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요 약 

1 제목 

차세대원자로 인간공학 안전심사지침 초안개발 

11 연구개발의 목적 및 필요성 

현재 설계가 진행 중인 차세대원자로 인간-기계 연계는 디지털 및 컴퓨터 기 

술을 적용한 첨단 인간-기계 연계이며， 타 계통보다 기존 발전소에 비해 가장 많 

은 변화가 있을 계통이다. 세계적으로 원전의 첨단제어설 운영 실적이 아주 적음 

에 따라 차세대원자로의 인간공학 안전심사에 대한 부담이 상당히 커질 것으로 

판단된다. 

이와 같은 차세대원자로의 인간공학 검토를 위한 인간공학 규제요건 및 규제 

지침이 한국원자력안전기술원에서 개발된 바 있으나/ 이들을 뒷받침하며 안전심 

사에 적용할 안전심사지침은 개발이 필요하다. 그리고/ 효과적인 인간공학 안전 

심사를 위해서는r 지금까지 알려진 첨단제어실 설계와 관련한 인간공학적 우려 

사항 또는 현안이 광범위하게 조사되어 규제활동에 고려되어야 할 필요가 있다. 

본 연구의 목적은y 이러한 차세대원자로 인간공학 안전심사지침의 초안을 개 

발하고/ 문헌검토를 통해 첨단제어실 설계 관련 인간공학 현안을 도출함으로써 

한국원자력안전기술원의 차세대원자로 안전심사지침 개발과 적용을 지원하고자 

함이다. 

III. 연구개발의 내용 및 범위 

차세대원자로 인간공학 안전심사지침의 초안 개발에서는 차세대원자로 상세 

안전요건 15.1 ‘인간공학 설계공정’ 및 15.2 ‘제어실 인간공학’과 안전규제지침의 

제 15 장 ‘인간공학’을 기반으로 인적설계 계획， 인적요소 분석， 언적요소 설계， 

인적설계 확인 및 검증 등의 검토분야에 대한 허용기준， 검토절차， 평가결과 등 

을 작성한다. 

첨단제어실 설계 관련 인간공학 현안의 도출에서는y 본 연구팀이 1998년도 한 
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국원자력연구소 기관고유사업으로 수행한 “첨단제어반의 인적요소 문제 해결을 위 

한 인간공학 실험방안 확립” 과제의 연구결과를 토대로 이 과제에서 수집된 문헌 

중 검토되지 않은 문헌과 이후에 추가 조사 입수된 문헌을 포괄적으로 검토하여 현 

안을 도출하고， 현안 발궤내용을 대표할 수 있는 현안별 요약과， 차세대원자로 인간 

기계 연계 설계특성별로 구분한다. 그리고 이 현안도출 결과를 데이터베이스화한 

다. 

IV. 연구개발 결과 

차세대원자로 상세안전요건 15.1 ‘인간공학 설계공정’ 및 15.2 ‘제어실 인간공 

학’과 안전규제지침의 제 15 장 ‘인간공학’을 기준으로 인적설계 계획， 인적요소 

분석， 인적요소 설계， 인적설계 확인 및 검증 등의 검토분야에 대한 안전심사에 

적용되어야 할 허용기준， 검토절차， 평가결과 등을 포함하는 인간공학 안전심사 

초안이 개발되었다. 그리고， 본 연구에서는 총 145건의 문헌에 대한 검토를 통해， 

첨단제어실 설계와 관련된 인간공학적 현안으로 총 384건이 도출되었으며， 각 현 

안에 대한 요약과 현안에 대한 설계특성별 구분이 정리되어 데이터베이스로 구 

축되었다. 

V. 연구개발 결과의 활용계획 

본 연구의 결과는 한국원자력안전기술원의 차세대원자로 인간공학 안전심사 

지침의 개발과 이를 적용한 차세대원자로의 인간공학 규제검토에 활용될 것이다. 
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SUMMARY 

1. Title 

Development of A Draft of Human Factors Safety Review Procedures for 

the Korean Next Generation Reactor 

11. 0비ectives and Necessities of Pr이ect 

Human-System Interface (H되) of the Korean Next Generation Reactor 

(KNGR), which are under development at present, will adopt digital and 

computer technology to have advanced features, hence it will have more 

changes than other systems compared to existing Korean nuclear power plants 

(NPPs). It can be expected that more regulatory efforts for the review of this 

advanced HS1 are required if considering there are not enough experience of 

NPP opération with an advanced HS1 worldwide. 

Korea 1nstitute of Nuclear Safety (K1NS) has been developed KNGR Safety 

and Regulatory Requirements and Guidelines (SRRG) for the review of human 

factors engineering (HFE). In the course of this development, it is necessary 

to develop Safety Review Procedures (SRP) applicable to the review to ensure 

KNGR design's conformance with the SRRG. In addition, for the effective 

review, human factors concems or issues related to advanced HS1 design that 

have been reported so far should be extensively examined. 

The 0비ectives of this study are to develop a draft of HFE SRP and collect 

human factors issues related to advanced HS1 design in order to support the 

development and application of SRP by KINS. 

III. Scope of Pr이ect 

For the development of a draft of HFE SRI키 Acceptance Criteria, Review 

Procedure, and Evaluation Findings are developed for the areas of review 

including HFE Program Management, Human Factors Analyses, Human 

F actors Design, 하ld HFE Verification and Validation, based on Section 15.1 

'Human Factors Engineering Design Process' and 15.2 'Control Room Human 

Factors Engineering' of KNGR Specific Safety Requirements and αlapter 15 

’Human Factors Engineering' of KNGR Safety Regulatory Guides. 
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For the examination of human factors issues related to advanced HSI 

designs, based on the results from the project titled "Establishment of Human 

Factors Experiment Plan for the Resolution of Human Factors Issues Related 

to Advanced Human-System Interface", which was performed in 1998 by us, 

literature collected but not reviewed in the project and others collected 

additionally in this pr이ect are extensively reviewed so that the issues and 

summaries for the issues are described and identified in accordance with 

specific HSI design features, then finally implemented to a database system. 

IV. Results 

A draft of HFE SRP, which includes Acceptance Criteria, Review 

Procedure, 없ld Evaluation Findings, was developed for the areas of review of 

HFE Progr밍n Management, Human Factors Analyses, Human Factors Design, 
and HFE Verification and Validation in accordance with Section 15.1 ’Human 

Factors Engineering Design Process' and 15.2 'Control Room Human Factors 

Engineering' of KNGR Specific Safety Requirements and Chapter 15 'Human 

Factors Engineering' of KNGR Safety Regulatory Guides. In addition, a total 

of 384 human factors issues related to the advanced HSI design were 

collected through our review of a total of 145 docurnents. A summary of each 

issue was described 와ld the issues were identified by specific features of HSI 

design. These results were implemented into a database system. 

V. Proposal for Application 

The results of this study will be used for the developrnent of KNGR HFE 

SRP and the HFE review of KNGR by KINS. 
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제 1 장 서 론 

최근의 원자력발전소는 기술의 발전으로 단위용량의 증대 안전성 강화를 위 

한 안전설비의 보강 등으로 더욱 복잡해지는 추세에 있다. 특히， 원자력발전소 

계측제어 기술과 관련해서는， 통신， 컴퓨터 및 디지혈 기술이 급격히 발전하여 

그 동안 적용되어 왔던 재래식 기술 및 기기의 낙후화를 가속시키고 있다. 낙후 

화를 피하기 위해， 발전된 기술을 설계에 적용하려는 노력이 원자력계에서 활발 

히 추진되고 있다. 계측제어 기능의 다양화 및 자동화의 증가와 첨단 인간-기계 

연계 기술이 적용되고 있으며， 이에 따른 운전원의 역할과 제어실 설계에 많은 

변화가 초래되고 있다. 따라서 원자력 규제기관의 설계검토에도 인간공학 요건 

의 강화와 새로운 설계경향에 대응하는 검토방안의 수립이 필요하다. 

우리나라에서는 계측제어 계통의 디지털화 및 첨단 인간-기계 연계 기술을 

적용한 차세대원자로 개발이 진행 중에 있다. 이에 발맞추어 한국원자력안전기술 

원에서는， 기존 원전의 안전규제요건의 체계적인 정립과 더불어 향상된 안전성 

확보를 위한 주요 안전현안들의 반영을 통해， 향후 개발될 차세대원자로의 안전 

규제에 적용할 수 있는 완전한 우리나라 안전규제요건을 정립하기 위해 차세대 

원자로 안전규제요건을 개발하고 있다 [1]. 

안전규제요건 체계는 그림 1-1에서 보는 바와 같이 상위로부터 하위로 수직 

적 계층을 갖도록 안전목표， 안전원칙， 일반안전요건， 상세안전요건， 안전규제지 

침 및 안전심사지침으로 구성되어 있다. 

일반안전요건 

상세안전요건 

안전규제지침 

안전심사지침 

그림 1-1 차세대원자로 안전규제요건 체계도 



이중에서 안전목표는 궁극적으로 성취하고자 하는 안전의 지향목표를 명시하 

는 최상의 요건이며， 안전원칙은 이러한 안전목표를 달성하기 위해서 원칙적으로 

다루어야 할 안전의 주안점으로 설정되었다. 

안전원칙 중， 일반 안전원칙 3: 인적요인의 고려에서는 다음과 같이 기술되었 

다. 

“원자력시설의 전 수명기간 동안 설계와 운영에 있어 인간의 특성， 수행 

능력 및 한계를 고려하는 적절한 수단 및 조치가 제공되어야 한다" 

일반안전요건은 안전원칙을 만족시키기 위하여 준수하여야 할 요건으로서 안 

전성 확신을 위한 전반적이고 함축적인 개념을 바탕으로 설정되어， 하위요건인 

상세안전요건의 기본적인 근간을 제공하게 된다. 전체적인 체계는 부지/환경， 설 

계， 운영， 해체 및 품질보증 5개 분야로 구성이 되어 있다. 설계관련 일반안전요 

건 중에서 인간공학 관련 요건으로는 일반 II -9 인적요소와 일반 II -30 제어실이 

있으며， 그 내용은 다음과 같다. 

“일반 II -9 인적요소 

II -9.1. 발전소 종사자 및 인간-기계 연계와 관련된 인적요소를 원자 

력 시설의 설계에 체계적으로 반영하여야 한다. 

II -9.2. 운전원에게 정확한 정보를 제공하여 운전원의 판단을 용이하 

게 하고 잘못된 판단을 억제하며 오류를 감지하고 이를 정정 

하거나 보상하는 수단을 제공하며， 운전원에게 의사결정 및 

조치수행에 충분한 시간을 허용하는 둥 원자력 시설의 설계 

시 인적요소를 고려하여 운전 시 인적오류의 발생가능성을 

최소화하여야 한다.“ 

“일반 II -30 제어실 

II -30.1. 원자력발전소를 모든 운전상태에서 안전하게 운전하고， 사고 

조건하에서 발전소를 안전하게 유지하기 위한 조치를 취할 수 

있도록 제어실이 설치되어야 한다. 

II-30.2. 사고조건하에서 운전원의 제어실 출입 및 거주가 가능하도록 
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규정치를 초과하는 방사선 피폭 또는 유독가스와 같은 위험으 

로부터 운전원을 보호할 수 있는 적절한 대책이 강구되어야 

한다. 

ll-30.3. 제어실로부터 물리적， 전기적으로 분리되어 있는 장소에 원 

자로를 신속하게 고온정지시키고 적합한 절차를 이용하여 원 

자로를 저온정지시킬 수 있는 설비를 갖추어야 한다.“ 

상세안전요건은 차세대원자로 안전규제요건 체계에서 안전원칙을 만족시키기 

위하여 준수되어야 하는 기술기준으로서 정의되며 법적 이행의무를 갖는 최하위 

요건체계이다. 상세안전요건은 상위 요건체계인 일반안전요건에서 명시하고 있 

는 일반적이고 포괄적인 요건들을 보다 구체적이고 상세하게 명시하며 이행의 

구체적 방법 또는 해석 동에 대해서는 하위 체계인 안전규제지침과 연계되도록 

설정되어 있다. 

상세안전요건의 제 15 장 인간공학은 15.1 인간공학 설계공정과 15.2 제어실 

인간공학으로 구성되어 있다. 지금까지 국내에서 운전/건설중인 원전에 대한 인 

간공학설계의 심사 및 검사는 1984년 발간된 SRP와 NUREG-0700 Rev.O에 따라 

설계가 완료된 시점에 안전성의 확인이 대부분 이루어져 왔으나， 설계 계획단계 

부터 설계완료 이후까지의 모든 단계에 걸쳐 보다 철저한 안전성 확인을 수행하 

고자 하는 관점에서 15.1 ‘인간공학 설계공정’이 수립되었다. 아울러 실제 설계공 

정이 종료된 시점에서 설계가 완료된 제어실(주제어실 및 원격정지제어실을 포 

함한)에 대한 인간공학적 설계 평가를 위한 15.2 ‘제어실 인간공학’이 수립되었다. 

안전규제지침은 펼수적인 안전규제요건(일반안전요건， 상세안전요건)을 반영 

하기 위하여 선택적으로 제시되는 허용 가능한 방법론 및 사양들을 명시하는 요 

건이다. 안전규제지침의 제 15 장 인간공학에는 ‘인간공학 이행계획’， ‘인간공학 

분석’， ‘인간공학 설계’， ‘인간공학 확인 및 검증’ 항목에 대해 작성되어 었다. 각 

안전규제지침에는 ‘배경’， ‘규제입장’， ‘이행계획’， ‘참고문헌’ 동의 내용이 명시 

되어 있다. ‘배경’에는 각 안전규제지침의 배경이 되는 일반안전요건 및 상세안 

전요건이 명시되어 있으며， ‘규제입장’에서는 해당 규제항목에 대한 허용기준 또 

는 선택적 방법론이 제시되어 있다. ‘이행계획’에는 ‘규제입장’이 차세대 원전 또 
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는 신규 건설 원전의 인간공학 설계 계획에 적용될 것임을 밝히고 있다. ‘참고문 

헌’에는 각 안전규제지침의 작성시 참고한 문헌들이 명시되어 있다. 

안전심사지침은 안전규제의 일관성 및 효율성을 위한 섬사범위， 심사방법 및 

연계성에 대한 규제기관의 내부지침으로 사용될 요건이다. 본 과제에서는 신청자 

의 인간공학 설계공정 및 결과물의 검토를 위한 안전심사지침 초안을 개발하였 

다. 그리고， 이 안전심사지침 초안과 더불어， 차세대원자로에서 추구하고 있는 첨 

단 인간-기계 연계의 검토를 위해 지금까지 문헌에 나타난 첨단 인간-기계 연계 

설계특성에 따른 인간공학적 현안을 수집하여 정리하였다. 

본 과제에서 작성한 안전심사지침의 체재는 미국 NRC의 S tandard Review 

Plan 개정초안[2]을 기반으로 하되 차세대원자로 상세안전요건 15.1 ‘인간공학 설 

계공정’의 절 구분을 따랐다. 안전심사지침 초안의 검토기준은 미국 NRC의 

Standard Review Plan 개정초안[2] 및 인간공학 설계검토지침의 초안개발(III) 

[3]에서의 NUREG-0711 한글 번역 내용을 모체로 하여 작성하였다. 여기에 인간 

공학 설계검토지침의 초안개발(III) [3]에 언급된， NUREG-071H 4]의 국내 적용 

시 추가적으로 고려할 사항을 다수 반영하였다. 그리고 NUREG-0711이 인간공 

학 업무에 대한 검토를 다룬 반변 인간-기계 연계 설계의 검토를 중접적으로 다 

룬 NUREG-0700 Rev. 1 [5]의 일부 내용을 활용하고， 비교적 최근에 안전섬사를 

마친 AP600에 대한 FSER [6]을 검토하여 허용기준의 상세한 적용 예를 참조하 

였다. 그리고， 허용기준의 각 검토분야에 대한 검토목적의 작성 시 KINS-G-001 

[7]을 참조하여 일부 반영하였다. 이와 같은 안전심사지침 초안 개발 연구내용 

및 결과는 제 2 장에 기술하였다. 

첨단 기술을 적용한 인간-기계 연계 설계 관련 현안 조사에서는， 본 연구팀이 

1998년도 한국원자력연구소 기관고유사업으로 수행한 “첨단제어반의 인적요소 문제 

해결을 위한 인간공학 실험방안 확립” 과제[히의 일부로 도출된 220여건의 현안에 

추가하여， 이 기관고유사업 과제에서 수집된 문헌 중 검토되지 않은 문헌과 추가 조 

사 업수된 문헌을 검토하여 총 384건의 현안을 도출하여 정리하였다. 현안 발춰l내용 

을 대표할 수 있도록 현안별 요약을 달았으며 현안의 내용을 차세대원자로 인간-기 

계 연계 설계특성에 따라 구분하였다. 이와 같은 현안 도출 연구내용과 결과는 제 3 

장에 기술하였다. 
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제 2 장 인간공학 안전섬사지침 초안 개발 

제 1 절 안전심사지침 초안 작성방안 

1. 안전심사지침 체제의 설정 

본 과제에서 작성한 안전심사지침의 체재는 미국 NRC의 Standard Review 

Plan 개정초안[2]을 기반으로 하되 차세대원자로 상세안전요건 15.1 ‘인간공학 설 

계공정’의 절 구분을 따랐다. 미국 NRC의 Standard Review Plan 개정초안은 다 

음과 같은 목차로 구성되어 있다. 

1. AREAS OF REVIEW 

11. ACCEPT ANCE CR1TERIA 

A. HFE Program Management 

B. Operating Experience Review 

C. Functional Requirements Analysis and Function Allocation Ana1ysis 

D. Task Ana1ysis 

E. Staffing 

F. Human Reliability Analysis 

G. Human-System Interface Design 

H. Procedure Development 

1. Training Program Development 

J. Verification and Va1idation 

IIL REV1EW PROCEDURES 

1V. EVALUAT10N F1ND1NGS 

V.1MPLEMENTAT10N 

VL REFERENCES 
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그리고， 차세대원자로 상세안전요건 15.1 ‘인간공학 설계공정’은 다음과 같이 

구성되어 있다. 

(15.1.1) 인적설계 계획 

(15. l.1.1) 인간공학 설계 계획의 목적 및 적용범위 

(15. l.l.2) 인간공학 설계조직 

(15.1.l.3) 인간공학 공정 및 절차 

(15.1 .1.4) 인간공학 현안 추적 체 계 

(15.l.l.5) 기 술적 사항 

(15. l.2) 인적요소 분석 

(15.1 .2.1) 운전경험검토의 범위 및 추적체계 

(15.1 .2.2) 기능요건 및 기능할당 분석 

(15. l.2.3) 직무분석 범위， 방법 및 결과 

(15. l.2.4) 인간선뢰도분석의 설계 통합 

(15.1.3) 인적요소 설계 

(15. l.3.1) 인간 기계 연계 설계 

(15. l.3.2) 절차서 및 원자로 운전원 훈련 내용의 개발 

(15.1.4) 인적설계 확인 및 검증 

(15. l.4.1) 확인 및 검증의 범위와 내용 

따라서， 미국 NRC의 Standard Review Plan 개정초안의 큰 제목， 즉， 검토분 

야， 허용기준， 검토절차， 평가결과， 이행， 참고문헌을 유지하고， 허용기준의 세부 

구분은 차세대원자로 상세안전요건 15.1 ‘인간공학 설계공정’의 구분을 유지하여 

다음과 같이 안전심사지침 초안의 목차를 구성하였다. 

18. 인간공학 

18.1 인간공학 검토분야 

18.2 허용기준 

18.2.1 인적설계 계획 

18.2.l.1 인간공학 설계 계획의 목적 및 적용범위 

18.2.l.2 인간공학 설계조직 
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18.2.1.3 인간공학 공정 및 절차 

18.2.1.4 인간공학 현안 추적체계 

18.2.1.5 기술적 사항 

18.2.2 인적요소 분석 

18.2.2.1 운전경험검토 

18.2.2.2 기능요건 및 기능할당 분석 

18.2.2.3 직무분석 및 운전조 구성 분석 

18.2.2.4 인간선뢰도 분석의 설계 통합 

18.2.3 인적요소 설계 

18.2.3.1 인간-기계 연계 설계 

18.2.3.2 절차서 및 훈련 내용 개발 

18.2.3.2.1 절차서 

18.2.3.2.2 훈련내용의 개발 

18.2.4 인적설계 확인 및 검증 

18.2.4.1 일반 기준 

18.2.4.2 인간-기계 연계의 직무 지원 확인 

18.2.4.3 인간공학 설계의 확인 

18.2.4.4 통합된 계통의 검증 

18.2.4.5 인적요소 현안 해결의 확인 

18.2.4.6 최종 발전소 인간공학 설계의 확인 

18.3 검토절차 

18.4 평가결과 

18.5 이행 

18.6 참고문헌 

그리고， 상세안전요건 15.2 ‘제어실 인간공학’은 설계결과의 적합성을 평가하기 

위한 목적을 가지고 있으므로， 안전심사지침의 18.2.3 ‘인적요소 설계’ 부분에 포 

함하여 검토하는 것으로 설정하였다. 
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2. 허용기준 작성 

인간공학 안전심사지침 초안의 허용기준 작성에는 각 검토항목 마다 검토의 

목적을 우선적으로 기술하였으며 이에 따른 검토기준을 기술하였다. 검토기준은 

미국 NRC의 S tandard Review Plan 개정초안[2] 및 인간공학 설계검토지침의 초 

안개발(III) [3]에서의 NUREG • 0711 한글 번역 내용을 모체로 하여 작성하였다. 

여기에 인간공학 설계검토지칩의 초안개발(III) [3] 에 언급된， NUREG一0711 [4] 의 

국내 적용 시 추가적으로 고려할 사항을 다수 반영하였으며， 차세대원자로 안전 

규제지침의 내용을 일부 적용하였다. 그리고 NUREG~0711이 인간공학 업무에 

대한 검토를 다룬 반면 인간←기계 연계 설계의 검토를 중점적으로 다룬 

NUREG~0700 Rev. 1 [5] 의 일부 내용을 활용하고， 비교적 최근에 안전심사를 마 

친 AP600에 대한 FSER [6]을 검토하여 허용기준의 상세한 적용 예를 참조하였 

다. 그리고， 허용기준의 각 검토분야에 대한 검토목적의 작성 시 KINS~G~OOl 

[7]을 참조하여 일부 반영하였다. 

