmtmdchakm

For proce.s flow type systems, other thaa the CVCS system, the arrangement of components should .

folu;.v the nrocess flow (valve suction then pumps, recircalation alongside pumps, discharge valves,
et . :

The association of contral variable controller snad systems should be unambiguous. It should be
clear which system is which. :

Order of precedence A safety related system layout should have a higher priority than 2 non-
safety related system. The system (within systems of the same relationsnip) requiring Quicker
operator/response should have a higher priority. :

The operator shall bave an immediate useable indication of the primary safety response of & system
to his control actions.

Su%s instraments and recorders shall be clearly readable by the operator {rom his normal working
position.

All controls, switches, vaives and other devices shall be designed 50 as to be easily operated by the
operator but not be subject to inadvertent operation.

The design of displays and controls should enhance functional grouping (be distinguishable by color,
shape or label, so that confusion is avnided if one type of instrument is used for 2 number of differeat
operating functions).

All labels shall be as brief as possible, but consistent with clarity of purpose and of systamatic
hierachy based oa system, subsystem, and component designation.

For a given function the simpler control/device design is to be preferred over a more complex
coptrol/device. . .

Alarm systems with audio sigzals shall be pleasant sounding but readily detactable.

Where possible, primary reactor protection sysiem devices shall be color coded for easy identil-
cation.

Sufficient instramentation shall be provided {or each system/subsystem to optimize that systex's/
subsystem's safe operational control
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Appendix C
CONTROL ROOM OPERATIONS QUESTIONNAIRE

PURPOSE OF QUESTIONNAIRE

The questionnaire, attached, is being sent to each reactor operator, senior
reactor operator, shift supervisor, and sh‘ft en?ineer at all TVA nuclear
plants. The questionnaire is part of the control room design review (CROR)
required by the Nuclear Regulatory Commission. The questionnaire affords
every individual experienced in a TVA nuclear control room the opportunity
to make their experience, knowledge, and skills contribute to safe,
satisfying, and productive power plant operations. The completed
questionnaires will be studied and evaluated by the CROR team - 2
multidiscipline team of TVA scientists and engineers who have the
responsibility to inquire into all human factors engineering aspects of
control room operations. The CROR team will use respondents’ comp leted
questionnaires in assessing TVA nuclear control rooms. With your help,
their assessment may lead to necessary and desirable changes and/or
redesigns of control rooms. Questionnaire responses will be summarized and
incorporated in the CROR team's written report.

QUESTIONNAIRE PROCEDURE

The questionnaire should be completed and mailed (envelope attached) not
later than . This will permit the CROR team to read your
completed questionnaire at least two weeks prior to their scheduled arrival
onsite for the plant control room survey.

The questionnaire contains anthropometric and biographical items that will
be useful to TVA engineers and designers. Your questionnaire responses and
comments will be treated as confidential and anonymous. However, if you
wish, to amplify or clarify any response or comment, write your name and
telephone number on the questionnaire and a CROR team member will contact
you during the onsite survey.

Your participation in the questionnaire survey is highly valued and
appreciated.

C1




Appendix C

Control Room Operatfons Juegtionnaire

A Specify any changes you wouid recommend in the following areas:

Al Shift coverage

- A2 Shift turnover

43 Training

A8 Coler ocoding
~

45 Centrol roca access

A6 (ontrol panel layout or access
( : 47 Com=wmnicatica systems

A8 Y eating ¢~ veatilatiocn

C-=2




A0

Al

Al2

A13

FAL

A1S

A6

Lighting or noise levels

Special test equipment

vaiatensnos or sw=veillance testing

NDat: recording and log entries

[aformation flcw

Firaiture, sQuient, or Workspacs

Cxputers

Other?

C-3
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Appendix C

Are any ccatrols difficult to operate? If so, identify them,

Are any controls designed, pesiticned, or labeled in a manner that causes
risk of Laadvertent operation?

ice any cecorders or indicators difficult or ccafusing o read?

Are any izportant indicators located such that they are difficult to sae
during zorzal, abnormal or emernency operation?

Do you feal any ccatrol roca displays are unnscessary, provide wimportant
inforz=atic, or needlessly clutter the control panels?

