UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 206556-0001

May 1, 1996

MEMORANDUM TO: 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, Ly 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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The following table provides a mapping of Open Item issues and where they are addressed in
the SSAR.
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18 Humas Pactors Eagiseerieg '
, - 1}

| 187  Determination of Staffing

mmmu%' plar for determining the the

crew in the main room anndm%

operafions, mainienance, engineering. instrumentation and

control techmicians, mmem.muumm?
of the j

1 Industry Standards, Guidelines, and Practices

The following documents are used as guidance 10 address staffing issues:

e  IN0CFR $0.54 US. Code of Federal Regulstions Part 50. “Conditions of Licenses.”
. 10CPFR 5047 US. Code of Fede:al Regulations Part 50, "Emergency Plane.* e
. NURBO-0800, *Staslasd Review Pla,” Sections 13.1.2 through 13.1.3, (9685 e

e NUREGO634, "Critena for Mreparation and Evaluation of Radiological Emergency
Response Plans and Preparedness in Support of Nuclear Fower Plants,” 1980.

. MMHM.‘W»W:MMMIOWWhM
Control Room of a Nuclear Power Unit," May 1989.

Regulatory Guide 1.8, ; and Training of Personnel for Nuclear Power
Plants," Revision 2, April 1987, g;mu-w(.«\ pe331 80 ") P

e  NURBG<OT(!, “Human Factors Eaginecring Program Review Model” USNRC, July
1994,

18.72 Design Bosis for Staffing

The design gosl for the APG00 main contral room and its operating crew s to design the plant
and the man-machine interface systemn (M-MIS) such that one reactor and one
scuior reactor operstor (SRO) can safcly monitor and control the conditions

M‘éu @on s Z.sgﬁ_lmn lu)

- ———— . —————————————

coatrel room will take on the function of the senior
Mummmmumummnmuw
engineering expertise requirernents.

The following elements of the AP600 human factors engineering (HFE) design program are
uscd as the basis to help achicve, verify, and validate the design goal stated above:

-
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l 18 Hsmer Factors Eagineering

§ !

Hluman Mactors Enginccring Vorification and Validation

18721 Opersting Experience Review

An input 1o the human factors enginoering design of the APSUU and 1is advanced man-
machine interface system is an operating expenence review. The objective of this operating
ummhmmuwmmmmmmu
issnes ancrumterad in previous designs that are similar w the AP600 s that they are avoided
in the AP600, or o retain positive features. The results of the review are used as input 10 the
dosign process so that adequate considerstion is given 10 these issuss. Refer 1o Section 18.3
fu.uﬁmdumdmwmwum. The
operstional problems end streugths of the maln control room staffing lovels in currently
opersting Westinghouse pressurised waler reactors are identified as part of the opersting
experience review. These problems anu issucs are addressed in the design of the APG00 man-
machine interface systern 10 help achieve the main control room operating crew design goal
stated in subsection 18.7.2.

18722 Functional Requirements Analysks snd Allocation

The objective of the Functional Requirements Analysis and Allocation is to define the safety
fusctiooal requirements and to assige function allocations that ke advantage of buman
strengths and avoid allocating functions thet would be negatively affected by buman
limitations. The function allocation process is used 1o help establish and support the desired
main control room staffing Jevel. This process involves determination of which functions are
achieved through mtomation and which functions are allocated 10 personnel. Preliminary
decisions with respect io system sutomation are made by plant designers based on a vaniety
of criteria, including “lessons learned” from operating experience of current Westinghouse
pressurized water reactors. The role of the man-machine interface system designers is fo
evaluate these function allocation decisions with respeci w:

*  Achieving maximized human and sysiem performance without placing excessively
burdensome demnands upon the GPErstons

¢ Determining the "posi-conditions” that result from sutomating » task

When & task is mzomated, additional buran tasks are added, and subsequently, ap assessment
iz made of the operator’s ahility tn scoomplich theae new tasks. These added human tasks
usually deal with issucs such as supervisory control of the automated sysems inchuding
dewcrmining whothor or not the sntomatic system mode the cormect decision; whether or not

Revision: 7
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10 switch 1o "Manual" control from “Autometic” control; and, in the case of automatic
mummmummdumhm. Refer 10
gubsection 18.8.2 for & description of the AP600 fanction allocation process and its rusults.

