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1. INTRODUCTION

The staff of the Nuclear Regulatory Commissions (NRC) Human Faclors Assessment
Branch (LHFB) is reviewing the human factors elements of the General Electric (GE) Advanced
Boiling Water Reactor (ALUWR) Standard Safety Analysis Report (SSAR). Based upon the review
of this malerial, the staft will prepare input for the HRC final safety 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. 1091, Many outstanding issues were identified in the DSER.
Each of these outstanding issues will be addressed prior 1o completion of the FSER,

One Issue to emerge from the initial review is that detalled human-system interface
(HGI) design information will not be avallable for stalf review prior to design certificatio... To
address this issue, the NRC is considering issuing a design certification based partially on the
aporoval of a written design implementation proc sss plan. GE | as submitted a Design and
Implementation Process Plan (D&IPP) Jesciibing the major design and implementation piocess
activities for the ABWR human factors engineering (MFE) effort. The D&!PP is characterized in
GE's Figure 18E.1-1 and Table 18E.1.1 of the 58AR submitted 1 the staff in October 1991, The
first part of the plan presents the plant and system design definition stage which will be
completed prior 10 design certification, and the second part outlines the minimum activities that
must be conducted by a referencing applicant. The DAIPP will cortain (1) descriptions of all
required activities in the desipn, development and implementation of the ABWR human-system
interfaces, (2) identification of predetermined NRC conformance review points, and (3) design
acceptance criteria (DAC) and Inspection, Test, Analysis ard Acceptance Ciiteria (ITAAC) for
the conformance reviews.

To review the GE's ABWR D&IPP, I* & necessary 10 (1) assess whether all the
appropriate human factors engineering elements are included in the plan, (2) identity which
HFE elements require NRC review, and (3) evaluate the proposed DAC/ITAAC to be utilizeu by
the NRC 1o verity each of the review elements. Where GE's D&IPF is found by the staff to he
lacking, appropriate elements and DAC/ATAAC must be developed.

The objective of the effort described in this report was to develop a technical banis for
the review of the D&IPP. Since a design process review has not been conducted previouslv by
the NRC as part of reactor licensing and is not addressed in the presently available guidance,
l.e., NUREG-0BOC a firm technical basis for such a review is lacking. Thus, it is important to
identify what elements of such a plan are required to assure that safety goals are achieved and to
identity the review criteria by which each element can be assessed. This element identification
should be accomplished independently rom that provided by GE in order 10 assure that GE's plan
reflects currently acceptable human factors engineering practices and that it is & thorough,
complete, and workable plan. While it is likely that such guidance will be developed under the
proposed update o the Standard Review Plan, that the guidance will not be available in a time
frame consistent with the GE review.

The specific objectives of this effort were:

1. To develop a mode! of the HFE desijn process which can serve as a technical basis for the
review of the DA&IPP proposed for certification by GE. The model should be: (1) based upon
currently accepted practices, (2) well-defined, and (3) validated thruugh experience with the
development of complex, high-reliability systems.

Dret HFE (TAAC/DAC (March 18, 1982) Page 1




2. To entity necessary HFE eloraents in a system development, design, and evalugtion process
that are requisites 1o successtul .ntegration of the human component in complex systems.

9. To identity which of the HFE elements are the key and require review 1o monitor the process.

4. To specity the design acceptance criteria by which key HFE elements can be evaluated.

Draft HFE ITAAC/DAC (March 18, 1982) Page 2



METHODOLOGY




The systems engineering approach was expanded 1o develop a Generic HFE Program Mod'e!
fo be used for advanced through the inclusion of NRC regulatory requirements and acceptance
criteria specific 1o the ABWR certification process.
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Dratt ITAAC/DAC
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DESIGN COMMITMENT

Human-systet {

INSPECTION/TEST/ANALYSIS

the yaratior { HFE

DESIGN ACCEPTANCE CRITERIA
General Criteria




Design Team
HFE |




from cost and schedule considlerations.

5. The HFE Team shall work or an interactive and timely basis with the NSSS and BOP designers
and contractors engaged in HFE design-related activities.

6. The HFE design team shall include the following expertise:
(Insert specific GE's Table 18.E.2.1-Part |l to elaborate on below)
* Technical Project Management
* Systems Engineering
* Nuclear Engineering
¢ Control and Instrumentation Engineering
* Architect Engineering
* Human Factors
* Plar.t Operations
* Computer Systems Engineering
* Plant Procedure Development
* Personnel Training
* Salety Engineering
* Reliability/Availability/Maintainability/Inspectability (PAMI) Engineering

HEE_Program and Management Plan

1. The Pian shall be developed to describe how the human factors program shall be
accomplished. Th- plan shall describe the HFE Team's organization and composition and which
lays out the effort 1o be undertaken and provides a technical approach, schedule, and
management control structure and technical interfaces 1o 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 managed. The plan shall be based - pon
accepted HFE practices at the time of its development. The plan shall be based upon a review and
identification of current practices and literature, including those documents under Element A in
Table X.