S2sed on your operational experience, does your control room lack any
atrols or displays nseded in your response $5 cormal, abnormal or
emeraency situations?
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Appendix C

Do ycu consider ths annwncistor systea to be effective in conveying
‘gporsaxt iaformaticm o you?

Do ycu have any problezs lomatiag or tsizng procsdures or opsratimal
{astructions?

Are ‘odivical responsibilities and chaineof-command clearly wmderstood
during all operating cendi tions?

Is there an adeqate mumber of oparators available in the control rooa (or
{mmediately avallable) to effectively operate the plant during all
conditicus?

Are you reguired %o perfora any duties that you consider wmreascnable or
distracting in your responsibility as an SRO or RO?

Based m you- opsraticmal exerience, have iny errors or iacidents occured
vhich could have been averted through improved ccntrol rocs design?
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Appendix C

M. Is there a particular panel which you consider more diffcult or coafusing
to opsrate than ths cthers?

P. General Coments:
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Operator Interview
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Appendix 0
OPERATOR INTERVIEW

PURPOSE OF INTERVIEW

Operator interviews are being made by TVA to tap the vast reservoir of
experience, skills, and knowledge possessed by its nuclear power plant
operator personnel. The operator interviews are part of the nuclear power
plant control room reviews, required by the Nuclear Regulatory Commiss fon.
ODes igners, managers, and operators of electric generating stations, all TVA
personne! have vital interests and stakes in safe, satisfying, and
productive power plant operations. These vital interests and stakes go far
beyond mere compliance with government regulations. This interview will
help relay the benefits of your experience, skills, ard knowledge to those
designers, engineers, and managers who can make desirable changes in
present p‘ants. enhance future power plant design, and improve working
conditions in present and future plants.

INTERVIEW METHOO

The person conducting the interview is a member of a TVA multidiscipline
team conducting the onsite survey. He will ask you questions and will
listen to your answers, responses, and suggestions or ideas you may care to
volunteer. Your answers, responses, suggestions, and ideas in summary form
will be incorporated in a written report. Your identity and extent of
participation will remain confidential and anonymous. Your candid
participation is highly valued and appreciated.

01
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Appendix 0
BIOGRAPHICAL DATA
YOUR POSITION (e.g., Senior Reactor Operator)
YEARS OF NAVY NUCLEAR EXPERIENCE:
NATURE OF NAVY NUCLEAR EXPERIENCE:

YEARS OF FOSSIL FUIL PLANT EXPERIENCE: TYPES OF EXPERIENCE:
YEARS OF COMMERCIAL NUCLEAR POWER PLANT EXPERIENCE: TYPES OF
EXPERTENCE:

OTHER NUCLEAR PLANTS WHERE YOU WORKED:

DATE OF FIRST LICENSES: RO SRO
AGE: HEIGHT: WEIGHT:

- EDUCATION: YRS HIGH SCHOOL ____ YRS COLLEGE OR UNIVERSITY ____
TOTAL CARE':'R. HEEi(S OF SIMULATOR TRAINING _ (WEEKS) WHICH ONES ___

02



ATtendix D

JEE_CONTROL ROOM

1. Nuclesr plant camtrol romms vary ccnsidarably in size. Sow would you describe
your control roam size vith regard to effective plazt cperstica? Is it too
large, 0o small, ar just about right? Please cczmest on any orodlex: ia tkis

2. Are there any problems of an envircomental nature vhich detract fram e’fective

N ¥ cperations in your control rocm, e¢.g., hest, vemtilaticm, hwaidity, il :minatiom,
. noise, distractions from visitors or excessive plant perscunel? let'z r..
. take them cne at & time. If yes, please describe.
g Veztilaticn: Yes No
A
=
Ji Texpersture/Bmidity: Yes No
R
4
v -
-
Py wminstion: Yes ¥o
-9
’ Yoise Levels: Yes No
Excessive Traffic through Ccutrol Roam: Yes Xo
Distracticms from Visitars: Yes ¥o
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Appendix D

General Appearscce Factars (Well colars, deccraticns, etc.) Yes No

Other Zaviromental Factars, €.8., natwre of the flocr swriface. (Please describe.)

