ABWR Meview ®roject (FIN L-2314) I m

Task 1 Report
BNL Technical Report .2314-3-4/92 (Rev 1)

* DRAFT *
Interim Human Factors Review Criteria for the

Design Process of an
Advanced Nuclear Power Reactor

Prepared f-*:

U.S. Nuclear Regulatory Commission
Offir > of Nuclear Reactor Regulation
Washington, D C. 205585

Prepared by:

John O'Hara & James Higgins
Department of Nuclear Energy
Brookhaven National Laboratory
Upton, New York 11973

April 21, 1992
-7 7
205280258 920421 e
l DOCK 0S200001
ZDR ADOC 000



R RTINS, o N—
A e e e B

PREFACE

This draft report has been prepared by Brookhaven National Laboratory for the Human
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1. INTRODUCTION

The staff of the Nuclear Regulatory Commissions (NRC) Human Factors Assessment
Branch (LHFB) is reviewing the human factors elements of the General Elactric (GE) Advanced
Boiling Water Reactor (ABWR) Standard Safety Analysis Report (SSAR). Based upon the review
of this material, the statf will prepare input for the NRC final salety evaluation report (FSER).
Brookhaven National Laboratory (BNL) assisted the staff by producing a Technical Evaluation
Report (TER! which was used in the preparation of the draft safety evaluation report (DSER)
which was completed on July 2, 1991. Many outstanding issues ware identified in the DSER.
Each of these outstanding issues will be addressad prior to compietion of the FSER.

One issue to emerge from the initial review is that detailed human-system interface
(HSI) design information will not be available for staff review prior to design certification. To
address this issue, the NRC is considering issuing a design certification based partially on the
approval of a written design implementation process plan. GE has submitted a Design and
Implementation Process Plan (D&IPP) describing the major design and implementation process:
activities for the ABWR human factors engineering (HFE) effort. The D&IPP is characterized in
GE's Figure 18E.1-1 and Table 18E.1-1 of the SSAR submitted to the staff in October 1991. The
first part of the plan presents the piant an4 system design definition stage which will be
completed prior to design certification, and the second part outlines the minimum activities that
must be conducted by a referencing applicant. The D&IPP will contain (1) descriptions of all
required activities in the design, development and implementation of the ABWR human-system
interfaces, (2) identification of predetermined NRC conformance review poiats, and (3) design
acceptance criteria (DAC) and Inspection, Test, Analysis and Acceptance Criteria (ITAAC) for
the conformance reviews.

To review the G<Z's ABWR D&IPP, it is necessary to (1) assess whether all the
appropriate human factors engineering elements are included in the plan, (2) identify which
HFE elements require NRC review, and (3) e\ aiuate the proposed DAC/ITAAC to be utilized by
the NRC to verify each of the review elemen:s. Where GE's D&IPP is found by the staff to be
lacking, appropriate elements and NAC/ITAAC must be developed.

The nb,ective of the effort described in this report was to develop a technical basis for
the review of the D&IPP. Since a design process review has not been conducted previously by
the NRC as part of reactor licensing and is not addressed in the presently available guidance,
i.e.,, NUREG-0800, a firm technical basis for such a review is lacking. Thwus, it is important to
identify what elements of such a plan are required 10 assure that safety goals are achieved and to
identify the review criteria by which each element can be assessed. This element identification
should be accomplished independently from that providea by GE in order to assure that GE's plan
refiects currently acceptabie human factors engineering practices and that it is a thorough,
complete, and workable plan. While it is likely thai such guidance will be developed under the
proposed update to the Standard Review Plan, that guidance will not be available in a time frame
consistent with the GE review.

The specific objectives of this effort v.ere:

1. To develop a model of the HFE design process which can serve as a technical basis for the
review of the D&IPP proposed for certification by GE. The model should be: (1) based upon
currently .ccepted practices, (2) well-defined, and (3) validated through experience with the
development of complex, high-reliability systems.
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2. To identify necessary HFE elements in a system development, design, and evaluation process
that are requisites to successful integration of the human component in complex systems.

3. To identify which of the HFE elements are the key and require review to monitor the process.

4. To specify the design acceptance criteria by whick key HFE elements can be evaluated.
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2. METHODOLOGY

A technical review of current HFE guidance and practices was conducted to identify
important human factors program plan elements relevant to a design process review . Saurces
reviewed included a wide range of nuclear indusiry and non-nuclear industry documents,
including those currently under development as part of the DoD MANPRINT program. From this
review a generic system development, design, and evaluation process was defined. Once
specified, key HFE elements were identified and criteria by which they are assessed (based upon
a review of current literature and accepted practices in the field of human factors engineering)
were developed.

A Generic HFE Program Model was developed based largely on applied general systems
theory and the Department of Defense (DoD) system development process whic is rooted in
systems theory. Applied general systeins theory provides a broad approach & system design
and development, basad on a series of clearly defined developmental steps, each with clearly
defined and attainable goals, and with specific management processes to aitain them. Kockler et.
al. define system engineering as *. . . the management function which controls the total system
development effort for the purpose of achieving an optimum balance of all systern elements. It
is a process which transforms an operational need into a description cf system paramsters and
integrates those parameters to optimize the overall system effeciiveness. (Kockler, F.,
Withers, T., Podiack, J., & Gierman, M., 1990).

Utilization of the DoD system development as an input to the development of the Generic
HFE Program Model was based on several factors. Department of Defense (DoD) policy
identifies the human as an element of the total system (DoD, 1990a). A system approach
implies that all system components (hardware, software, personnel, support, procedures, and
training) are given adequate consideration in the developmenta! process. A basic assumption is
that the personnel element receives serious consideration from the very begiraing of the design
process. In addition, the military has applied HFE for the longest period of time (as opposed to
industrial, commercial or other users), thus the process is highly evolved and formalized and
represents the most highly developed inodel available. Finally, since military system
development and acquisition is tightly regulated by federal, DoD, and military branch laws,
regulations, requirements, and standards, the model provides the most finely grained,
specifically defined process available.

