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.I NUCLEAR REGULATORY COMMISSIONo
b f WASHINGTON, D.C. 20566 4 001

_,,,,,# May 1, 1996

MEMORANDUM'T0: AP600 Docket File-

FROM: William C. Huffman, Project Manager
Standardization Project Directorate
Division of Reactor Program Manageme
Office of Nuclear Reactor Regulation

SUBJECT: SUBMITTAL OF DRAFT STANDARD SAFETY ANALYSIS REPORT (SSAR)
MARKUP PERTAINING TO AP600 HUMAN FACTORS ENGINEERING

Attached is a Westinghouse draft-markup of AP600 SSAR Section 18.7.

This draft document was sent to the Nuclear Regulatory Commission via

facsimile on April 11, 1996, by Steve Kersch of the Westinghouse Electric

Corporation to facilitate resolution of open issues related to Element 5

(staffing) of the human factors engineering program review model.

Docket No. 52-003

Attachment: Draft mark-up
of AP600 SSAR 18.7
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'Ibe foDowing table provides a mapping of Open Itan issues and where they are addressed in
*

; the sSAR.. . .
l .a,.

i
i - .

l
Open kent Number / lids SSAR Section/11tle; ,-

-

| -

i 18.6.3.1 Number and Qualifkation of 18.7.3 Nesber and QuaHficados of

i, Personnel Perseasel .

i

1 ..

|
- 18.6.3.2 Stafflag Isvols 18.7.3 Number and Qur2A of

Pemoanel; !
i a

!. 18.7.4 &==hi=adI.ioonas
Informanian Itent

|
j ..

18.6.3.3 5 ding AnalysisIteration 18.7.3 Number and Qualifistion of

||
'

Perspaast
-

I

! 18.6.3.4 E mais for Staf5ng 18.7.2 Doelga Basis for Stafflag
,

i 18.6.3.5 Idestry Standards, 18.7.1 faaq standants,
,

i :, IAddelines, and Prmrviema GuiMinas, and Pactices
, _.
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] l 12,7 Deterndmadina of StalBag;
:

! 'Ihis asedan describes the ( ,'-- ^' + gjordor detennining the staffins level of the-

) emerseins es w in the main connot room, themninarian af the aseman le=ata and .

: quali5canone of all personnel (operamans, maineenance, engtesering, instrun=imiaa andj
___ _ - __.- 4 ,,-__; w , % andibeIke p,

M
j :c :- Mi af the Combined License anolicant.

Ii

| .1 Industry Standards, Guideuses, and Prnceless i

' \
<

f.
'!be foBowing daa===** are need as guidenos to address staffing issues: !

l la CPR 50.54 U.S. Code of Federal Regulations Part 50. "Candi*iaan of Ucenses.".
.,,

l'

to cPR 50A7 U.S. Code of Federal P ; ' '= Part 50, "8 - . - y Piens." #-

' i .

NURBO 0000. " Standard Review Plan,' Secelons 13.1.2 through 13.1.3 h IM!( .

j l
NUREG0654, "Creens for heparence and Evalaeace of Radiological Emergency J

; i .

i: 1 Response Plans and t _J ^--- in Support of Nuclear Fower Plante,* 1980.
i l

Rag Odde 1.114. "thidmara to Operators at the Controle and to Aantar Operseors in thei I- .

! l Control Roorn of a Nacieer Ptmer Unit," May 1989.
i

: I y
Raguissory Guide 1.8,. and '!knining of Personnel for Nuclear Ptmer'

|- .
:

1 Planes," Revision ' April 1987. WwM.p Mu2 S.I ,') #g #j ,;
i

,

v
NURBG4711. " Human Factors Engineering Pmgram Review Modet," USNRC, Any j

j I .
'

,

i 1994.'