Clnmmtulotmplmbcnm&tmdr:amcml'p«iticnoru tke
operatar coutizually aoving about the contTol rocm tO assess systen status?
are your xeferences in this regard?

Are specific staticus established for the operatdars ané vatch 2creman? Yes

No. Have the operator and supervisor stations within your comtTol rodm beea
arranged nost effectively 8O <hat cocrdinated acticns can be taken {n copducting
porzal and emergency operaticus? If not, please descride problems.

D-4
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cdcamt o ansen s oo

cperdix

7. The operator has need to communicate effectively with others in the Plant. What
improvements, if any, are rsquired with regard to yowr cezmunication system?

3., Zave eating and tollet facilities been located Zor Saximum cperator conveniencel Yes
Jow long does it take an ocperatcr using these Zacilities to retuwrn to the comtral

roca in the event of a casualty?

Mizutes. Zow long can an operator lsave

o

the =ain portica of the cogtrol roam vwitaout calling 2cr & Teplace=ent? Yiz tes.

control staticms, are they:

Je Ewmynmtmmu“mwmwu‘z If you operate WO or ;CTS

NEARLY IDENTICAL,

TDEITICAL,
MIRRCR DMAGES OF SACH OTHER, T DISSIMILAR

I° applicable, please descTide any yroblams in shifting Zram cne centzol statian

<0 ancthar.

10. unmcmlmamcmlmbm?mﬁmmmmt
1s lcgical for normal and emergency operaticns? I2 act, hov could the placement

of panels bde improved?

0-3

No



- . - =@ o

Appendix D

11. Within each specific panel {n your control rocm, have related controls and displays
pertaining to individual subsystams been grouped logically and distinctively?

12. Does your camtrol roam include instrumemtoticn, coutrols and displays vhich are
unnecessary £or you to 4o an effective job? If "YES", please provide examples.

13. Does your cantrol roam lack impcrtant instmumentatsion, controls,and displays
vhich would help you do a aare effective job? IZ yes, plesse provide examples.

14, Does your comtrol rocm zake use of mimic or grephic/pictarial panel arrangements?
Yes ___ No ___. Do you fawor the use of such ccntrol panel designs?

Ves No

D-6:
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19.

Are important displays geoerally placed where they can be -~sad easily?
5i7e examples of any sroblems please.

Are important comtrols gownmpludmthqcaborouhod with ease?
Give examples of any Drodlems please.

Have controls been selected and ariented to xinimize accidental disturbance
of comtrol settings? FPlease describe examples of any. Sroblems in this area.

Have groups of cantrols vwhich are {dentical desr coded in any vay to pes:it
mmzcuwunmmubmm To what extent do you fiad
yoursel? reaching for the wrong caontrol or mistaking the ideatity of an indicator
light or aete=t Please describe problems, if any.

To vhat extant do cperatcrs {n your control roam f£ind it necessary to add or
30dify labeling, code meters, add zimic lines, protect certain coutrols Zram
accidental sctivation, or othervise podify the panels to zaxe cperaticn essier?

0-7-



Appendix

Have 3ajor panels, sub-pansls and janel elements been labeled clearly and can-
sistently to facilitate identificsticn of ccntrol rcan elements? Slease cescribe

problams, if any.

In your opinicn, are %00 many ar too few functicns perfarned autamtically dy
systea in cootrolling abnarzal events, i.e., should the operatar have

ter the systea in the initial response to abacr=alities?
Can you provide examples vhere direct ccmtrol dy =e cperatcr, i= place =¥ asto-
matic systezs respcnse, “ould be prefesable?! Are there exacpies vhers aut=atic
systea respouse vould be preferadble to mamual comtTol?

What Sunctions does your camruser perfarm tO assist you in cperating tie cont>ol
systex? How useful and relisble is your camputer? What changes or additicns
in cagputer usage vould you like to see? Are operstors adequately traiced €9

use the camputer?

0-8
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Appendix D

23. Frm all indicaticmns, “uture generaticn ccotrol panels will rely heavily on
capputer-generated Cathode Ray Tubes ar TV screen-type distlays Zcr the display
cf informaticn to cperatars, thereby m=inimizing the use of extensive arTays £ .
2ixed meters and indicatars. Do you Zavar this trend? What advantages and
disadventages do you foreses Sram an opersticnal standpoint?

