1 GE Nuclear Energy

June 22, 1992
MFN No, 135.92
Docket No. STN 52-001
SLK-9279

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention; Robert C. Pierson, Director
Standardization Project Directorate
Associate Directorate for Advanced Reactors and License Renewal

Subject: ABWR SSAR Section 18E .2
Cnclosed are thrity-four (34) copies of Section 18E.2 which supports Design
Acceptance Criteria (DAC) 3.6. Please note that Brookhaven National Laboratory

(BNL) will be providing reference information as designated in Table 18E.1.1.

It is intended that GE will amend the SSAR with this response in a future
amendment.

Sincerely,
<:: - S‘ (:s*i«kf

S. ) Stark, Acting Manager
Regulatory and Analysis Services
M/C 444, (408) 925-6948

cc: F.A. Ross (DOE)
N. D. Fletcher (DOE)
T. H. Boyce (NRC)
C. Poslusny, Jr. (NRC)
R. C. Berglund (GE)
1. F Quirk (GE)



I — e S R N R R R R R R R R R R R RS PR ———

18E 2 MMIS IMPLEMENTATION REQUIREMENTS

Section 18E.1 descnibes a process which is typical of those that will be followed in the implemen-
tatiun of ABWR Man-Machine Interface Systems (MMIS). As part of the Table 18E.1.1
discussion of the implementation process, the results of key activities are identified as being the
subject of an NRC conformance review. Tables 18E.2.1 through 18E.2.4 of this section define
the requirements that are to be met by the MMIS dcsign implementation activities that are to be
made available for review by the NRC. The MMIS design implementation-related Design
Accc}nance Criteria (DAC) which are established through Rule Making, (refer to Sections 3.5 and
1.6 of the Tier 1 Design Certification material for the GE ABWR design), are defined such that
there exists a direct correspondence between the DAC entries and requirements imposed herein on
those design activities whose results are to be made available for NRC conformance reviews as
identified in Table 18E.1.1. Those requirements presented in Table 18E.2.1 through 18E.2.4
which correspond to individual Tier 1 DAC acceptance criteria are specifically identified. There-
fore, satisfaction of those specific requirements shall result in full compliance with the Certified
Design Commitment and the corres ing Acceptance Criteria presented in the Tier 1 (Rule
Making) DAC established for the MMIS design implementation.
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' TABLE 18.E.2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

. HFE DESIGN TEAM COMPOSITION

{Satisfaction of the requirements presented herein shall result in the creation of an HFE
Design Team which is in full compliance with the Item la Acceptance Criteria presented in
Table 3.6 of the Tier | Design Certification Material for the GE ABWR design).

1. The composition of the Human Factor Engineering (HFE) Design Team shall include, as a
minimum, the technical skills presented in Article (4), below.

L

The education and related profes .ional experience of the HFE Design Team personnel shall
satisfy the minimum perscnal qualification requirements specified in Article (4), below, for
each of the areas of required skills. In those skill areas where related professional experi-
ence is specified, qualifying experience of the individual HFE Design Team personnel shall
include experience in the ABWR main control room and remote shutdown system Human
System Interface (HSI) designs and design implementation activities, The required pro-
fessional experience presented in those personal qualifications of Article (4) are to be sat-
isfied by the HFE Design Team as a collective whole. Therefore, satisfaction of the pro-
fessional experience requirements associated with a particular skill area may be realized
through the combination of the professional experience of two or more members of the HFE
Design Team who each, individually, satisfy the other defined credentials of the particular
skill area but who do not possess all of the specified professional experience. Similarly, an
individual member of the HFE Design Team 1.y possess all of the credentials sufficient to
satisfy the HFE Design Team qualification requirements for two or more of the defined skill
areas.

3. Alternative personal credentials may be accepted as the basis for satisfying the minimum
personal qualification requirements specified in Article (4), below. Acceptance of such
| alternative personal credentials shall be evaluated on a case-by-case basis and approved,
| documented and retained in auditable planit construction files by the COL Applicant. The
following factors are examples of alternative credentials which are considered acceptable.

a. A Professional Engineer's license in the required skill area may be substituted for the
reguired Bachelor's degree.

b. Related experience may substitute for education at the rate of six semester credit haurs
for each year of experience up to a maximum of 60 hours credit

. Where course work is related to job assignments, post secondary education may be
substituted for experience at the rate of two years of education for one year experience.
Total credit for post secondary education shall not exceed two years experience credit.