Within the DoD system, the development of a complex system begins with the mission or
purpose of the system, and the capability requirements needed to satisfy mission objectives.
Systems engineering is essential in the earliest planning period to develop the system concept
and to define the system requirements. During the detailed design of the system, s,stems
engineering assures:

. balanced influence of all required design specialties;
resolution of interface problems;
the effective conduct of trade-off analyses;
the effective conduct of design re.iews;
the verification of system performance.

Systems engineering ensures the effective integration of HFE considerations into the design by
providing a structured approach to system development and a management structure which
details the nature of that inclusion into the overall process. The systems approach is iterative,
integrative, interdisciplinary and requirements driven.
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The systems engineering approach was expanded to develop a HFE Program Model to be
r advanced NPP HFE review by the incorporation ot NRC regulatory requirements.

used fo

Draft Review Criteria Feport (April 21, 1992) Page 4



3. RESULTS
3.1 HFE Program Requirements

A Generic HFE Program Model has been developed to serve as the basis for review ot the
GE ABWR HFE program. The generic model contains eight elements which include:

* Element A - Human Factors Engineering Program Management

* Element B - Operating Experience Review

* Element C - System Functional Requirements Analysis

* Element D - Allocation of Function

* Element E - Task Analysis

* Element K - Huinan-System Interface Design

* Element G - Plant and Emergency Operating Procedure Development
* Element H - Human Factors Verification and Validation.

The elements and their interrelationships are illustrated in Figure 1. Also il"'strated
are the minimal set of items submitted to the NRC for review of the COL' HFE efforts. All NRC
review items are identified as falling into one of the five review stages:

* HF Management Planning Review

* Imp.ementation Plan Review

* Analysis Resul~ Raview

* HSI| Results Review

* Human Factors Verification & Validation.

The materiais reviewed at each stage are shown in Figure 2.

The specification for the NF > review materials and the acceptance criteria to be used for
their evaluation are identified in the dran ITAAC/DAC which follow.
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Element A - Human Factors
Engineering Program Management
* HFE Program Management Plan

1

Element b - Operating Experisnce
FReview

* implomantation Plan
* Analysis Results Report
*+ HFE Design Team Evaluation Repor

'

Element C - Development of
System Functional Requirements
¢ Implementation Plan

* Analysis Rasults Repont

* HFE Design Team Evaiuation Report

'

Element D - Allocation of Functicn]
* implemeniation Plan

* Analyss Results Repont

¢ HFE Design Team Evaluation Repon

-

Element E - Task Analysis

* Implementation Plan

* Analysis Results Repon

s HFE Design Team Evaluation Repon

A

Y Y

Element F - HSI Design Element G - Procedure Development

* implementation Plan —d * Implemeniation Plan
* Analysis Resulls Report * Analysis Rasults Repont

* HFE Dasign Team Evaluation Report

* HFE Design Team Evaiuation Rapor

Y

Element H - HF Verification and Validation
* Implementation Plan

* Analysis Fesulls Raport

* HFE Design Team Evaluation Report

Feedback

o Appropriate
Flements

Figure 1. HFE Elements

(Dratt 41792)

Draft Review Criteria Report (April 21, 1982) Page 6



1. HF Management Pian Review
Review of HFE Program Management Pian
for:

* Elemant A - Human Factors Engineering
Program Management

J

2. Implementation Plans Review
Review Impiamentation Plans for

* Element B - Pradecessor System Feview Plan
* Elsment C - System Functional Requitements
* Eloment D - Allocation of Functions

* Element £ - Task Analysis

* Element F - Interface Design

* Element G - Procedure Development

* Elemant M - HF Verfication and Valdation

'

3. Analysis Results Review

Roview of Ang'ysis Results Reports &
HS/ Dasign Team Evaivation Reports for

* Element C - System Funciional Requirements
* Elemaent D - Allocation of Functions
* Element E - Task Analysis

1

4. HSI Des . Y Review

Review of Analysis Resulis Reports &
HS$! Design Team Evaluation Reports for
* Element F - Intodface Design

* Elemer. G - Procedure Developmant

'

§. HF Veritication &Validation Review

Aeview of Analysis Resulis Reports &
#S! Design Team Evaluation Reports f_r

* Elemant H - HF Verification and Validation
+ Element B - Operaling Experience Review

Figure 2. Human Factors Review Stages

(417/92)
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3.2 Draft ITAAC/DAC Structure

While the scepe of the review of the SSAR HFE will encompass all operations,
maintenance, test, and inspection interfaces, procedures, and training materials; the scope of
the draft ITAAC/DAC is limited to the HFE associated with the main control room and the remote
shutdown system. In general, the ITAAC/DAC are based on the requirement that the HSI reflect
‘state-of-the-art human factors principles* (10 CFR 50.34(f)(2)(iii)) as required by 10
CFR 52.47(a)(1)(ii) and that all aspects of HS| shall be developed, designed, and evaluated
based upon a structured top-down system analysis using accepted human factors engineering
(HFE) principles based upon current HFE practices.

For purposes of clarification *state-of-the-art human factors principles " is defined as
those principles currently accepted by human factors oractitioners. “Current’ is defined with
reference to the time at whizh a program manager-ent or implementation plan is prepared.
‘Accepted® is defined as a . actice, method, or guide which is (1) documented in t* @ human
factors literature within a ¢.andard or guidance document that has undergone a peer-review
process and/or (2) can be justified through scientific/industry research/practices literature
that has undergone a peer-review process.

A brief description of the generic structure of the draft ITAAC/DAC is provided in this
section. The draft ITAAC/DAC are contained in Appendix A. For the present ¢.. fts, one
{TAAC/DAC has been prepared for each element and no distinction has been made between T" 3~
ancd 2, Each draft ITAAC/DAC is divided into three sections: Design Commitment.
Inspection/TesVAnalysis, and Design Acceptance Criteria.