본 안전심사지침 초안을 활용하여， 한국원자력안전기술원에서 안전심사지침을 

작성할 때 도움이 되도록 각 세부 검토항목에 대해 다음과 같이 안전섬사지침 

초안의 허용기준 작성 시 고려사항을 기술한다. 편의상 안전심사지침 초안의 허 

용기준 구분 번호을 그대로 이용한다. 

18.2.1 인적설계 계획 

18.2.1 .1 인간공학 설계 계획의 목적 및 적용범위 

(1) 인간공학 설계 계획의 목표 

‘일반 안전원칙 3: 인적요인의 고려’의 인간의 특성， 수행능력 및 한계를 고려 

해야 한다는 내용을 추가하였으며 ‘설계일반안전요건 II~9.2’에 기술되어 있는 

“운전원에게 정확한 정보를 제공하여 운전원의 판단을 용이하게 하고 잘못된 판 

단을 억제하며， 오류를 감지하고 이를 정정하거나 보상하는 수단을 제공하며， 운 

전원에게 의사결정 및 조치수행에 충분한 시간을 허용하는 등 원자력 시설의 설 

계 시 인적요소를 고려하여， 운전 시 인적오류의 발생가능성을 최소화하여야 한 

다”에서 NUREG~0711의 기존 기준과 중복되지 않는 사항을 추가하였음 
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(2) 가정 및 제약 

차세대원자로 인간공학 관련 안전규제요건이나 안전규제지침 상에는 언급이 

없으나， 설계목표와 더불어 인간공학 업무의 수행에 중요한 가정 및 제약사항을 

별도로 기술하도록 하여 규제기관의 안전심사 시 고려해야 하며， 또한 신청자의 

가정 및 제약사항의 적합성 여부를 판단함이 바람직하여 기술하였음. 

(3) 적용 대상 설비 및 (4) 적용 대상 인간-기계 연계 

상세안전요건 15. 1.1. 1의 적용범위를 반영하였음. 

(5) 적용 발전소 종사자 

상세안전요건 (15.1.1.1)@에는 “인간공학 설계 계획은 원자력법 제26조 @항에서 

규정된 원자로조종사， 원자로조종감독자 및 발전소의 안전에 직접 관련된 직무를 수 

행하는 모든 발전소 종사자에 대해 규정하여야 한다”고 기술되어 있다. 그러나， 원 

자력법 제26조는 1999.2.8일자로 삭제되었기 때문에 이 조항은 수정되어야 할 것이 

다. 본 지침에서는 발전소의 안전에 직접 관련된 직무를 수행하는 모든 발전소 종사 

자에 대해 규정하도록 하되 앞의 (3) 적용 대상 설비 및 (4) 적용 대상 인간-기계 

연계와 관련된 종사자를 포함하도록 하였다. 또한 운전경험검토 등의 인적요소 분석 

과， 훈련 및 절차서 개발을 비롯한 언적요소 설계와 관련하여 훈련조직， 절차서 개 

발 조직도 인간공학 설계업무와 관련이 높으므로 언급하도록 하였다. 

18.2.1.2 인간공학 설계조직 

(1) 책임 및 (2) 조직상의 위상 및 권한 

NUREG-0711의 내용을 그대로 사용하였음. 

(3) 구성 

안전규제지침 15.1 ‘인간공학 이행계획’의 해당 내용을 반영하였음. 

18.2.1.3 인간공학 공정 및 절차 
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(1) 인간공학 업무 공정의 절차 

인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 대한 추가의견 

을 적용하여， 앞의 18.2.1.2 인간공학 설계조직 (1) 책임에 언급된 사항에 대한 공정 

을 명시토록 하였다. 그리고， 안전규제지침 15.1 ‘인간공학 이행계획’의 내용 중， ‘인 

간공학 설계조직 구성원의 담당 업무’는 18.2.1 .2 인간공학 설계조직 (3) 구성에서 기 

술하도록 하여 본 기준에서는 반영치 않고， ‘설계의 의사결정 과정’， ‘설계변경 관리’ 

는 반영하였다. 

(2) 공정관리 도구 

인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 대한 추가의 

견을 적용하여， 인간공학 설계조직이 사용할 도구 및 기법의 예로 들었다. 

(3) 인간공학 업무와 타 발전소 설계업무의 통합 

‘인간공학 설계 공정의 반복성’ 조항을 (4) 인간공학 업무 이정표로 옮겼음. 

(4) 인간공학 엽무 이정표 

인간공학 업무의 상대적 일정뿐 아니라， 인간공학 업무항목 및 활동， 결과물， 

그리고 검토업무 등의 상호관계를 기술하도록 하였음. 

‘인간공학 설계 공정의 반복성’ 조항을 (3) 인간공학 업무와 타 발전소 설계업 

무의 통합으로부터 옮겼 놓았음. 

(5) 인간공학 문건 작성 

NUREG-0711의 내용을 그대로 사용하였음. 

(6) 하청업무에서의 인간공학 

인간공학 설계검토지침의 초안개발(III)의 NUREG→0711에 대한 추가의견을 적 

용하여， 신청자가 적용해야 할 인간공학 요건으로 구체화하였음. 

18.2.1.4 인간공학 현안 추적제계 

- 10 -



(1) 인간공학 현안 추적체계의 가용성 

NUREG-0711의 내용을 약간 변경하였음. 

(2) 인간공학 현안 추적 방법 

안전규제지침 15.1 ‘인간공학 이행계획’의 내용을 반영하여 ‘현안의 관리 및 처 

리에 관한 기준 및 절차 현안 분석(부작용 포함) 및 해결에 대한 방법론이 포함 

되어야 한다’를 추가하였음. 

(3) 문서화 및 (4) 책임 

NUREG-0711의 내용을 사용하였음. 

18.2.l.5 기술적 사항 

(1)항 

기술항목을 상세안전요건의 구성 체계에 맞추었으며， 범위， 절차， 결과물， 일정 

을 기술하고 각 업무상호간 관계를 명시하도록 구체화하였다. 

(2)항 및 (3)항 

안전규제지침 15.1 ‘인간공학 이행계획’의 해당 내용을 반영하였음. 

18.2.2 인적요소 분석 

18.2.2.1 운전경험검토 

18.2.2.l.1 운전경험검토의 범위 

NUREG-0711에는 (1) 선행 발전소 및 계통 관련 인간공학 현안， (2) 원자력 

산업계에서 인식된 인간공학 현안 (3) 관련된 HSI 기술 (4) 운전원 면담 등을 

요구하고 있으나， 선행 발전소 및 계통 관련 인간공학 현안은 검토 방법론상 문 

헌 검토를 통하거나 운전원 면담을 통해 조사할 수 있으므로， (1) 확인된 원자력 

산업계의 인간공학 현안， (2) 선행 발전소 및 계통에 관련된 인간공학 현안 (문 

건 검토)， (3) 선행 발전소 및 계통에 관련된 인간공학 현안 (발전소 종사자 의견 

조사)， (4) 발전소에 새로이 도입되는 인간 기계 연계 기술에 대한 검토로 재구 
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성하였다. 

(1) 확인된 원자력산업계의 인간공학 현안 

NUREG/CR-6400을 활용하도록 함. 

(2) 선행 발전소 및 계통에 관련된 인간공학 현안 (문건 검토) 

인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 대한 추가의 

견을 적용하여， NUREG-0700 Rev. 1 에 언급된 내용을 반영하고， 안전규제지침 

15.2 ‘인간공학 분석’의 내용을 반영하였다. 그리고， K-HPES보고서， 사례발표기 

록 등의 내부 보고서와 CFMS 화면설계 검토보고서를 추가하였다. 

(3) 선행 발전소 및 계통에 관련된 인간공학 현안 (발전소 종사자 의견조사) 

인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 대한 추가의 

견을 적용하여 의견조사 대상을 상당히 구체화하였다. 

(4) 발전소에 새로이 도입되는 인간-기계 연계 기술에 대한 검토 

인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 대한 추가의 

견을 적용하여"설계 안전원칙 2: 입증기술의 사용”을 만족하도록 포괄적인 검토 

의 수행을 요구하였다. 

18.2.2.1.2 현안 분석， 추적 및 검토 

(1) 분석 내용， (2) 문서화， (3) 현안 추적시스템과의 결합 

NUREG-0711의 내용을 사용하였음. 

(4) 기타 설계업무와의 연계 

NUREG-0711 운전경험검토의 ‘배경’에 기록된 표 ‘인간공학 업무에서 운전경 

험검토의 역할’을 반영하여 운전경험검토의 결과가 타 인간공학 업무와 연계되 

어 적용됨을 분명히 밝히도록 조항을 추가하였다. 
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18.2.2.2 기능요건 및 기능할당 분석 

18.2.2.2.1 기 능요건분석 

(1)항에서 기능요건 분석의 기능할당과의 연계성과 방법론， 기술적 근거， 분석 

결과의 문서화를 강조하였다. 

(4)항에서는， 인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 

대한 추가의견을 적용하여， 기능분할의 상세 정도를 기능이 할당되는 감시 및 제 

어기능까지 하위 수준으로 진행하여 기능할당의 적합성을 판단할 수 있도록 구 

체화하였다. 

(7)항에서는 안전 운전을 달성하기 위해 필요한 모든 공정과 각 공정의 모든 

요건이 명시되었음을 확인할 수 있는 방법을 제시하도록 AP600에 대한 FSER 

을 참조하여 추가적으로 요구하였다. 

이외에는 NUREG-0711의 기준들을 별다른 수정없이 사용하였다. 

18.2.2.2.2 기능할당 

(1)항에서는 AP600에 대한 FSER을 참조하여 전 계통에 걸친 운전요원의 통 

합적인 역할이 수용할 만한 수준인지를 확인하는 기능할당 분석의 방법론을 포 

함하도록 하였다. 

(9)항에서는 인간 기계 연계 기술의 변화에 따른 기능할당 영향이 주의 깊게 

분석되도록 추가적으로 요구하였다. 

이외에는， NUREG-0711의 기준들을 적용하기 용이하도록 순서를 변경하거나 

내용을 수정하였다. 

18.2.2.3 직무분석 및 운전조 구성 분석 

18.2.2.3.1 직 무분석 

(4)항에서는， 인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 

대한 추가의견을 적용하여， 차세대 원자로는 인간 기계 연계 기술의 변화 및 컴 

퓨터 시스랩의 도입으로 인하여， 기존 발전소에 비해 운전작업뿐 아니라， 보수， 

시험， 겸사， 점검작업에도 변화를 가져오므로， 변화가 예상되는 작업도 직무분석 

에서 중요하게 취급하도록 요구하였다. 
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(7)항에서는 직무분석 결과가 인적요소 설계 및 인적설계 확인 및 검증에 무 

엇이 어떻게 반영되었는가를 구체적으로 기술하도록 하였다. 

이외에는， NUREG-0711의 기준들을 별다른 수정없이 사용하였다. 

18.2.2.3.2 운전조 구성 분석 

(1)항에서는， 타 검토항목과의 일관성 유지를 위해 상세안전요건 15.1.1.1 ‘인간 

공학 설계 계획의 목적 및 적용범위’ 및 본 지침 18.2.1 .1 ‘인간공학 설계 계획의 

목적 및 적용범위’의 적용 발전소 종사자 범위를 따르도록 함. 

(2)항에서는， 인간공학 설계검토지침의 초안개발(III)에 언급된 NUREG-0711에 

대한 추가의견을 적용하여 운전조 구성 수준의 분석에 인간→기계 연계 기술의 

차이에 의한 운전， 보수， 주기점검 및 시험 작업의 추가적 고려사항을 분석할 것 

을 요구함. 

(3)항에서는， 인간신뢰도 평가의 수행 자체보다는 그 결과의 반영을 인간공학 

업무 대상으로 하게 되므로， NUREG-0711의 6.4 (4)항의 인간신뢰도 평가에 기 

술된 사항 중， ‘전반적 운전요원 구성 및 개별 운전원 역할의 조정이 첨단 기술 

의 사용과 관련된 인적오류에 미치는 영향’만을 직무분석 사항으로 이동하여 적 

용하였다. 

그리고， NUREG-0711의 6.4 (4)항의 인간공학 확인 및 검증에 기술된 사항은 

다른 사항들과는 달리 인적설계 확인 및 검증의 수행과정에서 짚고 넘어가야 할 

사항이므로， 본 지침에서는 (4)항으로 독립시켜 다른 업무항목과 차이를 두었다. 

18.2.2.4 인간선뢰도 분석의 설계 통합 

본 검토의 목적을 인간신뢰도 분석 자체의 수행보다는 확률론적 안전성평가 

및 인간선뢰도 분석의 결과를 인적요소 분석， 인적요소 설계， 인적설계 확인 및 

검증에 적절히 반영하였음을 확인하는 것으로 제한하였다. 이에 따라， 

NUREG-0711의 6.4.2 중 확률론적 안전성평가 및 인간선뢰도 분석으로부터 도 

출되는 필수 인적행위의 인간공학 업무에 대한 반영 조항만으로 정리하였다. 

18.2.3 인적요소 설계 
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18.2.3.1 인간 기계 연계 설계 

NUREG-0711에서는 검토기준을 (1) HSI설계과정 지침， (2) HSI 설계 범위， 

(3) 직무관련 HSI 요건， (4) HSI 특성， (5) 일반적 인 HSI 설계 특성 선정， (6) 상 

세한 HSI설계에 관한 지침， (7) 상세한 HSI 설계를 위한 분석， (8) HSI 평가， (9) 

HSI설계 문서화 등으로 기술하고 있다. 그러나， 본 지침에서는 순서， 제목， 내용 

을 바꾸어 (1) 인간-기계 연계 설계 범위， (2) 인간-기계 연계 설계 공정의 문서 

화， (3) 인간-기계 연계 설계 원칙， (4) 직무관련 인간-기계 연계 요건 도출， (5) 

인간 기계 연계 기기의 선정 및 기능할당， (6) 상세한 인간-기계 연계설계에 관 

한 지침， (7) 상세한 인간-기계 연계 설계를 위한 분석， (8) 인간 기계 연계 평 

가， (9) 인간-기계 연계설계 문서화로 정리하였다. 자세한 내용은 다음과 같다. 

(1) 인간 기계 연계 설계 범위에서는 전자식 절차서를 강조하여 별도로 기업 

하였다. 

NUREG-0711의 (1) HSI design process procedures를 (2) 인간-기 계 연계 설 

계 공정의 문서화로 제목을 바꾸고 내용상의 구분이 명확하도록 인간-기계 연 

계 설계 원칙， 직무관련 인간 기계 연계 요건 도출， 인간-기계 연계 기기의 선정 

및 기능할당， 상세한 인간-기계 연계 설계， 인간 기계 연계 평가， 인간-기계 연 

계 설계 문서화로 본 지침의 검토기준 순서대로 명시하였다. 

NUREG-0711의 (4) HSI Characteristics를 (3) 인간-기 계 연계 설계 원칙으로 

이름을 바꾸었다. 그 이유는 (4) HSI Characteristics에 기록된 기준 내용들이 인 

간공학 원칙의 성격이고 설계의 어느 단계에 어떻게 적용해야 하는지는 분명하 

지 않다. 설계에 적용할 인간공학 원칙을 기술하는 것으로 그 성격을 명확히 하 

였으며， NUREG-0700 Rev.1 Appendix A를 인용하고 NUREG-0711의 (4) HSI 

Characteristics의 내용이 누락되지 않도록 보완하였다. 이 원칙들은， 상세안전요 

건 15.2 ‘제어실 인간공학’과， NUREG-0700 Rev. 1의 P따t 2와 같은 상세 설계검 

토 지침에 부가적， 또는 보완적으로 인간 기계 연계 설계에 적용할 수 있는 상위 

수준의 원칙들이다. 하지만 이 원칙들에 대해서는 다른 대안이 있을 수 있으므 

로 엄격한 적용보다는 대안의 타당성에 따라 적용여지를 두어야 한다고 생각된 

다. 
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(4) 직무관련 인간→기계 연계 요건 도출은 NUREG→0711의 (3) Task-Related 

HSI Requirements 내용을 사용하였으나， “예를 들면， 측정단위， 정보의 정확도， 

정보표시의 정밀도， 동적 반응도， 표시형식 등이 정보표시의 요건으로 기술되어 

야 하며， 제어방식， 제어 모드의 수와 유형， 정확도， 정밀도， 동적 반응도， 등의 

제어기 특성이 요건으로 기술되어야 한다”라는 내용을 추가하여 요건 기술의 구 

체적인 예를 들었다. 

(5) 인간 기계 연계 기기의 선정 및 기능할당은 NUREG-0711의 (5) General 

HSI design Feature Selection을 대치하며， 인간-기계 연계 기기의 선정뿐 아니 

라， 각 기기에 대한 인간-기계 연계 기능의 할당， 즉， 개념설계의 타당성을 검토 

하도록 강조하였다. 

(6) 상세한 인간-기계 연계설계에 관한 지침은 NUREG-0711의 (6) Guidelines 

for Detailed HSI Design의 내용을 약간 수정하였다. Standard Review Plan의 

Verification and Validation에는 설계 확인에 적용할 지침의 적용 타당성에 대한 

규제기관의 검토를 받도록 되어 았다. 그리고 이 상세 설계 지침이 인적설계 확 

인 및 검증에 사용될 수 있음을 고려하여 상세 인간-기계 연계 설계 지침은 그 

적용 타당성에 대해 규제기관의 검토를 받도록 하였다. 

(7) 상세한 인간→기계 연계 설계를 위한 분석은 NUREG-0711의 내용을 그대 

로 사용하였다. 

(8) 인간 기계 연계 평가에서는， 평가에 사용될 인간공학 기준， 표준， 지침 이 

외에 상세안전요건 15.2 ‘제어실 인간공학’과 앞의 (3) 인간 기계 연계 설계 원칙 

을 적용하도록 하였다. 그리고 ‘평가결과 차후의 설계 과정에서 추적되어야 할 

인간공학 현안은 현안추적시스템에 입력되어 관리되어야 한다’를 추가하여 현안 

관리의 일관성을 기하도록 하였다. 

(9) 인간-기계 연계설계 문서화에서는 설계 결정의 근거가 되는 분석 및 평가 

의 과정， 방법， 결과에 대해 기술할 것을 강조하였다. 

18.2.3.2 절차서 및 훈련 내용 개발 

18.2.3.2.1 절차서 

(2)항에서는 이와 같은 사실을 고려하여 절차서 개발과 관련한 문서화의 대상으 
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로， ‘요건 도출의 대상 절차서의 범위’， ‘다른 인간공학 설계공정 업무와의 결합’， 

‘절차서 작성지침서’， ‘절차서 검토， 확인 및 검증’， ‘컴퓨터 기반 절차서의 사용 타 

당성 분석’을 정하였으며， 검토기준도 이 순서대로 작성하였다. 

(3) 요건 도출의 대상 절차서의 범위로， 상세안전요건 18.3 ‘절차서’에 정의된 

운전 및 보수절차서， 비상운전절차서를 포함하도록 하였으며， 행정절차서 중， 인 

간공학 설계공정 업무와 연계성을 지닌 절차서를 포함하도록 하였다. 이는 인간 

공학 설계 공정의 수행 중에 밝혀지는 기존 절차서에 대한 수정， 보완사항을 기 

록하게 함으로써， 운영신청자의 절차서 개발 시 누락되지 않도록 하기 위함이다. 

(4)항에서는， 구체적으로 타 인간공학 업무와의 연계사항을 구체적으로 정리하 

였다. 

(5)항은 NUREG-0711에 서 기 술하고 있는 Writer ’ s Guide에 대 한 기 준을 그대 

로 사용하였다. 여기서 (3)항에서 언급한 대상 절차서의 범위에서 비상절차서에 

대한 것으로 국한하여 적용할 수 있다. 

(6)항에서는 직무의 수행에 필요한 정보의 가용성 절차서 기술의 인간공학적 

적합성， 절차서의 사용성에 대한 검토의 수행을 강조하였다. 

(7)항에서는 NUREG-0711의 해당 기준에 컴퓨터 기반 절차서에 의한 운전원 

수행도에 대한 부정적 영향， 컴퓨터 기반 절차서 및 인쇄본 절차서의 병행 사용 

시의 문제점 및 해결방안을 규명해야 할 사항으로 추가하였다. 

(8)항에서는 전자식 절차서가 사용된다면 다른 인간 기계 연계 설계와 통합되 

어야 하고， 따라서， 인간-기계 연계 설계에 대한 기준 중， 적용 가능한 기준을 동 

일하게 적용하도록 하였다. 

(9)항에서는 NUREG-0711의 해당 기준을 구체화하여 전자식 절차서와 인쇄 

본 절차서가 일치성을 유지하도록 관리되도록 하였다. 

(10)항은 절차서 접근성에 관한 NUREG-0711의 기준을 그대로 적용하였다. 

18.2.3.2.2 훈련내용의 개발 

(2)항의 훈련 내용의 개발과 관련한 문서화 사항으로， ‘훈련 대상 요원， 작업， 

설비의 범위’， ‘훈련 내용 개발을 위한 체계적 접근방법’ ‘다른 인간공학 설계공 

정 업무와의 결합’， ‘훈련 내용 및 방법’에 대해 기술하도록 하였다. 
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(3)항에서는 훈련 대상 요원， 작업， 설비의 범위를 상세안전요건을 따르도록 

하였다. 

(4)항은 NUREG-0711의 (3)항 기준을 사용하였다. 

(5)항은 NUREG-0711의 (3)항 기준을 사용하되， 인간신뢰도 평가에 해당되어 

기술된 ‘주요 인적행위 및 첨단기술의 사용과 관련된 인적오류의 결과나 가능성 

을 저감하기 위한 개인의 역할 조정에 대한 요건’을 직무분석 항목으로 옮겨 적 

용토록 하였다. 

(6)항은 NUREG-0711의 (6)항 기 준을 사용하였다. 

(7) , (8) , (9) , (10) , (11) , (12)항은 각각 NUREG-0711의 (8) , (9) , (10) , (11) , 

(12) , (13)항 기준을 사용하였다. 