L2
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TABLE 18 E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

4, Required Skill Area
a. Technical Project Management

b. Systems Engineering

s INuviear kng.neering

d. Control and Instrumentation
(C&I) Engireering

e. Architect Engineering

= S e N N R N N R N A O

i

Pe | Oualificat
- Bachelor's degree, and

five years experience in
nuclear power plant
design operations, and

- three years management

experience

- Bachelor's of Science

degree, and

- four years cumulative

experience in at least
three of the following
areas of systems
engineering; design,
development, integra-
tion, operation, and test
and evaluation

- Bachelor's of Science

degree, and

- four years nuclear

design, development,
test or operations
experience

- Bachelor's of Science

degree, and

- four years experience in

design of process
control systems, and

- experience in at least one

of the following areas of
C&l engineering;
development, power
plant operations, and
test and evaluatior,

- Bachelor's of Science

degree, and

- four years power plant
control room design
exjerience
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TABLE 18.E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

p | Qualificasi
- Bachelor's degree in

8.

Required Skl Area

Human Factors

Plant Operations

Computer System Engineering

human factors engi-
neering, engineering
psychology or related
science, and

- four years cumulative

experience related to the
human factors aspects of
human-computer inter-
faces. Qualifying
experience shall include
experience in at least
two of the following
human factors related
activities; design, devel-
opment, and test and
evaluation, and

- four years cumulative

experience related to the
human factors field of
ergonomics. Again,
qualifying experience
shall include experience
in at least two of the
following areas of
human factors activi-
ties; design, develop-
ment, and test and
evaluation

Have or have held a
Senior Reactor Operator
tWO years experience in
BWR nuclear power
plant operations

- Bachelor's degree in

Electrical Engineering or
Computer Science, or
graduate degree in othe:
engineering discipline
(e.g., Mechanical
Engineering or Chemical
Engineering), and

- four years experience in

the design of digital
computer systems and
real nme systems
applications

REV2 6129
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TABLE 18.E.2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS
Reauired Skill 2 p L Qualificat
i Plant Procedure Development i - Bachelor's degree, and
- four years experience in
developing nuclear

power plant operating
procedures

J Personnel Training j. - Bachelor's degree, and
four years experience in
the development of
personnel training pro-
grams for § +wer plants,
and

- experience in the appli-
cation of systematic

training development
methods

| HUMAN FACTORS ENGINEERING PROGRAM PLAN

1. (Satisfaction of the requirements presented herein shall result in the creation of a Human

Factors Engineering Program Plan which is in full compliance with the Item 1 b.
Acceptance Criteria presented in Table 3.6 of the Tier | Design Certification material for the
GE ABWR design). The Human Factors Engineering (HFE) Program Plan shall establish:

a. (Methods and criteria, for the development and evaluation of the Main Control Room
(MCR) anc Kemote Shutdown System (RSS) HSI which are consistent with accepted
HFE practices and principles. Within the defined scope and content of the HFE
Program Plan, accepted HFE methods and criteria are presented in the following
documents:

4. From BNL later)
b. (From BNL later)

X. (From BNL later)

Note that within the set of documents listed above, differences may exist regarding specific
methods and criteria atpplicable to the HFE Program Plan. In situations that such
differences exist, all of the methods and criteria presented within those documents 2re
considered to be equally appropriate and valid and, therefore, any of the above listed
documents may be selected as the basis for elements of the HFE Program.

b. The primary objectives of the HFE Program shall include. at the minimum, the

objective to develop an HSI which makes possible safe, efficient, and reliable operator
performance.
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TABLE I8 E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

The goals of the HFE Program which shall be stated in "operator-centered” terms and
serve as criteria for test and evaluation activities, These “operator-centered” HFE
design goals shall include:

(1) The operating team can accomplish all assigned tasks within system defined time
and performance critena.

(i1) The system and allocation of functions will provide acceptable workload levels and
facilitate operator vigilance.

(11i) The system will support a high degree of operating crew “situation awareness.”

{iv) Signal detection and event recognition requirements will be kept within the
operators’ information processing limits and will minimize the need for operators to
mentallytransform data in order 10 be usable.

(v) The system will minimize operator memory load.

(vi) The oper tor interfaces will minimize the potential for operator error.

. HSI design ana evaluation scope which consists of the Main Control Room and

Remote Shutdov n System operations, maintenance, test. and inspection interfaces,
operating technici ' procedures, and identificauon of personnel training needs.

The HFE Design Te im as being responsibie for:
(i) the development of HFE plans and procedures;

(ii) the oversight and review of HFE design, development, test, and evaluation
activities;

(1ii) the initiation, recommendation, and provision of solutions through designated
channels for problems identif*=d in the implementation of the HFE activites;

(iv) verification of implementation of team recommendations,

(v) assurance that all HFE activities comply to the HFE plans and procedures, and

(vi) scheduling of activities and milestones.

The HFE Design Team having the authority and organizational freedom to accomplish
its responsibilities. The team shall have the authonty to determine where its input is
required and to access work areas, and design documentation. The Team shall have the
authority to control further processing,delivery, installation or use of HFE/HSI
products until the disposition of a non-conformance, deficiency or unsatisfactory
condition has been achieved.