Dasian & ; |
A concis) and general statement as to the HFE objective of the Element is provided in this
section,

A specification of the inspections, tests, analysis, or other actions (i.e., some action that is
required but which is not a spacific inspaction, test, or analysis, such as development of a
program plan) taken by the COL to achieve the ctjective. Generally these are divided into three
activities: planning, "analysis®, and review. This section also defines those minimal set of
materials to be provided to the NRC for review of the e'ement

Gasion 4 Criteri
This section is typically divided into four sections: General Criteria, Implementation Plan,
Analysis.Report, and HFE Design Team Review Report. The Genera; Criteria represent the
major statement of design acceptance criteria. These are the criteria the ITAAC are required to
meet and which should govern the Implementation Plan, Analysis Report, and HFE Design Team
Review Report development. The general criteria are derived rom two sources:

1. Regulatory Requirements - these are the HFE related requirements stated in 10CFR.
Since regulatory requirements generally apply to more than one HFE Program element, they are
contained in a table (Table Y, at the end of the document) and are referenced as the first general
criteria in each secuon. It must be emphasized that this represents a "coarse screening” of
incorporation of regulatory requirements into ITAAC/DAC and further refinement is needed.
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Draft ITAAC/DAC
Element A - Human Factors Engineering Prograin Management

DESIGN COMMITMENT:

Human-system interfaces (HSI) shall be provided for the operation, mainterance, test, and
inspection of the ABWR that reflect *state-of-the-art human factors principles* (10 CFR
50.34(f)(2)(iii)) as revwuired by 10 CFR 62.47(a)(1)(ii). All aspects of HS| shall be
developed, designed . d evaluated based upon a structured top-do.'n system analysis using
accepted human factors engineering (HFE) principles based upon current HFE practices. HSI is
used here in the broad sense and shall include all operations, maintenance, test, and inspection
interfuces, procedures, and training needs of the main control room and remote shutdown
system functions and equipment.

State of the art human factors principles is defined as those principles currently accepted by
human factors practitioners. “Current" is defined with referencs to the time at which a
program management or implementation plan is prepared. *Accepted” is defined as a practice,
method, or guide which is (1) documented in the human factors literature within a standard or
guidance document that has undergone a peer-review process and/or (2) can be justified
through scientific/industry research/practices literature that has undergone a peer-review
process.

INSPECTION/TEST/ANALYSIS:

To assure the integration of HFE into system development: (1) a HFE Design Team shall be
established; (2) a procedure to document and track HFE related problems/concerns/issues and
their solutions throughout the HFE program shall be developed; and (3) a HFE Prograia Plan
shall be established to assure the proper development, execution, oversight, and documentation
of the human factors engineering program,

DESIGN ACCEPTANCE CRITERIA:

General Criterla

1. The primary goal of the HFE program shall be to developing an HSI which makes possible
safe, efficient, and reliable operator performance and which satisty all regulatory
requirements as stated in 10 CFR as identified in Table Y. The general objectives of this
program shall be stawd in *operator-centered" terms which, as the HFE program develops,
shall be objectively defined and shall serve as criteria for test and evaluation activities.
Generic "operator-centered” HFE design goals include:

«.The operating team can accomplish all assigned tasks within system defined
time and performance criteria.

* The system and allocation of functions will provide acceptable workload le' «is
to ascure vigilance and to assure no operator overload.

* The system will support a high degree of operating crew “situation awareness.*
» Signa! detection and event recognition requirements will be kept within the

operators information processing limits and will minimize the need for
operators (0 mentally transform data in order to be usable.
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HFE Deslign Team
1. An HFE Design Team
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+ Plant Procedure Development

* Personnel Training

* Safety Engineering

* Reliability/Availability/Maintainability/Inspectability (RAMI) Engineering

HFE lssue Tacking System

1. The tracking system shall address human factors issues that are (1) known 1o the industry
(such as TMI related HF issues and other NRC, industry and generic human factors issues), (2)
identified in the operating experience review (see Element B), and (3) those identified
throughout the life cycle of the ABW1 system design, developmant and evaluation.

2. The method shall document and track human factors engineering issues and concerns, from
identification until elimination or reduction to a level acceptable to the review team.

3. Each issue/concern that meets or exceeds the threshold effects established by the review team
shall be entered on the log when first identified, and each action taken to eliminate or reduce the
issue/concern should be thoroughly documented. The final resolution of the issue/concern, as
accepted by the review team, shall be documented in detail, along with information regarding
review team acceptance (eg., person accepting, date, etc.)

4. The tracking procedures shall carefully spell out individual responsibilities when an
issue/concern is identified, identify who should log it, who is responsible for tracking the
resolution efforts, who is responsible for acceptance of a resolution, and who should enter
closeout data.

o n
1. An HFE Program Management plan shall be developed to describe how the human factors
program shall be accomplished, i.e., the plan shall describe the HFE Team' organization and
composition and which lays out the effort to be undartaken and provides a echnical approach,
schedule, and management control structure and technical interfaces to achieve the HFE
program objectives. The plan is the single document which describes the designer's entire HFE
program, identifies its elements, and explains how the elements will be maiaged. Generally, it
shall address:

* The scope of the HFE Design Tear:'s authority within the broader scope of the
organization responsible for plant construction. Included within this scope shall be the
authority to suspend irom delivery, installation, or operation any equipment which is
determined by the Team to be deficient in regard to established human factors design practices
and evaluation criteria

» The process through which the Team will execute its responsibilities
* The processes through which findings of the Team are resolved and how equipment
design changes that may be necessary for resclution are incorporated into the actual equipment

ultimately used in the plant

* The members and qualification of the team members
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* The prucess through which the Team activities will be assigned to individual team
members, the responsibilities of each team member and the procedures that will govern the
interna! management of the team

* The procedures and documentation requirements of the HFE Issues Tracking System