(13) , (14)항은 각각 NUREG-0711의 (4) , (5)항 기 준을 사용하였다. 

18.2.4 인적설계 확인 및 검증 

18.2.4.1 일반 기준 

(1)항은 NUREG-0711의 (1)항 기 준을 적 용하였으나 NUREG-0711 (1)항 말미 

에 언급된 “통합시스템 검증 범위는 본 검토항목 4.4절， 4번째 항목에서 기술한 

평가시나리오에 대하여 요구된 적용 가능한 설비에 제한한다”는 혼동을 초래할 

우려가 있어 삭제하였다. 

(2)항은 NUREG←0711의 (2)항 기준을 사용하였음. 

18.2.4.2 인간 기계 연계의 직무 지원 확인 

(1), (2)항은 NUREG-0711의 기 준을 사용하였음. 

(3)항은 Standard Review Plan과 NUREG-0700 Rev. 1 의 4. l.2 (4) 기준을 적 

용하여， 직무 지원 확인을 위한 방법과 결과를 문서화할 것과 확인 결과 문제가 

된 인간 기계 연계는 ‘지원되지 않은 직무’， ‘부분 지원 직무’， ‘직무요건에 없는 

인간 기계 연계’로 구체적으로 구분하여 문서화할 것을 요구하였다. 그리고， 직무 

요건에 없는 인간→기계 연계의 경우， AP600의 FSER을 참조하여 추가적인 분석 

을 통해 삭제 결정이 내려져야 함을 명시하였다. 
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18.2.4.3 인간공학 설계의 확언 

(1)항은 NUREG--0711의 기준을 사용하였음. 

(2)항은 인간공학 설계의 확인을 위한 적용 인간공학 지침， 표준， 원칙에， 본 

지침의 18.2.3.1 (6) ‘상세한 인간-기계 연계설계에 관한 지침’의 기준에 부합하는 

설계지침， 상세안전요건 15.2 ‘제어실 인간공학’의 요건， 본 지침 18.2.3.1 (3) ‘인 

간-기계 연계 설계 원칙’을 포함토록 구체화하였다. 

(3)항은 NUREG-0711의 (2)항 기준을 사용하였으나 “설계결함으로 구분된 설 

계사항은 본 지침의 18.2.4.5 ‘인적요소 현안 해결의 확인’ 단계에서 다시 검토되 

어야 한다”를 추가하여 설계결함 사항을 처리를 보다 명확히 하였다. 

(4) 인간 기 계 연계 표본 추출은 Standard Review Plan의 권고에 따라 

NUREG-0700 Rev. 1의 4.2.2 (2) 기준을 적용하여 표본추출을 통해 인간공학 설 

계를 확인할 경우에 적용하도록 하였다. 

18.2.4.4 통합된 계통의 검증 

(1)항은 Standard Review Plan에 명시된 대로 통합된 계통의 검증은 이전에 

발견된 문제점을 해결한 후에 수행하도록 요구하였다. 

(2) , (3) , (4) , (5)항은 NUREG-0711의 (1), (2) , (3) , (4)항의 기준을 사용하였다. 

(6)항의 검토대상 절차서의 범위를 본 지침의 18.2.3.2.1 (3)항과 일치하도록 조 

정하였다. 

(7) , (8) , (9)항은 NUREG-0711의 (6) , (7) , (8)항의 기준을 사용하였다. 

18.2.4.5 인적요소 현안 해결의 확인 

(1), (2)항 모두 NUREG-0711의 기준을 사용하였다. 

18.2.4.6 최종 발전소 인간공학 설계의 확인 

(1) , (2) , (3)항 모두 NUREG-0711의 기준을 사용하였다. 
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제 2 절 안전심사지침 초안 

안전심사지침 제 18 장 인간공학 

18.1 인간공학 검토분야 

인간공학 안전심사의 목적은， 신청자가 발전소 설계 및 평가에 언적요소를 고 

려하였으며， 운전， 보수， 시험， 검사， 점검 등의 작업을 안전하고 효율적이며 신 

뢰성 있게 수행할 수 있도록 신청자가 인간의 특성， 능력 및 한계를 고려한 인적 

요소 설계 결과를 제공하였는지를 검토하여， 상세안전요건 15.1 ‘인간공학 설계공 

정’과 15.2 ‘제어실 인간공학’을 비롯한 적용 가능한 상세안전요건의 만족여부를 

확인하기 위한 것이다. 

본 지침은 인간공학 안전심사를 위해 신청자의 설계 공정， 설계 결과， 설계 평 

가를 검토하기 위한 포괄적인 절차를 기술하고 있다. 상세안전요건 15.1 ‘인간공 

학 설계공정’과 15.2 ‘제어실 인간공학’에 따라 다음과 같은 검토분야에 대해 허 

용기준， 검토절차， 평가결과 등을 기술한다. 

• 인적설계 계획 

• 인적요소 분석 

운전경험검토 

- 기능요건 및 기능할당 분석 

- 직무분석 및 운전조 구성 분석 

- 언간선뢰도 분석의 설계 통합 

• 인적요소 설계 

인간 기계 연계 설계 

절차서 및 훈련 내용 개발 

• 인적설계 확인 및 검증 

인간공학 검토는， 주제어실， 원격정지제어실， 기술지원실， 비상운영시설 및 현장제 

어반에 대해， 운전， 사고관리， 보수， 시험， 검사 및 주기점검과 관련된 적용 가능한 

인간 기계 연계를 다루며， 또한 인간신뢰도 분석 운전조 구성， 절차서 및 훈련을 포 

함한다. 따라서， 인간공학 분야 담당부서는 다음 분야의 검토주관부서와 상호 협조 
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하에 검토하여야 한다. 

• 제 7 장 계측 및 제어 

• 제 13.2절 교육훈련 

• 제 13.5절 발전소 절차 

• 제 14 장 시공 • 성능시험 및 초기시험계획 

• 제 15 장 사고 해석 

• 제 19 장 중대사고 평가 

18.2 허용기준 

18.2.1 인적설계 계획 

본 검토의 목적은 신청자가 일반 안전원칙 3 ‘인적요인의 고려’를 반영한 설계 

를 수행할 수 있는 구성원과 책임， 권한 및 조직내 위상을 가진 인간공학 설계팀 

을 보유하고 인간공학 업무의 올바른 개발 수행 감독 그리고 문서화를 위한 인 

간공학 설계 계획을 수립하였는지를 검토하여 상세안전요건 15.1.1 ‘인적설계 계 

획’의 요건을 만족하였는지를 평가하기 위함이다. 

18.2.1.1 인간공학 설계 계획의 목적 및 적용범위 

(1) 인간공학 설계 계획의 목표 - 인간공학 설계 계획은 인간 중심의 인간공학 

설계목표를 달성하고 인간공학 시험 및 평가 활동의 기반이 될 수 있도록 인간 

중심으로 수립되어야 한다. 일반적인 인간 중심 관점에서의 인간공학 설계 목표 

는 다음을 포함한다. 

• 인간의 특성， 수행능력 및 한계를 고려해야 한다 

• 작업자의 직무가 시간 및 수행도 기준에 적합하게 완수될 수 있어야 한다. 

• 인간-기계 연계는 운전조가 높은 상황파악도를 유지할 수 있도록 한다. 

• 경계수준의 유지와 작업과부하간의 균형을 이루어 수용할 만한 작업부하 수준 

으로 발전소 설계와 기능할당이 이루어져야 한다. 

• 인간 기계 연계는 오류의 발생가능성을 최소화하고 오류를 감지하고 이를 정 
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정하거나 보상하는 수단을 제공한다. 

• 운전원에게 정확한 정보를 제공하여 운전원의 판단을 용이하게 하고 잘못된 

판단을 억제하도록 한다. 

(2) 가정 및 제약- 설계 가정(또는 제약)이 분명하게 규명되어 있어야 한다. 여기 

서 가정 또는 제약이란 설계의 한 양상으로， 예를 들면， 특정 운전조 구성 계획， 

또는 특정 인간 기계 연계 기술의 사용과 같은 것으로， 인간공학 분석 및 평가의 

결과이기보다는 인간공학 업무에 대한 입력을 말한다. 

(3) 적용 대상 설비 인간공학 설계 계획은 주제어실， 원격정지제어실， 기술지원 

실， 비상운영시설 및 현장제어반의 설계에 적용되어야 한다 

(4) 적용 대상 인간 기계 연계 - 인간공학 설계 계획은 모든 운전， 사고관리， 보 

수， 시험， 검사 및 주기점검과 관련된 적용가능한 인간 기계 연계를 포함하여야 

한다. 이 인간 기계 연계에는 절차서를 포함한다. 

(5) 적용 발전소 종사자 - 발전소의 안전에 직접 관련된 직무를 수행하는 모든 

발전소 종사자에 대해 규정하여야 하며 위의 적용 대상 설비 및 적용 대상 인간 

←기계 연계와 관련된 종사자를 포함한다. 또한 훈련 및 절차서와 관련하여 훈련 

조직， 절차서 개발 조직도 적용 가능한 인간공학 설계업무에 언급되어야 한다. 

18.2.1 .2 인간공학 설계조직 

(1) 책임 • 인간공학 설계조직은 (인간공학 업무 영역에 대해) (a) 모든 인간공 

학 설계 계획 및 절차의 개발， (b) 모든 인간공학 설계， 개발， 시험， 평가 활동에 

대한 감독 및 검토， (c) 인간공학 업무 수행을 통하여 판명된 문제점들에 대하여 

정해진 경로를 통한 문제점 제기， 권고， 해결책 제시， (d) 인간공학 설계조직 권 

고사항의 이행 확인 (e) 모든 인간공학 업무들이 인간공학 계획 및 절차에 부합 

되는가에 대한 확인，(f) 업무 일정 및 이정표 수립 등에 대한 책임을 져야 한 

다. 
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(2) 조직상의 위상 및 권한 - 업무의 전체 조직 내에서의 일차적인 인간공학 조 

직 또는 기능이 규명되고 기술되며 예시(예를 들면， 조직상 및 기능상의 관계， 보 

고 체계， 연락 체계 등을 나타내는 도표)되어야 한다. 하나 이상의 조직이 인간공 

학에 책임이 있는 경우 인간공학 설계 계획을 책임질 주 조직 단위가 명시되어 

야 한다. 인간공학 설계조직은， 모든 책임분야가 달성되었음을 보장하고 인간-기 

계 연계 설계상의 문제점을 규명할 수 있도록 권한과 조직상의 위상을 가져야 

한다. 인간공학 설계조직은 인간 기계 연계 설계상의 불일치， 결함， 또는 불만족 

스런 상태가 처리될 때 까지 인간공학/인간 기계 연계 설계 결과물들의 후속적 

인 처리， 인도， 설치， 또는 사용을 통제할 수 있는 권한이 있어야 한다. 

(3) 구성 - 인간공학 설계조직에는 기술적 관리분야， 시스템공학， 원자력공학， 계 

측제어공학， 건축공학， 인간공학， 컴퓨터공학， 원자로 운전분야， 절차서의 개발분 

야， 교육훈련 분야， 시스템 안전공학， 보수 및 검사분야， 신뢰도공학 등의 전공 

분야가 포함되어야 한다. 그러나 모든 전문분야의 구성원이 단일 조직으로 구성 

되 어 야 하는 것 은 아니 다. 각 전문분야의 자격 사항은 KINS-G-001 부록 18.1-1 

의 내용을 참고하여야 한다. 인간공학 설계조직 구성원의 직무와 할당에 대해 기 

술하여야 한다. 

18.2.1 .3 인간공학 공정 및 절차 

(1) 인간공학 업무 공정의 절차 - 위의 18.2.1.2 인간공학 설계조직 (1) 책임에 언 

급된 사항을 인간공학 설계조직이 수행하는 공정이 명시되어야 한다. 이 공정은 

다음에 대한 절차를 포함한다. 

• 인간공학 설계 계획 및 절차의 개발 

• 인간공학 설계， 개발， 시험， 평가 활동에 대한 감독 및 결과물에 대한 검토 

• 인간공학 업무 수행을 통하여 판명된 문제점들에 대하여 정해진 경로를 통한 

문제점 제기， 권고， 해결책 제시 

·설계 변경 관리 

·설계의 의사결정 과정 
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• 인간공학 설계조직 권고사항의 이행 확인 

• 인간공학 업무들이 인간공학 계획 및 절차에 부합되는가에 대한 확인 

• 업무 일정 및 이정표 수립 

(2) 공정관리 도구 인간공학 설계조직이 사용할 도구 및 기법이 명시되어야 한 

다. 예를 들면 다음과 같다. 

• 발전소 종사자에 대한 설문서/면담 양식 

• 제어실 내의 기기를 기록하는 양식 

• 인간-기계 연계 기기에 대해 모든 관련 지침이 체계적으로 다루어졌는지를 확 

인 하는 검 토목록(checklist) 

• 사진 기 록(photographic logs)과 같은 문서 통제 양식 

• 특수 측정 양식， 예를 틀면， 소음， 주위조명， 표시기 조명， 환경조건 등 

• 인간공학적으로 부적합 사항이 속한 위치와 그 사항을 명확히 기술하기 위한 

인간공학적 부적합 사항CHED) 기록 양식 

(3) 인간공학 업무와 타 발전소 설계업무의 통합 설계업무의 통합， 즉， 타 발전 

소 설계 업무로부터 인간공학 업무로의 입력과 인간공학 업무로부터 타 발전소 

설계 업무로의 출력이 명시되어야 한다. 

(4) 인간공학 업무 이정표 - 인간공학 업무의 유효성을 주요 확인 시점에 검토할 

수 있도록 이정표가 명시되어야 하며 전체 발전소 설계업무와의 관계를 보여줄 

수 있어야 한다. 인간공학 업무항목 및 활동 결과물 그리고 검토업무 등의 상호 

관계의 기술과 인간공학 업무의 상대적 일정이 명시되어야 한다. 인간공학 설계 

공정의 반복성이 언급되어야 한다. 

(5) 인간공학 문건 작성 - 인간공학 문건 항목이 명시되어야 하고， 유지 및 이용 

에 대한 절차와 함께 기술되어야 한다. 

(6) 하청업무에서의 인간공학 • 신청자가 적용해야 할 인간공학 요건은 각 하청 

계약에 포함되어야 하고 하청업자의 인간공학 요건의 준수여부는 주기적으로 확 
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인되어야 한다. 

18.2.1 .4 인간공학 현안 추적체계 

(1) 인간공학 현안 추적체계의 가용성 - 인적요소 분석， 설계， 확인 및 검증 전 

단계에서 규명된 인간공학 현안을 다루는 추적시스템이 있어야 한다. 현안이란， 

추후 다루어져야 할 필요성이 있어서 간과되지 않도록 추적되어야 할 사항 모두 

를 이른다. 

(2) 인간공학 현안 추적 방법 - 인간공학 현안은 발견되고 나서부터 해소되거나 

또는 수용할 만한 수준으로 되기까지 문서화되고 추적되여야 한다. 현안의 관리 

및 처리에 관한 기준 및 절차 현안 분석(부작용 포함) 및 해결에 대한 방법론이 

포함되어야 한다. 

(3) 문서화 • 인간공학 설계팀이 설정한 기준치에 해당하거나 초과하는 각 현안 

또는 관심사는 처음 발견되는 대로 추적 시스템에 입력되어야 하고， 현안 또는 

관심사를 해소하거나 저감하기 위해 취한 모든 조치가 충실히 문서화되어야 한 

다. 현안에 대한 최종 해결책은 설계팀의 승인에 관한 정보와 함께 상세하게 문 

서화되어야 한다. 

(4) 책임 어떤 현안이 발견되면， 현안 추적 절차서에 현안의 기입， 추적 및 해 

결， 그리고 해결 승인에 대한 각 담당자별 책임을 명시하여야 한다. 

18.2.1.5 기 술적 사항 

(1) 다음 사항들의 수행계획， 분석 및 평가에 대해 범위， 절차， 결과물， 일정을 기 

술하고 각 업무상호간 관계를 명시하여야 한다. 

• 인적요소 분석 

- 운전경험검토 

기능요건 및 기능할당 분석 
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인간신뢰도 분석의 설계 통합 

• 인적요소 설계 

인간기계연계설계 

절차서 및 훈련 내용 개발 

• 인적설계 확인 및 검증 

(2) 섣계에 적용될 인간공학 요건 표준 및 사양들이 명시되어야 한다. 

(3) 인간공학 업무에서 사용될 시설(예， 모의제어반)， 설계도구 및 기법(예， 소프 

트워l 어 개발 기법)들에 대해 명시하여야 한다. 

18.2.2 인적요소 분석 

18.2.2.1 운전경험검토 

본 검토의 목적은 신청자가 확인된 원자력산업계의 인간공학 현안， 현 설계가 

기반으로 하고 있는 선행 발전소 및 계통에 관련된 인간공학 현안을 규명하고 

새로이 도입되는 인간 기계 연계 기술에 대해 검토하여 인적요소 설계에 적절히 

반영토록 하였는지를 평가하여 상세안전요건 15.1.2.1 ‘운전경험검토의 범위 및 

추적체계’를 만족함을 평가하기 위함이다. 

18.2.2.1.1 운전경험검토의 범위 

(1) 확인된 원자력산업계의 인간공학 현안 

NUREG-0711 Appendix B 및 NUREG/CR -6400에 언급된 다음과 같은 사항을 

포함한다. 

• 미 해 결 안 전 현 안/일 반안 전 현 안(Unresolved Safety Issue/Generic Safety Issue) 

• TMI 후속조치 사항(TMI Issues) 

• NRC Generic Letters and Infonnation Notices 
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• 저출력 및 정지 관련 사항(Low Power and Shutdown Issues) 

• 가동중 발전소 사건 보고서 (üperating Plant Event Reports) 

.NRC의 원자력 발전소 운전자료의 분석 결과 (AEOD reports) 

(2) 선행 발전소 및 계통에 관련된 인간공학 현안 (문건 검토) 

차세대원자로와 유사한 선행발전소에 대해 다음의 문건을 검토하여야 한다. 

• 발전소 사건보고서 및 기타 내부 보고서 (K-HPES보고서 아차사례 발표기록 
R t 

• 인간신뢰도분석 결과 

• 운영기술지침서 수정 내용 

• 선행 발전소의 안전심사보고서 (SER) 및 인간공학 설계모순 (HED) 사항 

.CFMS 화면설계 검토보고서 

(3) 선행 발전소 및 계통에 관련된 인간공학 현안 (발전소 종사자 의견조사) 

선행 발전소 또는 계통과 관련된 운전경험을 수집하기 위해， 본 지침 18.2.1.1 (5) 

의 적용 발전소 종사자를 대상으로 의견조사가 수행되어야 한다. 최소한 다음의 

주제가 포함되어야 한다. 

• 다음과 같은 정상 운전， 과도상태， 또는 사고 상황에 작업자의 의사결정이나 

조치가 발전소 안전성에 실제적으로 또는 잠재적으로 중대하였던 경험， 아차사례 

경험， 높은 작업부하를 초래하는 작업상황， 많은 수의 운전요원을 펼요로 하는 

작업상황 

정상 발전소 운전(예， 기동， 전출력， 정지) 

계기 고장[예， 안전 관련 계통 논리 및 제어 기기， 고장 허용 제어기(증기 

공급계통) , 다중신호처리시스템을 위한 현장 계기， 다중신호처리제어기， 

다중신호제어선의 파단] 

- 인간-기계 연계 장비 및 자료처리 기능 고장(예， VDU 기기 고장， 자료처 

리기능 상실， 대형 개요화면의 상설 

과도상태[예， 터빈 정지， 소외전력 상실， 소내전원상실， 모든 급수의 상실， 

일부 버스 또는 제어실 전원공급 장치에 대한 전원 상실， 안전/방출 밸브 

과도상태] 
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사고[예， 주증기관 파열， 정반응도첨가， 출력운전중 제어봉 삽입， 재어봉 

이 탈， A TWS(anticipated transient without scram) , 다양한 규모의 냉 각 

재 상실 사고] 

원격 정지계동을 사용한 원자로 정지 및 냉각 

• 인간신뢰도 분석으로 도출된 주요 직무에 대한 인적요소 

• 상기 (1) 확인된 원자력산업 계의 인간공학 현안， (2) 선행 발전소 및 계통에 관 

련된 인간공학 현안 (문건 검토)에서 규명된 현안에 대한 개인적인 경험 또는 지 

식 

• 다음과 같은 주제어실， 원격정지제어설， 기술지원실， 비상운영시설 및 현장제어 

반의 인적요소 및 인간 기계 연계 설계 사항에 관한 인적수행도의 지원 또는 저 

해 측면에 관한 의견 

- 정보표시 

공정제어 및 업력 기기 

주
 
) 

A 
T 화

 
동
 

자
 
경보계통 

작업공간 및 작업환경 설계 

• 작업지원도구 

작업자간의 실시간 통신 

인간 기계 연계의 교정/예방보수 

- 절차서， 훈련， 운전요원 구성， 작업설계 

(4) 발전소에 새로이 도입되는 인간 기계 연계 기술에 대한 검토 

”설계 안전원칙 2: 입증기술의 사용”에서는 ”원자력시설에 적용되는 기술은 경험 

및 시험을 통해 입증되어야 하며 승인된 기준 및 표준 그리고 기타 적절한 문서 

에 기설정된 공학적 관행에 큰거를 두어야 한다. 안전에 중요한 새로운 특성은 

철저한 연구 및 실증시험을 통해 검증된 후에 도입되어야 한다 11고 언급되어 있 

다. 이에 부합되도록 발전소 설계에 새로이 적용되는 인간-기계 연계 가술(대형 

정보화면， CRT 가반 운전작업반， 전산화된 제어기， 전산화된 절차서와 같은)에 

대해서는 문헌으로 제기된 인간공학 현안을 조사하야 하며， 다른 나라의 원자력 

발전소에서의 사용 경험은 물론 화력발전소， 화학플랜트， 항공산업 등， 타 산업 
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분야에서의 사용 경험에 대한 조사가 문헌 및 현장실사를 통해 수행되어 설계 

반영의 근거로 사용되거나 설계 과정에서 검토되어야 한다. 