! * .' I 2mp s,.*( = z s ( i saa; l @s
| 18.7.2 Design Bede Ass'Staghis! e

! l
! I De design goal fbr the APdOO mala comerot seosa and its operating esew is to design the pinnt

|
and the man-inachine inserface system (M-MIS) such that one reactor operator (RO_) and one
ammier reactor operator (SRO) can amicly monitor and contiet ibe plant imular all **
loclutBng & Using this design goal, initial stafflag for the snais con 001 f00in is

,

'

i g assumed to be composed of(tliie)sidit e' visor (55) who is qualtned as senior teactor
operatorzliiiDenior reactor occator. and(oneh ooerstar. One of the shift supervisors.

or sentor reactor operators in the snain comemt mom will take on the ihnetion of the senior'

f technical advisor (STA) under the namimiviaa that the individual meets abe applicable
s . _ _ _ .

I
,

| The foDowing elements of the APtiOO lannan factors engineering (HPE) design prograin ars
used en abo basis to help ashieve, verity, and venidase abe design goal sensed abow

| , ,.

.

..
,

!
Baviden: 7

@ 18.7 1 Apat38,1996i

.

t

ceu*3owJ iuaa sarcaa enoaw wou; ecirt oc. 11 euw

_. . _ . . . _ . _ _ _ _ - - -- _ - -. ,



- - - -_- -.- -- - - - . . . _ _ . -- - - . - . - - -- - ___

i ,* . .. ..

.

,

''

|
18, Esman Faceses Eaglesestas

,

: . ^ -

_ _ _ _ . _ . - .

; 6

!#
4

Operunas Baperlanos Reviewi *

]g Peneden Analysis and Altaresian*

Task Analysis
'

j *

Henan Relisbuity Assessment*
.,

| ,' , Ruman Syssssalaterface GISD Design*

.. . Pi.eeders. .

'naising*;

linsman Fasters Beginocring Veifieesion and Valklusioni .
.

! .I
: 1812,1 Opermetus Expertence Review

,

.

5

An imput to the human isctors enginnenng design of the AP600 and its advanced man--

, . machine immisee system is an opensing exponence aview. ne objective of itis opersong

] exp.' a review is to idsedfy and analyse harnan factors engineerlag-related problems and
lesmen asianunamned in previous designs that am simBar to the AP600 so that they as avoided; -

j in the AP600, or to usain positive faenues. De resuks of the seview are used as input to the
,

design prosses so ihme adequess considerseios is siwa to these issues. Refer so section 1s.3
for a descripties of the review of operating experiones ocadecsed for the AP600. %s
operadonal protdans and muuagda of the main coesrol room staffing levels in correesty

i opensing Westinghouse pressurised water mectors se identified as part of the operating
i experience uview. neee problems and issues are addossed in the design of the APtiOO inan-

*

| reachine inestfacs system to help achieve tbs main control reorm operating crew design goal'

'
! sensed la subseettos 13.7.2.
i 1

! L, 1812.2 Funnallemal Requiremanes Anahals and Ateestles
e

!' De objective af ths Penettomal P+7'r- -t Analysis and Allarmeiam is to define the saisty

| f.-air.aan . 7 - and so assism '-retaa .namelens that taba advessaga of husman
! strengths and avoid aBocating functions that would be negatively aSected by tunnan

'

lindtsticas. ne function allaeariani process is used to help estatdish and support the desbad-

;

main control room stamag level. His psocess involves detennimation of which functions are:

achieved timongh automation and which th are anocated to personnel. Puliminary
,

: '

! .' decisions wkh rapect to system amenmasian are made by plant designers based en a veristy

| of cnteria, including "Isenons learned * ikom operstag experience of caneet Westingbouse
-

p- a wense reeeien. ne sole of the mana- Ai=. imeerface sysessa designers is to
,

i evatusse these fhaction anarmeina decisions with leapect to:'

Achieving marimiaant harman and sysmen performance without placing excessivelyi, =

i '- bunlensorne damand= upon the operasors
:
i

.