2. The HFE Program Management Plan shall provide the following information:
1. Purpose and organization of the plan
2. Literature and current practices review
3. Overall HFE program goals and objeciives
4. The relationship between the HFE program and the overall plant design program
(organization and schedule).
5. HFE Design Team
* Organization within the HFE program
- Identify and describe the primary HFE organization or function within the
organization of the total program, including charts to show organizational and
functional relationships, reporiing relationships, and lines of communication
¢ Functions and internal structure of the HFE Organization
- Describe the responsibility, authority and accountability of tha HFE
organization
- Identify the organizational unit responsible for each HFE task
- Describe the process through which management decisions wil* *
made regarding HFE
- Describe the process through which design decisions will be made regarding
HFE
- Describe all tocis and techniques (e.g., review forms, documentation) to be
utilized by the Team to ensure t.ey fulfill their responsibilities
» Statffing
- Describe the staffing of the HFE Team
- Provide job descriptions of personnel of the HFE Team
- Indicate the assignment of key personnel and provide their
qualifications with regard to the areas of expertise indicated above
6. HFE Issue Tracking System
* Literature and current practices review
* Responsibilities
- Responsibilities on Issue Identification
- Responsibilities for Issue Logging
- Responsibilities for Issue Resolution
- Responsibilities for Issue Closeout
* Procedures
- | sue identification
Description
Effects
Criticality and Likelihood
- lssue resolution
Proposed Solutions
Implemented Solution
Residual Effects
Resultant Criticality and Likelihood
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* Documentation
* Audii of the issue identification and tracking system
7. HFE requirements
* ldentify and describe the HFE requirements imposed on the design process
* List the standards and specifications which are sources of HFE requirements
8. HFE program
Identiy and describe the development of ....plementation plans, analyses, and
evaluation/verification of:
* Operating Experience Review
* System Functional Requirements [ wvelopment
* Aliocation of Function
* Task Analysis
* Interface Design
* Plant and Emergency Operating Procedure Development
* HF Verification and Validation
8. HFE program milastones
* Identify HFE milestones, so that evaluations of the effectivene: s of the HFE effort can
be made at critical check points and show the relationship to the integrated plant
sequence of events
* Provide a program schedule of HFE tasks showing:
- relationships between HFE elements and activities
- reports
- reviews
* Identify integrated design activities applicable to the HFE program but specified in
other areas
10, HFE documentation
* Identity and briefly describe each required HFE documented item
* Identity procedures for accessibility and retention.
* Describe the supporting documentation and its audit trail maintained for NRC audits
11. HFE In subcontractor efforts
* Provide a copy of the HFE requirements proposed for inclusion in each subcontract
* Describe the manner in which the designer proposes to monitor the subcontractor's
compliance with HFE requirements
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Element B - Operating Experience Review

B i ey

DESIGN COMMITMENT:

The accident at Three Mile Island in 1979 and other reactor incidents have il'ustrated
significant problems in the actual design and the desian philosophy of NPP HSIs. There have
been many studies as a result of these accidents/inci..nts. Utilities have implemented both NRC
mandated changes and additional improvements on their own initiative. However, the changes
were formed based on the constraints associ. »d with backfits to existing CRs using early 1980s
technology which limited the scope of corrective actions that might have been considered, i.e.,
more effective fixes could be used in the case of a designing a new CR with the modern lechnology
typical of advanced CRs.

Problems and issues encountered in similar systems of previous designs shall be identified and
analyzed so that they are avoided in the development of the current system or, in the case of
positive features, ‘o ensure their retention.

INSPECTION/TEST/ANALYSIS:
* A Predecessor System Review Implementation Plan shall be developed to assure that the
analysis is conducted according to accepted HFE principles.

* An analysis of predecessor systems shall be conducted in accordance with the plan and the
findings will be documented in an Analysis Results Report.

* The analyses shall be reviewed by the HFE Design Team and shall be documented in an
Evaluation Report.

DESIGN ACCEPTANCE CRITERIA:

General Criteria

1. The analysis shall meet all 10CFR regulatory requirements as specified under Element B in
Table Y.

2. The activity shall be based upon state-of *“e-art HFE practices at the time of its
development (as defined in Element A) including ihose documents under Element B in Table X.

3. Problems and issues encountered in similar systems of previous dasigns shall be identified
and analyzed:
* Human performance issues, problems and sources of human error shall be
identified .
* Design elements which support and enhance human performance shall be
identified.

4. The review shall include both a review of literature pertaining the human factors issues
related to similar systems and operator interviews.

5. The following sources both industry wide and plant or subsystem relevant should be
investigated at a minimum:
. Government and Industry Studies of Similar Systems

Oiaft Review Criteria Reps:t (April 21, 1992) Page 12
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Licensee Event Reports

Outage Analysis Renorts

Final £-'ety Analysis Reports and Safety Evaluation Reports
Human Engineering Deficiencies identified in DCRDRs
Modifications of the Technical Specifications for Operation
Iniernal Memoranda/Reports as Available

6. The following topics should be included in interviews as a minimum:

. Screen Design lssues

. Data Presentation Formats
. Data Entry Roquirements
. Situational Awareness

J Communications
. Procedures
. Staffing and Job Design
Training
Implementation _Plan

The plan shal! describe the designer's approach to Predecessor System Review. The plan shall
address the following:

¢ Literature ard current practices review

* Describe the technical Latis for the plan

* Documenta.on review and analysis

* Usar gurvey methodology (for conducting interviews) and analysis plans
* h..wod of documenting lessons learned

* Integration of lessons learned into \he design process

rn

At a minimum, the report shall address the following:

* Oujectives

+ Cescription of the Methods

* |dentification of any deviations from the implementation plan
* Results and Discussion

» Conch zions

* Recommendations/Implications for HSI Design

HEE Deslgn Team_ Evaluation Repyrt

At & minimum, the report shall address the following:

. The review methodology and procedures
* Compliance with Implementation Pla; Procedures
* Review findings
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Element C System Funetional Requlre ents Analvsls
DESIGN COMMITME!
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the oveiall system configuration design itsell. Each function shall be identified and described in
lerms of inputs (observable parameters which will indicate system status), functional
processing (control process and peformance measures required 1o achieve the function),
outputs, feedback (how to determine correct discharge of function), and interface requirements
from the top down sc that subfunctions are recognized as pan of larger functional areas.