18.2.2.1.2 현안 분석， 추적 및 검토 

(1) 분석 내용 - 현안들은 다음 사항을 규명하도록 분석되어야 한다. 

• 인간수행도 현안， 문제점 및 인적오류의 원인 

• 인간수행도를 지원하고 강화해주는 설계 요소 

(2) 문서화 운전경험의 분석은 평가보고서에 기술되어야 한다. 

(3) 현안 추적시스템과의 결합 - 설계에 반영하는 것이 적합하거나 설계 과정에 

서 검토되어야 할 운전경험검토로부터의 현안은 인간공학 현안추적시스템에 기 

술되어야 한다. 

(4) 기타 설계업무와의 연계 - 운전경험검토 결과는 다음과 같이 다른 인간공학 

설계 업무와 연계되어 활용됨을 확인할 수 있도록 문서화되어야 한다. 

기능요건분석 및 기능할당 

• 초기요건에 대한 근거 

- 초기할당에 대한 근거 

• 수정 펼요성의 규명 

직무분석 및 운전요원 구성 분석， 인적신뢰도 분석 

중요한 작업자의 조치 및 오류 

- 문제시되는 운전작업 및 직무 

- 운전요원 구성상의 결함 

• 인간一기계 연계 설계， 절차서 및 원자로 운전원 훈련 내용의 개발 

대안선택에 대한 평가 

- 잠재적인 설계 해결책 

검토되어야 할 잠재적인 설계 현안 

인적설계 확인 및 겸증 
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평가될 직무 

사건 및 시나라오 선정 

수행도 척도 선정 

현안 해결 확인 

18.2.2.2 기 능요건 및 기 능할당 분석 

본 검토의 목적은 신청자가 발전소의 안전 기능 요건을 정의하고 인간의 능력 

과 한계를 적절히 고려한 가능 할당이 이루어져 상세안전요건 15. 1. 2.2를 만족하 

는지를 평가하기 위함이다. 

18.2.2.2.1 기 능요건분석 

(1) 기능요건 분석은 기능할당과 연계하여 인정된 인간공학 방법론을 적용하여 

수행되고 방법론， 기술적 근거， 분석결과는 문서화되어야 한다. 

(2) 안전 가능들(예를 들면 반응도 제어)이 정의되어야 한다. 이 가능들은 공공의 

안전과 건강에 부당한 위험을 초래할 수 있는 가정된 사고의 영향을 예방하거나 

완화시키기 위해 펼요한 기능들을 포함한다. 각 안전 기능에 대해， 그 기능을 담 

당하는 발전소 공정이 분명하게 정의되어야 한다. 

(3) 각 발전소 공정에 대해 다음을 포함하는 요약이 기술되어야 한다. 

·공정의 .5!.. ;져 
--, --, 

• 공정의 설행이 요구되는 조건 

• 공정의 가용성 표시 변수 

• 공정의 작동 중임을 나타내는 변수 

• 공정의 목적 달성 여부를 나타내는 변수 

• 공정의 작동이 중지될 수 있거나 중지되어야 함을 나타내는 변수 

(4) 안전기능은 초가에 도식 형태로 여러 수준으로 구분되어 묘사되어야 한다. 

주요 가능들의 개괄적인 도식을 묘사한 최상위 수준으로부터 발전소 공정 수준 

- 30-



까지， 그리고 특정적으로 기능이 할당되는 감시 및 제어기능까지 하위 수준으로 

진행하여 기능할당의 적합성을 판단할 수 있어야 한다. 가능 분할은 다음의 수준 

들을 다루어야 한다. 

• 상위수준의 기능 (예 원자로 냉각재 계통(RCS) 건전성) 및 필수 안전 기능 

(예， RCS 압력 제어 유지) 

·발전소 개별 공정 

·발전소 특정 계통 및 부품 

(5) 발전소의 안전 기능과 공정은 선행 발전소와 비교하여 새롭거나， 변경되거나， 

삭제된 기능을 수정된 공정으로 구분하여 기술되어야 한다. 이외의 변경되지 않 

은 안전 기능과 공정은 수정되지 않은 것으로 구분하여 기술되어야 한다. 

(6) 수정된 공정들에 대한 기술적 근거가 문서화되어야 한다. 

(7) 안전 운전을 달성하기 위해 필요한 모든 공정과 각 공정의 모든 요건이 명시 

되었음을 확인하여야 하며 이를 위한 방법도 기술되어야 한다. 

(8) 가능요건 분석은 설계개발의 전 기간 동안 최선으로 유지되어야 하고 폐로 

시까지 유지되어 설계변경이 고려될 때 사용될 수 있어야 한다. 이를 위한 관리 

체계가 기술되어야 한다. 

18.2.2.2.2 기능할당 

(1) 기능할당은 인정된 인간공학 방법론 및 기준을 적용하여 분석되어야 하며 가 

능할당 분석에 대한 기술적 근거， 분석내용 및 결과는 문서화되어야 한다. 가능 

할당 분석의 방법론은 전 계통에 걸친 운전요원의 통합적인 역할이 수용할 만한 

수준인지를 확인하는 방법론을 포함하여야 한다. 

(2) 수정되지 않은 공정은 선행발전소의 기능할당과 비교하여 변화 여부를 검토 

하고 기능할당이 변경된 경우 수정된 기능할당으로 구분하여야 한다. 
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(3) 기능할당이 변경되지 않은 수정되지 않은 기능에 대해 자동화의 수준이 구분 

되어 기술되어야 한다(예， 완전 자동， 완전 수동， 수동 백업이 있는 자동) . 

(4) 선행발전소로부터 수정된 공정과 기능할당이 수정된 수정되지 않은 공정은 

예상 사용자 집단을 기준으로 인간의 능력과 한계를 고려한 인적수행도 요건의 

관점에서 분석되어어야 한다. 이 분석에서는 가능한 한，1) 민감도(sensitivity) ， 

정확도(precision) ， 시간(time) ， 안전 관련 요건， 2) 요구되는 신뢰도， 3) 계통을 운 

전하고 유지하는데 필요한 작업자의 수와 기술 수준 등이 고려되어야 한다. 

(5) 기능할당의 결과는 작업자가 적절한 상황파악도(situation awareness) , 작업 

부하(workload) ， 경계수준( vigilance)을 유지하면서 할당된 작업을 적절히 수행할 

수 있음이 확인되어야 한다. 

(6) 수정된 기능에 대한 기능 할당 분석에 운전경험검토 결과를 고려하여야 한 

다. 

(7) 수정되지 않은 공정의 기능할당이 변경되지 않은 경우， 운전경험검토 현안에 

저촉되지 않는 지를 확인하여야 한다. 저촉된 경우에는 이 기능할당을 정당화할 

수 있는 해결책이 분석을 통해 제시되어야 한다. 

(8) 수정된 기능 및 기능할당이 수정되지 않은 기능할당에 미치는 영향이 평가되 

어야 한다. 

(9) 가능할당의 결과는 운전경험검토， 직무분석， 인간선뢰도 분석 등， 다른 인적 

요소 분석 업무와 인적요소 설계의 진행에 따라 반복적으로 그 적합성이 구체적 

으로 확인되어야 하고 필요 시 수정되어야 한다. 이를 위한 방법 및 절차가 문서 

화되어야 한다. 특히 인간}기계 연계 기술의 변화에 따른 기능할당 영향이 분석 

되어야 한다. 
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18.2.2.3 직무분석 및 운전조 구성 분석 

본 검토의 목적은 신청자가 발전소 직무 수행에 필요한 요건을 도출하여 수행 

도 요건이 인간 능력을 초과하지 않음을 확인하였으며 인적요소 설계 및 인적설 

계 확인 및 검증에 충분히 반영하였는가를 검토하여 상세안전요건 15. 1.2.3을 만 

족하는지를 평가하기 위함이다. 

18.2.2.3.1 직 무분석 

(1) 직무분석의 범위는， 상세안전요건 15.1.1.1 ‘인간공학 설계 계획의 목적 및 적 

용범위’에 기술된 인간공학 업무의 적용대상 설비에 수행되는 운전， 보수， 시험， 

검사， 주기점검 작업으로부터 선정된 대표적이고 중요한 직무를 포함하여야 한 

다. 또한， 기동， 정상운전， 비정상 및 비상운전， 과도상태， 저출력 및 정지 상태를 

포함하는 운전모드의 전 범위를 다루어야 한다. 

(2) 직 무들은 운용 순서 도(operational sequence diagram)와 같은 기 법 을 써 서 연 

계성을 나타내야 한다. 직무의 서술과 운용 순서도의 검토를 통해， 기능 달성에 

대한 중요도， 인적오류의 잠재성， 직무 실패시의 영향 등을 분석하여 필수 직무 

(critical tasks)를 규명해야 한다. 확률론적 안전성평가의 중요도 및 민감도 분석 

에서 발전소 위험도에 영향을 미치는 것으로 판명된 인적행위도 펼수 직무에 포 

함되어야 한다. 모든 이러한 필수직무에 대해서는 구체적인 직무분석이 수행되어 

야 한다. 확률론적 안전성평가 및 인적신뢰도분석의 펼수 인적행위를 결정하기 

위해， 확률론적 안전성평가 Level 1 및 II 분석에 영향을 주는 내부적 또는 외부 

적 영향에 의한 초기사건과 조치가 고려되어야 한다(본 지침 18.2.2.4 인간신뢰도 

분석의 설계 통합 참조) . 필수 기능Ccritical function)이 자동화된 경우， 자동화된 

계통의 감시와 이 계통의 고장 시 백업 조치를 포함하는 모든 인적행위를 직무 

분석에서 고려해야 한다. 

(3) 직무분석은 총체적 수준에서 시작하여 발전소 요원이 해야 할 일의 상세 서 

술이 전개되어야 한다. 발전소 요원이 수행해야 하는 정보획득， 정보처리， 조치 

등의 특성이 직무분석에서 정의되어야 한다. 상세 직무 서술은 직무의 특성에 따 
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라 적절히 다음 사항을 다루어야 한다. 

• 정보 획득 

- 필요한 정보(변수， 단위， 정밀도， 정확도) 

- 정보 출처<ïnformation source) (경보， 표시장치， 음성 통신 등) 

의사결정 요건 

- 내려야 할 의사결정의 묘사 (상대적， 절대적， 확률적) 

- 수행되어야 할 평가 

- 평가에 근거한 가능한 결정 (인지적 오류의 기회가 규명되고 주의 깊 

게 분석되어야 함.) 

조치 요건 

- 취해야 할 조치 

• 직무요건의 중복 (직렬 대 병렬 직무 요소) 

빈도 

- 발전소 반응 특성에 근거한 운전원 반응의 가용 시간 

시간적 제약 (temporal constraints) (직무 순서화) 

허용오차 및 정확도 

- 발전소 종사자 수행도 한계 

가계 및 소프트혜어의 작동 한계 

조치에 필요한 신체 동작 

• 궤환 요건 

취해진 조치가 적절한 지를 알려주는 궤환 요건 

• 작업 부하 

• 인지적 

신체적 

난이도 수준의 추정치 

• 직무 지원 요건 

특수 방호 복장 

필요한 작업 지 원도구 또는 참고 자료 

필요한 도구 및 장비 
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컴퓨터 처리 지원 도구 

작업장 요인 

- 조치를 취하기 위한 작업공간 범위 (workspace envelope) 

- 작업 환경 (예， 조명， 온도， 소음， 방사능) 

- 작업공간 위치 

• 운전요원 구성 및 통신 요건 

- 작업자 수， 작업자의 전공 및 기술 

- 요구되 는 통신 및 통신 유형 

- 일인 이상의 작업자가 관련될 경우 작업자간의 상호작용 

위험성 규명 

- 관련된 위험의 규명 

(4) 직무분석은 반복적이어야 하고 설계 주기에 걸쳐 점차적으로 상세화되어야 

한다. 직무 달성을 위한 경보 정보 표시 자료 처리 제어에 대한 사양 

(specification)의 작성이 가능하도록 정보 및 제어 요건이 상세히 규명되어야 한 

다. 차세대 원자로는 인간-기계 연계 기술의 변화 및 컴퓨터 시스뱀의 도입으로 

인하여， 기존 발전소에 비해 운전작업뿐 아니라， 보수， 시험， 검사， 점검작업에도 

변화를 가져오므로， 변화가 예상되는 작업도 직무분석에서 중요하게 취급되어야 

한다. 

(5) 운전조 인원 수， 운전조의 기술적 능력， 운전조의 신체적 및 인지적 작업부하 

의 관리를 위한 감시 및 제어 직무의 할당 등과 같은 작업 설계 현안을 반영하 

여 직무분석이 수행되어야 한다. 

(6) 직무 요건， 계측 및 제어 요건 모두에 근거하여 운전조의 직무 수행에 필요 

한 경보， 정보표시 및 제어의 최소 목록을 정하는 데 직무분석 결과가 사용되어 

야 한다. 

(7) 직무분석 결과는 인적요소 설계 및 인적설계 확인 및 검증에 반영되어야 하 

며 반영된 사항들이 구체적으로 기술되어야 한다. 
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18.2.2.3.2 운전조 구성 분석 

(1) 운전조 구성 분석은， 운전 (정상， 비정상 및 비상)， 보수， 점검( surveillance) 

및 시험을 포함하는 전 범위의 발전소 상태와 직무에 요구되는 종사자의 수와 

기술적 능력을 결정하는 큰거를 제공해야 한다. 고려되어야 할 종사자의 범위는 

상세안전요건 15.1 .1 .1 ‘인간공학 설계 계획의 목적 및 적용범위’ 및 본 지침 

18.2.1.1 ‘인간공학 설계 계획의 목적 및 적용범위’의 ‘(5) 적용 발전소 종사자‘에 

따른다. 

(2) 운전조 구성 수준은 다음의 분석에 근거하여야 한다. 

선행발전소의 구성 수준 그리고 선행 및 현 발전소 사이의 중요한 유사점과 

차이점의 기술을 포함한 초기 운전조 구성 목표 및 그 근거 

인간一기계 연계 기술의 차이에 의한 운전， 보수， 주기점검 및 시험 작업에 대 

해 추가적 고려사항 

• 직무분석으로부터 결정된 요구되는 조치 

부수적 행위 및 제어실 외의 다른 행위(예 소방대)를 고려한 운전원의 가용 

성 

제어설 및 제어반의 물리적 구성 

개인용 운전작업반 및 개인 또는 공통 인간 기계 연계로부터의 발전소 정보 

가용성 

운전원간 및 발전소 타 종사자와의 상호작용 

상세안전요건 제 21 장 비상대책 및 21. 비상대책 관련 안전규제지침에서 요 

구된 조치 

상세안전요건 18.1 .2 운전조직 및 18. 운영 관련 규제지침에 기술된 운전조 구 

성 

(3) 운전조 구성 분석은 다음 인간공학 업무항목과 관련된 현안을 고려해야 하 

고， 운전요원의 수와 자격에 관한 운전조 구성상의 가정과 다음 현안들을 비교 
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검토해야 한다. 

운전경험검토 

선행 발전소 운전요원 구성으로 초래된 운전상의 문제점 또는 장점 

기능분석 및 할당 

운전원에게 할당된 기능과 예상 운전원 자격간의 불일치 

직무분석 

- 직무분석으로 도출된 운전원 직무 수행에 요구되는 지식， 기술 및 능 

력 

- 운전원 응답 시간 및 작업부하에 대한 요건 

운전원 통신 및 협업 요건 

- 개별 운전원에게 할당된 제어실 내.외의 모든 직무를 종합하였을 때의 

작업 요건 

- 전반적 운전요원 구성 및 개별 운전원 역할의 조정이 첨단 기술의 사 

용과 관련된 인적오류에 미치는 영향 

• 인간-기계 연계 설계 

- 제어기 및 표시기의 위치와 사용에 따른 (특히 동시사용의 경우) 운전 

조수요 

개별 운전원간의 협동 조치에 따른 요건 

- 인간-기계 연계 설계의 평가 시 운전조의 수행도 

- 인간←기계 연계에 대한 보수， 주기점검 및 시험 작업에 필요한 요원 

수 및 자격 요건 

• 절차서 

여러 절차서의 동시 사용에 따른 운전조 수요 

- 절차서 수행에 펼요한 운전원의 기술， 지식， 능력 및 권한 

(4) 운전조 구성 분석은 인적설계 확인 및 검증에서 다음 사항에 대해 검토되어 

야 한다. 

- 검증 시나리오 수행 중 최소 운전조의 발전소 제어 능력 

- 모든 검증 시나리오 수행 중 운전조의 효과적인 통신 및 협업 능력 

- 모든 검증 시나라오 수행에 걸쳐 운전원들의 발전소 상태 및 운전원 
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조치의 인식도 유지 능력 

18.2.2.4 인간신뢰도 분석의 설계 통합 

본 검토의 목적은 확률론적 안전성평가 및 인간신뢰도 분석이 인적요소 분석， 

인적요소 설계， 인적설계 확인 및 검증에 적절히 반영되어 상세안전요건 15.1 .2.4 

를 만족하였는지 확인하기 위함이다. 

(1) 필수 인적행위는 확률론적 안전성평가 및 인간신뢰도 분석에서 규명되어야 

하며， 인간공학 설계에 입력자료로 활용되어야 한다. 이 필수 인적행위는 내부적 

인 그리고 외부적인 사건 모두를 포함하고 있는 Level 1 확률론적 안전성평가와 

Level 2 확률론적 안전성평가로부터 도출되어야 한다. 분석에서 특정의 가정을 

사용하거나 혹은 척도를 선정함으로 인해 간과되지 않도록 언간신뢰도분석의 민 

감도 분석과 하나이상의 선정된 중요 척도를 사용하여 필수 행위가 도출되어야 

한다. 

(2) 운전원 오류의 발생가능성을 최소화하고 또한 오류검출 및 복구능력을 제공 

하기 위해서， 확률론적 안전성평가 및 인간신뢰도 분석에 의해 규명된 필수 인적 

행위는 기능할당분석， 직무분석， 인간 기계 연계 설계 혹은 절차서 개발 등에 의 

해서 다시 평가되어야 한다. 

(3) 필수 인적행위와 이와 관련된 직무는 수용할 수 있는 인간수행도 한계(예를 

들면 시간 및 작업부하 요건)내에 있음을 직무분석을 통해 확인하여야 한다. 

18.2.3 인적요소 설계 

18.2.3.1 인간 기계 연계 설계 

이 검토의 목적은 인간 계통 연계 설계공정 및 공정의 결과물인 상세 인간 

계통 연계 설계를 평가하기 위함이다. 신청자가 인간공학 원리 및 기준을 체계적 

으로 적용하여 기능 및 직무요건을 상세한 인간 기계 연계로 구현하였음을 평가 

하여 상세안전요건 15. l.3.1과 15.2를 만족하는지 확인한다. 
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(1) 인간 기계 연계 설계 범위는， 상세안전요건 15.1 .1.1 ‘인간공학 설계 계획의 

목적 및 적용범위’에 따라 주제어설， 원격정지제어설， 기술지원실， 비상운영시설 

및 현장제어반을 대상으로 다음을 포함하여야 한다. 

• 전반적인 작업환경 

• 작업장 배치 및 구조(예를 들면， 제어설과 원격정지설비의 배치) 

• 제어반 및 콘솔 설계 

• 제어기 및 표시기 배치 

• 정보 및 제어 인터페이스 상세설계(예를 들면 그래픽 표시양식， 심볼， 대화 설 

겨1 (dialog design), 입 력 방법 등) 

• 전자식 절차서 

(2) 인간 기계 연계 설계 공정의 문서화 - 인간-기계 연계 설계공정은 절차와 

방법론을 포함하여 설계팀과 하청업자가 표준화되고 일관되게 활용할 수 있도록 

조직화되고 문서화되어야 한다. 이는 다음과 같은 항목을 포함하여야 한다(각각 

은 다음에 기술되는 기준에 정의되어 있다) . 

·인간기계연계설계원칙 

• 직무관련 인간→기계 연계 요건 도출(task-related HSI requirements) 

• 인간-기계 연계 기기의 선정 및 기능할당 

• 상세 한 인 간-기 계 연 계 설 계 (detailed HSI design) 

• 인 간 기 계 연 계 평 가 (HSI evaluation) 

• 인 간 기 계 연 계 설 계 문서 화 (HSI design documentation) 

(3) 인간 기계 연계 설계 원칙 인간一기계 연계 설계공정에 적용되어야 할 인간 

공학 원리 및 기준을 명시하여야 한다. 다음과 같은 인간공학 원리를 포함한다. 

A. 일반 원리 작업자의 안전을 지원하고 작엽자의 일반적인 인지적 및 신체적 

능력과 양립함을 확인하기 위한 원리 
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• 운전요원의 안전성 설계는 부상 및 위해 물질에 대한 노출 가능성을 최소화 

하여야 한다. 

• 인지적 양립성 (Cognitive Compatibility) 수행도에 부정적인 영향을 줄 정도 

로 높지는 않으나 경계수준( vigilance)을 유지하기에 충분한 작업부하를 유지하 

며， 발전소에 대한 친숙도(familiarity)를 유지하여， 목적있고 의미있는 행위를 수 

행토록 운전원의 역할이 책정되어야 한다. 

• 생리학적 양립성 (Physiological Compatibility) 시각적/청각적 인식， 생체역학 

(닿는 범위 (reach) 및 동작)， 운동신경 제어 특성 그리고 신체측정학 등을 포함 

한 인간의 생리학적 특성을 고려하여야 한다. 

• 설계의 단순성 (Simplicity of Design) 인간 기계 연계는 기능적， 직무적 요건 

에 부합하는 가장 단순한 설계로 구현되어야 한다. 

• 일관성 (Consistency) 인간 기계 연계， 절차서， 훈련체계 등은 일관성이 있어 

야 한다. 계통의 실제 거동과 운전원에게 보이는 방법은 항상 일관성이 있어야 

하며， 표준화되어야 하고， 절차서 및 훈련내용과 완전히 일치하여야 한다. 

