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If you have any questions, please contact Steve Kerch at (412) 374-5104 or Andrea Sterdis
at (412) 374-5292.
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Nicholas J. Liparulo, Manage
Nuclear Safety Regulatory and Licensing Activities

/nja
Enclosure 1. Proposed Draft/Markup of SSAR Section 1898
cc: Jim Bongarra NRC HHFB

John O'Hara Brookhaven National Laboratory
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8 I18. Human Factors Engineering
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18.9.7.7.3 Dedicated Controis for Safe Shutdown interface Design Specification

I'he dedicated controls for safe shutdown interface design specification is writien after the
functional requirements and performance requirements for these controls are written

15.9.7.8 Controls Integration

Ihe controls integration testing follows the verification and validation methods outlined in
Secuon 1K.¥

18.9.7.9  Controls Software Specification

The controls software specification is written afier the controls software requirements are

defined
18.9.7.10 Controls Hardware Specification

The controls hardware specification is written after the controls functional! requirements and
performance requirements are defined

18.9.7.11 Controls Verification

The controls verification process is performed during the M-MIS design process as described
in Section 18.%

18.9.8 Design of Plant Procedures

Plant procedures are developed and used by the CZmbined License applicant’s plant staff so
that startup, routine, nonroutine, and emergency activ'ties are conducted in a safe manner
Activities affecting safety-related structures, systems, and components are performed by
following detailed and approved plant procedures. The-general -methodelogyfor-developing
Plaft procedures o provided Hi s sechon

Fhe sajor procedufes tial e to be developed tor the APHSUG jictade the tolowing

o Norial Operating Procedures

e Abnoinal Operabing Procedures
- bBaner poney Operating Provedures
- Alarm Response Provedures

. Mutinenanee Proceduies

Phe  operabng  and  ssiidenaice  proceduies dor the APPSO desien  smpietent e
Fev e fdations of Regibaiony Oude b A3
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18. Human Factors Engineering

18.9.8.1

I898.42

As stated in subsection 13.5.3, the development of plant procedures is the responsibility of
the Combined License applicant. The Combined License applicant referencing the AP600

Computerized Plant Procedures

The foliowing activities, described or referenced below, are bevond the scope of design
certification:

e Development of the AP600 emergency operating procedure writer's guide and the AP600
emergency operating procedures

*  Complete functional and detailed design of the AP600 computerized procedure system
e Design review of the AP600 computerized procedure system

e Performance of the human factors engineering verification and validation, including
emergency operating procedures

The AP600 is designed to provide computer-based operating procedures for the presentation
of plant procedures to the operating staff. There is no paper backup of the plant procedures
in the AP60C control room. Design options are being explored to determine the operator’s
course of action in the unlikely event of a loss of the computer-based procedures system.

Lay-down arcas are available in the control room and outside the control room for paper
documents to be =4 efficiently and effectively.

The Combined License applicant is responsible for developing the administrative procedures
10 ensure that the computer-based procedure database is available only to authorized

personnel.
Development of the Emergency Operating Procedures

The emergency operating procedures (EOPs) for the AP60C design define the actions required
of by-the plant operating staff during emergency conditions. The main purpose of the (EORs)
emergency operating procedures is 1o provide puidance-operator procedures to-the-operators

for the prevention or mitigation of the consequences of emergency conditions. These

orssamevdil 8000 RO4-08079  Draft
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18. Human Factors Engineering

procedures include automatic actions that occur in the event of an emergency, operator actions
to help prevent or mitigate the consequences of an emergency, and operator actions necessary
to stabilize the plant condition. Emergency operating procedures EOPs-provide a conservative
course of action for the operator and are flexible enough to accommodate variations.

The use of a comprehensive set of human-factored, symptom-based emergency operating
procedures BOPs-that encompass both optimal recovery and function restoration guidance
enhances human reliability and decreases adverse results for a broad range of initiating events
and subsequent multiple failures or operator errors. These emergency operating procedures
EOPs-use-the- Westinghouse - Owaers-Group(W-OG)-are developed from a set of emergency
response guidelines (ERGs)-as—their—basis. The emergency operating procedure EOP
development process for the AP6(X) is-also-is based on the same accepted and established
process used extensively by utilities with Westinghouse pressurized water reactors (PWRs).