. An HFE issue tracking system which monitors -“= 1dentification and closure of human

factors issues. The HFE issue tracking syste: * « all document and track human factors
engineenng issues and concerns, from identification until elimination or reduction to a
level acceptable to the HFE Design Team,

6 REVZ2 81292
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TABLE 18.E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

L

b

that system requirements shall define the system functions and those system functions
shal! provide the basis for determining the associated HSI performance requirements.

that critical functions shall be defined (i.e., those functions required to achieve major
system performance requiremnents; or those functions which, if fai'sd, could pose a
safety hazard to plant personnel or to the general public),

that safety functions shal! be identified along with any functional interrelationship these
safety functions may have with non-safety systems.

that functions shall be defined as the most general, yet differentiable means whereby the
systerr. requirements are met, discharged. or satsfied. Functions shall be arranged in a
logical sequence so that any specified operational usage of the system can be traced in
an end-to-end path,

that functions shall be described initially in graphic form. Function diagramming shall
be done starting at a “top level”, where m.;jor functions are described, and continuing to
decompose major functions to lower levels until a specific critical end-itemn

requirement emerges, ¢.g., a piece of equipment, software, or an operator.

. that detailed narrative descriptions shall be developed for each of the identified

functions and for the overall system configuration design itself. Each function shal! b2
identified and described in terms of inputs (observable parameiers which will indicate
system status) functional processing(control process and performance measures
required tc achieve the function), functional operations (including detecting signals,
measuring information, comparing one measurement with another, processing
information, and acting upon decisions o produce a desired condition or result such as
a system or component operation actuation or trip) outputs, feedback (how to
determine correct discharge of function), and interface requirements from the top down
so that subfunctions are recognized as part of larger functional elements.

“he System Functional Requirements Analysis Implementation Plan shall include:

a.

d.

The methods for identification of system level functions based upon system
performance requirements

The methods for developing graphic function descriptions (e.g., Functional Flow
Block Diagrams and Time Line Diagrams)

. The method for developing aetailed fanction narrative descriptions which encompass:

(1) observable parameters that indicate system status,
(i1) control process and data required to achieve the function, and

(111) how to determine the manner in which proper discharge of function is to be
determined

Analysis methods which define the integration of closely related subfunctions so that
they can be treated as a unit

Analysis methods v'hich divide identified subfunctions into two groups according to
whether:

10 REV2 61292

R —— P S S



TABLE 18.E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

V.

(i) Common achievement of the subfunction is an essential condition for the
accomplishment of a higher level function, or

(ii)The subfunction is aii alternative supporting functions to a higher level function or
the subfunction's accomplishment is not necessarily a requisite for a higher level
function.

f. Requirements to identify for each integrated subfunction:

(1) The basis for why accomplishment of the subfunction is required,

(ii) The control actions necessary for acco. ‘olishment of the subfunctions,
(iti) The parameters necessary for the subfunction control actions,

(iv) The criteria for evalurting the resultof the subfunction control actions,
(v) The parameters necessary for evaluation of the subfunction

(vi) The criteria to be used to evaluate the subiunction, and

(vii) The criteria for selecting alternative {unction assignments if the evaluation criteria
is not satisfied.

ALLOCATION OF FUNCTION IMPLEMENTATION PLAN

(Satisfaction of the requirements presented herein shall result in the creation of an Allocation
of Function lirplementation Plan which is in full compliance with the Ire m 3.a Acceptance
Criteria present-d in Table 3.6 of the Tier 1 Design Certification material for the GE ABWR
design). The Allocation of Function Implementation Plar Shall establish:

a. The methods and criteria for the execution of function allocation which are consistent
with accepted HFE practices and principles. Within the context of function allocation,
accepted HFE practices and principies are presented in the following documents:

a. (From BNL later)
b. (From BNL later)

x. (From BNL later)

Note that within the set of documents listed above, dif*2.ences may exist regarding the
specific methods and criteria applicable to the conduct and analysis of function
allocation. In situations that such differences exist, all of the methods and criteria
presented within those documents are considered to be equally appropriate and valid
and, therefore, any of the above listed documents may be selected as the bisis for
conduct. 1g the function allocation and analysis.

1 REV2 &n292
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TABLE 18.6.2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

b. That all aspects of system and functions definition shall be analyzed in terms of
resulting human performance requirements based on the expected user population.

¢. That the aliocation of functions to personnel, system elements, and personnel system
combinations shall reflect :

(1) sensitivity, precision, time, and safety requirements,
(ii) required reliability of system performance, and

(ii1) the number and the necessary skills of the personnel required to operate and
maintain the system.

d. The allocation criteria, retional, analyses, and procedures shall be documented.
¢. Analyses shall confirm that the personnel elements can correcily perform tasks allocated

to them while maintaining operator situation awareness, acceptable personnel workload,
and facilitating personnel vigilance.