• 정상부터 극한 상황까지의 상황 범위 내에서 인간 수행도의 고려 가시성이 

나 통풍환경이 열악하거나 제어실을 사용 못할 경우와 같은 발생 가능한 상황하 

에서의 인간 기계 연계사용을 고려하여야 하며， 교대근무 동안의 인간-기계 연계 

사용을 고려하여야 한다. 현장제어반과 같은 제어실 이외의 인간 기계 연계설계 

는 환경(예를 들면 소음， 온도， 오염)과 방호복에 의해 가해지는 제약사항이 다루 

어져야 한다. 

B. 주요 직무 설계 원리 (Primary Task Design Principles) 계통 감시， 의사결 

정， 제어와 같은 발전소의 안전 운전을 위한 운전원의 가본 직무를 지원하는가를 

확인하기 위한 원리 
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• 상황파악도(Situation Awareness) - 인간-기계 연계에 의해 사용자에게 제시 

되는 정보는 정확하고， 신속하게 인지되며， 쉽게 이해되어야 하며， 계통상태를 운 

전원이 파악하는 데 도움을 주어야 한다. 

• 직무 양립성 (Task Compatibility) - 직무(운전， 안전정지， 검사， 유지보수， 수리 

등)를 수행하기 위한 사용자의 요건을 만족하여야 한다. 직무 수행에 적절한 형 

태로 정보가 제시되어야 하며 제어기능은 사용자의 가능한 조치범위를 포괄하여 

제공되어야 한다. 불필요한 정보나 제어기능은 없어야 한다. 

• 사용자 모형 양립성 (User Model Compatibility) - 인간-기계 연계의 모든 측면 

은 사용자의 정신모형 (mental model 훈련， 절차서의 사용， 경험 등에 의해 형성 

되는 시스템의 동작에 대한 이해 및 예측)에 부합하여야 하고， 또한 인간공학적 

관례와도 부합하여야 한다. 

• 인간-기 계 연계 요소의 구성 (Organization of HSI Elements) • 인간 기 계 연 

계의 모든 측면(개별 표시기의 요소로부터 개별 작업반 또는 전체 제어실에 이 

르기까지)에 대한 구성은 사용자 요건에 기초하여야 하며， 또한 중요도， 빈도， 그 

리고 사용순서 등에 의한 구성의 일반적 원리를 반영하여야 한다. 

• 논리적/명시적 구조(Logical/Explicit Structure) 인간 기계 연계 설계요소의 

모든 측면(형식， 용어， 순서화， 묶음(grouping) , 운전원 의사결정 지원기능)은 직 

무요건이나 다른 임의적이지 않은 근거에 입각한 명확한 논리를 반영해야 한다. 

표시기， 제어기， 그리고 데이터 처리 지원기능 등의 전반적인 직무 및 기능에 대 

한 관계는 명확해야 한다. 인간-기계 연계의 구조와 이와 관련한 이동 지원 기능 

은 사용자가 현재 어디에 위치하고 있는지를 쉽게 인지할 수 있도록 해야 하며， 

또한 사용자에게 가시적이지 않는 데이터를 선속하게 접근할 수 있도록 해주어 

야 한다. 인간 기계 연계 설계요소의 구조와 동작 방식은 사용자에게 명확해야 

한다. 
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• 시간적 적절성 (Timeliness) 인간 기계 연계의 설계는 사용자의 직무가 요구 

되는 시간 내에 수행될 수 있도록 공정 관련 시간제약 뿐만 아니라 사용자의 인 

지적인 처리능력을 고려해야 한다. 너무 빠르거나 너무 느린 정보의 유동율과 제 

어조치 수행요건은 사용자의 수행도를 저하시킬 수 있다. 

• 제어기/표시가 양립성 (Controls!Displays Compatibility) • 정보표시는 데이터 

입력 및 제어요건과 양립하여야 한다. 

• 피드백 (Feedback) • 인간←기계 연계는 계동의 상태， 허용되는 운전작엽， 오류 

및 오류복구， 위험한 운전작업 데이터의 검증 등에 대한 정보를 제공하여야 한 

다. 

C. 부가적 직무 제어 원리 (Secondary Task Control Principles) 

• 부가적인 직무 요구의 최소화 부가적인 직무는 계통과 상호작용하는 동안에 

수행되는 활동이지만， 계통 감사 의사결정， 그리고 제어 등의 주요직무와 직접적 

인 연관은 없다. 예를 들면， 표시기에서의 정보탐색을 위한 이동， 윈도우 조작， 

데이타 접근， 제어기 선택 등을 들 수 있다. 부가적인 직무의 수행은 필요할지라 

도 운전요원의 주요임무 수행도를 감소시킬 수 있다. 이러한 부가적 직무는 다음 

에 기술한 인지적 작업부하 및 반응 작업부하를 고려하여 최소화되어야 한다. 

• 인지적 작업부하(Cognitive Workload) - 인간 기계 연계에 의해 제시되는 정 

보는 선속하게 인지되고 이해되어야 한다. 그리하여 시스템은 사용자가 정신적 

인 연산이나 변환， 그라고 회상기억(긴 코드목록， 복잡한 명령어， 표시가들에 걸 

쳐 있는 정보， 혹은 긴 연속적인 조치행위)에 부담하여야 하는 인지적인 용량을 

최소화시켜야 한다. 비록 사용자의 요구에 의해 가공되지 않은 원래 데이터가 접 

근 가능할 지라도， 원래 데이터는 직접 사용 가능한 형태로 처리되고 표시되어 

야 한다 

• 반응 작업부하(Response Workload) • 인간-기계 연계는 어떤 직무를 달성하 
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는 데 필요한 행위의 최소수를 요구하여야 한다. 또한 인간-기계 연계는 잉여 데 

이터의 입력이나， 이미 인간-기계 연계에 있는 정보의 재업력， 기존 데이터로부 

터 인간-기계 연계 설계가 생성해낼 수 있는 데이터의 입력을 요구하지 않아야 

한다. 

D. 직 무지 원 원 리 (Task Support Principles) 

• 유연성 (Flexibility) - 인간-기계 연계는 조치수행을 위한 다중 수단을 제공해 

야 하며， 직무에 가장 편리하게 구성된 정보표시 및 제어가 허용되어야 한다. 유 

연성은 직무수행도에 이점이 있는 경우로 한정되어야 한다. 일관성을 저해하는 

경우가 생기며 인간-기계 연계 조작에 작업부하를 부여할 수 있으므로 유연성만 

을 위한 설계가 되지 않아야 한다. 

• 사용자 지 침 및 지 원 (User Guidance and Support) - 인 간-기 계 연 계 는 효과 

적인 도움기능을 제공해야 한다. 사용자가 인간 기계 연계 설계를 이해하고 운전 

하는데 도움을 주기 위해서 사용하기 쉽고 적절한 지침이 on-line 그리고 

off-line으로 제 공되 어 야 한다. 

• 오류허용 및 제어(Error Tolerance and ControD - 언간-기계 연계의 고장 또 

는 조치의 실패가 장비손상， 운전요원의 부상， 혹은 중요 장비의 부적절한 동작 

을 야기할 수 있다면 이중안전설계가 제공되어야 한다. 그리하여， 인간-기계 연 

계는 사용자 오류가 심각한 결과를 낳지 않도록 설계되어야 한다. 만일 오류가 

발생했다면， 오류의 부정적인 영향이 통제되고 최소화되어야 한다. 인간-기계 연 

계는 단순하고 이해하기 쉽게 오류를 알려 주어야 하고 복구를 위한 단순하고 

효과적인 방법을 제공해야 한다. 

(4) 직무관련 인간-기계 연계 요건 도출 - 이 기준은， 앞의 인적요소 분석 작업 

의 결과를 기초로 운전원의 기능 및 직무를 지원하기 위한 인간-기계 연계 요건 

을 규명하였는가를 다룬다. 요건은 경보 표시기 제어기 그리고 운전원 지원 등 

을 언급하여야 한다. 예를 들면， 측정단위， 정보의 정확도， 정보표시의 정밀도， 동 
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적 반응도， 표시형식 등이 정보표시의 요건으로 기술되어야 하며， 제어방식， 제어 

모드의 수와 유형， 정확도， 정밀도， 동적 반응도 등의 제어기 특성이 요건으로 기 

술되어야 한다. 표시되는 정보의 범위 및 정확도는 발전소상태에 대한 의사결정 

에 펼요한 운전원의 정보요구와 일치하여야 한다. 발전소 정보표시에 대한 정밀 

도 요건(예를 들면 한 지시기에 대한 눈금의 수)은 너무 많은 소수점이하의 자리 

수와 같은 불필요한 상세 정보로 인해 운전원에게 부담을 주지 않는 수준으로 

또한 직무요건과 일치하는 수준으로 정의되어야 한다. 측정단위는 관련되는 운전 

원 직무에 걸쳐 일관되게 정의되어야 한다(예를 들면， 운전원이 한 측정단위의 

값을 다른 단위의 값으로 전환할 필요가 없어야 한다). 직무관련 인간-기계 연계 

요건에 대한 기술적인 근거는 문서화 되어야 한다. 

(5) 인간→기계 연계 기기의 선정 및 기능할당 - 일반적인 인간 기계 연계설계특 

성의 선정， 즉 대형정보화면， 터치스크린 제어기 등과 같은 인간-기계 연계 기기 

의 선정과 각 기기에 대한 인간 기계 연계 가능의 할당은 운전경험과 문헌분석， 

대안분석， 공학적 평가 및 실험， 벤치마크 평가 등， 다수의 접근방법을 통해 평가 

되고 선정되어야 한다. 설계 대안의 강점 및 제약사항이 고려되어야 하며， 대안 

을 평가하고 최종적인 선정을 정당화하는 과정은 문서화되어야 한다. 

(6) 상세한 인간-기계 연계설계에 관한 지침 - 선정된 인간 기계 연계특성， 배 

치， 그리고 환경 등에 대한 상세설계에 인간공학 지칩을 활용하여 표준화되고 일 

관되게 인간공학 원칙을 적용하도록 하여야 한다. 일반적인 인간공학 설계 지침 

은 현 인간-기계 연계설계에 맞도록 특정적이고 구체화되어 신청자의 설계 지침 

이나 사양서로 문서화되어야 하며， 적용 타당성에 대한 규제기관의 검토를 받아 

야 한다. 이는 적용 범위 단위 지침별 출처의 참조， 적절한 사용에 대한 지시， 

모순을 발견하였을 경우의 처리 절차 등을 포함하여야 한다. 

(7) 상세한 인간 기계 연계 설계를 위한 분석 - 지침에 의해 잘 정의되지 않은 

설계 현안 혹은 상충되는 지침내용은 분석되어야 한다. 분석방법은 운전경험 및 

문헌분석， 대안선택 연구， 공학적 평가 및 실험， 그리고 벤치마크 평가 등을 포함 

할 수 있다. 예를 들면， 모형 (mockup)과 모델(modeD은 접근성， 작업공간 그리고 
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관련되는 인간공학 문제점을 해결하고 그 해결책을 인간-기계 연계 설계에 적용 

하기 위해 활용될 수 있다. 그리고， 중요한 인간 수행도가 요구되는 설비， 혹은 

지침에 의해 적절하게 나타나지 않은 설비에 대한 상세설계를 평가하기 위한 용 

도로， 동적 시율레이션과 인간-기계 연계 시제품(prototype)의 사용을 고려하여야 

한다. 

(8) 인간-기계 연계 평가 

• 인간-기계 연계는 상세안전요건 15.2 ‘제어실 인간공학’을 비롯한 앞의 (3) 인 

간-기계 연계 설계 원칙， 기타 인간공학 기준， 표준， 지침에의 부합성과 직무 수 

행에 대한 수용성을 확인하기 위해 계속적으로 평가되어야 한다. 독특하거나 안 

전성에 관련된 인간 기계 연계에 특히 주의를 기울여야 한다. 설계변경이 어려운 

인적설계 확인 및 검증시점까지 좋지 않은 설계가 남아있지 않도록 평가가 수행 

되어야 한다. 

• 설계 지침에 가변성이 있거나 설계 지침에 누락된 인간-기계 연계의 측면들은 

분석되어야 한다. 이런 현안을 해결하기 위해， 운전경험 및 문헌분석， 대안비교분 

석， 공학적 평가 및 실험， 그리고 벤치마크 평가와 같은 여러 방안을 사용할 수 

있다. 

• 인간-기계 연계가 운전원 직무를 수행하는데 필요한 모든 정보와 제어기를 포 

함하고 있는지， 그리고 어떤 직무의 수행에도 필요하지 않는 부가적인 표시기와 

제어기가 배제되었는지를 확인하기 위해 평가가 수행되어야 한다. 

• 평가의 결과와 설계 결정에 대한 근거는 문서화되고 검토에 활용될 수 있어야 

한다. 

• 평가결과 차후의 설계 과정에서 추적되어야 할 인간공학 현안은 현안추적시스 

템에 입력되어 관리되어야 한다. 

(9) 언간-기계 연계설계 문서화 - 인간 기계 연계 설계는 다음을 포함하도록 문 
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서화되어야 한다: 

·상세 인간 기계 연계 설계의 기술 

• 설계 결정의 근거가 되는 분석 및 평가의 과정， 방법， 결과에 대한 기술 

18.2.3.2 절차서 및 훈련 내용 개발 

18.2.3.2.1 절차서 

본 검토의 목적은， 신청자가 인간공학 설계공정의 대상으로 절차서를 포함하 

여 다른 인간공학 설계공정 업무로부터의 절차서 반영 요건을 도출하고， 작성자 

지침을 작성하였으며 이와 함께 인간공학 원칙과 기준을 적용한 절차서를 개발 

하였는지를 평가함으로써 상세안전요건 15.1.3.2를 만족하는지를 확인하기 위함이 

다. 

(1) 절차서 개발은 상세안전요건 18.3 ‘절차서’ 및 기타 적용 가능한 법규의 요건 

을 다루어야 한다. 

(2) 절차서의 개발과 관련하여 다음과 같은 사항이 문서화되어야 한다. 

• 요건 도출의 대상 절차서의 범위 

• 다른 인간공학 설계공정 업무와의 결합 

• 절차서 작성지침서 

• 절차서 검토， 확인 및 검증 

• 컴퓨터 기반 절차서의 사용 타당성 분석 

(3) 요건 도출의 대상 절차서의 범위는 상세안전요건 18.3 ‘절차서’에 정의된 운 

전 및 보수절차서， 비상운전절차서를 포함하며， 행정절차서 중， 인간공학 설계공 

정 업무와 연계성을 지닌 절차서를 포함한다. 

(4) 절차서 요건 도출을 위해 다음의 인간공학 설계공정의 업무에서의 현안을 포 

함하여 문서화하여야 한다 . 

• 운전경험검토 
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선행발전소 절차서의 결함 및 사용상의 문제 

• 기능분석 및 할당 

- 새로운 것이나 변경된 것으로 확인된 기능 및 계통 

- 변경된 기능할당의 절차서 영향 

·직무분석 

- 확률론적 안전성평가 및 인간선뢰도 분석에 의해 확인된 주요 직무， 새롭 

거나 상이한 직무， 그리고 빈번한 협업， 높은 작업부하， 특별한 기술을 요 

구하는 직무 등을 포함하여， 특수한 요건을 부과하는 것으로 직무분석에 

서 판명된 직무 등에 대한 절차서의 검토 및 평가 

- 첨단기술의 사용과 관련된 인적오류의 결과나 가능성을 저감하기 위한 

요건 

• 인간-기계 연계 설계 

선행 발전소와 다른 특성(예를 들면， 정보표시 공간 순항， 전산화된 제어 

기 조작)을 포함하는 모든 범위의 관련 인간-기계 연계(예， 주제어실， 원 

격정지제어설， 현장제어반)의 설계특정에 따른 절차서에 대한 영향 

설계평가 결과 절차서 자체 또는 작성 시에 반영되는 것이 바람직한 사 

항 

• 확인 및 검증 

- 검증이나 적합성 확인에서 규명된 인간→기계 연계와 절차서의 양립성 

검증 시험동안 확인된 운전원 수행도 관심사(예 과도한 작업부하) 둥을 

포함한 확인 및 검증동안 판명된 절차서 반영요건 

(5) 완전하고， 정확하고， 일관성 있고， 이해하기 쉽고， 따르기 쉬운 절차서 개발을 

위한 과정을 확립하기 위해 작성자 지침 (writers guide) 이 개발되어야 한다. 지침 

은 충분히 객관적인 기준을 포함함으로써 지침에 따라 개발된 절차서가 구성 

(organization), 형식 (style) ， 내용에 있어 일관성이 있도록 해야 한다. 지침은 여 

기서 언급한 범위의 모든 절차서 개발에 사용되어야 한다. 행위 단계의 기술 방 

법， 사용될 약어 목록 및 용어 규정을 포함하여 절차서의 내용과 형식 (format)에 

대한 지침을 제공해야 한다. 
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(6) 절차서의 절차들이 정확하고 수행 가능함을 보장할 수 있도록 직무의 수행에 

필요한 정보의 가용성 절차서 기술의 인간공학적 적합성 절차서의 사용성에 대 

한 검토가 수행되어야 한다. 절차서의 최종 검증은 인적설계 확인 및 검증의 일 

부분으로 통합된 계통의 모의를 통해 수행되어야 한다. 

(7) 전자식 절차서의 영향을 결정할 수 있도록 분석이 수행되어야 한다. 그리고 

전자식 절차서가 절차서 이용을 향상시키는지 절차서 사용에 관련된 운전요원의 

실수를 감소시키는지， 컴퓨터 기반 절차서에 의한 운전원 수행도에 대한 부정적 

영향， 컴퓨터 기반 절차서 및 인쇄본 절차서의 병행 사용 시의 문제점 및 해결방 

안 등을 규명할 수 있도록 분석이 수행되고 문서화되어야 한다. 

(8) 전자식 절차서가 사용된다면 다른 인간-기계 연계 설계와 통합되어야 하고， 

본 지침의 18.2.3.1 ‘언간 기계 연계 설계’의 적용가능한 기준을 동일하게 적용한 

다. 

(9) 컴퓨터 기반 절차서는 인쇄본 절차서와 일치성을 유지하도록 모든 절차서의 

유지 및 개선의 통제에 대한 계획이 개발되어야 한다. 

(0) 운전원이， 특히 운전 사건 동안， 절차서에 접근하여 사용하는 물리적 수단이 

HFE 설계과정의 일부로서 평가되어야 한다. 사안의 본질이 구현형태에 따라 어 

느 정도 다르지만， 이 기준은 일반적으로 인쇄본 절차서 (hard-copy)와 컴퓨터 기 

반 절차서에 같이 적용한다. 예를 들면 절차서의 보관 운전원이 해당 절차서에 

접근함에 있어서의 용이성 그리고 제어실， 원격정지설비 및 현장제어반에서 절 

차서를 놓고 사용하는 영역을 언급하여야 한다. 

18.2.3.2.2 훈련내용의 개발 

본 검토의 목적은， 신청자가 인간공학 설계공정의 대상으로 훈련을 포함하고 

다른 인간공학 설계공정 업무와 결합하여 인간공학적으로 적합한 훈련요건을 도 

출하였는가를 평가함으로써 상세안전요건 15.1 .3.2를 만족하는지를 확인하기 위함 

이다. 
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(1) 훈련 내용의 개발은 상세안전요건 18.2 ‘훈련’ 및 기타 적용 가능한 법규의 

요건을 다루어야 한다. 

(2) 훈련 내용의 개발과 관련하여 다음과 같은 사항이 문서화되어야 한다. 

• 훈련 대상 요원， 작업， 설비의 범위 

• 훈련 내용 개발을 위한 체계적 접근방법 

• 다른 인간공학 설계공정 업무와의 결합 

·훈련내용및방법 

(3) 훈련 대상 요원， 작업， 설비의 범위는 상세안전요건 15.1.1.1 ‘인간공학 설계계 

획의 목적 및 적용범위’와 상세안전요건 18.2 ‘훈련’을 따른다. 

(4) 다음의 사항을 반영한 훈련에 대한 체계적 접근방법이 사용되어야 한다. 

• 수행되어야 하는 직무에 대한 체계적 분석 

• 훈련 후 달성되어야 할 수행도에 대한 분석으로부터 도출된 학습목적 

• 학습목적에 근거를 둔 훈련 설계와 실행 

·훈련 중 피 훈련자의 목적 달성도 평가 

• 작업 상황하에서 훈련받은 요원의 수행도에 근거를 둔 훈련의 평가와 개선 

(5) 훈련 내용의 개발을 위해 다음의 인간공학 설계공정의 업무에서 확인된 훈련 

현안을 포함하여 문서화하여야 한다. 

• 운전경험검토 - 부가적이고 개선된 훈련으로 교정될 수 있는 이전 훈련의 결 

함 및 운영상의 문제 그리고 이전 훈련 프로그램의 긍정적인 특정 

• 기능분석 및 할당 새로운 것이나 변경된 것으로 확인된 기능 및 계통， 변경 

된 기능할당 

• 직무분석 - 확률론적 안전성평가 및 인간신뢰도 분석에 의해 확인된 주요 직 

무， 새롭거나 상이한 직무， 그리고 빈번한 협엽， 높은 작업부하， 특별한 기술을 

요구하는 직무 등을 포함하여， 특수한 요건을 부과하는 것으로 직무분석에서 판 

명된 직무， 첨단기술의 사용과 관련된 인적오류의 결과나 가능성을 저감하기 위 

- 49-



한 개인의 역할 조정에 대한 요건 

• 인간 기계 연계 설계 선행 발전소와 다른 특성(예를 들면， 정보표시 공간 순 

항， 전산화된 제어기 조작)을 포함하는 모든 범위의 관련 인간-기계 연계(예， 주 

제어실， 원격정지제어실， 현장제어반)의 설계특정， 설계평가결과 훈련에 반영되는 

것이 바람직한 사항 

• 발전소 절차서 - 절차서 검토 및 평가를 통해 문제가 될 것으로 구분된 직무 

(예， 발전소 안전성을 우려하여 과도하게 개정된 절차서 단계) 

• 확인 및 검증 검증이나 적합성 확인에서 규명된 인간 기계 연계 사용성 관 

심사， 검증 시험동안 확인된 운전원 수행도 관심사(즉， 발전소 사건의 오진단) 등 

을 포함한 확인 및 검증동안 판명된 훈련 관심사 

(6) 훈련의 전체적인 범위는 다음을 포함하여 정의되어야 한다. 