18723  Tack Anslysis

The APG0D Task Analysis has the following objectives:

Provide one of the bases for man-machine interface sysiem design decisions
Ensure ther human performance requirements do not exceed human capabilies
Provide inpat to procedure development
mmnmmuummmmduﬂn

mmmmwnmmmmummwwum
amalysis as pant of the overall Tesk Analysis process. During the functional design phase of
the mep-machine interface systom, a workload analysis (Operations Sequence Amalysis
[w-znbmmwmum-mnmwm.mwm,
mmmt«mmmwmmyﬁ
uwmhhhwmdmmdmmmfmmm
uﬂnﬂﬂﬁhﬂwwhmm&bmsmu
within the availsble time. The workload analysis is performed for a subset of the
tagks maed in the firm operational sequence analysis. including tasks identified to be time
critical and tasks identified o be critical human actions or risk important 10 eafety. The
m«auwumuum-mmummm“
man-machine interface system adequately supports operator performance. In cases where the
WMMMuMMMMWVMuwm
WMMWWMﬂmaMnbm
inteeface systam design or function aliocabon to reduce operator workload are evaluated. For
m.uz b o -
188.2.

18724 Humes Reliahility Analysis

The Human Reliability Analysis (HRA) evalusies the potestial for and mechanisme of human
emor (hat mey affect plant safety. The design of the man-machine interface sysmem is an
important contributor to buman relisbility. The goal is to design the man-machine mterface
w»umnmfammmnmrummu
recovery capahility, particularly for risk-important tasks.

mmwmmmmwmmmummmma
pmmmmmuwmmmmh
buman emror. One approach to increase humsn relisbility in the APG0O is to simplify the plant
design and reduce the number of humso sctions required

wammm,&ammumhmmm
design process is accomplished by:
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18 Bamen FPectors Engincering

o Task azalysis - Results of buman relisbility snalyses/probabilistic risk assessments are
MmWaﬁd‘ and risk-important tagks as input (o task analysis
sctividies. ' and risk-imporant tasks are examined using operafional
. unace task analyses, including workload analysis.

* Hume ,y»mnummmmw-mam
mmsymwwmmmﬂqﬂamﬁn
be us o confirm or refine human reliability analysis assumptions. Tasks that are
Meniiiied in the human relisbility analysis/probabilistic risk sssessment to pose
challenges tc plant safery and relisbili will be re-examined by task analysis,
man-machine iserface system design. and procedure development, to ideatify changes
bhmﬁmhM“MyqubMucle

of exror.

«  Human Nactors Bnginccring Vorificetion aod Validation (V&V) Humn relisbility
analysis performance assumptions (actions to be performed, time within which they are
wmunumnmdummmwsm
Validation.

The buman reliability analysishumsn factors engineering integration implementation plan is
discussed in subsection 18 8.2.

18728 Human System Interfnce Design

The man-machine interface system includes design of the mas-machine interface system
operstions and control centers aad man-mechine intcrface systour subsysteus inteoded w
support personnel performance. Activities performed as part of the functional design phase
include development of rapid prototypes and mockups, man-in-the-icop testing, and
development of guidelines documents.

tf An important element of the man-machine interface system design process is the conduct of

man-in-the-loop concept tests that are used to establish the adequacy of man-machine mterface

. sysom design concepts. One objective of the man-in-the-loop teeting is to astablish that the
main control room staffing level and the man-machine interface system functional design of
the main control room by sdoypate (0 support vpsealor e formance in the range of activities
and situations that are anticipated to arise.