]

The Allocation of Function Implementation Plan shall include:
a. Establishment of a structured basis and criteria for function allocation
b. Deninition of function aliocation analyses requirements including:

(1) Definition of the objectives and requirements for the evaluation of function
allocations

(i1) Development of alternative function allocations for use in the conduct of
comparative evaluations

(iti)Development of criteria to be used as the basis for selecting between altemative
function allocations

(iv) Development of evaluation criteria weighting factors

(v) Development of test and analysis methods for ey uluating function allocation
altematives

(vi} Definition of the methods to be used in conducting assessments of the sensitivity of
the comparative {unction allocation alternatives analyses results to the individual
analysis inputs and criteria

(vii) Definition of the methods to be employed in selecting individual function allocation
for incorporation into the implemented design.

V. 1. SK ANALYSIS IMPLEMENTATION PLAN
L. (Ratisfaction of the requirements presented herein shall result in the creation of a Task
Analysis Implementation Plan which is in full compliance with the Item 4.a Acceptance

Criteria presentad in Table 3.6 of the Tier 1 Design Certification material for the GE ABWR
design). The Task Analysis Implementation Plan shall establish:

12 REVZ2 81202

R e i e L L



o -

TABLE 18.E.2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

13

a. The methods and critena for conduct of the task analyses which are consis*ant with

accepted HFE practices and principles. Within the context of performing sk analysis,
accepted HFE methods and criteria are presented in the following documer ;- :

a. (from BNL later)
b. (from BNL later)

x. (from BNL later)

Mote that within the set of documents listed above, differences may exist regarding the
specific methods and criteria applicable to the conduct of HFE task analysis. In
situations that such differences exist, all of the methods and criteria presented within
those documents are considered to be equally appropriate and valid and, therefore, any
" the above listed documents may be selected as the basis for the task analysis.

. The scope of the task analy:is which shall include all operations performed at the

operator interface in the main control room and at the remv<. shutdown system. The
analyses sha'’ k. directed to the full range of plant oper.tag modes, including startup,
normal ope ;... us, abnormal operations, transient conditions, low power and
shutdown conditions. The analyses shall also address operator interface operations
during periods of maintenance test and inspection of plant systems and equipment and
of the HSI equipment.

. That the analysis shall link the identified and described tasks in operational sequence

diagrams. The task descrintions and operational sequence diagrams shall be used to
identify which tasks are “cnitical” in terms of importance for function achievement,
potential for human error, and impact of task failure. Human actions which are found
to affect plant - isk in PRA sensitivity analyses shall also be considered "critical”.

. Task analysis shall begin with the development of detailed narrative descriptions of tae

personnel activities required for successful completion of the task. Task analyses shall
define the input, process, and output required by and of personnel.

. The task analysis shall be in detail sufficient enough to identify information and control

requirements such that requirements for alarms,displays, data processing, and controls
for human task accomplishment may be specified.

. The task analysis results shall be made available as input to the personnel training

programs.

The Task Analysis Implementation Plan shall include:
a. The methods and data sources to be used in the conduct of the task analysis

b. The methods for conducting the initial (high level) task analysis including:

it ] REV2 61292



TABLE 18.E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

d.

L.

(i) converting functions to tasks,

(ii) developing narrative task descriptions,

(iii) developing the basic statement of the task functions,

(iv) decomposition of tasks to individual activities, and

(v) development of operational sequence diagrams

The methods for developing detailed task descriptions that address;

(1) information requirements (i.e., information required to execute a task, including
cues for task initiation)

(ii) decision-making requirements (i.e., decisions that are probable based on the
evaluations, description of the decisions to be made and the evaluations to be
performed),

(i11) response requirements (i.e., actions to be taken, frequency of action, speed/time
line requirements, any tolerance/accuracy requirements associated with the action,
consideration of any operational limits of personnel performance or of equipment
body movements required by an action taken, and any overlap of task requirements
such as seral vs. para'lel task element. )

(iv) feedback recuirements (i.e., feedback required to indicate adequacy of actions
taken),

(v) personnel workload (i.e., both cognitive and physical workload and the estimation
of the level of difficulty associated with a particular workload condition,

(vii) any associated task support requirements (i.e., special/protective clothing, job aids
or reference materials required. any tools and equipment required or any computer
processing support aids)

(vii) workplace factors (i.e., the workspace envelope required by the action taken,
waorkspace environmental conditions, location that the work is to be performed, the
physical/mental atmributes of the work),

(viil) staffing and communication requirements (i.e., the number of personnel, their
technical specialty, and specific skills, the form and content of communicatiors
and other personnel interaction required when more than one person is involved),
and

(ix) the identification of any hazards involved in execuiion of the task. .