• 훈련받아야 하는 요원(예， 선임 원자로운전원)의 범주 

• 발전소의 특정 상태(정상， 이상， 비정상) 

• 특정한 운전 행위(예 운전 보수 시험 및 점검) 및 관련 절차서 

• 인간 기계 연계 (예， 주제어실， 비상운전설비， 원격정지제어설， 현장제어반) 

훈련범위는 발전소 설계의 확인 및 검증에 참여하는 요원의 훈련을 포함하여 

야 한다. 

(7) 최종 안전성 분석보고서， 계통 설명서 (system description manuals) 및 운전 

절차서， 인가 및 수정조항， 사건보고서 (LER) , 그리고 규제기관에 의해 훈련에 중 

요한 것으로 확인된 다른 문서들로부터의 지식 및 기술 요건으로부터 학습목적 

이 도출되어야 한다. 

(8) 훈련목적이 피훈련자에게 어떻게 전달되는지를 확실히 하도록 훈련 내용 및 

방법이 정의되어야 한다. 특별한 범주의 학습목적을 전달하기 위한 강의， 모의제 

어반， 실무교육(on the job training) 이 정의되어야 한다. 훈련에서 사용할 특정 

발전소 상태 및 시나리오가 정의되어야 한다. 교육 단편에 대한 일정 및 시간적 

인 순서와 같은 훈련 실행에 대한 고려사항이 정의되어야 한다. 훈련 내용 및 방 
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법은 훈련의 인간공학 원칙 훈련 관례 및 다른 기준에 근거한 정당성을 가져야 

한다. 

(9) 훈련설계 요건을 만족하기 위해 요구되는 부분 직무 훈련 모의제어반 및 기 

준 발전소 모의제어반과 같은 설비와 자원들이 정의되어야 한다. 

(10) 훈련 목적에 대한 피훈련자의 숙달정도 평가를 위해 모의제어반 실습， 실사 

(walkthrough), 필기 및 구두시험 등을 포함한 방법이 정의되어야 한다. 훈련목 

적에 대한 평가기준은 각 개별적인 훈련 단위에 대해 정의되어야 한다. 전반적인 

숙달능력을 평가하는 방법이 정의되어야 하고， 해당된다면 규제와 통합되어야 한 

다. 

(11) 훈련 과정 자료의 완성도 및 정확성을 검증하는 방법이 정의되어야 한다. 

(12) 시험， 실사( walkthrough) , 모의제어반 실습， 실무수행 (on the job 

performance)에서의 운전원 수행도 검토를 포함하여， 훈련 프로그램의 전반적인 

효용성을 평가하는 방법이 정의되어야 한다. 

(13) 훈련요건 개발， 훈련 정보 원천의 개발， 훈련 교재 개발， 훈련 프로그램 수 

행을 위한 모든 조직 특히 COL 신청자， 설비 납품업자(vendor)의 역할이 명확 

히 정의되어야 한다. 예를 들어， 설비 납품업자의 역할은 입력자료(예 : 비상운전 

지침서)의 단순 제공에서부터 특정 부분의 훈련 프로그램 수행까지 걸쳐 있을 수 

있다. 

(14) 훈련 내용의 개발과 훈련 수행에 관련된 요원 및 조직의 자격이 정의되어야 

한다. 

18.2.4 인적설계 확인 및 검증 

본 검토의 목적은， 인적요소 설계차 인간공학 원리에 부합하며， 발전소 안전 

및 기타 운전목표를 달성하기 위한 직무가 성공적으로 수행되도록 설계되었는지 
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를 종합적으로 확인하고 검증하여 상세안전요건 15. 1.4의 요건을 만족하였는지를 

평가하기 위함이다. 

18.2.4.1 일반 기준 

(1) 확인 및 검증의 일반적 범위는 상세안전요건 15.1.1.1 ‘인간공학 설계 계획의 

목적 및 적용범위’에 따라 주제어설， 원격정지제어실， 기술지원실， 비상운영시설 

및 현장제어반을 대상으로 다음을 포함하여야 한다. 

• 인간 기계 연계 하드혜어 

• 인간 기계 연계 소프트혜어 

.통신 

·절차서 

• 제어반 구성 

• 전반적인 작업환경 설계 

·훈련 내용 및 훈련된 요원 

(2) 확인 및 검증 활동 및 그 순서는 다음과 같아야 한다. 

• 인간 기계 연계의 직무 지원 확인 

• 인간공학 설계의 확인 

• 통합된 계통의 검증 

• 인적요소 현안 해결의 확인 

• 최종 발전소 인간공학 설계의 확인 

18.2.4.2 인간←기계 연계의 직무 지원 확인 

(1) 직무분석， 비상운전절차서 분석， 확률론적 안전성평가 및 인간신뢰도 분석의 

펼수(criticaD 또는 위험도에 중요한(risk-significant) 인적행위로부터 도출된 인 

간의 직무 및 행위 달성에 요구되는 인간 기계 연계(경보， 제어기， 표시기， 절차 

서， 데이터 처리 등)가 모두 제공되는지 확인하여야 한다. 
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(2) 인간←기계 연계가 인간의 직무를 지원하지 않는 정보， 표시기， 제어기， 장식 

적 특징 등을 포함하지 않았음을 확인하여야 한다. 

(3) 인간-기계 연계의 직무 지원 확인을 위한 방법과 결과는 문서화하여야 한다. 

확인 결과 문제가 된 인간-기계 연계는 다음과 같이 구분되어 문서화되어야 한 

다. 

·지원되지 않은 직무 요구되는 인간 기계 연계가 없는 경우 

·부분 지원 직무 - 요구되는 인간-기계 연계는 존재하나 그 설계특성이 직무요 

건에 전부 부합하지 않는 경우 

• 직무요건에 없는 인간-기계 연계 - 직무요건에 의해 필요함이 밝혀지지 않은 

인간 기계 연계 (이 경우， 추가적인 분석을 통해 삭제 결정이 내려져야 한다.) 

18.2.4.3 인간공학 설계의 확인 

(1) 인간-기계 연계가 운전요원의 직무요건에 부합되며 설계사양서에 정의된 운 

전상의 고려사항에 적합하게 설계되었는지， 또한 인간공학 지침， 표준， 원칙에 일 

치하는지를 확인하여야 한다. 

(2) 인간공학 설계의 확인을 위한 인간공학 지침 표준 원칙으로 다음을 포함하 

되 이들에만 국한하지는 않아야 한다. 

• 본 지침의 18.2.3.1 ‘(6) 상세한 인간-기계 연계설계에 관한 지침‘의 기준에 부 

합하는 설계지침 

• 상세안전요건 15.2 ‘제어실 인간공학’의 요건 

• 본 지침 18.2.3.1 (3) 인간 기계 연계 설계 원칙 

(3) 직무요건 또는 설계사양서에 정의된 운전상의 고려사항에 적합하지 않거나 

인간공학 지침， 표준 및 원칙으로부터 벗어난 인간→기계 연계 설계 사항은 문서 

화되어야 하고， 대안선택 연구결과， 문헌을 통한 평가， 운전경험， 시험 및 실험과 

같은 문서화된 근거를 기반으로 그 수용여부를 판단하여야 한다. 설계결함으로 

구분된 설계사항은 본 지침의 18.2.4.5 ‘인적요소 현안 해결의 확인’ 단계에서 다 
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시 검토되어야 한다. 

(4) 인간←기계 연계 표본 추출 • 인간공학 설계의 확인에서 모든 인간-기계 연 

계가 일일이 다루어지지 않는다면 안전에 중요한 인간→기계 연계 설계요소를 포 

괄적으로 고려하기 위해 표본 추출을 통해 인간공학 설계의 확인을 수행할 수 

있다. 인간공학 설계의 확인을 위한 표본의 규모는 모든 안전 현안이 규명될 수 

있도록 충분히 커야 한다. 표본 추출에는 다음과 같은 다차원적인 사항을 고려 

하여야 한다. 

• 발전소 상태의 범위 

- 정상 발전소 운전(예， 기동(startup) ， 전출력， 정지) 

- 계기 고장[예， 안전 관련 계통 논리 및 제어 기기， 고장 허용 제어기(증기 

공급계통) , 다중선호처리시스템을 위한 현장 계기， 다중선호처리제어기， 

다중선호재어선의 파단] 

- 인간-기계 연계 장비 및 자료처리 기능 고장(예， VDU 기기 고장， 자료처 

리기능 상설， 대형 개요화면의 상실) 

과도상태[예， 터빈 정지， 소외전력 상실， 소내전원상설， 모든 급수의 상설， 

일부 버스 또는 제어설 전원공급 장치에 대한 전원 상실， 안전/방출 밸브 

과도상태] 

• 사고[예， 주증기관 파열， 정반응도첨가， 출력운전중 제어봉 삽입， 제어봉 

이 탈， A TWS(anticipated transient without scram), 다양한 규모의 냉각 

재 상실 사고] 

원격 정지계통을 사용한 원자로 정지 및 냉각 

·운전원 기능의 범위 

- 발전소 상태 감시 및 필수 안전 기능에 대한 상황파악 

주기점겸， 시험 및 유지보수 

• 경보 감시 및 조치 

고장 감지， 진단， 완화 

- 자동 안전 기능의 감시 

- 자동 계통의 수동제어 
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·직무 성격의 범위 

- 절차서 기반， 규칙 기반 직무: 운전원이 특정 절차단계를 이해하고 수행 

할 수 있는 직무로서， 정상운전절차서， 비정상운전절차서， 비상운전절차 

서， 경보절차서， 시험절차서 등의 절차서에 규정된 직무 

- 지식 기반 직무: 절차서에 잘 정의되어 있지 않은 직무로서， 문제 해결에 

규칙 (rules)이 충분치 않거나 분명하지 않은 경우에 안전 및 운전 목표를 

달성하기 위해 많은 추론과 다양한 방법을 필요로 하는 직무 

• 발전소 작업자간의 상호작용 

- 주제어실 운전원 

- 주제어설 운전원과 기타 운전요원 

- 기술지원실에서의 사고관리 

비상사태 관리 (예， 비상운영시설에서의) 

관리조직， 규제기관 및 기타 발전소외의 기관 

• 확률론적 안전성평가 및 인간신뢰도 분석에서 도출된 펼수 직무 및 위험도 중 

요 직무 

• 인간 기계 연계 기기의 모든 유형 및 사용자-계통 상호작용 직무의 모든 유형 

• 운전경험검토에서 문제시된 모든 인간-기계 연계 및 관련 직무 

18.2.4.4 통합된 계통의 검증 

(1) 통합된 계통의 검증은 이전에 발견된 문제점을 해결한 후에 수행되어야 한 

다. 이는 해결되지 않은 문제점이 수행도에 부정적인 영향을 주어 검증 결과 또 

한 부정적으로 될 수 있기 때문이다. 

(2) 통합 계통 검증 방법론은 다음을 언급하여야 한다. 

• 전반적인 목적 

• 다루어야 하는 언간 수행도 현안 (운전조 협업 등) 

·시험 방법론 및 절차 

• 시험 참여자 (시험 프로그램에 참여하는 운전원) 

• 시험 조건 (발전소 상태， 운전 경로， 사고시나리오를 포함하는) 
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• 인간 기계 연계의 기술 

·수행도 척도 

• 데이터 분석 

• 결과 평가의 기준 

• 평가의 활용 

(3) 본 목적을 달성하는데 적절한 도구를 활용하여 동적 직무수행도를 평가하여 

수행하여야 한다. 인간←기계 연계의 구성을 물리적으로 표현하고 또한 운전 특성 

과 발전소의 반응을 실시간이며 동적으로 표현하는 모의제어반이 주요 도구로 

사용되어야 한다. 원격정지제어반 및 현장제어반과 같은 제어실 이외의 설비에 

대한 인적수행도 평가는 모형 (mockup) ， 시제품， 또는 유사 도구를 활용하여 수행 

할 수 있다. 

(4) 이러한 평가는 다음을 밝혀내야 한다. 

• 인간공학 설계 목표를 달성하기 위한 전체 인간←기계 연계 구성의 적절성 

• 기능할당 및 요원에게 할당된 직무 구조 확인 

• 운전조 구성 및 그들의 직무를 지원하는 인간 기계 연계의 적절성 

• 절차서의 적절성 

• 직무를 달성하기 위한 인간-기계 연계의 동적 측면 확인 

·인간 및 계통 오류에 대한 내오류성 평가 및 시연 

(5) 직무분석과 확률론적 안전성평가 및 인간신뢰도분석에서 정의한 제어실 밖의 

펼수 행위를 포함한 모든 필수 인적행위는 평가되어 설계에서 적절하게 지원되 

는지를 확인해야 한다. 인적설계 확인 및 검증의 일부로서 수행될 시험 및 평가 

계획은 특히 이러한 행위를 조사하도록 수립되어야 한다. 

(6) 상세안전요건 18.3 ‘절차서’에 정의된 운전 및 보수절차서， 비상운전절차서를 

포함하고， 행정절차서 중， 다른 인간공학 설계공정 업무와 연계성을 지난 절차서 

에 대해 적절성이 평가되어야 한다. 
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(7) 일정 범위의 운전조건 및 비정상상태하에서 동적으로 HSI를 평가하여야 하 

고， 다음을 포함하여 야 한다. 

• 정상 발전소 운전(예， 기동， 전출력， 정지) 

• 계기 고장[예， 안전 관련 계통 논리 및 제어 기기， 고장 허용 제어기(증기공급 

계통)， 다중신호처리시스램을 위한 현장 계기， 다중신호처리제어기， 다중신호제어 

선의 파단] 

• 인간←기계 연계 장비 및 자료처리 기능 고장(예， VDU 기기 고장， 자료처리기 

능 상실， 대형 개요화변의 상실) 

• 과도상태 [예， 터빈 정지， 소외전력 상설， 소내전원상실， 모든 급수의 상설， 일 

부 버스 또는 제어실 전원공급 장치에 대한 전원 상실 안전/방출 밸브 과도상 

태] 

• 사고 [예， 주증기관 파열， 정반웅도첨가， 출력운전중 제어봉 삽입， 제어봉 이탈， 

ATWS , 다양한 규모의 냉각재 상실 사고] 

• 원격 정지계통을 사용한 원자로 정지 및 냉각 

(8) 인적설계 확인 및 검증에 사용되는 시나리오는 사실적이어야 한다. 선정된 

시나리오는 잡음， 주의 혼란 등과 같이 실제 원자력발전소에서 운전원의 수행도 

에 영향을 미칠 수 있는 환경적인 조건을 포함하여야 한다. 제어실 밖의. 행위에 

대해서는， 방호복 착용， 고온지역 접근과 같이 부가적인 시간을 요하는 잠재적인 

위험 환경(고방사능 등)의 수행도에 마치는 영향이 실제적으로 모의되어야 한다. 

(9) 동적 평가를 위한 수행도 척도는 설계 목표와 수행도 요건의 달성을 확인하 

는 데 적합한 것이어야 하며 최소한 다음 사항을 포함하여야 한다. 

• 발전소 안전성에 연관된 계통 성능 척도 

• 계통 감시， 의사결정， 제어와 같은 발전소의 안전 운전을 위한 운전조 기본 직 

무의 수행도 (직무수행 시간， 절차서 위반 등) 

·운전조 오류 

·상황파악도 

·작업부하 

·운전원간 통신 및 협업 
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• 동적 인체즉정학적 평가 

• 신체적 동작 및 인간 기계 연계와의 상호작용 

18.2.4.5 인적요소 현안 해결의 확인 

(1) 인간공학 현안 추적 체계에 등재된 모든 현안에 대해 적절히 해결되었음을 

확인하여야 한다. 

(2) 발전소 건설 시까지 해결할 수 없는 현안을 규명하여 문서화하며 최종 발전 

소 인간공학 설계의 확인 단계에서 해결하여야 한다. 

18.2.4.6 최종 발전소 인간공학 설계의 확인 

(1) 앞의 네 가지 확인 및 검증 활동 후 그 결과를 반영하여 상세설계 및 수행도 

기준을 기술하는 설계문서를 작성하여야 한다. 

(2) 앞의 네 가지 확인 및 검증 활동에서 완전하게 다루어지지 않은 설계 측면은 

적절한 확인 및 검증 방법론을 활용하여 평가하여야 한다. 이러한 설계 측면에 

는， 발전소 건설 시의 신규 혹은 변경된 표시기 등을 비롯하여， 제어실 조명 및 

소음과 같은 모의제어반에서 완전하게 평가할 수 없는 설계 특성이 포함될 수 

있다. 

(3) 발전소 현장에서의 인간공학 설계는 인간공학 설계공정과 확인 및 검증 활동 

의 결과로 도출된 설계와 일치함이 확인되어야 한다. 

18.3 검토절차 

신청자는 상세안전요건 15.1 ‘인간공학 설계공정’에 따라 인적설계 계획의 평 

가를 위한 이행계획서를 제출하고， 인적요소 분석， 인적요소 설계， 인적설계 확인 

및 검증의 평가를 위해서는 이행계획서， 분석결과 보고서， 그리고 인간공학 설계 
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조직의 독립적인 설계검토 보고서를 제출하도록 되어 있다. 

이행계획서는 신청자가 검토분야의 검토기준을 만족하기 위한 방법론을 기술 

한 보고서를 말한다. 분석결과보고서는 검토분야의 검토기준을 만족하기 위해 신 

청자가 수행한 인간공학 업무의 결과를 기술한 보고서이다. 검토자는 검토기준에 

의 부합성을 평가하는데 이 보고서를 주로 사용하게 된다. 그리고， 인간공학 설 

계조직의 독립적인 설계검토 보고서는， 검토분야에 대한 신청자의 인간공학 업무 

수행을 인간공학 설계조직이 독립적으로 평가하여 기술한 보고서이다. 

이행계획서， 분석결과보고서， 인간공학 설계조직의 독립적인 설계검토 보고서 

는 반드시 분리되어 제출할 필요는 없으며， 세 가지 내용， 즉， 방법론， 결과， 검토 

를 포함해야 한다는 사실이 중요하다. 어떤 경우에는 한 보고서에 이러한 내용 

을 모두 포함시킬 수 있으며， 인간-기계 연계 설계 또는 언적설계 확인 및 검증 

과 같은 복잡한 검토분야의 경우， 세 가지 이상의 보고서로 제출할 수도 있다. 

검토자는 필요 시， 이러한 보고서 이외에 신청자의 결과물 예를 검토할 수 있다. 

특정 검토분야에 대한 위와는 다른 제출 사항과 검토 고려사항은 다음과 같 

다. 

• 인적설계 계획 본 지침의 18.2.1.5 (1)항에 언급한 인간공학 업무의 수행계획， 

분석 및 평가에 대한 범위， 절차， 결과물， 일정의 기술은 개별 검토분야의 이행계 

획서에 기술할 수 있다. 그러나， 각 업무 상호간 관계는 통합적으로 검토할 수 

있도록 기술되어야 한다. 

• 인적요소 분석의 기능요건 및 기능할당 분석 - 본 지침의 18.2.2.2.1 (7)항에서 

는 안전 운전을 달성하기 위해 필요한 모든 공정과 각 공정의 모든 요건이 명시 

되었음을 확인할 수 있는 방법을 제시하도록 하였다. 기능요건분석의 적합성과 

완전성의 검토를 위해서는 계통 지식이 있어야 하며， 필요시 다른 검토부서의 협 

조를 받아야 한다. 그리고 (4)항에서는 기능분할의 정도는 감시 및 제어기능까지 

하위 수준으로 진행되어 기능할당의 적합성을 판단할 수 있어야 한다고 하였으 

며. 18.2.2.2.2 (5)에서는 작업자에게 할당된 작업이 적절히 수행할 수 있음이 확 

인되어야 한다고 하였다. 이 사항은 신청자의 분석에 따라 직무분석 및 운전조 

구성 분석을 동시에 고려하여 평가할 필요가 있다. 
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• 인적요소 분석의 인간신뢰도 분석의 설계 통합 이 검토분야를 검토하기 위 

해 검토자는 확률론적 안전성평가 및 인간신뢰도 분석 보고서를 참조할 필요가 

있다. 

• 인적요소 설계의 인간 기계 연계 설계 - 이행계획서， 분석결과보고서， 독립검 

토보고서와는 다른 설계 관련 문건을 검토될 수 있다. 신청자의 상세설계지침， 

대안연구보고서， 시험 및 실험 보고서 등이 검토되어야 한다. 또한， 다양한 모형 

(mockup), 시제품， 또는 유사한 설계 표현물이 설계 수행의 예비 검토를 위해 적 

용될 수 있다. 그리고 본 지침 18.2.3.1 (3) 인간-기계 연계 설계 원칙은 상세안 

전요건 15.2 ‘제어실 인간공학’과， NUREG~0700 Rev. 1과 같은 상세 설계검토 지 

침에 부가적， 또는 보완적으로 인간←기계 연계 설계에 적용할 수 있는 상위수준 

의 원칙들이지만， 다른 대안이 있을 수 있으므로 엄격한 적용보다는 대안의 타당 

성에 따라 적용여지를 두어야 한다. 

• 인적요소 설계의 절차서 및 훈련 내용 개발 설계단계에서의 절차서 및 훈련 

내용 개발에 대한 검토는 다른 인간공학 설계공정 업무로부터 최종 절차서 및 

훈련에 반영할 요건이 적절히 도출되었는가를 검토하며， 이 검토에는 절차서 작 

성지침서와 인적설계 확인 및 검증을 위한 요원의 훈련를 포함한다. 

• 인적설계 확인 및 검증 인간공학 현안 추적 체계가 검토되어야 한다. 인간 

기계 연계의 실제 설계， 높은 충실도의 시제품(prototype) ， 또는 모의제어반이 신 

청자의 확인 엽무의 검토를 위해 사용되어야 한다. 검토자는 통합 계통 검증의 

평가에 입회할 수 있다. 인간 기계 연계의 직무 지원 확인， 인간공학 설계의 확 

인， 통합된 계통의 검증， 인적요소 현안 해결의 확인의 결과로부터의 최종 설계 

를 기술한 문건이 검토되어야 한다. 최종 발전소 인간공학 설계의 확인은 검토되 

어야 하나 발전소 건설 시점에 수행되어야 하므로 운영허가 사항으로 다룰 수 

었다. 