ATWICIATCOR /WARKING SYST™

24, EHEas the annuncistor/wverning system in your comtrol rocm been designed so that
ywminedhul:domvhmmsbmlennthuocmdmdiu specific
cature? DescTibe jrodlexs, i2 any, please.

—— - —

25. When an abnormal cccurTence takes place, dces your centrol board ;rovide all the
aecessary inforzstion in the right forzmat o allov you to resdily disgacse problems
and taks corrective acticn? Descride any problems ctlease.

0-3



e et = i e .S W oS - - . E———— e .

30.

. —— e ———— -

Appendix D

When your systam reects sutamatizally to an sbancT=al cooditicm, do you bave azy
mummmwm’w verifying that autasatic sysIa=
respanse bas deen affected sroperly? Give exar :les of any troblems, Tlease.

Eave varning/sonunciator lights been clearly ancd scnsistently colcr coded so

mtmcummuwmmsymuatnmncranml

state? Please give examples of any problems.

Are the auditcry varnicg sigaals d4f%erectiated t0 provide different zeanirgs

such as the seriocusness of the probiem or do they refer you %o the stecific control

panel(s) iavolved?

mo wvhat extent dces your comtrol rom sresent yc1 vith "false alarms” o
guisance alarms that you bave o lesra %0 ignore? Please desc=ibe jroblezs,
i any.

Is your alara systex designed 80 that you are pot expendirg an "unreascuable”
mount of effart inm sileacing or acimovledging alers?

D-10
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Appendix D

ZROCEDURES /pcCTMERTATION

3i.

32.

3.

3.

5.

Are your procedures sufficiestly detailed and clesr %0 permit effective operstion
32 your control roaa? If N0 , plesse describe how procedires could be improved.

Is the ~peratar required to cammit to memory an unreascnable number of
srocedures of an emergency nature? If so, vhat measures could be taken
o help the operator?

In general, is %00 much ar tov little emphasis deing placed on procedures and
"dmméa‘b'ytbnbook‘t Plesse cament regardisg your opinicm.

Are your emergency cpersting rocediTes easily accessidlst Is <hare a need for

maze:mws:cmmmnmpmmeommcm

a pcre timely mamex?

ATe your emergency procedures designed so that thure is & clear definition
and divigicn of respansibilities among ccmtrol roas cperstas in dealing with
aff-normal events,or is there a duplicsticn of coverage or other problems?

Do your recard keeping tasks (log emtries and reeding of pearsmeters) interfere
vith your opersticnal duties, especially during responses to sericus off-normal
conditions? If yes, vhat improvements can you recammend?
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Apreadix D

In your opinion, in vhat vays could the control roas be redesigned to reduce the
takss tO leszn to cperste the coptrol board?

To vlat extent 40 you feel that the classroam thecTetical tTaining and CpeTaticzi.
training required to successfully pess the NRC licensing examinaticns is related
to effective operstional job perfarzance?

changes in ths training progrszs for ROs and SROs do you recazmend €0
quald

What majcr
ixprove the ty of operator training and reduce ‘raining time?

What c’pinim 40 youhave regarding -equalificaticn training for R0s and SROs?
Doss this required training pose any prcdblem?

In your cpinicn, how useful are comtrol roam simulators for training puwroses
to prepare ROs and SROs for operation of your plant?

0-12
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Azpeadix T

L2.a What three qualities cr characteristics would you perscoally lock for ia .
selecting successiul candidates for operstor training?

b What three majJor shortcamings do 7ou Zeel are

h Terregentative of the
~ess successful operators in your experieace?

SZITT WORK/CVERTDME

L3. Would you prefer & different shift schedule than the cae you jresently have?

Lk, Have you cbserved any problems associated with watch swrover? Plsase descride
any cantrol staticn twrnover prodlems.

LS. Have you noticed any tegative effects on Operator perZorsance which caa be attri-
buted t0 changing f>cm cme shift <0 ancther, e.g., going - day shi®t %o the
2idnight shift?