For the AP600), the Westinghouse Owners Group generic ERGs areare modjfied and adapted
to the specific plant configuration of the AP6(X) (Reference 233 Document
No. GW-GJR-100, Rev. 0 provides the AP600-specific ERGs.) Plant-specific EOPs
emergency operating procedures are written using the criteria described below,

for the APOG desipn The hrph-devel operator action stigtegies are devel S t0-idontif

PossiBle OPeFalon achons teed 10 aveist 10 deleFIIRE ISFIMeRtation and coptiol peeds.
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Wod Hraiae sitkal do et used dop the Weshinshouse Owaers Giowp BRG supporting
ariyses  Phese acbions aie then subiect to thodidiogiion oF TearfaRsement. 1 order o
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18. Human Factors Engineering

The AP600 emergency operating procedures EOPRs—follows—meet the guidelines of
NUREGs 0899 (Reference 12), 0737 Supplement 1 (Reference 13), and 1358 (Reference 14).

The of AP6(0) emergency operating procedures EOPs-is-are based on two primary elements.
The technical content, isis developed from the AP600-technical-guidelines ERGs, along with
additional sources of information such as design characteristics, transient and accident
analysis, engineering judgment, and operating experience.

he-5066 ion-+a-the The other element is that the emergency
wm%mmmmmuaﬁm.nmmw

operating procedure writer's guide. The procedures-emergency operating procedure writer's
guide heips—o-provides confidence in consistent production of high-quality emergency

operating proceduresBOPs. In addition, the use of a procedures writer's guide is necessary
for the integration of human factors principles when converting technical guidelines into an

acceptable emergency operating procedure EOP-format.

Technical-guidelines-The AP600 ERGs represent—the-are a translation of engineering data
derived from operating experience and transient and accident analysis into information

prescmcd in su(.h | way thal it can bc used 10 vmc ewgmy opa‘m Wﬁ

doﬁmdwm-}m-l—&

The procedures—emergency operating procedure writer's guide contains the necessary
information and guidance for translating the AP600 ERGs into AP600 emergency operating
proceduresBOPRs.  The use of a procedures writer's guide in writing AP600 emergency
operating procedures BOPs-provides confidence that the emergency operating procedures
BOPs-are usable, accurate, complete, readable, convenient to use, and acceptable to main
control room personnel.

Emergency operating circumstances invariably involve some degree of stress (psychological;
tme-orJoad’ . nd/or degraded environmental conditions unique to that situation. «o+beth-that

ay Bt be present when other tvpes of procedures e wsed  The APO proceduses

Draft o wsarreva\iR0on RO4-080795
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18, Human Factors Engineering

emergency operating procedure writer's guide addresses the goals, requirements and
recommendations identified in the writer's guide section of NUREG-0899 (Reference 12).

The emergency operating procedure writer's guide addresses the additional tools that
computer-based procedures are able 1o provide the operator. The analysis of plant operating
procedures is explicitly incorporated into the computer-based procedures system. For
example, the writer's guide discusses:

*  Parameters that need (o be continuously monitored (for example, the steam generator
level) which are not covered by notes, cautions, or foldout page items

*  Actions that may be initiated, but need not be completed prior to leaving the step, or
may be completed at a later time

*  Prioritizing paraliel information (for example, cautions, notes, foldout page items, and
critical safety functions)

*  Number of attempis and time between attempts for parallel information items

The process of translating the AP600 ERGs into action steps that make up the emergency
operating procedures BOPs-is the responsibility of the procedure writer. The AP600 ERGs
identify the plant objectives to be met, the systems and subsystems required, the required level
of performance, the situations requiring operator action and the order in which the actions
must be carried out. It is the task of the procedure writer to extract the relevant information,
and to carry out additional function, task, or technical analysis required in order to provide

the emergency operating proceduresBEOPs.

Operating experience and information contained in the procedures-emergency operating
procedure writer's guide is used throughout this process so that the emergency operating
procedures EOPs-are written in a form that optimizes operator performance. As the sequence
and relationships among action steps are developed, the technical guidelines are followed by
the emergency operating procedure BOP-writers. This AP600 emergency operating procedure
EOP-development process is iterative and usually begins at a sysiem level and becomes more
specific at the subsystem and the component levels. It is during this iterative process that the
specific operator tasks are identified and written in the form of action steps.

The orientation of the AP600 emergency operating procedures BOPs-parallels that of the
AP600 ERGs and is function-oriented, with provisions for specific event-based actions (for
example, loss of coolant accident, steam generator tube rupture, secondary break). Function
oriented emergency operating procedures BOPs-provide the operator with guidance on how
10 verify the adequacy of safety functions and on how to restore and maintain those functions
when they are degraded.