Detennining the "postW" tiud assuk funn automating a task*
,

!* When a task is suecasted, additional human tasks are added, and subsequendy, an aanmaamant

| is made of the openser's ability in anonmplish thans new tanka. nana added human tasks'

usuaDy deal with issues such as supervisory control of the automseed systems incia: Rag' i

M _; whodur er met the smaamaela sysseus made the correct Anat=4am; whether or not
'*'

;

' N7
Apeg30,1996 13,72 g
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i,

1
to switch to "Mansal" control from "h*==** coatml; and, in the case of amamnene

J
-

pramacaian syssens, whether or not the full capabilky of the system is needed Rder to
,

anhaareir= 18.8.2 for a description of the AP600 fhncoon allaeariaa process and its neults.
5

18.713 Task Austyds'
,

i

|: De AP600 Task Analysis has the following otiaalves:
.

'

Patwide ons of the bases for mananachine interface system design darisia=-
,

i *
"

.

Basme that hansa performance requirements do not escoed human capabilmes*
.

Pwvide input to procedme devalap===r' a
!

Ptovide input to stafflag, training, and corarrunications negoirements of the plant'

i a
i

.

3

Dek Analysis provides input to tbs mala control room staffing levels by including woddoed-
j

aanlysis as part of the overall Task Analysis proomes. During the ihnodonal design phase of
ths inuHnachins interfees systern, a weddoad analysis (Operations Segnance Analysis

.

| [OSA-2}) is perfbnned so establish that ths innsenusaiac interfaus syssem design adequasoly

|
aupports opensor pb = for issportsat operator tasks. Operadcas Segnanos Analysis _.

J employs man-in-the loop tests of rapid prototypes of rasa-amr*== meerface system synerns
as well as analytic a-+=1 =a to establish that operators are able to accomplish imponset task9

j segmences within the available time. De workload malysis is performed for a anbest of the-

i tasks nond in she fine opermianal segnanos analysis, including tasks idandnad to be thne

|
critical and tasks idemeinad to be critical banen acdaes or risk insertant to ggy. De

i
; abjoesive of the weddoed analysis is to provkle an endy verisonemen thes the control rooso

man-machine imearthce system adegastely apports aparator grannanos. In cases where the'

westdood analysis indicuacs a tamit with high operssor workload values, or insufficisms aims1

availaids for perfonasace, ahernative staHlag assumptions or changas to die manHancidae
inserface syssem deman or funcoon e larme== to reduce operator wodooed are eveh=aad For jn

;

j additional infonnation segarding Task Analysis, including workload analysis, safer to |
I,~

j subasedan 18.8.2.
,

j 18.7.1 4 n==== RallabElty Analysis

no Haman Reliability Analysis (IDtA) ovatusass the ponential for and ==ehaniema of Immany
errw that may affect plant sa8cty. %c demism of the man-macides inserface sysica is an
imponnat contributor to human r=Ilahiley. De goal is to design the inen-inachine ietseface,,

syssa to minamine the potential for human ener and to provide fbr error desacdon andi
J

.

1 tecovery capabihty, particulady for risk-impanant tasks..

Da AP600 design draws an lessoas learned flrom existing plant experience and ths resuks of

|' past launan aliability analyses and prahal=1* dak assamanents to redace the poensdal for

J-
launsa ener. One approach to inesesse hansa aliability in the AP600 is to slingdify the plant

'

|
design and todmoe the ===har of bannan actions sogained.

,

.

Insagration of human seliabihty smalysis activisies within the marHnach'me laterface syssemi -

i design process is =ar===punhad by:
> a

j Revidan: 7

i
^

| @ 18.7 3 Apse 30,1996
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18. Emman Feders Engineeshe
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, ,

,i ..