9. Functional operations or activities shall include:
* detecting signals
¢ measuring information
* comparing one measurement with anothet
* processing information
* acting upon decisions to prodiice a ¢ 'sired condition o result on the system or
environment (e.g.. syster~ and component operation, actuation, and trips)

10. The functior: analysis shall b kept current over the life cycle of design deelopment,

11. Verification
* All the functions necessary for the achievement of operational and safety goals are
identified.
* All requirements of each function are identitied.

tlen_ Plan
The plan shall desct.be the designer's approach to System Functional Requirements Analysis.
The System Functional Requirements Analysis Implementation Plan shall address:
* Literature and current practices review
- Describe the technical basis for the plan,
¢ List required system ievel functions
- Bused on System Performance Requirements
* Graphic tunction desc”'ptions
+ a.g., Functicnal Flow Block Diagrams and Time Line D.agrams
¢ Detailed tunction narrative descriptions addressing:
- Observable parameters which will indicate system status
- Control process and measure/data required to achieve the function
« How to determine pruper discharge of function
* Analysis
- Define an integration of subfunctions that are closely related so that they can be
treated as a unit
- Divide identified subfunctions into two groups
- Common achievement is an essential condition for the
accomplishment of a higher level function
- Alternative supporting functions to a higher level function or
whose accomplishment is not necessarily a requisite for
higher level funciion
- Identify for each integrated subfunction:
- Logical requirements for accomplishment (Why accomplishment
is required)
- Control actions necessary for accomplishment
- Parameters necessary ‘or control action
- Criteria for evaluating the result of control actions
- Parameters necessary for the eval ation
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- Evaluation criteria
+ Criteria for choosirg alternatives
- Identify characteristic measurement and define for each measurement
importiant factors such as Load, Accuracy, Time factors, Complexity
of action logic, Types and complexities of decision making, Ir “acts resulting
from the loss of _unction and associated time factory
* Verification

+ Describe system functicn verification methodology

Analysis Results Report
The report shall address the following:
* Objectives
* Description of the Methods
* Identification of any deviations from the implement:ion plan
* Results and Discussion
* Conclusions
* Recommendations/Implications for HSI Design

: rt
The report shall address the following:
* The review methodology and procedures
* Compliance with Implementation Plan Procedures
* Review findings

Draft Review Criteria Repor April 21, 1992) Page .
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ITAAC/DAC

Elemeni D - Allocation of Function

DESIGN COMMITMENT:

The allocation of functions shall take advantage of human strengths and avoids allocating
functions which would be impacted by human limitations. To assure that the allocation of
function is conducted according to accepted HFE principles, a structured and well-documented
methodology of allocating functions to personnel, system elements, and personnel-system
combinations shall be developed.

INSPECTION/TEST/ANALYSIS:
* An Allocation of Function Implementation Plan shall be developed to assure that the analysis is
conducted according to accepted HFE principles.

* An analysis of Allocation of Function shall be conducted in accordance with the plan and the
findings will be documented in an Analysis Results Report.

* The analyses shall be reviewed by the HFE Design Team and shall ue documented in an
Evaluation Report,

DESIGN ACCEPTANCE CRITERIA:

General Crlterla

1. The analysis shall meet all 10CFR reg latory requirements as specified under Element D in
Table Y.

2. The activity shall be based upon state-of-the-art HFE practices at the time of its
development (as defined in Element A) including those documents under Element D in Table X,

3. All aspects of system and functions definition must be analyzed in terms of resu. ing human
performance requirements based on the expected user population,

4. The allocation ¢! *unctions to pereonnel, systern elements, and personnel-system
comoinations shall be made reflect (1) sensitivity, precision, time, and safety requirements,
(2) required reliability of system performance, and (3) the number and level of skills of
personnel required to operate and maintain the system,

§. The allocation criteria, rational, analyses, and procedures shall be documentad.

6. As alternative allocation concepts are developed, analyses and trade-off studies shall be
conducted to determine optimum configurations of personnel- and system- performed functions.
Analyses shall confirm that the pcrsonnel elements can properly perform tasks allocated to
them while maintaining operator situation awareness, workloxd, and vigilance. Proposed
function assignment shall take the maximum advantage of the capabilities of human and machine
without imposing unfavorable requircments on either.

7. Functions shall be re-allocated in an iterative manner, in response to developing design
specifics and the outcomes of on-going analyses and trade studies.
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ITAAC/DAC
L Element E . Task Analysis
DESIGN COMMITMENT:;

Task analysis shall identify the behavioral requirements of the tasks the personnel
subsystem is required to perform in order 1o achieve the functions allocaled 1o them. A task
shall be a group of activities that hive a commor: purpose, often accurring in temporal
proximity, ard which utilize the same displays and controls. The task analysis shall:

* proviue one of the bases for making design decisions; e.q., detarmining before hardware
fabrication, 1o the extent practicable, whether system performance
requirements can he met by combinations of anticipated equipment, software, and
personnel,

* assure that human performance requirements do not exceed human capabilities,

* be used as basic information for developing manning, skill, training, and
communication requirements of the system, and

¢ form the basis for specifying the requirements for the displays, data processing and
controls nerded to carry out tasks.

INSPECTION/TEST/ANALYSIS:
¢ A Task Analysis Implementation Plan shall be developed 1o assure that the analysis is
conducted according to accepted HFE principles.

* An analysis of tasks shill be conducted in accordance with the plan and the findings will be
documented in an Avclysis Results Report.

" The analyses shall be reviewed by the HFE Design Team and shall be documented in an
Evaluation Report.

DESIGN ACCEPTANZE CRITERIA:

1. The analysis shall meet all 10CFR regulatory requirements as specified unde, Element E in
Table Y,

2. The activity shall be based upon state-of-the-art HFE practices at the time of its
dev~lopnent as defined in Element A) including those documents under Element E in Table X.

3. The scope of the task analysis shall include all operations, maintenance, test and inspection
tasks. The analyses shall be direct.d to the full range of plant operating modes, including start-
up, normal operations, abnormal operations, transient ronditions, low power and shutdown
conditions. The analyses shall include tasks performed in the control room as well as outsic'e of
the control room.