The methods for identification of critical tasks. The identified critical tasks shall

include.at the minimum, those operator actions which have significart impact on the

PRA results as presented in Section 19D.7 of the SSAR

The methods for establishing information and control requirements

14 REV2 81282
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TABLE 18.E2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

L)

VIL

d. That the HSI design shall not incorporate any equipment (i.e., hardware or software

function) which has not been specifically evaluated in the task analysis.

The HS1 design criteria and guidance for control room operations during periods of
maintenance, test end inspection of control room HSI equipment and of other plant
equipment which has control room personnel interface.

The test and evaluation methods for resolving HFE/HSI design issues. These test and
evaluation methods shall include the criteria to be used in selecting HFE/HSI design
and evaluation tools which.

(i} may incorporate the use of static mockups and models for evaluating access and
workspace related HFE (ssues, and

(i1) shall require dynamuc simulations and HST prototypes for conducting evaluations of
the human performance associated with the activities in the critical tasks identified in
the task analysis.

The Human System Interface Design Implementation Plan shall include:

a.

Identification of the specific HFE standards and guidelines documents *hich
substantiate that the selectcd HSI Deign Evaluanon Methods and Criteria are based
upon accepted HFE practices and principles.

- Definition of standardized HFE design conventions.

Definition that the standard design features, presented in Section 18.4.2 of the Standard
Safety Analysis Report (SSAR), and the Standard HSI equipment technologies,

presented in Section 18.4.3 of the SSAR, shall be incorporated as requirements on the
HSI design,

- Definition of the design/evaluation tools (e.g., prototypes) which are to be used in the

conduct of the HSI design analyses, the specific scope of evaluations for which those
tools are to be applied ard the rationale for the selection of those specific tools and their
associated scope of application.

PLANT AND EMERGENCY OPERATING PROCEDURE DEVELOPMENT
IMPLEMENTATION PLAN

(Satisfaction of the requirements presented herein shall result in the creation of a Plant and
Emergency Operating Procedure Development Iinplementation Plan which is in full
compliance with the Ttem 6.a Acceptance Criteria presented in Table 3.6 of the Tier 1
Design Certification matenal for the GE ABWR design). The Plant and Emergency
Operating Procedure Developrent Implementation Plan shall establish :

a.

That operator actions i’ 2ntified in the task analysis shall be used as the basis for
specify i - the procedures for operations.

a. (r-osa BNL later)
b. (From BNL later)

16 REV2 #1292
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TABLE 18.E.2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

x. (From BNL later)

Note that within the set of documents listed above, differences may exist regarding the
specific taethods and criteria applicable to the development of operating technical
procedures. In situations that such di‘ferences exist, all of the methods and critena
presented within those documents are consider~d to be equally appropriate and valid
and, therefors, any of the above listed documents may be selected as the basis for the
operating technical procedure development.

. That the procedures to be developed shall address normal, abnormal, and emergency

plent operations including consideration of plant operations during periods when plant
systems/equipment and primary operater interface (i.e., main control room) equipment
is undergoing, test, maintenance or inspection.

Methods and criteria for development of the operating technical procedures which are
consistent with accepted HFE practices and principles, Within the context of operating
procedure Jevelopment, accepted HFE methods and criteria are presented in the
following documents:

That a Wniter's Guide shall be developed which establishes the process for developing
the technical procedures for normal plant and system operation, abnormal plant
operations, emergency plant operations and for responding to plant alarm conditions.
The Writer's Guide shall contain objective criteria which will require that the operations
technical procedures de veloped are consistent in organization, style, content and usage
of terms.

2 The Plant and Emergency Operating Proc dure Development Implementation Plan shall
include:

a.

Identificatior of the task analyses’ definition of required human actions as the data
source to be used as the basis for procedure development,

b. Requirements for the development and use of a Technical Procedure Writer's Guide,

£

Definition of the methnd< thrrugh which specific operator skills and training needs, as
may be considered nece.cry for reliable execution of the procedures, will be identitied

-

and documented as part of the technical procedures development activities, and

. Requirement that the docume~:=. *_chnical procedures developed shall include:

(1) Title of the provedurc
(if) Statement of the procedure's goal and applicability

(iii) Identification of any reference material necessary to suppon execution of the
procedure

{1v) Idenufication of any prerequisites conditions which must be satisfied prior to
execution of the procedure

(v) Identification of any precautions ( i.e., wamnings, cautions, and notes) that must be
cousidered in the execution of the procedure
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VIIIL

{vi) Mentification of any operational limits
(vii) Definition of the specific human actions steps required. and

wviii) Identification of the specific criteria that the operator may use to judge that the
goals of the procedure have been achieved