The analysis of functions and tasks used in the development of AP(:O() emergency operating
procedures BOPs-is provided by the AP600 ERGs
WOG)H ow-pressure ERGs. This information provides the initial cut at identifying functions,

o'wsarrevi| 8090 RO4-080795  Draft
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18. Human Factors Engineering

their associated hardware systems, the actions that are taken (by man and machine) and the
circumstances under which they are taken.

Once the necessary technical and operator task information is defined and the information
contained in the writer's guide is used the emergency opersting procedures are produced.
This process selects approaches and sequences for presenting the operator actions while at the
same time addresses such concerns as content, organization, sormai and style of expression
and presentation.

The AP600 emergency operating procedures BOPs-are-are subjected to a verification and
validation (V&V) on the AP600 simulator. This process addresses-addresses the following
objectives:

a. The emergency operating procedures EOPs-are technically correct. (They accurately
reflect the AP600 ERGs.)

b.  The emergency operating procedures EORs-are written correctly. (They accurately reflect
the AP600 writer's guide.)

¢.  The emergency operating procedures EOPs-are usable. (They can be understood and
followed without confusion, delays, errors.)

d.  There is a correspondence between the emergency operating procedures EOPs-and the
main control room/plant hardware (controls, equipment, indications) that becomes a
reference for use both inside and outside of the main control room. Emergency (
operating procedures EOPs-use the same designation, use the same units of measurement, |
and operate consistent with the plant hardware.

e. The language and level of information presented in the emergency operating procedures |
EOPs-are compatible with the number, qualifications, training and experience of the

operating staff, |

f. There is a high level of confidence that the emergency operating procedures EOPs-work.

|
(That is, the emergency operating procedures EOPs-guide the operator in mitigating |
transients and accidents.) {

|

Emergency operating procedure EOR-discrepancies found during the verification/validation
process aFe-are corrected and factored into the emergency operating procedures EORs-prior

to 1ssuance,

Reference 24, WCAP-14401 provides a Programmatic Level Description of the HFE
Verification and Validation, which includes emergency operating procedure V&V.

memmmw
HRHRHRE . OPeTdton. aie cacorripad do
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18. Human Factors Engineering

AP&OO
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Functional Design of the Computerized Plant Procedures

The functional design of the computer-based procedures system is generated using a design
process which is a systems engineering approach wherein high-level requirements for the
system are first defined. This is followed by successively more detailed requirements,
Engineering expertise in plant procedures and man-machine interface design is a major input
to the design process. The design of the system is enhanced over time by a Design Review
and by discussions with plant operating personnel,

$\1 8000, RO4-0807 Draft
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18. Human Factors Engineering

18.9.8.63.1

The ERGs and the emergency operating procedure writer’s guide identify the content and
format of the emergency operating procedures. The content and format described therein is
the basis for the type of information presented in the computer-based representation of the

The APGOO operating procedures are compater-based from the point of view of presentation
to the operating staff. There is no paper backup of the plant procedures in the AP600 control
room. Design options are being explored to determine the operator's course of action in the
unlikely event of a loss of the computer-based procedures system.

The computer-based presentation of the procedures encompasses the format of the procedures
identified in the writer's guide(s), and in relevant instances makes explicit items, such as, for
example, direct monitoring of parameters which need to be continuously monitored during
procedure execution.

Computerized Procedures Introduction/Background

Active human response in most complex situations is guided by a mix of an individual’s
experience, the training that the individual has received, and procedures, that is, formalized
guidelines developed, usually by others, in anticipation of that or a similar situation. To the
extent that the human’s response is directed by applying knowledge obtained threcugh formal
training and derived from the :ndividual's own experieice, the individual's responses are
knowledge based. To the extent that the individual's response consciously follows an
established set of procedures, supported by training in applying and using those procedures.
the individual's response is rule based.

The relative proportions of knowledge-based response and rule-based response that result in
whatever action is tuken varies from one sitvation to the next and from individual to
individual.

Normal and emergency plant procedures are developed well in advance of their applications
by experienced specialisis. The procedures not only guide the user along a recommended
course of action but aiso aid the detection of anomalous conditions and recommend changes
in the normal course of action in dealing with these anomalies.