4. The analysis shall link the identified and described tasks in operational sequence diagrams. A
review of the descriptions and operational sequence diagrams shall identity which tasks can be
considered “critical” in terms of impartance for function achie ‘einent, potential for human
error, and impact of task fa'ure. Human actions which are found to affect plant risk in PRA
sensitivity analyses shall also be considered "critical,” Where critical functions are automated,
the analyses shall consider all human tasks including monitoring of an automated salety system

Dralt Review Criteria Report (Apnil 21, 1882) Page 26




and back-up actions if it fails,

§. Task analysis shall begin on a gross lavel and involve the development of detailed narrative
descriptions of what personnel must do. Task analyses shall Jefine the nature of the input,
process, and output required by and of personnel. Detailed task descriptions shall address (as
appropriate):
* Information Requirements
*Infor.aation required, including cues for task initiation
-Information available
* Decision-Making Requirements
-Description of the decisions to be made (relative, absolute, probabilistic)
« Evaluations to be performed
-Decisions that are probable based on the evaluation {(opportunities for cognitive
erfors, such as capture error, will be identified an carefully analyzed)
* Response Requirements
Action 1o be taken
- Overlap of task requirements (serial vs. parallel task elements)
-Frequency
-Speed/Time line require nents
-Tolerance/accuracy
-Operationdl limits of personnel perfurmance
-Operational limits of machine and software
-Body movements required by action taken
¢ Feedback Requirements
-Feedback required to indicate adequacy of actions taken
* Workload
- Cognitive
« Physical
- Estimation of wuifficuliy level
* Task Support Requirements
Special/protective clothing
- Job aids or reference materials required
-Tools and equipment requirad
» Computer processing support aids
* Workplace Faciors
-Workspace envilope required by action taken
-Workspace conditions
-Location and condition of the work
«Environment
* Staffing ~nd Commui ication Requirements
-number of personnel, their technical specialty, and specific skills
- Communications rejuired, including type
-Personnel interaction when more than one person is involved
* Hazard Identification
ldentification of Hazards involved

6. The task analysis shall be iterative and become progressively more detailed over the design
cycle, The task analysis shall be cetailed enough to identity information and control
requirements to enable specification of detailed requirements for alarms, displays, data
processing, and controw for human task accomplishment,
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7. The task analysis results shall provide input to the personnel training programs.

Implementation _Plan
The plan shall u. . ribe the designer's approach 1o task analysis. The Task Analysis
implementation Plan shall address:
* Literature and current practices review
* General methods and data sources
* Grous task analysis
- Convent Functions to Tasks
-Develop Narrative Task Descriptions
- General statement of task functions
- Detailed task descriptions
« Brrakdown of tasks 1o individual activities
-Develop Operational Sequence Diagrams
¢ Critical task analysis
-Identification of Critical Tasks
-Detailed Task Descriptions
¢ Information and control requirements
* Initial alarm, display, processing, and control requirements analysis
+ Develop a task-based I&C inventory
¢ Application of task analysis results to training development
+ Evaluation of task analysis

« The plan shall describe the mathods that will be used to evaluate the results of

the task analysis,

Analysls Results Report
The report shall address the following:
* Objectives
* Description of the Methods
* Identification of any deviatic..s from the im ‘ementation plan
* hesults and Discussion
¢ Conclusions
* Recommendations/Implications for HS! Design

HEE Deslgn Team Evaiuation 3eport

The report shall address the following:
* The review methc Jology and procedures
* Compliance with Implementation Plan Procedures
* Review findings

Draft Review Criteria Report (April 21, 1832)
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Element F . Human-System Interface Design

DESIGN COMMITMENT:

Human engineering principles and criteria shall be applied along with all other design
requirements to identify, select, and desig~ ' e particular equipment to be
operated/maintained/controlled by plant personnel.

INSPECTION/TEST/ANALYSIS:
* A Human-System Interface Design Implementation Plan shall be developed 10 assure that the
analysis is conducted according to accepted HFE principles. ~

* An analysis of Human-Sysem Interface Design shall be conducted in accordance with the plan
and the findings will be documented in an Analysic Results Report.

* The analyses shall be reviewed by the HFE Design Team and shall be documented in an
Evaluation Report,

* The Human-Sysiem Interface Desigi, Implementation Plan, Analysis Results Report, and MFE

DESIGN ACCEPTANCE CRITERIA:
General Criterla

1. The analysis o meet all 10CFR regulatory requirements as speci‘ied under Element F in
Table Y.

2. The activity shall be based upon state-of-tne-art HFE practices at the time of its
development (as defined in Element A) including those documents under Element F in Table X.

3. Toe design configuraton shall satisty the functiunal and technical design requirements and
insure that the HS| will meel the appropriate HFE guidance and criteria.

4. The HFE effo:t shall be applied to HSI both inside and outside of the controi room (local MSI),

6. HSI design shall utilize the results ¢! (he task analysis and the 1&C inventory to assure the
adequacy of the HSI.

6. The HSI and working environment shall be adequate for the human performance requirements
it supports. The HSI shall be capable of supporting critical operations under the worst credible
environmental conaitions.

7. The HSI shall be free of elements which are rot required for the accomplishment of ary task.
8. The selection and design of HSI hardware ana software approaches shall be based upon
demonstrated criteria that support the achievement of human task performance requiremerus,
Criteria can be based upon test results, demonstrated experience, and trade studies of identified
optiens,

8. HFE standa:ds shall be employed in HSI se!sction and design. Human engineering guicance
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regarding the design Larticulars shall be developed by the HSI designer 1o (1) insure that the
human-system interfaces are designed to currently accepted HrE guidelines and (2) insure
proper consideration of human capabilities and limitations in the developing system. This
quidance shail be derived from sources such as expent judgement, design guidelines and
standards, and quantitative (e.g., enthropometric) and qualitative (e.g., relative effectiveness of
differing types of disnlays for different conditions) da’a. Procedures shall ve employed to
ensJre HS!| adherence with standards.

10. HFE/MSI problems shall be resolved using studies, experiments, and laboratory tests, e.g.,
* Mockups and models may be used 1o resoive access, workspace and related HFE
problems and incorporating these solutions into system design
* Dynamic simulation and HSI prototypes shall be evaluated for use to evaluate design
details of equipment requiring critical human performance
* The rationale for selection of design/evaluatior tools shall be documented

11. Human factors engineering shall be applied v the design of equipment and software for
maintainability, testing and inspection,

12. HSI design elements shall be evaluated to assure their acceptability for task performance
and MFE, criteria, standards, and guidelines.