18.4 평가결과 
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개별 검토분야에 대한 승인은 다음에 근거한다. 

• 모든 관련 검토기준을 만족하였음 

• 모든 검토기준의 만족을 다른 방법으로 제시하였음. 신청자가 제안한 다른 분 

석 방법은 규제기관의 승인을 얻어야 한다. 

• 검토기준에 부합하지 않은 사항에 대해 승인할 수 있는 정당성을 제시하였음. 

검토분야 및 부적합 사항에 따라， 최신 문헌， 현행 관례， 운전경험， 대안분석， 공 

학적 실험 및 평가 등에 의해 정당성이 입증될 수 있다. 

검토결과 불만족스런 사항에 대해서는 추가적인 분석 또는 재검토， 확인된 설 

계결함의 수정과 같은 설계 업무를 요구할 수 았다. 

18.5 이행 

이 절의 목적은 본 규제지침을 이용하는 KINS 검토자의 규제입장에 관한 정 

보를 신청자 또는 피면허자에게 제공하고자 하는 것이다. 상기의 안전심사지침은 

차세대 원전 또는 신규 건설 원전의 인간공학 설계검토에 적용된다. 
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제 3 절 안전심사지침 초안(영문) 

Safety Review Procedures 
Chapter 18. Human Factors Engineering 

18.1 AREAS OF REVIEW 

The objective of this review is to ensure that the applicant has integrated human 
factors engineering (HFE) into plant design and evaluation and has provided HFE 
products that make possible safe, efficient, and reliable performance of operation, 
maintenance, test, inspection, and surveillance tasks by considering human 
performance characteristics, capabilities, and limitations so that the applicant has 
satisfied the requirements in Sections 15 .1, 15.2 and applicable others of Specific 
Safety Requirements. 

This chapter describes a comprehensive process for evaluating (1) designs, (2) design 
processes, and (3) design reviews submitted by applicants. In accordance with 
sections 15 .1 and 15 .2 of Specific Safety Requirements, The chapter describes 
acceptance criteria, review procedures, and evaluation findings for the following areas 
of review: 

• HFE Program Management 
• Human Factors Analyses 

- Operating Experience Review 
- Functional Requirements Analysis and Function Allocation 
- Task Analysis and Staffing Analysis 
- Integration of Human Reliability Analysis with HFE Design 

• Human Factors Design 
- Human-System Interface (HSI) Design 
- Procedure and Training Requirements Development 

• HFE Verification and Validation 

The reviews conducted in this section address the applicable HSIs including human 
reliability analysis, staffing, procedure, and training related to all operations, accident 
management, maintenance, test, inspection, and surveillance with respect to the main 
control room, remote shutdown facility, technical support center, emergency operation 
facility, and local control stations. Therefore, the reviews should be coordinated with 
the following other Safety Review Procedure chapters and sections: 

• Chapter 7. “ Instrumentations and Controls" 
• Section 13 .2 “Training" 
• Section 13.5 “ Plant Procedures" 
• Chapter 14. “Construction, Performance Test, and Initial Test Plan" 
• Chapter 15. “Accident Analysis" 
• Chapter 19. “ Severe Accident Assessment" 
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18.2 ACCEPTANCE CRITERIA 

18.2 .1 HFE Program Management 

The objective of this review is to ensure that the applicant has an HFE design team 
with the responsibility, authority, placement within the organization, and composition 
to ensure that the design commitment to HFE agreeing to General Safety Principles 
3: "Consideration of Human Factors" is achieved, and has established an HFE 
program plan to ensure that the proper development, execution, oversight, and 
documentation of the HFE program so that the applicant has satisfied the 
requirements in Section 15.1.1 of Specific Safety Requirements. 

18.2.1.1 HFE Program Goals and Scope 

(l) HFE Program Goals - The HFE program plan should be established and stated in 
"human-centered" terms to accomplish HFE design goals and used as a basis for 
HFE test and evaluation activities. Generic "human-centered" HFE design goals 
include the following: 

• The HFE design will consider human performance characteristics, capabilities, and 
limitations 

• Personnel tasks can be accomplished within time and performance criteria . 
• The HSI will support a high degree of operating crew "situation awareness." 
• The plant design and allocation of functions wil1 provide acceptable workload 

levels to ensure a balance between vigilance and operator overload . 
• The operator interfaces will minimize operator error and will provide for error 

detection and recovery capability . 
• The HSI will provide operators with correct information to support operators' 

decision making preventing from making wrong decision. 

(2) Assumptions and Constraints - The design assumptions (or consπaints) should be 
dearly identified. An assumption or constraint is an aspect of the design, such as a 
specific staffing plan or the use of speci힌c HSI technology, that is an input to the 
HFE program rather than the result of HFE analyses and evaluations. 

(3) Applicable Facilities - 까le HFE program should address the main control room, 
remote shutdown facility, technical support center (TSC), emergency operations 
facility (EOF), and local control stations (LCSs). 

(4) Applicable HSIs - The applicable HSIs included in the HFE program should 
include all operations, accident management, maintenance, test, inspection and 
surveillance interfaces (including procedures). 

(5) Applicable Plant Personnel - plant personnel who perform tasks that are directly 
related to plant safety should be addressed, including personnel working with the 
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applicable facilities and HSIs defined in above (3) and (4). In addition, the team for 
training and procedure development should be addressed in the applicable HFE 
program. 

18.2.1.2 HFE Design Team and Organization 

(1) Responsibility - The team should be responsible (with respect to the scope of the 
HFE program) for (a) the development of all HFE plans and procedures; (b) the 
oversight and review of all HFE design, development, test, and evaluation activities; 
(c) the initiation, recommendation, and provision of solutions through designated 
channels for problems identified in the implementation of the HFE activities; (d) 
verification of implementation of team recommendations; (e) assurance that all HFE 
activities comply with the HFE plans and procedures; and (f) scheduling of activities 
and milestones. 

(2) Organizational Placement and Authority - The primary HFE organization(s) or 
function(s) within the organization of the total program should be identified, 
described, and illustrated (e.g., charts to show organizational and functional 
relationships, reporting relationships, and lines of communication). When more than 
one organization is responsible for HFE, the lead organizational unit responsible for 
the HFE program plan should be identified. The team should have the authority and 
organizational placement to ensure that all its areas of responsibility are accomplished 
and to identify problems in the implementation of the HSI design. The team should 
have the authority to control further processing, delivery, installation, or use of 
HFEIHSI products until the disposition of a nonconformance, deficiency, or 
unsatisfactory condition has been achieved. 

(3) Composition - The HFE design team should include the expertise in the areas of 
technical project management, systems engineering, nuclear engineering, 
instrumentation and control (1 &C) engineering, architect engineering, human factors 
engineering, computer system engineering, plant operations, plant procedure 
development, personnel training, systems safety engineering, 
maintainability/inspectability engineering, reliability/availability engineering. But all the 
members of the HFE design team may not be in a single organization. A listing of 
minimum qualifications can be referred to KINS-G-OO 1 Appendix 18.1-1. Team 
staffing should be described in terms of job descriptions and assignments of team 
personnel. 

18.2.1 .3 HFE Process and Procedures 

(1) General Process Procedures - The process through which the team will execute 
its responsibilities described in item (1) of Section 18.2.1.2 above should be 
identified. The process should include procedures for 

• the development of all HFE plans and procedures 
• the oversight and review of all HFE design, development, test, and evaluation 
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achvitíes 
• the initiation, recommendation, and provision of solutions through designated 

channels for problems identified in the implementation of the HFE activities 
• goveming design changes 
• making HFE design decisions 
• verification of implementation of team recommendations 
• assurance that all HFE activities comply with the HFE plans and procedures 
• scheduling of activities and milestones 

(2) Process Management Tools - Tools and technique to be utilized by the team to 
ensure they fulfill their responsibilities should be identified, for example, 

• personnel questionnaire/interview forms 
• inventory forms to record the components present in the control room 
• checkIists to ensure that all relevant guidelines are systematically addressed for HSI 

components 
• documentation control forms such as photographic logs 
• special measurement forms, e.g., for noise, ambient fighting, display Iighting, and 

environmental conditions 
• HED forms to identify the locations of discrepancies and c1early describe them 

(3) Integration of HFE and Other Plant Design Activities - The integration of design 
activities should be identified, that is, the inputs from other plant design activities to 
the HFE program and the outputs from the HFE program to other plant design 
actlvltles 

(4) HFE Program Milestones - HFE milestones should be identified so that 
evaluations of the effectiveness of the HFE effoπ can be made at critical check 
points and show the relationship to the integrated plant sequence of events. A 
relative program schedule of HFE tasks and a description of relationships between 
HFE elements and activities, products, and reviews should be available for review. 
The iterative nature of the HFE design process should be addressed. 

(5) HFE Documentation - HFE documentation items should be identified and briefly 
described along with the procedures for retention and access. 

(6) HFE in Subcontractor Efforts - HFE requirements should be included in each 
subcontract and the subcontractor’s compliance with HFE requirements should be 
periodically verified. 

18.2.1 .4 HFE Issues Tracking System 

(1) Availability - A tracking system should be available to address human factors 
issues that are identified during all the stages of Human Factors Analyses, Human 
Factors Design, and HFE Verification and Validation. Issues are those items that 
need to be addressed at some later date and thus need to be tracked to ensure that 
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they are not overlooked. 

(2) Method - The method should document and track HFE issues from identification 
until elimination or reduction to an acceptable level. The criteria and procedures for 
the management and treatment of HFE issues, and the method for HFE issue analysis 
and resolution should be addressed. 

(3) Documentation - Each issue or concem that meets or exceeds the threshold 
established by the design team should be entered into the system when first 
identified, and each action taken to eliminate or reduce the issue or concem should 
be thoroughly documented. The final resolution of the issue should be documented in 
detail, along with information regarding design team acceptance. 

(4) Responsibility - When an issue is identified, the tracking procedures should spell 
out individual responsibilities for issue logging, tracking and resolution, and resolution 
acceptance. 

18.2.1.5 Technical Program 

(l) The general development of implementation plans including the scope, process, 
results, and schedule for analyses, evaluation, and relationships of the following 
should be identified and described: 

• HFE Program Management 
• Human Factors Analyses 

- Operating Experience Review 
- Functional Requirements Analysis and Function Allocation 

- Task Analysis and Staffing Analysis 
- Integration of Human Reliability Analysis with HFE Design 

• Human Factors Design 
- Human-System Interface (HSI) Design 
- Procedure and Training Requirements Development 

• Human Factors Verification and Validation 

(2) The HFE requirements, standards, specifications imposed on the design process 
should be identified and described. 

(3) HFE facilities, tools, and techniques (such as simulators, software development 
techniques) to be utilized in the HFE program should be specified. 

18.2.2 Human Factors Analyses 

18 .2 .2.1 Operating Experience Review 

The objective of this review is to ensure that the applicant has identified recognized 
nuclear industry HFE issues, and human factors issues related to the predecessor 
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plant and systems, evaluated advanced HSI technologies to incorporate the findings 
with HFE program so that the applicant has satisfied the requirements in Section 
15. 1.2.1 of Specific Safety Requirements. 

18.2.2.1.1 Scope of Operating Experience Review 

(1) recognized nuclear industry HFE issues - The review should include the 
following described in NUREG-0711 Appendix B and NUREGICR-6400: 

• Unresolved Safety Issue/Generic Safety Issue 
• TMI Issues 
• NRC Generic Letters and Information Notices 
• Low Power and Shutdown Issues 
• Operating Plant Event Reports 
• Office for Analysis and Evaluation of Operational Data studies 

(2) HFE issues related to predecessor plant and systems (document review) - The 
document review of the following should be performed to identify human factors 
issues related to the predecessor plants similar to the Korean Next Generation 
Reactor . 

• plant event reports and other intemal reports (such as K-HPES reports, case 
studies, etc.) 

• human reliability assessment results 
• modifications of the technical specifications for operation 
• SER for the predecessor plants and human engineering discrepancy (HED) 
• CFMS display design evaluation report 

(3) HFE issues related to predecessor plant and systems (personnel survey) - 까le 

survey should include plant personnel described in item 5 of Section 18.2.1.1 to 
determine operating experience related to predecessor plants or systems. The 
following topics should be included in the personnel survey as a mlmmum: 

• near-miss experience, situation causing high workload, and work situation requiring 
high staffing demands, episodes where personnel’s decisions and actions were 
significant or potentially significant to plant safety during normal plant evolutions, 
transients, and accident conditions such as, 

- normal plant ev이utions (e.g., st따tup， full power, and shutdown) 

instrument failures [e.g., safety-related system logic and control unit, fault 
tolerant controller (nuclear steam supply system), local "field unit" for 
multiplexer (MUX) system, MUX controller (balance of plant), break in MUX 
line] 

HSI equipment and processing failure (e.g., loss of video display units, loss 
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of data processing, loss of large overview display) transients (e.g., turbine 
trip, loss of offsite power, station blackout, loss of all feedwater, loss of 
service water, loss of power to selected buses or CR power supplies, and 
safety/relief valve transients) 

- accidents (e.g., main steam line break, positive reactivity addition, control rod 
insertion at power, control rod ejection, anticipated transient without scram, 
and various sized loss-of-coolant accidents) 

- reactor shutdown and cooldown using remote shutdown system 

• human factors related to the critical tasks identified in HRA 

• personal experience and knowledge about (1) recognized nuclear industry HFE 
issues, (2) HFE issues related to predecessor plant and systems (document review) 

• opm lOn on how specific features of HFE and HSI design in the main control 
room, remote shutdown facility, technical support center (TSC), emergency 
operations facility (EOF), and local control stations (LCSs) supported or impaired 
personnels’ performance. The following topics should be addressed: 

- information display 
- process control and input devices 
- level of automation 
- alarm and annunciation 
- workplace and environment design 
- information processing and job aids 
- real-time communications with plant personnel and other organizations 
- corrective and preventive maintenance 
- procedures, training, staffing, and job design 

(4) review of advanced HSI technologies - To comply with General Safety Principles 
(Design) 2: "Use of Proven Technology" , HFE issues related to the specific advanced 
HSI technologies (e.g., large screen display, CRT-based workstation, soft control, 
computer-based procedure) that are, or will be, implemented in the HSI design 
should be examined. Operating experience associated with the HSI technologies in 
other industries such as fossil power plants, chemical process plants, and aviation 
industry as well as in foreign nuclear power plants should be investigated through 
document review or site survey and evaluated in the process of HFE program to be 
used as basis of HFE design. 

18.2.2.1.2 Issue Analysis, Tracking, and Review 

(1) Analysis Content - The issues should be analyzed with regard to the 
identification of 
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• human performance issues, problems, and sources of human error 
• design elements that support and enhance human performance 

(2) documentation - The analysis of operating experience should be documented in 
an evaluation report. 

(3) incorporation into the tracking system- Each operating experience issue determined 
to be appropriate for incorporation in the design (but not already addressed in the 
design) should be documented in the HFE issue tracking system. 

(4) Interface with other HFE program elements - The results from operating 
experience review should be documented to ensure that the results are utilized in 
other HFE program elements as follows: 

• Functional Requirements Analysis and Function Allocation 
- basis for initial requirements 
- basis for initial allocation 
- identification of need for modification 

• Task Analysis and Staffing Analysis, Human Reliability Analysis 
- critical human actions and errors 
- problematic operations and tasks 
- staffing shortfalls 

• HSI Design, Procedure and Training Requirements Development 
- trade study evaluations 
- potential design solutions 
- potential design issues to be reviewed 

• Human Factors Verification and Validation 
- tasks to be evaluated 
- event and scenario selection 
- performance measure selection 
- issue resolution verification 

18.2.2.2 Functional Requirements Analysis and Function Allocation 

The objective of this review is to ensure that the applicant has defined the plant’s 
safety functional requirements and that the function has been allocated compatibly 
with human capabilities and limitations so that the applicant has satisfied the 
requirements in Section 15.1.2.2 of Specific Safety Requirements. 

18.2.2.2.1 Functional Requirements Analysis 

(1) Functional requirements analysis incorporated with function allocation should be 
conducted using acceptable HFE method. The method, technical bases, and analysis 
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results should be documented. 

(2) Safety functions (e.g., reactivity control) should be defined. These inc1ude 
functions required to prevent or mitigate the consequences of postulated accidents that 
could cause undue risk to the health and safety of the public. For each safety 
function, the set of plant processes (plant system configurations or success paths) that 
are responsible for or capable of carrying out the function sho비d be c1early defined. 

(3) A summary description should be provided for each plant process (unchanged or 
modified) which inc1udes 

• purpose of the process 
• conditions that indicate that the process is required 
• parameters that indicate that the process is available 
• parameters that indicate the process is operating (e.g., f10w indication) 
• parameters that indicate the process is achieving its purpose (e.g., reactor vessel 

level returning to normal) 
• parameters that indicate that operation of the process can or should be terminated 

(4) Safety functions should be described initially in graphic form (e.g., functional 
f10w block diagram). Function diagramming should be done at several levels, starting 
at top-lεvel functions where a very general picture of m매or functions is described, 
and continuing to the plant process level and to lower levels until a specific 
allocation can be made to monitoring and control enough to determine its suitability. 
The functional decomposition should address the following levels: 

• high-level functions [e.g., maintain reactor coolant system (RCS) integrity] and 
critical safety functions (e.g., maintain RCS pressure control) 

• individual plant processes 
• specific plant systems and components 

(5) Safety functions and processes of the new plant should be compared to those of 
the predecessor plant, if any, to document functions and processes that are (a) new, 
(b) changed, and (c) deleted. These should be referred to as the "modified" processes 
Safety processes that have not been modified should be documented as unchanged. 

(6) The technical basis for modified processes should be documented. 

(7) It should be verified that all the processes necessary for the achievement of safe 
operation and all requirements of each process are identified. Method used for this 
verification should be described. 

(8) The functional requirements analysis should be kept current over the life cycle of 
design development and held until decommissioning so that it can be used for design 
when modifications are considered. A system for managing this should be described. 
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18.2.2.2.2 Function Allocation 

(1) The function allocation should be evaluated by applying acceptable HFE method 
and criteria. The allocation criteria, rationale, analyses, and rules used in the analysis 
of function allocation should be documented. A description should be provided of 
how the integrated role of the operator across all systems is confirmed for 
acceptability . 

(2) Processes that were identified as unchanged should be reviewed to determine if 
any changes exist in the function allocation compared to those of predecessor plants. 
Those for which the function allocation has changed should be referred to as 
modified function allocations. 

(3) The level of automation should be briefly described (e .g., fully’ automatic, fully 
manual, automatic with manual backup) for each unchanged function with unchanged 
allocation. 

(4) Unchanged processes that have modified function allocations should be analyzed 
in terms of resulting human performance requirements based on the expected user 
population. A rationale for the resulting allocation should be provided. This analysis 
should reflect, as much as possible at this stage of design, (a) sensitivity, precls lOn, 
time, and safety-related requirements; (b) required reliability; and (c) the number and 
level of skills of personnel required to operate and maintain the system. 

(5) The results of analyses and tradeoff studies should support the adequate 
configurations of personnel and system-performed control functions. Analyses should 
confirm that the personnel element can properly perform tasks allocated to them 
while maintaining operator situation awareness, workload and vigilance. 

(6) The operating experience review should be used to address the case of modified 
processes. 

(7) The OER should be used to address the case of unchanged functions that have 
unchanged control function allocations. If problematic OER issues are identified, then 
an analysis should be performed to provide resolutions that justifY the allocations. 

(8) All function allocations should be reviewed to evaluate the effect of new control 
function allocations on unchanged control function allocations 

(9) The function allocation should be evaluated and re-allocated in an iterative 
manner, if necessary, in response to developing other Human Factors Analyses 
activities such as Operating Experience Review, Task Analysis, and HRA. 
Specifically, the effect of changes in HSI technology on the function allocation 
should be evaluated. 

18 .2 .2.3 Task Analysis and Staffing Analysis 
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The objective of this review is to ensure that the applicant has identified the 
requirements of the tasks the personnel subsystem is required to perform, evaluated 
that the requirements do not exceed human capabilities, and incorporated the 
requirements with human factors design and HFE verification and validation so that 
the applicant has satisfied the requirements in Section 15. 1.2.3 of Specific Safety 
Requirements. 

18 .2 .2.3 .1 Task Analysis 

(1) The scope of the task analysis should inc1ude selected representative and 
important tasks from the areas of operations, maintenance, test, inspection, and 
surveillance, which are performed in the facilities applicable to the HFE program as 
defined in item 3 of 18 .2 .1.1 HFE Program Goals and Scope .. The analyses should 
be directed to the full range of plant operating modes, inc1uding staπup， normal 
operations, abnormal and emergency operations, transient conditions, and low-power 
and shutdown conditions. 

(2) Tasks should be linked using a technique such as operational sequence diagrams. 
A review of the descriptions and operational sequence diagrams should identifY which 
tasks can be considered "critical" in terms of importance for function achievement, 
potential for human error, and impact of task failure. Human actions that are found 
to affect plant risk by means of probabilistic risk assessment (PRA) importance and 
sensitivity analyses should also be considered "critical." All critical tasks should have 
specific task analyses performed for them. To determine PRAlhuman reliability 
analysis (HRA) critical human actions, intemal and extemal initiating events and 
actions affecting the PRA Level 1 and 11 analyses should be considered (see 18 .2 .2 .4 

Integration of Human Reliability Analysis with HFE Design). Where critical functions 
are automated, the analyses should consider all human tasks inc1uding monitoring of 
the automated system and execution of backup actions if the system fails. 