Task Malysis - Resuks of h==ian alialdlity anahn' rid '"Y- risk assessensets are'

1 ' *

i no st en identify critical buman actions and risk-important tasks as input to task analysis
activides. Ottical actions and risk-Imponant tasks are exandnad using operational'

om tuk manysm,ineiains w=kl d analysis.
;
. .

Humm (reza Innenfase Deslam ed Procedurs De#;- ~ - Rcades of mesnamahine| *

interfenen W. system interface design and procedse dewtopment activities will
- . = ' = Tasks that mehe und to comarm or mens imunen aliability analysis --' -

identiited in the beman reliability analysis /probabilistic risk assessment to pose
;

j challenges te plant safety and reliability wiR be recamined by task analysis.'

=sa ==hi= inerface symem desism, and procedse develatunant, to identify chanses
to the operasar task or the control and display environment to reduce or eliminate sources

.,

, , ,

el error.
'|

Hwnsa Pacears Enginocang Varinsation and Validaden FAV) Human reliability| - .

analysis perfonaance ====apriaan (acsions to be pr.ifo. ', tiens wkhin which they are
i

! composesd) win bs vandsed as pen of me w- resors e sharing iniesrai.d sy.im.

!
Validation

.
.

! He human seliability analysisthuman factors engineering integration implementation plan is

! ,j discussed in =h 18.g.2
! -

} 18.7.1.5 Bonnan system Isisednee Deden
.

>

He man-inachina laterface system includes design of the snee. machine interface symem'

j operadoes and connot osmars and usunnschine interfaoo syinnin sulmynesius ineended so
support peseenmal performance. Activities performed as part of the fW1 design phans

i J include en of rapia patotypes and m. men.in m ioop instag, and
i dewdat=aame of smidelines da====ma.
;

_ __

i An impnetant enemset of the man-machine interface system design process is the condact of
,

i num-in the loop concept tests that me used to establish the adequacy of remManchine meerface
systern design conospan. One objnstiw of the man-inaho-loop inadag is to asambliek shee the

,

|
-

main contrat ioma mam level and du man machine ineerfam system f-wi-i desisn of'

s;

! 0 the main consol room is adospmac to suppurt upusata posformance in abs range of assivitin

;j i and skussions that me @ to arias.
: 1

i / | A full-scale mockup of the main control roose incloding main consol censoles
*

(workantions) and the wall panel aEsplay& constructed mockupCagagluas0eo the
! j

i membed '-w-Mc pmmes and anansed in the fh.wlayoutintended forde AP600 plant
j

~ main control room. %e mockup is primarily used to ves'fy physical layout aspects such as

j availabilley of - --? , - . physical access, visibility, and selaasd ' - , - .c and in--

! facsors engineering insens. k is also used for walk-through emucises to ===ad== imuss each
as sinfilms ovels, insk allocasion, and procedure names.n!

'

i,

i
1

|
. _ . . . . _t.

Beddam: 7''

Apra 4 1996 33.7.d g
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For addidoost infonnsdom on the human systems interfachina interface system
design, ase suhasetion 18.8.2.

*

1s.1.2.4 Proenduses
.

Do C-:-4 ^ 'sd Prosodem system is a human sysrom interfacehman-machlae laserence.
,

system sesoume Ibat provides the interface for the operators to execute pen =hnma De"

Computerland Procedwo system helps achieve the naahs goal for the main cesarol room by
reducing abe mental burden and workload of the operators. Dis is E ---- " M by seducing
the naamher of parallel activities performed by the operators. For example, when a procedure

,

seguires &c opersaar to asocuss a specific aedon only aAer the plant reachan a given stats, the
C-:q a Psocedere System smaalr-s and alerts the operator when the plant samme esisis.

,

His fsees the apresenr diha harden of maalearing for this semes in paraBel with parfanning
thether steps in the procedme. Por additicant infonnation on the Procedme Development andJ

iho C- _ : 4 Procedes Syssean, safer to subseedon 18.9.8.
,

18.7.1,7 Trutmies
.