Implementation _Plan
The plan shall describe the designer's approach to Human-System Interface Design. The Human-
System Interface Desigr Implementation Plan sha!! address:
¢ literature and current practices review
* |1&C requirements analysis and design
- Compare Task Requirements to 1&C Availatility
- Modifications to I1&C Inventory
* General HSI approach selection
« Trade Studies
- Analyses
* The criteria 1o Le used to meet Ceneral Criterion # 8 (selection and design of HSI
hardware and software approaches), described above
* HFE design guicance de' elopment and documentation
* H3I detailed design and ¢ nluations
« Use of design/ev . ation tools such as prototypes shall be specifically
idantified and rat'onale for selection

Analysis Resulis Report

The report shall address the followina:
* Objectives
* Description of the Methods
* .dentification of any deviations from the implementation plan
* Results ar.d Discussion
* Conclusions
* Recommendations/implications for HSI Design

HEE Design Team Evalu ' on Report

The report shall address the foliowing:
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* The review methodology and procedures

* Compliance with Implementation Plan Procedures
* Review findings

Draft Review Criteria Report (April 21, 1932)
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Element G -« Plant and Emergency C 'rocedure Development

DESIGN COMMITMEN)




6. A Writer's Guide shall be developed 1o establish the process for developing technical
procedures that are complete, accurate, consistent, and easy 10 undestand and follow. The
Guide shall contain sufficiently objective criteria so that procedures developed in accordance
with the Guide shall be consistent in organization, style, and content. The Guide shall be used for
all procedures within the scope of this Element. The Writer's Cuide shall provide instructions
for procedure content and format (including the writing of action steps and the specification of
acceptable acronym lists and acceptable terms to be used).

6. The content of the procedures shall incorporate the following elements:
* Title
* Statament ¢! Applicability
* Re arences
* Prerequisites
* Precautions (i cluding warnings, cautions, and notes)
* Limitations and Actions
* Required Human Actions
* Acceptance Criteria
+ Checkn* Lists

7. All procedures shall be verified and validated. A review shall be conducted to assure
procedures are correct and can be performed. Final validation of operating procedures shall be
performec. .1 a simulation of the integrated system as part of V&V activities described in
Element J.

8. An analysis shall be conducted to c..ermine the impact of providing computer-based
procedures and 1o specily where such an approach would improve procedure utilizatior. and
reduce operating crew errors related 10 procedure use.

Implementation Plan
The Plant and Emergency Operating Procedure Development Implementation Plan shall address:
¢ Literature and current practices review
* Identification of source data/information 1o be used as a basis for procedure
development
* Methodology for the evaluation of procedures (plan shall describe tests and analyses
that will be used to evaluate procedures)
* Requirements for the effective developinent and use of a Procedural Writer's Guide
* Procedures for troining program - procedure integration
* Verification and validation procedures

* Procedure development documentation requirements

Procedure Development Report
The report shall addr >ss the following:
¢ Objectives
* Description of the Methods Used
* |dentification of any deviations from the implementation plan
* Results , including a list of procedures developed, and a discussion of the resulting
procedures including sample procedures
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* Conclusions
* Recommendations/In plications for HS! Design

rt
The report shall address the following:
* The review methodology and procedures
* Compliance with Implementation Plan Procedures
* Review findings
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Element H - Human Factors Verification and Validation

DESIGN COMMITMENT:

The successtul incorporetion of human factors engineering into the final HSI design and the
acceplability of the resulting HS! shall be thoroughly evaluated as an integrated system using
HFE evaluation procedures, guidelines, standaids, and principles.

INSPECTION, TEST/ANALYSIS:
* A Human Factors Verification and \ _lidation Implementation Plan shall be d.veloped to assure
that ‘ne analysis is conducted according to accepted MFE principles. :

* An analysis of Human Faciors Verification and Validation shall be conducted in accordance with
the plan ai.d the findings will be documented in an Analysis Pesults Report.

* The analyses chall be reviewed by the HFE Design Team and si:all be documented in an
Evaluation Report.

DESIGN ACCEPTANCLC CRITERIA:

General Criterla_

1. The analysis shall meet all 10CFR regulatory requirements as specified under Element M in
Table Y.

2. The activity shall be based upon state-of-the-art HFE practices at the time of its
development (as defined in Element A) including those documents under Element H in Table X.

3. The evaluation shall verify that the performance of the HSI, when all elements are fully
integrated into a system, meets (1) all HFE ~esign goals as established in the prograin plan; and
(2) all system functional requirements and support human operations, maintenance, test, and
inspection task accomplishment.

4.7 © « 7 on shall address:
‘v an-Hardware interfaces
- nan-software interfaces

< ocedures
* Workstation and console configurations
* Control room design
* Remote shutdown system
* Design of the overc!l work environment

5. Individual HSI elements shall be evaluated in a static and/or “part-task” mode to assure that
all controls, displays, and data processing that are required are available and that they are
designed according to accepted HFE guidelines, standards, and principles.

6. The integration of HS! elements with each other and with personnel shall be evaluated and
validated through dynamic task performance evaluation using evaluation tools which are
appropriate to the accomplis ment of this objective. A fully functional HSI prototype and plant
simulator shall be used as pa.' of these evaluations. If an alternative 1o a HS| prolotype is
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proposed its acceptability shall be documented in the implementation pian. The evaluations
shall have as their objectives:

* Adequacy of entire HSI configuration for achievement of safety goals

* Confirm allocation >f function and the structure of taske assigned 1o personnel

* Adequacy of staffing and the HSI to suppont staff to accomplish their tasks.