2. The HFE Program Management Plan shall address the following:
1. Purpose and organization of the plan
2. Literature and current practices review
* Describe the technical basis for the plan.
3. Overall HFE program goals and objectives
4. The relationship between the HFE program and the overall plant design program
(organization and schedule).
5. HFE Team
* Organization within the HFE program
- Identity and describe the primary HFE organization or function w'thin the
organization of the total program, including charts to show organizational and
functional relationships, reporing relationships, and lines of communication
* Functions and internal structure of the HFE Organization
- Describe the responsibility, authority and accountability of the HFE
organization
- Identity the organizational unit responsible for each HFE task
- Describe the process thiough which management decisions will be
made regarding HFE

Dratt HFE ITAAC/DAC (March 198, 1882) Page 15






ITAAC/DAC
Element B . Predecessor System Review

DESIGN COMMITMENT:

Problems and issues encountered in similar systems of previous designs shall be identified and
analyzed so that special attertion may be given to those problems and issues in the development
of the current system in order 10 avoid their repetition, ot in the case of positive features to
ensute 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 cor.aucted 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
Evaluaton Report,

* The Predecossor Systern Review Implementation Plan, Analysis Results Report, and HFE
Design Team Evaluation Report shall be submitted to the NRC for review and approval,

]

DESIGN ACCEPTANCE CRITERIA:

General Criterin

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

2. Problems and issues encountered in similar systems of previous designs 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
identitied.

3. The review shall include both a review of literature pertaining the human factors issues
related 1o similar systems and cperator interviews.,

4. The following sources both industry wide and plant or subsystem relevant should be
investigated at a minimum:
. Government and Industry Studies of Similar Systems
Licensee Event Reports
Outage Analysis Reports
Final Safety Analysis Reports and Safety Evaluation Reports
Human Engineering Deficiencies identified in DCKDRs
Modifications of the Technical Specifications for Operation
Internal Memoranda/Reports as Available
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NAAC/DAC
Element C - HFE lIssues Tracking

DESIGN COMMITMENT:

A method o nrocedu’ s shi)! bo develcped 1o document and treck HFE related problems and
concerns, To assure that the system is conducted according 1o accepted HFE principles, a HFE
Issues Tracking Plan shall be developed. The pian shall be based upon acccted HFE practices at
the timu of its deelopment,

INSPECTION/TEST/ANALYSIS:
« mn HFE lssuss Tracking Impiementation Plan shall be developed to assure that the tracking
system is establishad according to accepted MFE principles.

» An HFE lssues Tracking system shall be maintained in accordance with the plan and the
finings will be documented in an Analysis Results Repca,

* The &nalyses shall be reviewed by the HFE Design Tearn and shall be documented in an
Evaluation Report.

* The HFE lssues Tracking Implomentation Plan, Analysis Results Report, and HFE Design Team
Evaluation Report shall be subn Kled to the NRC for review and approval.

DESIGN ACCSPTANCE CRITER'A:

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

2. The tracking system shall address human factors issues that are (1) generally known to the
industry (such as TMI rela'ad HF issues and other NRC, industry and generic human factors
issues), (2) identified in the Predecessor system review, and (3) those identified throughout
the life cycle of the ABWR system design, development and evaluation.

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

4. 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 the. oughly documented. The final resolution of the issue/concern, as
accepted by the review team, shall be documented in detail, along with information regarding
reviow leam acceptance (eg., person accepting, date, etc.)

6. Tre tracking procedures shall carefully spell out individual responsibilities when an
issue/concern is identified, identify who should iog it, who is responsible for tracking the
resolution efforte, who is responsible for acceptance of a resolution, and who should enter
closeout data.
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Implementation Plan

1. The plan shall describe the designer's approach 1o HFE issues Tracking. The plan shail be

based upon accepted HFE practices at the time of its development. The plan shall be based upon a
review and identfication of current practices and literature, including those documents under

Eisment C in Table X,

2. The HFE lssues Yrckii: plan shall address.
» Literature and curren: pectice) review
* Responsibilities
« Responsibilities on lssue Identification
« Responsibilities for Issue Logging
- Responsibilities for lssue Resolution
« Responsibilities for Issue Closeout
* Procedures
« ISSUE IDENTIFICATION
Description
Effects
Criticality and Likelihood
- lssue resolution
Proposed Solutions
Implemented Solution
Residual Effects
Resultant Criticality and Likelihood
* Documentation
* Audit of the issue identification and tracking system