L§, Zow zany hours <€ overtime 4o you typically wark over a pericd o cne year? Have
you aoticed any [roblems associated Witk cperators vorking extensive periods of
cvertinet

47. Have you cbserved axy perscual Iwroblems that Operstors are experiencing vhich
result fram shi®t vork and/cr extensive overtime demands?

0-13



48b.

49a.

a3b.

audsmmmlw,ciucmmhdnmwm,
ar

chMcmm-
ummaw-.uu:mzonmmnn
mmwuwwm:oamm,wpmm,

Are there any other significant exanplei you wish to share with us?

m«:mmm&mcﬂﬁmcw:rdm, cite cne exa=ple

of s particulsr cantrol, display, panel, warning device, etc., which s 2ot
*mman engizesred” o is poorly designed f=m the operatcr's standpoint, acd
ma'eouumd.tosnl.‘\m‘doaarapmtcm.

Are there any other significant examples you wish to share with us?
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Appendix O

50. Jow think of an exazmple af & perticular display, comtrol, label, panel layout,

varning device, ar other comtrol roam featwre vhich is vell "human engineered” .
and vhich zight have rrevented & serious or potmm.l/ serious accident or
Operstar errar. 2lesse descride this equirment with prrticular exphasis an

the features vhich zake it lesirable from an cpersticnal standpoint.

51. The reactcr cperstar's Job has been described as consisting of “hour arter hour
of dedbilitating baredam interspersed with periods of abject texrer.”

A. Assuing there s some degree of truth to +his statement, wh
done to relieve the routine @ baring aspects of mwn.,vcﬁcmbe

~

o o B ¢ SO BB =

3. What can @ should be done to relieve pericds of {ntense stress?

0-18
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Operator Interview/Questionnaire
Biographical/Anthropometric
Data Worksheet

Job Position

Age Sex Height Weight

£ducation/Training/Degrees (military and civilian)

Power Generating Plant Experience (months in each type plant. Total in

years and months)

’

Commercial Nuclear Navy Nuclear
Fossil Hydro
Total +
(Years) (Months )
Date of First License RO SRO

Additional Current Licenses (Check): Vehicle /~J  Chaffeur /7
Aviation Pilot /= /7 Marine Pilot /7 Radio Operator /~ 7
Cther /~ 7 (Specify)

E-1



Appendix E
HOMAN ENGINEERING COMCERN (HEC) WORKSHEET

Plant:
Unit: 1 - 2 = 3 - Simulator
HEC ID No.: Date:
(Panel) (Checklist) (Sequence #)
HEC Short Title:
Location: Checklist Ilzem:

dow HEC Idencified: Checklisz Interviaw Qu:scticonaire Additional Analysis

Plant System/Subsystea:

Components lavoived (UNID/Mame):

Suman Performance Modality Affected (vision, hearing, decision making, egc.):

Detailed Descriptiom:

Izpact/Sigaificance of Concarn (idencily how concern relates to events, moces,
functions, casks, any safety consequences, and desczibe relationship o any
other concerns as appropriace):

E-2
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?%0to/0Ocher Referencs: Aczached /_/

)

yes 10 D Yo.
Suggestsd Corzecticn (optional):
9EC leported By:
Name (optional) Posiziocn (optionmal)
YEC Rwmported To:
Tasm Member Other Perscn

E-22




TVA HED Report No. Photo ID No.
(Panel ID) (Checklist ID) (SEQ No.)

Date

HECs Contained Witbin This (HEC Nos.)
Plant CRIR Team Reviewer
Onit CROR Team Leader
Title
HED Assessment:
Action Proposed to Correct HED: DR No.

EQN No.

Other (Specify)
Correction Schedule (Specify Type Action):

Completion Date

Starting Date
Assigned Organization:

COMMENTS




TVA 488A (EN DES-3-TT) TENNESSEE VALLEY AUTHORITY
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COMPUTED OY SATE CHECKRED OV SATE
lant . Unit
SURVEY PERSONNEL JUSTRUMESTS
CALIBRAT 0N
OaTe LOCATION
VoLTAGE S :
START OF SURVEY
END OF SuveEY
STATION | PANEL QER0ING Scusoe PuacefneEuT REMARK S

NuMBER |[NUMBERQ (Foefcnuou.s)

]

T
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