* Adequacy of Procedures

* Confirm the adequacy of the dynamic aspects o/ all interfaces for task accomplishmen:

* Evaluation and demonstration of error tolerance to human and system failures

7. Dynamic evaluations shall evaluate HSI under a range of operational conditions and upsets,
and shall include:
* Normal plant evolutions (e.g., start-up, full power, and shutdown operations)
* Inctrument Faiures (e.g., Safety System Logic & Control (SSLC)Unit, Fault Tolerant
Controller (NSSS), Local *Field Unit* for MUX system, MUX Controller (BOP),
Break in MUX line)
* HSI equipment and processing failure (e.g., loss of VDUs, loss of data processing, loss
of large overview display)
* Transients (e.9., Turbine Trip, Loss of Offsite Power, Station Blackout, Loss of 4l FW,
Loes of Service Water, L oss of power 1o selected buses/CR power supplies , and
SRV transients)
* A’ cidents (e.9., Man steam line braak, Positive Reactivity Addition, Control Rod
Insertion at power, Control Rod Ejection, ATWS, and various-sized LOCAs)

8. Performance measures for dynamic evaluations shall be adequate to test the achievement off
all objectives, design goals, and criormance requirements and shall include at a minimum:

* System performance me « Lies relevant to safety

*Crew Primary Task Perfc. nance (e.g., task times, procedure violations)

* Crew Errors

* Situation Awareness

* Workloac

* Crew communications and coordination

* Anthropometry evaluations

* Physical positioning and interactions

9. A verification shall be made that al! icsues documented in the Human Factors Issue Tracking
System have been addressed.

10. A verification shall be made that all critical human actions as delined by the task analysis
and PRA/HRA havc be adequately supported in the design. The design of tests and evaluations to
be performed as part of AFE V&V activities shall specilically examine these actions.

n
The plan shall describe the designer's approach to Human Factors Verification and Vaiidation.
The Human Factors Verification and Validation Implementation Plan shall address:
¢ HSI element evaluation
« Control, Data Processing, Display audit
- Comparison of HS' element design to HFE gu Jelines, standards, and
principles
* Dynamic penormance evaluation of fully integrated HSI
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Table Y
Human Factors Requirements In 10 CFR

ages)
if CFR ii?tﬁlﬁc:i‘

HFE
ELEMENTS
- e-uon Agains! Radiaton
0.203 - Caution signs, .a0els, signals, and controls. H.1B
0.207 - Storage and control of licensed materals in unresiricted areas. B.E
0.34 (, « Additional TMi-related Requirements, Consider all sections but
articularly:
(1)(i) « Site specific PRA D
(1){v) « HPCI/RCIC initiation levels BEF.G.I
(1)(vi) + Reduction of challenges 1o relie! valves B.E.GH,I
(1)(vir) « Elimination of manual activation of ADS B.E.F.G M,
(1)(vili) « Automation issues of ECCS restan BEFGMH,I
(1)(xi) « Depress'rization methods B.E.F.GH,
(1)(xil) « Hydrogen cor ol systems B.EFGH,I
(2)(i)) « Control roorn simulator B.EJ
(2)(il) ~ Improved plant procedures |
(2)(lii) « Control room design that reflects state-of-the-art human factors A
principles
(2){iv) - SPDS B.EF.GH.I
(2)(v) =« Indication of typassed & inoperable sysiems B.E.F.GMH.
(2)(vi) = Vi “slems in the control room BEFGMH,I
(2)(xi) « Indicauon of relief valves in control room BGH
(2)(xvi) - ECCS8 & RPS astuation cycles B.EF.GH.I
(2)(xvii) to (xix) - post accident instrumentation in ontrol room B.EGH,I
(2)(xxi) «+ Heat removal system controls REFGMH,I
(2)(xxiv) « Reactor vesse' level instrumentation B.G H,I
(2)(xxv) - TSC, OSC, and EOF ABEGH,L
{2)(xxvii) - Radiation monitoring BEFGMH,I
(2)(xxviii) - Control room radiation protection B.E,
(3)(1) - Incorporation of cperating, design and construclior experience AB
(3)(vii) - Management controls during design and construction AC.J
0.34a - Design objectives for equipment to control releases of radicactive B.EF
aterial in effluents
0.44(ii) = High point vents in RCS, operable from control room B.EF.GH,I
0.47 - Emergency planning, includ.ng procedures, facilities, etc. BEGH,LI
0.48 - Fire Protection, re’erences Appendix R and includes safe reactor BEFGH,I
hutdown requirements outside the main contro! room
0.54 - Conditions of licenses, contains control room statfing requirements " B.E.F.G
.88a - Codes and standards - establishes inservice inspection and testing B.E.GH,I
equirements, which should be considered when desigr. ng outside control room
vipment and interfaces
0.62 - ATWS requirements, inciudes system specilications such 3 BEFGHI
ndependence, reliability and automation
0.63 - Loss of ali aliernating current power, requires analyses, equipment and B.EF.GH,I

rocedures
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hroughout the GDC there are inspection and testing requirements specified for
various systems. These mue' be considered when designin) the MSI

hroughout the plant. Some added sp.cific criteria, as follows are also important,

2. Suppression of reacior power oscillations - They must be readily detected

and suppressed

13. Instrumentation and control - Specifies 1&C for variables and systems

19. Control Room - Specilies both a normal and remote control room

6. and 27. Reactivity control - Requires reliable control of reactivity changes

4. Monitoring radiocactivity releases - Establishes monitoring requirements

BEFGHI

B.EGMH,I
AE
BEFGMH,I
BEGMH,

ndix B - Quality Assurance Criteria - Establishes design control and other
ertinent QA requirements

All

ABE

dix E - Emergency Planning - Establishes many pertinent EP requirements
ot lacilities, procedutes, etc.

ABF.GHILJ

ndix | - ALARA Guides - Provides guidance for radiation dose reduction,
hich is particularly pertinent ‘o the design stage of a NPP,

ndix J - Primary containment leakage rate testing - This section is also
rtinent ‘o the design stage outside the control room. Ex'sting provisions fcr
RT in wPPs consider human factors only marginally.

B.EGH,I

art 52 - Early site permits; standard Jesign certifications, and combined

icenses for nuclear power plants.

This part est=hlishes the requirements for advanced reactors and is particularly A
elevant,

art 6 - Operators' licenses - Subpart E - Written examinaiions and tests -
iscusses source of informalicy for required operator knowledge, skilis and |
bilities,

art 73 « Physical protection of plants and materials - Details protection and ABEGH,I
ecurity 1+ uirements, which in existing plants have caused significant

rational confiicts. These must be carefully considered at the design stage
rom a human engineering standpoint 1o avoid repetition of these problems.
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