Analysls Hesults Report
Al a minimum, the report shal' address the following:
* Objectives
* Description of the Methods
¢ |dentification of any deviations from the implementation plan
* Results and Discussion
* Conclusions
* Recommendations/Implications for KSI Design

HFE Design Team Evaluation Repert

At a minimum, the report shall address the following:
* The review methodology and procedures
* Compliance with Implementation Plan Procedures
* Review findings

Dratt HFE ITAAC/DAC (March 19, 1902)
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ITAAC/DAC
Element D « Human Helmr‘)'n', Al\ul)“l.

JESIGN COMIAITMENY

Y|

INSPECTION/TEST/ANALYSIS
s At ' ™ i § p . |

P2l

DESI!GN ACCEPTANCE CRITERIA
Leners Criterla

4

N mes




these generalizations, and i/why/how the values will be modified for use in the HRA shall be
made.

8. Performance shaping factors shall be specitically identified and used in HEP gquantification.

9. The influences of the advanced technology aspects of the human task aliocation and HSI shall be
accounted for in the analysis. In addition, specification shali be made of how the modelling will
reflect changes in the operator's tasks and role in the system resulting from the increases in
system automation.

10. Critical human actions shall be quantified by the HFE review team (or their designee)
independently from the primary HFE team to serve as a verification of their values.

11, Sansitivity and uncertainty analyses shall be performed on the HEP values.

12. The HRA effort shall be thoroughly integrated with the development of the PRA. The insights
gained from the analyses will be factored into system/operational design.

Implementatien Plan

1. The plan sha!l describe the designer's approach to HRA. The plan shail be based upon
accepled HFE practices at the time of its development. The plan shall be based upon a review and
identification of current practices end literature, including those documents under Element D in
Table X.

2. The HRA Implementation Plan shall address.
¢ Literature and current practices review
* Documentation Procedures
* Material Available to Support the HRA Team
* Use of Human-System Analyses (completed as part of HFE design)
* Types of Human Task Actions Analyzed
* Adequacy of the Human Action Modeliing
* Quantification Methods Used to Estimate HEPS
* Evaluation of Performance Shaping Factors
* Treatment of Advanced Technology
* Utilization of Human Error Data Sources
* Basis for Generalization from Earlier PRAs
¢ Approach 1o Sensitivity Modelling
* Utilization of Insights Gained from the Analyses and assurance of bidirectional feedback
between the PRA and HFE organizations.

Analysls Hesulls Feport
At a minimum, the report shall address the following:

¢+ Objectives

* Description: of the Mathods

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

* Conclusions

* Recommendations/Implications for HS! Design
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HFE Deslgn Team Evaluation Report

At & minimum, the report shall address the following:
* The review nethodology and proced ‘es
* Compliance with Implementation Pian Procedures
* Review findings

Dreft HFE ITAAC/DAC (March 19, 1902)
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ITAAC/DAC
Element E System Functional Requirements Analysis
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Implementation Plan




Analysis _Resulls Report

" o £ )

HFE Deslgn Team Evaluation Report
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ITAAC/DA
Element F Allocation of Function

’ !

DESIGN COMMITMENT
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ment shall be evaluated

implementation Plan

1. The plan shall describe the designer's approach to Allocation of Function. The plan shall be
:

-

based upon i aplted H s at the time of its development. The plan shall be based upon a
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Analysis Results Report

por. shall address the lollowing

Al a minimut » TO

of the Methods
an daviation from the mr mantation lar
ny deviauons irom the impicmentation plan

its and Discussion
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ITAAC/DAC
Element G - Task Analy
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error, impact of task failure, etc. Where critical functions are automated, the analyses shall
consider all human tasks including monitoring of an automated safety system and back-up
actions it it fails,

6. Task analysis shall begin on a gross level and involve the development of detailed narrative
descriptions of what personnel must do. Task analyses shall be defined the nature of the input,
procese, and output required by and of personnel. Detailed task descriptions shall address (as
appropriate):
* information Requirements
Information required, including cues I~ task initiation
«Information aveilable
* Decision-Making Requirements
-Description of the decisions to be made (relative, absolute, probabilistic)
- Evaluations to be performed
-Decisions that are probable based on tha evaluation (opportunities for cognitive
errors, such as capture error, will be identified and carefully analyzed)
* Response Requirements
-Action 1o be taken
- Overlap of task requirements (serial vs. parallel task elements)
-Frequency
-Speed/Time line requirements
-Tolerance/accuracy
-Operational limits of personnel performance
-Operational limits of machine and software
-Body movements required by action taken
* Feedback Requirements
-Fe sdback required to indicate adequacy of actions taken
« Workload
- Cognitive
- Physical
- Estimation of difficulty level
* Task Support Requirements
+ Special/protective clothing
- Job aids or reference materials required
-Tools and equipment required
- Computer processing support aids
* Workplace Factors
-Workspace envelope required by action taken
-Workspace conditions
-Location and condition of the work
-Environment/habitability
« Staffing and Communication Requirements
-number of personnel, their technical speciaity, and specific skills
- Communications required, including type
-Personnel interaction when more than one person is involved
¢ Hazard |dentification
-loentification of Hazards involved