HUMAN FACTORS VERIFICATION AND VALIDATION IMPLEMENTATION PLAN

(Satisfaction of the requirements presented herein shall result in the creation of a Human
Factors Venfication and Validation Implementation Plan which is in full compliance with
i ltem 7.a Acceptance Criteria presented in Table 3.6 of the Tier 1 Design Certification
material for the GE ABWR design). The Human Factors Verificauon and Validation
(V&YV) Implementation Plan shall establish:

a. Human factors V&V methods and criteria whic* are consistent with accepted HFE
practices and principles. Within the context of performing human factors V&V,
accepted HFE methods and criteria are presented in the following documents:

a. (From BNL later)
b. (From BNL later)

x. (From BNL later)

Note that within the set of documents listed above, diiferences may exist regarding
the specific methods and criteria applicable to the conduct of human factors V& V.
In situations that such differences exist, all of the inethods and criteria presented
within those documents are considered to be equally appropriate and valid and,
therefore, any of the above listed documents may be selected as the basis for human
factors V&V.

b. The methods and evaluati. n criteria for confirming that the performance nf the

integrated HSI, meets the HFE design goals as established in the HFE Program Plan.

¢. The scope of the evaluations of the integrated HSI shall inciude:

(i) The Human-System Interface (including both the interface of the operator with the
HST equipment hardware and the _nterface of the operator with the HSI
equipment's software driven functions)

(i) The plant and emergency operating technical procedures, and

(iii) The overall HSI work environment

18 REVZ2 61292
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TABLE 18.E.2.1 HUMAN FACTORS ENGINEERING DESIGN TEAM AND PLANS

= W T

d.

That static and/or “part-task” mode evaluations of the HST equipment shall he
conducted to confirm that the controls, displays, and data processing fiuictions
identified in the task analyses are provided and that those control-, displays and data
processing functions are designed in accordance with accepted HFE practices and
principles.

. The integration of HS1 equipment with each other, with the operating personnel and

with the Operations Technical Procedures shall be evaluated through the conduct of
dynamic task performance testing. The dynami- task performance testing and
evaluations shall be performed over the full scope of the integrated HSI design using
dynamic HSI prototypes (i.e., protutypical HSI equipment which is dynamically diiven
by real time plant simulation computer models), other evaluation tools and/or past
dynamic task performance test and «valuation results. The methods for defining the
scz:r. and application of the dynamic HSI prototype, past test results and other
evaluation tools sho'' be documented in the implementation plan. The dynamic task
performance test, ana evaluations shall have as their objectives:

(1) Confirmation that the integrated HSI design facilitates achievemient of the identified
safety functions and critical functions,

(i) Confirmation that the allocation of function and the structure of tasks zssigned to
personnel is consistent with accepted HFE principles,

(ii) Confirmation of established main control room staffing and the HS' design and
configuration provided to support that staff in accomplishing their assigned tasks,

(iv) Confirmation that Operations Technical Procedures are complete and accurate,

(v) Confirmation that the dynamic aspects of the HSI are sufficient for task
accomplishment, and

(vi) Corfirmation that the integrated HSI design is condusive to eliminating the
potentia| for operator errors,

That dynamic task performance test evaluations shall be conducted over the full range
of operational conditions ai d upsets, including:

(1) No= -al plant operations, such as plant startup, shutdown, full power
opurations, and plant maintenance activities,

(11) Plant system and equipment failures;
(11i) HSI equipment failures;

(iv) Plant transients, and;

(v) Postulated plant accidents conditions.

The HFE performance measures to be used as the basis for evaluating the dynamic task
performance test results. These performance measures shall include:

(1) Operating crew primary task performance characterstics, such as task times and
procedure violagions,
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(i1) operating crew errors and/or error rates,

(i11) operating crew situation awareness,

(iv) operating crew workload,

(v) operating crew communications and coordination,
(vi) anthropometry evaluations,

(vii) physical positioning and interactions, and

(viii) HSIequi» nent performance mezsures

. The methods to confirm that HFE issues identified and documented in the Human

Factors Issue Tracking System have been resolved in the integrated HSI design, and

The methods and criteria to be used to confirm that critical human actions, as defined
by the task analysis, have been addressed in the integrated HSI design in a manner
consistent with accepted HFE practices and pri~ciples.

The m>thods and criteria to be used w0 confirm that the operating technical procedures
are correct and can be executed within the realm of accepted human performance
capavilities.

1. The Human Factors Verification and Validation Impleme. tation Plan shall include :

a.
b.

c.