A full-scale mockup of the main control room i including consoles
(M)Mmmmww’.;um%m
required sathropometric profiles and arranged in the for layout intended for the AP600 piant
mein control room. The mockup is primarily used to verify physical layout aspects such as
aveilebility of workspace, physical access, visibility, and releted anthropometric and buman
factors issues. It is also used for walk tarough exercises to examine issues such
as sulTing lovuls, sk allocstion, and procodare usage.

Revison: 7
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For additiona! information on the human systems interface/man-machine interface system
design. see subsection 1882

$or vt s

mwmmh.hmcymm.wm
qmmmmmmwumwmm The
stmmsmnuummpdhmmﬁwuamw
reduciag the mental burden and workload of the operators. This is accomplished by reducing
the number of parallel activities performed by the operators. For example, when a procedure
requires the operstor 10 execute a specific action only after the plant reaches s given state, the
Computerized Procedure System monitors and alerts the operator when the plant stae exists.
mmuwdmmdmm.faMmmmwmm
further stops in the procedure. For additional information o the Procedure Development and
the Computerized Procedurs Sysiem, refer to subsection 1858

Truintng

Trainmng program development is the responsibility of the Combined License spplicant s
stated in Section 13.2. Refer w subsection 18.9.9 for a discussion of the Training Program
De veloptment.
Humar Pactors Engincering Verificetion and Validation
As described in subsection 18.8.2, a human factors engineering verification and validation is
punt of the buman factor: engincering design proccss. The Inegrated Sysieem (M MIS)
Validation, concucted as part of the human factors engineering verification and validation,
includes the following evaluarions:
e  Estsblish the adequacy of the integrated man-machine interface system for acineving
bumas factors engineermg program goals
Coafirm allocation of function and the wricture of tacks essigned to personnel

Establish the adoquacy of main control room staffing levels and the adequacy of the
man-machine interface system o support the staff in accomplishing their tasks

Validate the BOPs

Coafim the dynamic aspects of the man-machine interfa.c y~em for task
accomplishment

¢  Evaluste and demonstrate error toleranve to buman and system frilures

If it is desermined from the imegrated validation wsting that the main contre’ maffing and
man-machine imerface systoin desigo gomls are not achicved, a decision is made to cither

Revigion: 7
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l 18 Humen Fucior Boglsseciug

1873

mmmm(mnmmmmmmm
fluid systems) or modify the proposed main control room staffing

Number and Qusifications of Personnel chagn 8‘“,’2?‘

nmumun@m APKON and its man-machine intarface
i6 to have one reactor operstor and one senior reactor operator be able Lo monitor and
control the plant undor all plant conditions, including emergencies. Using this goal, the initial
level for the main control room crew is assumed o be composed of one shift
%nmrmw“).ummwmm
one reactor Operator (reactor operator license). Refer to subsections 8.1.5.
the organization and responsibilities of the unit management sod staff. The
‘ehorments of the human factorns enginecn ign process, as described in subsection 18.7.2,
are used to verify and -~

Potwential iterations to the staffing level cocor during or following the humam factors
engmesning progrem elements listed below:
e The qualitative workload aoalysis conducied as part of the task analysis

»  The quantitative workioad analyses conducted as part of the man-in-the-Joop concept tesl
phase of the human system interface design

*  The integrated system validation conducted as part of the human factors engineering
verification and validation

Ao alwoenetive 1 kerating the siaffing level is to modify appropristely the system design
(man-machine interface systom, instrumentation and contral systems, or fluid systams) or the
fanctioe allocasion i order o achieve the siafTing level initially weumed The Combinel

1874

Combined License applicants rcfcreacing the AN600 design will addross the seaffing lovels
and gualifications of plant penoencl inchuding operstions, maiulcomrs, GgINSCIDg,
instrumentation and conuol techniclans, radiological protection technicians, securiy, and

°
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