6. The iask analysis shall be iterative and become progressively more detailed over the design
cycle. The task analysis shall be detailed enough to identity information and control
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HFE Design Team Evaluation Report

At a minimum, the report shall address the following:
* The review methodology and procedures
» Compliance wiih Implementation Plan Procedures
* Review findings
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ITAAC/DAC
Element H - Human-System Interface Design

DESIGN COMMITMENT
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shall be derived from sources such as expert jJudoement, design guidelines and standards, and
quantitative (e.g., anthropometric) and qualitative (e.g., relative effectiveness of differing
types of displays for different conditions) data. Procedures shall be employed 1o ensure HSI
adherence with standards.

9. HFEMSI problems shall be resolved using studies, experiments, and laboratory tests, e.g.,
* Mockups and madels may be used 1o resolve access, workspace snd related HFE
problems and incorporating these solutions into system design
* Dynamic simulation and HSI prototypes shall be evaluated for use to evaluate design
detalls of equipment requiring critical human performance
* The rationale for selection of design/evaluation tools shall be documented

10. Human factors engineering shall be applied to the design of equipment and software for
maintainabllity, testing and inspection,

11. HSI design elemens shall be evaluated to assure their acceptability for task performance
and HFE, criteria, standards, and guidelines.

12. The HS! design shall incorporate the key HS! elemer..s as cefined in the SSAR and FSER.
* include list and description of key features
¢ include valve position indication position

13. The HSI design shall incorporate the I1&C inventory as defined in the SSAR.
* include summary table of inventory items

n
1. The plan shall describe the designer's approach to Human-System Interface Design. The plan
shall be based upon accepted HFE practices at the time of its development. The plan shall be
based upon a review and identification of current practices and literature, including those
documents under Element H in Table X.

2. The Human-System Interface Design Implementation Plan shall address:
¢ literature and current practices review
* 1&C requiraments analysis and design
- Compare Task Requirements to I&C Availability
- Modifications to 18C Inventory
* Genera: HS| approach selection
- Trade Studies
- Analyses
* The criteria to be used to meet General Criterion # 7, described above
* HFE design guidance developmeni and documentation
* HS, detailed design and evaluations
- Use of design/evaluation tools such as prototypes shall be specifically
identifiec and rationa'e for selection

Analysis Results Report
At a minimum, the report shall address the following:
* Objectives
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¢ Description of the Methods

* Identification of any deviations from the implementatior; plan
* Results and Discussion

* Conclusions

* Recornmenuations/Implications for S| Design

HEE Design Team Evaluation Report

At a minimum, the report shall adaiess the following:
* The review methodology and procedures
* Compliance with Implementation Plan Procedures
* Review findings
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ITAAC/DAC
Element | - Plant _and Emergency Operating Procedure Development

** Under construction -ilgnore this DAC for now - Proceed to Elemant J

DESIGN COMMITMENT

To assure that procedures reflect accepted HFE principles, a Plant and Emergency U

P

practices at the time of its development

cedure Development Plan shall be developed. The pian shail be based upon ace

INSPECTION/TEST/ANALYSIS:
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n
Al @ minimum, the report shall address the following:
* The review methodology and procedures
* Compliance with Implementation Plan Procedures
* Review findings
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ITAAC/DAC
J - Human Factors Verification and Validation

DESIGN COMMITMENT
The ¢ uccessful incorporation of human factors engineering into the final HS| design process
y of the resulting HS

t shall be thoroughly evaiuated as an integrated systern

evaiuation procedures, guidelines, standards. and principles

INSPECTION/TEST/ANALYSIS:

* A Human Factors Verification and Valid~iion Impiementation Plan shall be developed to assure
!

that the analysis is conducted according to accepted HFE principles

r
»
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be documented in an Analysis Results Report
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psed its acceptability shall be documented in the implementation plan and approved by
in advance o ng. The evaluations shall have as their minimum objectives

¢ Adaquac Y of entire HSI ¢ guration tor achievement of salety
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Human Factors Requirements In 10 CFR
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