Definition of Test Objectives
Definition of T=st methods and procedures

Identification of the participants in the dynamic task performance testing which shal}
include licensed operators as test subjects

Definition of dynamic task performance test conditions which shall include:
(i) plant startup operar’ . <

(i1) plant power operatiens

(1i1) plant shutdown operations

(iv) plant refueling and maintenance operations

(v) individual plant system and equipment failures

(vi) individual HST equipment failure (e.g.. loss of VDU functions)

{vii) design basis transients (e.g., turbine trip, loss of feedwater;

(viii) design basis accidents (e.g., LOCAs)

(ix) execution of symptom based emergency procedures
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(x) execution of task scenarios which contain cntical tasks as identified in the task
analyses

e. Methods for defining scope and configuration of the prototypical HSI required to
support testing

f  Methods for defining criteria and performance measures to be 1sed in evaluating test
results

g. Method for conducting analysis of test data
h. Requirerment that the HSI design shall be reviewed and confirmed:
(1) to have incorporated the inventory of controls, Cisplays and alarms presented in
Tables 18F-13.1, 2 and 3 of the ABWR Standard Safety Analysis Report (SSAR),
and

(i) that the implemented design is consistent with the standard design features and
technologies as presented in Sections 18.4.2 and 18.4.3, respectively, of the SSAR

i. requirements for the development of documented test & evaluation plans and
procedures

J. requirements for documenting test results.
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TABLE 18E.2.2 HFE ANALYSIS
I SYSTEM FUNCTIONAL REQUIREMENTS ANALYSES

P (Satisfaction of the requirements presented herein shall result in the conduct of system
functional requirements analyses which are in full compliance with the ltem 2.b Accentance
Criteria presented in Table 3.6 of the Tier 1 Design Centification material for the GE ABWR
design). The system functional requirements analyses shall be conducted in accordance
with the requirements of the Human Factors Engineering Program Plan and the Syst:m
Functional Requirements Analy' ‘s Implementation Plan.

L3

The results of the system functional requiremen s analyses shall be documented in a report
that includes the following:

a. Objectives of the system functional raquirements analyses

b. Description of the methods employed in the conduct of system functional requirements
analyses

¢. Identification of any deviations from the System Functional Requirements Analysis
Implementation Plan

d. Presentation and discussion of the results of the system functional requirements
analysis incluaing discussion of any design change recommendations derived from
these anaiyses and/or negative implications that the current design may have on safe
plant operations

e. Conclusions regarding the conducr ot the analyses and the analysis results

3. The results of the HFE Desigr Team's evaluation of the conduct and results of the system
functional requirements analyses shall be documented in a report that includes the
following:

a. The methods and piocedures used by the HFE Design Team in their review of the
system functional requirements analyses,

b. The HFE Design Team's evaluation of the completed system functional requirements
analyses including evaluation of the compliance with the Systern Functional Require-
ments Analysis Implementation Plan, and

¢. Presentation and discussion of the HFE Design Team's Review findings.
{1 FUNCTION ALLOCATION ANALYSES

1. (Satisfaction of the requirements presented herein shall result in the conduct of function
allocation analyses which are in full compliance with the Item 3.b Acceptance Criteria
presented in Table 3.6 of the Tier ! Design Certification material for the GE ABWR
desig1). The function allocation analyses shall be conducted in accordance with the
reairements of the Human Factors Engineering Program Plan and the Allocation of
Functions Implementation Plan,
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2 The results of the function allocation analysis shall be documented in a report that includes
the following:

a. Objectives of th: “unction illocation analyses.

b. Description of the methods employed in the conduct of the function allocation analyses.

¢. Identificatior »f any deviations from the Allocation of Function Implementation Plan

d. Presentation and discussion of the results of the function allocation analyses including
discussion of any design change recommendations derived from these analyses and/or any
negatve implications that the current Jesign may have on safe plant operations.

e. Conclusions regasding th  onduct of the analyses and analysis results.

. The results of the HFT Design Team's evaluation of the conduct and results ¢© *ae function
allocation analyses shall be documented in a reports that includes the following:

a. The methods and procedures used by the HFE Design Team in their review of the
function allocation analyses.

b. The HFE Design Team's evaluation of the completed f~.coon allocation analyses
including an evaluation of the compliance with the Atlocation of Function Implementation
Plan.

¢. Presentition and discussion of the HFE Design Team's review findings.
II.  TASK ANALYSES

1. (Satisfaction of the mc}uircmcms presented berein shall result in the conduct of task
analyses which are in full compliance with the ltem 4.b Acceptance Criteria presented in
Table 3.6 of the Tier 1 Design Certification material for the GE ABWR Design). The task
analyses shall be conducted in accordance with the requirements of the Human Factors
eEngineering Program Plan and the Task Analysis Implementation Plan.