Steps frequently appear in an "IF-THEN-ELSE" format. If a given set of conditions exists
(including, usually, completion of prior procedure steps) as indicated by evaluation of the
appropriate plant sensor responses, the operater executes the next recommended action. If the
required conditions do not exist or cannot be verified, the operator executes a specified
alternative action. The functions involved in generating rule—based responses consist of the
following:

Collecting specified data

Processing that data through a prespecified train of logic
Recognizing the action recommended by the course taken
Executing that action.

Drafl o \wsameva 1 508s RO4OBOT9S
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The functions involved in generating responses are as amenable to computer application as
to human application. Indeed, rule-based responses (but not necessarily execution of the
resultant recommended actions) generated by a programmed computer may actually be
preferable to responses generated by a human operator for three reasons.

First, the likelihood of error in computer-generated responses is significantly simaller than that
in human generated responses, provided the basic procedures are well formulated, especially
in the "ELSE" aspects.

Second, the human confronted with the situation can be freed from the non-cognitive
component of the response-generating activity. The individual can concentrate on applying
his knowledge to comprehending the situation, detecting anomalous conditions and
determining appropriate courses of action.

Third, the computer can provide a much-desired, independent verification of the course of
action chosen by the human operator hefore executing action steps.

This symbiosis of man and machine by transferring to the computer the rule-based functions
at which it excels is the goal of the computerized procedures system.

18.9.8.63.2 Mission of Computerized Procedures

The mission of the computerized procedures system is to assist power plant operators in
moaitoring and controlling the execution of plant procedures. The AP600 Computerized
Procedures System Functional Requirements and Design Basis, provides high-level design
requirements, performance requirements, and functional requirements for the computerized
procedures system [WCAP-14388 (Reference 22)).

o \ssarrevd\ ] B00n ROG-080795 Drm
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18. Human Factors Engineering
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Hhe user provides the-answer to the relevant procedural question Bpon-Hadication-of bad-data.
Fhe e decide s whiether b copbinge 1o Hie Bert siep of do ihaie he acbion specibied i the
Fosposse et obtaied part ol the procedire

Overview  The cotiputeitzed proceduies systein Bas the capabihioy to be tested 1o vanty dhat
the comnpaierirod varsion of the procedures cocufately rephicates the Jopie of -the wriiten
veision  Phis teshing b as dtomisted s e acable o Hitibise both Hibe atd personhel
recrements  Fhe fesull-of the testng iy o printed owput that-perits checking of -the
corpriensed procedutes syste

Fupchiona) Keguiresments - The compatertdod procedares systesh has the capabiiiy o be fested
pedrodie byt verdy st the compaterized version of the provedures toc i diely rephoates the
torre of the oimnal withen veision

Fhie ouiptd ol the leshing Brovess e i ai easy b fead dorat ~o that 4 person fambar wih
the procedires thay Compare tis outpi with the paper version of the procedures in order 4o
verthy the aoodiaey of Hie compiiesised procediies systest

L S S}

Overview  The compterired provedures system has the capabihity o record the user's
progiession thiough the proceduies iachuding the iormabon ~een on the dispray and
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Fipaie dX 0o

The DISPLAY RNG-COLLMIN prompt gives the uver the ophon o view Hie resposse aol
eshtabiesd Crre b -haind columng sechon o the procedaies

W hen there die thuliple sobsieps do be completed. the prompis are

CONTINUE WITH STEP X PISPLAY RNO COEAMN

where N i ke ciiifedst step

Whei o siep s Bob completed. the compoternized provedaies sysier prompis ale
CONTINUE WITH RNG- CONTINUE WITH STEP X

CONTINUE WEHTH RNO enalb les the ases to complete an RNG that has shiore thas One daver
CONTINUE WITH STER X alowe the uner 1o dinediately 2o 4o the pext substep H the
sep By o festiariiie subateps. e prosapt CONTINGE TO STEP Y jeplaces CONTINUE
WITH STEP X

W henever te CONTINUE TO STER Y prompt s wsed. the additionst message THE STEP
HAS NOT BEEN COMPLETED 4 be attached 1o the prompt + the step 15 Aot completad
Fhis pediiinds the uved High actions are fecessary do sehindy the step Fhe aser Taps the oplion
ol exting the step

The RETURN proship o aved 4o et a to the proceduie and step i ebect

Wohen d proceddie step o o Cadbion, Note o boldout Page Hem of o ciitioal salery funchon
FOgtHien @ Hafintion o anether provedadie the cothiputesized procedares systess promipls are