1hining program development is the seaponsibilky of the comedned n=nna appucust as
stated la Seedon 13.2. Refer so =d=ar*Lan 18.9.9 fbr a dian==lan of the Ttaining Programg
Development.

18,7.1.8 Emans Fasters Empneerhag Vertiesties and Vaudseles

| As deemlbed in admarelan 18.8.2, a homme factors enginesing verincation and validation is

pen of the humna faceurs engineering dcaism pecocas. N Insegrened sysses (M Mis),

Va5daden, conducted as part of the human factors engineering venflemeiaa and validation,
,.'

meludes the fonowng evaluarlons:

Rannhush he adequacy of the laengruend man machine interface system for acimevmgt*

mm4 g - - . . . - . . .- . - _

.'
Coenna alloestiam of emnetion and the emchne of tanks ansigned to personnel.

,,

n a huah he adeyesy of main oonerol non mahg lev.t. and the adopwy of tot.
.

amwnediime interface symem to apport the maff in accomplishlag their task

Validsen the BOPS
'

*

Confina the dynamic aspects of the man-machine inserina W for task*
* * ' -.y .,

Evaleses and demonsense error toleruna to hamna and system fhitmos i*
i

If it le deurmined fees he lategrated vmbdation testing that the main cosac1 staffing and
man-mechine innerf.oc syn.n o-i is m. no .chiev.d, , det. ion i. med. .iihe,

,

~

Besides: 7
.

I @ 24.7-5 Apet38,1996
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18, Remus Phders Buglasestag
-

._

:s

sedesign the appopdate symem (such at man-machine Imerfhoe. lastnameandon and concel,-

fluid systems) or modify the proposed main control room statnng..

18.7J Number and thmacastaan af Perseumst bp [8 I
.

~ As sesend in sabecetion 18.7.2,idesian sneDf the APMh and its man machina interface
is to have one mestar operator and one senior reactor operator be obie to anomitar and

consol the plant under all plant condidoes, including ernergencias Using this goal, abs lalalat
sisfSag level for the reann coment roost crew is ==--t to be q-M of eas%
agervisor (eselor reactor operamor lleense), cae senior reacsor openuar (smalur rumstur

one reactor operator (mactor operator license). Reser to %
a 14- the organisation and sospossbilities of the amit managesment and . I)e

'

, lements of the human factors process, as described in =dwerian 18.7.2, i
* * *

e
ase used to verify and design |

* -

Poesatiet hersdans to the stafnng level oeent dodng er fbilowing rhn luimen ineinri
sagissodag program elements liseed below:

The qualiensive wuikload analysis condacaed as part of the task analyds*

' Ins quantitudve wondeed analyses canetread as pan af the man indho loop concept teste
4

,

! pbees of the human system interface design

:
The inesgreesd sysum validadon condacted as part of the hunan facters engineering

.

' '- *

vedfketion and vnMetinn
;

? ~ 1
- '

An alasransive to horating the staf5mg level is to modify ,, f"y the eyeese design;

i (ann-machine inserfase systsen, insen====*h and contret systems, or fhaid systems) er the
fluacdoa anar=taa in order to achieve the stamn ' Die Combins3'

._ _ . . _ . m __y_e gg g g,y,, .,s level initiaDy
====tI

_ u_ . _ og_ = = -____ __ g .

j O CPK 50.54(m) donag the C.M Lacense mocess*

Refer to - or the quatincations of unit staff personnel.
,

13.7.4 t' h IJeanseIndsrestlesfleen -----

- - - - |

~Corabiand tlamaan g**:-"' reforeasing the AP600 design will address the sinfEna levnts
,

and quellGuaicas of plant penuamel inchuling opergiums, -tana==w, muniamunas,
i imensmenr=*= and conuoi techalcians, adiological presodon neeh*laan seculty, and

"
:
:

39| 9,

e,

,

!

:

;
-

1 Asvistent 7
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