(N

The results of the task analyses shall be documented in a report that includes the following:

a. Objectives of the task analyses,

b. Description of the methods employed in the conduct of the task 2nalyses,

¢. Identification of any deviations from the Task Analyses Implementation Plan

d. Presentation and discussion of the results of tne task analyses. including discussion of
any design change recommendations derived from these analyses and/or any negative

inplications that the current design may have on safe plant operations, and

e. Conclusions regarding the conduct of the analyses and the analyses results.
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3.

‘The results of the HFE Design Team's evaluation of the conduct and results of the task
analyses shall be documented in a report that includes the following:

a.

The methods and procedures used by the HFE Design Team in their review of the
completed task analyses,

b. The HFE Design Team's evaluation of uie completed task analyses including an

evaluation of the compliance with the Task Analysis Implemeintat mn Plan, and

Presentation and discussion of the HFE Design Team's review findings.
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TABLE 18.2.3 HUMAN SYSTEM INTERFACE DESIGN AND PROCEDURES
DEVELOPMENT

L.

1.

o

IL

tJ

HSI DESIGN ANALYSES

(Satisfaction of the requirements presented herein shall resuit in the conduct of HSI design
analyses which are in full compliance with the ltem 5.b Acccé):ance Criteria presented in
Table 3.6 of the Tier 1 Design Certification material for the GE ABWR design). The
Human System Interface (HSI) Design Analyses shall be conducted in accordance with the
requirements of the Human Factors Engineering Program Plan and the HSI Design
Impletnentation Pian.

The results of the human system interface (HSI) design analyses shall be documented in a
report *hat includes the following:

a. Objectives of the HSI design analyses,

b. Description of the methods employed in the couduct of the HSI design analyses,

¢. Identification of any deviations from the HSI Design Implemer*arios ¢ian,

d. Presentation and discussion of the results of the HSI design analyses, including
discussion of any design change recommendations derived from these analyses and/or
negative implications that the current design may have on safe plant operations, and.

e. Conclusions regarding the conduct of the analyses and the analysis results.

The results of the HFE Design Team's evaluation of the conduct and results of the HSI
design analyses shall be documented in a report that includes the following:

a. The methods and procedures used by the HFE Design Team in their review of the HSI
design analyses,

b. The HFE Design Team's evaluation of the completed HSI design analyses, including
an evaluation of the compliance with the HSI Design Implementation Plan, . d

¢. Presentation and discussion of the HFE Design Team's review findings.

PLANT AND EMERGENCY OPERATING PROCEDURE DEVELOPMENT
(Satisfaction of the n.quirements presented herein shall result in the development of plant
operations technical procedures which are in full compliance with the Item 6.b Acceptance
Criteria presented in Table 3.6 of the Tier | Design Certification material for the GE ABWR
design). The development of the plant yperations technical procedures shall be conducted
in accordance with the requirements of the Human Factors Engin=cring Program Plan and
the Plant and Emergency Operating Procedure Development Img ! ~entation Plan.

The results of the technical procedure development activities shall be documented in a
report that includes the following:

a. Objectives of the technical procedure development,

b. Description of the methods employed in the development of the technical procedures,
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TABLE 18.E.24 HUMAN FACTORS VERIFICATION AND VALIDATION

I
i,

(3]

HUMAN FACTORS VERIFICATION AND VALIDATION

(Satisfacoon of the requ_rements presented herein shall result in the conduct of human
factors verification and validation activities which are in full compliance with the Item 7.b
Acceptance Criteria presented in Table 3.6 of the Tier 1 Design Certification material for the
GF ABWR design). The human factors venification and validation (V&V) of the human
system interface (HSI) design shall be conducted in accordance with the requirements of
the Human Factors Engineering Program Plan and the Human Factors V&V
Implementation Plan

The msults of the human factor verification and validation (V& V) activities shall be
docurnented in a report that includes the following:

a. Objectives of the human factors V&V

b. Description of the methods employed in the conduct of the human factors V&V

¢. Identification of any deviations from the Human Factors V&YV Implementation Plan

d. Presentation and discussion of the human factors V&V results, including discussion of
any design change recommendations derived from the human factors V&V *=sts and
evaluations and/or any significant negative implications that the current HS1 design may
have on safe plant operations which may have been identified

e. Conclusions regarding the conduct of the human factors V&V and the results.

The results of the HFE Design Team's evaluation of the conduct and results of the human

factor verif’ .on and validation (V&V) shall be documented in a report that includes the

following:

a. The review methodology and procedures used by the HFE Design Team in their review
of the human factor V&V

b. The HFE Design Team's evaluation of the completed human factors V&V, including an
evaluation of the compliance with the Human Factors V&V Implementation Plan, and

¢. The HFE Design Team's evaluation of the completed human factors V&V, including an

evaluation of the presentation and discussion of the HFE Design Team's review
findings.
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