FRANSHTHON 10 PROCEDVRE- X APPROPRIATE PROMET

wheie  APPROPRIATE PROMP T 5 ¢ conbinustion prompt that alows the used 1o bypass
the Haiibion

W bie s o Prroncediie stefh ob d cartion. feote . of folded! Pase Hert fegiies Soig o ainithier sdep
Aot Hecately folowiae Hie cutient step the omipaierized Procesiiies sy sieds Preiifis are

GO TOSTER Y TAPPROPRIATE PROMPT

whete  APPROPRIATE PROMEPT v g contipustion DEoppt that ahows the asar to bypass
the peo b
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When the user-wishes 1o view-a-hist-af-continuows’ soHed paramelers . Hitialed aobions,
overficden aehoRs, ies CiaonRs. Precatiions. + v dokdout page Hems o cRttenl
neheds Hchon violaboms U coshpienized Proces o svsieth rovides o pabdewi end

o paiabied idorphon. the protipis afe
CONTINUE TONEXT PL CONTINDE WITTH PROCEDURE STER X

L Pwablel Bdomsabions dor vases where thete afe several viokated  Hems of parablel
Horabon  Note that P s replaced by the actual Hem CALTION . NOTE. CONTINLE
WTH PROCEDURE STER X allows the used 10 bypass the parabel sitorabon widew and
Pt e the procedidie sep execiubion Hodthere 1o oaly oie vieldted plece of paratied
pibotingbion. oaby dhe CONTINEE WIEHEH PROCEDURE STER X promp s present

FPhe RETURN FRANSTHON 1O PROCEDURE X and GO 1O STER Y prowmpls oie ased
the saipie tor dthe cosen o paiatiel idotiaton a~ ey afe hr Hie cases of procediie step
RO

Computerized Procedures Hardware Specification
The computerized procedures system is a software system. It runs on the hardware selected

for the operations control centers. As long as memory, disk, and processing requirements are
satisfactory, the system does not dictate specific hardware requirements

Computerized Procedures Verification and Validation (V&V)

Verification is a process to demonstrate that the results of a given cycle phase fulfill the
funcuoonal requircments - 4Reter (o the shah inachine iertace Systess verHicaton and
varhdation plan descithbed 18 Section 18 %0

Validation is the process of evaluating software at the end of the software development
process o demonstrate compliance with functional requirements

An analysis of the reguirements of the computer-based procedures system described in
Reference 22 indicates that the system provides clear-cut advantages over a paper version of
the procedures implementation. Explanatory material such as, for example, procedure puipose
and entry conditions is available to the operator in a pop-up window. The use of the "road
map" feature along with the "access procedures” option helps the operator execute multiple
procedures, while keeping a record of where the operator left each procedure. The computer-
based procedures system provides the capability for the operator to directly access a custom
graphic display, thereby coordinating procedure use with plant graphical information
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Additional features and capabilitics provide further help to the operaior, as discussed in the
computer-based procedures Reference [WCAP-14388 (Reference 22)).

Situation awareness is provided by the computer-based procedures system by, for exampie,
the display of a summary status of the Critical Safety Functions, when applicable.
Furthermore, displays of active Notes, Cautions and Foldout page items are available to the
operator. These features provide high-level, supplementary information to the operator for the
purpose of tracking the event or transient while following the sequential progression through
the procedures.

The analysis of Reference 22 indicates that the computer-based procedures system effectively
aids the operator in utilizing the guidance provided by the procedures. However, the
verification and validation of the operating procedures within the AP600 scope on the AP600
simulator as a part of the validation of the integrated MMIS ensures that the computer-based
procedures system meets its goals and that any unresolved human engineering issues are
addressed. Reference 24, WCAP-14401, provides a programmatic level description of the
AP600 human factors engineering V&V which includes computerized plant procedures.

Combined License Information Item

The Combined License applicant is responsible for developing administrative procedures to
ensurc that the computer-based procedures database 18 available only to authorized personnel.

18.9.9

The AP600 Training Program

The following activities, described or referenced below, are pevond the scope of design
certification:

e Developmeni and execution of the training program for the hwman factors
engineering verification and validation test subjects

*  The human factors engineering V&V
e Insights 1o the training program for operators, resulting from the human factors

engineering V&Y, for consideration by the Combined License applicant during their
traiming program development.
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