(3) Task analyses should begin on a gross level and involve the development of 
detailed narrative descriptions of what personnel must do. They should define the 
nature of the input, process, and output required by and of personnel Detailed task 
descriptions should address (as appropriate) the following: 

• Information Gathering 
- information required (parameters. units. precision, accuracy) 
- information source (alarm, displays, verbal communication, etc) 

• Decisionmaking 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 

errors, such as capture error, will be identified and carefully analyzed) 
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• Response Requirements 
- action to be taken 
- overlap of task requirements (serial vs. parallel task elements) 
- frequency 
- time available for operator response based on plant response characteristics 
- temporal constraints (task ordering) 
- t이erance and accuracy 
- operational limits of personnel performance 
- operational limits of machine and software 
- body movements required by action taken 

• Feedback Requirements 
- feedback required to indicate adequacy of actions taken 

• Workload 
- cogmtlve 
- physical 
- estimation of difficulty level 

• Task Support Requirements 
- special and protective c10thing 
- job aids or reference materials required 
- tools and equipment required 
- computer processing support aids 

• Workplace Factors 
- workspace envelope required by action taken 
- work environment (e.g., lighting, heat noise, and radiation) 
- workspace location 

• Staffing and Communication Requirements 
- number of personnel, their technical specialty, and specific skil1s 
- communications required, inc1uding type 
- personnel interaction when more the one person is involved 

• Hazard Identification 
- identification of hazards ins involved 

(4) The task analysis should be iterative and become progressively more detailed 
over the design cycle. It should be detailed enough to identify information and 
control requirements to enable specification of detai1ed requirements for alarms, 
displays, data processing, and controls for human task accomplishment. Since the 
changes in HSI technologies and the extensive application of computer systems can 
cause changes in the tasks of maintenance, test, inspection, and surve il1ance, as well 
as operations, tasks expected to change from those at the predecessor plants should 
be carefully analyzed. 
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(5) The task analysis should incorporate job design issues such as the number of 

crew members crew member skills allocation of monitoring and control tasks to the 
(a) formation of a meaningful job and (b) management of crew member’s physical 
and cognitive workload. 

(6) The task analysis results should be used to de감ne minimum inventory of alarms, 
displays, and controls necessary to perform crew tasks based on both task and 
instrumentation and control requirements. 

(7) The task analysis results should provide input to human factors design and HFE 
verification and validation. 

18.2.2.3 .2 Staffing Analysis 

(l) The staffing analysis should determine the number and background of personnel 
required during the full range of plant conditions and tasks including operational 

tasks (normal, abnormal, and emergency), plant maintenance, and plant surveillance 
and testing. The scope of personnel that should be considered is identified in item 
(5) of section 18.2. 1.1. 

(2) Staffing levels should be based on an analysis of 

• initial HSI staffing goals and their bases including staffing levels of predecessor 

systems and a description of significant similarities and differences between 
predecessor and current systems 

• additional considerations on all operations, accident management, maintenance, test, 
inspection and surveillance due to the differences in applied HSI technologies 

• required actions determined from the task analysis 
• availability of operators considering other activities that may be ongoing and for 

which operators may take on responsibilities outside the control room (e.g. , fire 
brigade) 

• the physical configuration of the control room and control consoles 

• the availability of plant information from individual operator workstations from 
individual and group view HSI interfaces 

• required interaction between operators for diagnosis, planning, and control activities 

• actions required by Chapter 21 "Emergency Preparedness" of Specific Safety 

Requirements and Chapter 21 of Safety Regulatory Guides 
• staffing requirements described in Section 18.1.2 of Specific Safety Requirements 

and Chapter 18 of Safety Regulatory Guides 

(3) The staffing analysis should consider the issues associated with the following 

HFE program elements and then compare these issues to staring assumptions 
regarding the number and qualifications of operations personneI. The basis for 
staffing should be modified to address these issues: 
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• Operating Experience Review 
operational problems and strengths that resulted from staffing levels in 
predecessor systems 

• Function Analysis and Allocation 
- mismatches between functions allocated to the operator and the qualifications 

of anticipated operators 

• Task Analysis 
- the knowledge, skills, and abilities required for operator tasks addressed by 

the task analysis 
- requirements for operator response time and workload 
- requirements for operator communication and coordination 
- the job requirements that result from the sum of all tasks allocated to each 

individual operator both inside and outside the control room 
- the effect of overall staffing levels and the coordination of individual operator 

roles on human errors associated with the use of advanced technology 

• HSI Design 
- staffing demands resulting from the locations and use (especially concurrent 

use) of controls and displays 
- the requirements for coordinated actions between individual operators 
- crew performance measured during the evaluation of HSI design 
- staffing requirements and qualifications required for performing maintenance, 

test, inspection, and surveillance of HSI 

• Procedure 
staffing demands resulting from requirements for concurrent use of multiple 
procedure 
skills, knowledge, abilities, and authority required of operators by the 

procedures 

(4) Staffing analysis should include the evaluation of the following during HFE 
verification and validation: 

ability of mmlmum size operating crew to control plant during validation 
scenanos 

- ability of operators to effectively communicate and coordinate actions during 
all validation scenarios 

- ability of operators to maintain awareness of plant conditions and operator 
actions throughout all validation scenarios 

18.2.2.4 Integration of Human Reliability Analysis with HFE Design 

The objective of this review is to ensure that the applicant has incorporated 
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PRAlHRA results applicable to the HFE program with Human Factors Analyses, 
Human Factors Design, and HFE Verification and Validation so that the applicant 
has satisfied the requirements in Section 15.1.2 .4 of Specific Safety Requirements. 

(l) Critical human actions should be identified from the PRAlHRA and used as input 
to the HFE design effort. These critical actions should be developed from the Level 
1 (core damage) PRA and Level 2 (release from containment ) PRA including both 
intemal and extemal events. They should be developed using selected (more than 
one) importance measures and HRA sensitivity analyses to ensure that an important 
action is not overlooked because of the selection of the measure or the use of a 
particular assumption in the analysis. 

(2) Critical human actions that are identified by means of PRAIHRA as posing 
serious challenges to plant safety and reliability should be re-examined by function 
allocation analysis, task analysis, HSI design, or procedure development to minimize 
the likelihood of operator error and provide for error detection and recovery 
capability. 

(3) The details of human performance of critical human actions and their associated 
tasks and scenarios identified through the initial PRAlHRA should be specifically 
addressed during the task analysis to ensure that these tasks are within acceptable 
human performance capabilities (e.g. within time and workload requirements). 

18.2.3 Human Factors Design 

18.2.3 .1 HSI Design 

The objective of this review is to assess the applicant’s HSI design process and the 
results from the design process. The review should ensure that the applicant has 
appropriately translated function and task requirements to the detailed HSIs through 
the systematic application of HFE principles and criteria so that the applicant has 
satisfied the requirements in Section 15. 1.3.1 and 15.2 of Specific Safety 
Requirements. 

(l) The scope of the HSI design should include the following for the main control 
room, remote shutdown facility, technical support center (TSC), emergency operations 
facility (EOF), and local control stations (LCSs) as defined in Section 15. 1.1.1 of 
Specific Safety Requirements: 

• the overall work environment 
• workspace layout (e.g., control room and remote shutdown facjlity layouts) 
• control panel and console design 
• control and display device layout 
• information and control interface design details, such as graphic display formats, 

symbols, dialog design and input methods 
• computer-based procedures 
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(2) Documentation of HSI design process - The HSI design process should be 
organized and documented to support its standardized and consistent use by members 
of the design team and their contractors. This should include the following (each is 
defined in the criteria to follow) 

• HSI design principles 
• identification of task-related HSI requirements 
• se lection and allocation of functions of HSI components 
• detailed HSI design 
• HSI evaluation 
• HSI design documentation 

(3) HSI Design Principles - HFE principles and criteria to be applied to HSI design 
process should be described. This may include 

A. General Principles - These principles ensure that the HSI design supports 
personnel safety, and is compatible with their general cognitive and physiological 
capabilities . 

• Personnel Safety - The design should minimize the potential for mJury and, 
exposure to harmful materials . 

• Cognitive Compatibility - The operator’s role should consist of purposeful and 
meaningful tasks that enable personnel to maintain fàmiliarity with the plant and 
maintain a level of workload that is not so high as to negatively affect 
performance, but sufficient to maintain vigilance . 

• Physiological Compatibility The design of the interface should reflect 
consideration of human physiological characteristics including visual/auditory 
perception, biomechanics (reach and motion), characteristics of motor control, and 
anthropomeσy . 

• Simplicity of Design - The HSI should represent the simplest design consistent 
with functional and task requirements . 

• Consistency - There should be a high degree of consistency between the HSI, the 
procedures, and the training systems. At the HSI, the way the system functions 
and appears to the operating crew always should be consistent, reflect a high 
degree of standardization, and be fully consistent with procedures and training . 

• Accommodation of human performance under the range of conditions, for example, 
normal as well as credible extreme conditions - The design process should take 
into account the use of the HSI over the duration of a shift and in plausible 
scenarios that may result in reduced visibility and ventilation or control room 
evacuation. The design of non-control room HSIs, such as local control stations, 
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should address constraints imposed by the environment (e.g., noise, temperature, 
contamination) and by protective c1othing. 

B. Primary Task Design Principles - These principles support the operators primary 

task of process monitoring, decision-making, and control to maintain safe operation. 

• Situation Awareness - The information presented to the users by the HSI should 

be correct, rapidly recognized, and easily understood (eg., "direct perception" or 

"status at a glance'’ displays) and support the higher-level goal of user awareness 
of the status of the system . 

• Task Compatibility - The system should meet the requirements of users to perform 

their tasks (including operation, safe shutdown, inspection, maintenance, and repair). 

Data should be presented in forms and formats appropriate to the task (including 
the need to access confirmatory data or raw data in the case of higher-level 
displays), and control options should encompass the range of potential actions. 

There should be no unnecessary information or control options . 

• U ser Model Compatibility - All aspects of the system should be consistent with 

the users' mental models (understanding and expectations about how the system 
behaves as developed through training, use of procedures, and experience). All 
aspects of the system also should be consistent with human factors practice and/or 

established conventions . 

• Organization of HSI Elements - The organization of all aspects of the HSI (from 

the elements in individual displays, to individual workstations, to the entire control 
room) should be based on user requirements and should reflect the general 
principles of organization by importance, frequency, and order of use . 

• LogicalÆxplicit Structure - 씨1 aspects of the system (formats, terminology, 
sequencing, grouping, and operator’s decision-support aids) should reflect an 

obvious logic based on task requirements or some other non-arbitrary rationale. 
The relationship of each display, control, and data-processing aid to the overall 

tasklfunction should be c1ear. The structure of the interface and its associated 

navigation aids should make it easy for users to recognize where they are in the 
data space and should enable them to get rapid access to data not currently visible 

(e.g., on other display pages). The way the system works and is structured should 

be clear to the user . 

• Timeliness - The system design should take into account users' cognitive 

processing capabilities as well as process-related time constraints to ensure that 
tasks can be performed within the time required. Information flow rates and 

control performance requirements that are too fast or too slow could diminish 
performance . 

• Controls/Displays Compatibility - Displays should be compatible with the data 
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entry and control requirements . 

• Feedback - The system should provide useful information on system status, 
permissible operations, errors and eπor recoveη， dangerous operations, and validity 
of data. 

C. Secondary Task Control Principles 

• Minimization of the demands of secondary tasks - Secondary tasks are activities 
performed when interfacing with the system, but that are not directed to the 
primary task of process monitoring, decision-making, and contro l. Examples include 
efforts operators must expend managing the interface, such as navigation through 
displays, managing windows, and accessing data. Although necessary, performance 
of secondary tasks detracts from the crew’s performance of primary tasks. 
Secondary tasks should be minimized in aspects of the following cognitive and 
response workload . 

• Cognitive Workload - The information presented by the system should be rapidly 
recognized and understood; therefore, the system should minimize requirements for 
making mental ca1culations or transformations and use of recall memory (recalling 
lengthy lists of codes, complex command strings, information from one display to 
another, or lengthy action sequences). Raw data should be processed and presented 
in directly usable form (although raw data should be accessible for confirmation) . 

• Response Workload - The system should require a minimum number of actions to 
accomplish an action; e.g., single versus command keying, menu selection versus 
multiple command entry, single input mode (keyboard, mouse) versus mixed mode. 
In addition, the system should not require the entη of redundant data, nor the 
re-entry of information already in the system, or information the system can 
generate from already resident data. 

D. Task Support Principles 

• Flexibility - The system should give the user multiple means to carry out actions 
(and verify automatic actions) and permit displays and controls to be formatted in 
a configuration most convenient for the task. However, f1exibility should be limited 
to situations where it offers advantages in task performance; it should not be 
provided for its own sake because there is a tradeoff with consistency and the 
imposition of interface management workload (which detracts from monitoring and 
operations tasks) . 

• User Guidance and Support - The system should provide an effective "help" 
function. Informative, easy-to-use, and relevant guidance should be provided on-line 
and off-line to help the user understand and operate the system . 

• Error Tolerance and Control - A fail-safe design should be provided wherever 
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failure can damage equipment, injure personnel, or inadvertently operate critical 
equipment. Therefore, the system should generally be designed such that a user 
error will not have serious consequences. The negative effects of errors should be 
controlled and minimized. The system should offer simple, comprehensible 
notification of the error, and simple, effective methods for recovery. 

(4) Identification of Task-Related HSI Requirements - This criterion addresses the 
identification of the HSI requirements to support human functions and tasks using the 
results of Human Factors Analyses as a basis. The requirements should address 
alarms, displays, controls, and operator aids. For example, units of measure, accuracy 
of variable/parameter, precision of display, dynamic response, and display format (bar 
chart, and trend plot) should be described for display characteristics and functionality 
requirements, and for control characteristics and functionality requirements, continuous 
versus discrete settings, number and type of control modes, accuracy, precision, 
dynamic response, and control format (method of input) sho비d be described. The 
range and accuracy of displayed information should be consistent with operator 
information requirements for making decisions regarding the plant state. Precision 
requirements for the display of plant information (e.g., number of demarcations on a 
scale) should be defined to a level that is consistent with task requirements without 
burdening the operator with unnecessary detail (e.g., excessive number of decimal 
places). Units of measurement should be defined to be consistent across related 
operator tasks (e.g., operators should not have to convert values from one 
measurement system to another). The technical basis for task-related HSI requirements 
should be documented. 

(5) Selection and Allocation of Functions of HSI Components - This criterion 
addresses the selection of general HSI design features including the selection of HSI 
components such as a large-screen display panel or touch screen controls and the 
allocation of HSI functions to individual HSI components. The selection of general 
features should be evaluated and decided through various methods including operating 
experience and literature analyses, tradeoff studies, engineering evaluations and 
experiments, and benchmark evaluations. Such evaluations should consider the 
strengths and limitations of design options. The process for evaluating alternatives 
and the justification for the final selection should be documented. 

(6) Guidelines for Detailed HSI Design - The applicant should utilize HFE guidelines 
for the detailed design of the selected general HSI features, layout, and environment. 

This will facilitate the standard and consistent application of HFE principles to the 
detailed design. Generic HFE guidance documents should be tailored to the 
applicant’s specific HSI design and documented in a guidance or specification 
document. This HFE guidance documents should be reviewed by the KINS staff for 
acceptability. HFE guidance documents should contain statements of their intended 
scope, references to source materials, instructions for their proper use. and procedures 
to be followed when discrepancies are found. 

(7) Analysis for Detailed HSI Design - Design details problems, issues that are not 
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well defined by guidelines, or conflicting guidelines should be analyzed Analysis 
methods can include operating experience and Iiterature analyses, tradeoff studies, 
engineering evaluations and experiments, and benchmark evaluations. For example, 
mockups and models may be used to resolve access, workspace and related HFE 
problems and incorporate these solutions into system design. In addition, dynamic 
simulation and HSI prototypes should be considered for use to evaluate design details 
of equipment reqUlrmg critical human performance or equipment not adequately 
addressed by guidelines. 

(8) HSI Evaluation 

• The HSI should be evaluated in an ongoing fashion to ensure its acceptability for 
task performance and conformance to the requirements in Section 15 .2 of Specific 
Safety Requirements, HSI Design Principles described in item (3) above, and other 
HFE criteria., standards, and guidelines. Special attention should be given to those 
HSIs that are unique or safety related. This should be done to ensure that poor 
design solutions do not remain undetected until Element 10 V&V, at which time 
design changes become more difficult. 

• Aspects of the HSI that are at variance with design guidance or for which HFE 
guidance is lacking should be analyzed. The applicant may use many means to 
resolve these issues, including operating experience and literature analyses, tradeoff 
studies, engineering evaluations and experiments, and benchmark evaluations . 

• Evaluations should he conducted to ensure that the HSI includes all information 
and controls required to perform operator tasks and that extraneous controls and 
displays not required for the accomplishment of any tasks are excluded . 

• The outcomes of these evaluations and rationale for resulting design decisions 
should be documented and available for review . 

• HFE issues found from this evaluation and requiring to be tracked in later HFE 
program should be included in the HFE issue tracking system. 

(9) HSI Design Documentation - The HSI design should be documented to include 

• the detailed HSI description 
• description on the process, method, and results of analysis and evaluation to make 

HSI design decision 

18.2.3 .2 Procedure and Training Requirements Development 

18.2.3 .2.1 Procedure 

The objective of this review is to ensure that the applicant has included procedures 
as an element of HFE program to identi한 information to be reflected to procedure 
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development, provided Writers Guide, and applied these together with HFE principles 
and criteria to procedure development so that the applicant has satisfied the 
requirements in Section 15.1.3.2 of Specific Safety Requirements. 

(1) The requirements in Section 18 .3 of Specific Safety Requirements and other 
applicable regulatory requirements should be addressed. 

(2) The following should be documented: 

• a range of procedures for the identification of information to be reflected to 
procedure development 

• integration with other HFE program elements 
• a Writers Guide 
• analysis of acceptability for the use of computer-based procedure 

(3) The range of procedures for the identification of information should include 
operation and maintenance procedures, emergency operation procedures, and those 
among administration procedures that are related to the HFE program, which are 
described in Section 18 .3 of Specific Safety Requirements. 

(4) Issues for procedure development identified during other HFE program should be 
documented. The details are 

• Operating Experience Review 
- previous procedure deficiencies and operational problems 

• Functional Requirements Analysis and Function Allocation 
- functions and processes identified as new or modified 
- effects of modified function allocation on procedures 

• Task Analysis and Staffing Analysis 
- review and evaluation of procedures for the tasks identified during task 

analysis as posing unusual demands including critical tasks identified by 
PRAlHRA new or different tasks, and tasks requiring high coordination, high 
workload, or special skills 
requirements to reduce the likelihood and/or consequences of human error 
associated with critical human actions and the use of advanced technology 

• HSI Design 
effects on procedures by the full range of relevant HSI components (e.g., 

main control room, remote shutdown panel, local control stations) including 
characteristics that may be different from those in predecessor plants 
(e.g.,display space navigation, operation of "soft" controls) 

- findings from HSI design evaluation that would be reflected to procedure 
development 
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• HFE Verification and Validation 
- compatibility concems of procedures with HSI design identified during HFE 

Verification and Validation 
- requirements to be reflected to procedure development identified during HFE 

Verification and Validation including operator performance concems identified 
during validation trials (e.g., excessive workload) 

(5) A writers guide should be developed to establish the process for developing 
technical procedures that are complete, accurate, consistent, and easy to understand 
and follow. The guide should contain sufficient1y objective criteria so that procedures 
developed in accordance with it are consistent in organization, style, and content. The 
guide should be used for all procedures within the scope of this section. It should 
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) A review should be conducted on the availability of procedure information 
necessaη for personnel performance of required tasks, the HFE suitability of 
procedure description, and the usability of procedures to ensure that the procedures 
are correct and can be carried out. Their final validation should be performed in a 
simulation of the integrated system as paπ of the HFE Verification and Validation. 

(7) An analysis should be conducted to determine the impact of providing 
computer-based procedures and to specify where such an approach would improve 
procedure utilization and reduce operating crew errors related to procedur'ε use. Also, 
adverse effects of computer-based procedure on operator performance, and problems 
and their resolution in case of the use of both hard-copy and computer-based 
procedures should be analyzed and documented. 

(8) If a computer-based procedure is used, it should be integrated with other HSI 
design. All the applicable criteria of Section 18.2.3.1 "HSI Design" should be applied 
here. 

(9) A plan for procedure maintenance and control of updates should be developed. 
This should include a plan for maintaining consistency between computer-based 
procedures and hard-copy procedures. 

(10) The physical means by which operators access and use procedures, especial1y 
during operational events, should be evaluated as paπ of the HFE design process 
This criterion generally applies to both hard-copy and computer-based procedures, 
although the nature of the issues differs somewhat depending on the implementation. 
For example, the process should address the storage of procedures, ease of operator 
access to the correct procedures, and laydown of hard-copy procedures for use in the 
control room, remote shutdown facility, and local control stations. 

18.2.3 .2.2 Training Requirements Development 
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The objective of this review is to ensure that the applicant has included training as a 
element of HFE program and integrated it with other HFE program elements to 
identif)r training requirements so that the applicant has satisfied the requirements in 
Section 15.1.3.2 of Specific Safety Requirements. 

(1) Training requirements development should address the requirements in Section 
18.2 of Specific Safety Requirements and other applicable regulatory requirements or 
guides. 

(2) In relation to training requirements development, the following should be 
documented: 
• a range of personnel to be trained and tasks and facilities to which training is 

conducted 
• a systems approach to training requirements development 
• integration with other HFE program elements 
• training requirements and training method 

(3) The range of personnel to be trained and tasks and facilities to which training is 
conducted should be addressed in compliance with the requirements in Section 
15. 1.1.1 "HFE Program Goals and Scope" and 18 .2 "Training" of Specific Safety 
Requirements. 

(4) A systems approach to training should be used and address 

• systematic analysis of jobs to be performed 
• leaming objectives derived from the analysis that describe desired performance 

after training 
• training design and implementation based on the leaming objectives 
• evaluation of trainee mastery of the objectives during training 
• evaluation and revision of the training based on the performance of trained 

personnel in the job setting 

(5) For training requirements development, training issues identified in the following 
HFE program elements should be documented: 

• Operating Experience Review-previous training deficiencies and operational 
problems that may be corrected through additional and enhanced training, and 
positive characteristics of previous training programs 

• Functional Requirements Analysis and Function AlIocation functions and 
processes identified as new or modified, and modified function allocations 

• Task Analysis - tasks identified during task analysis as posing unusual demands 
including critical tasks identified by PRAlHRA, new or different tasks, and tasks 
requiring high coordination, high workload, or special skills, requirements for 
coordinating individual roles to reduce the likelihood andJor consequences of 
human error associated with the use of advanced technology 
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• HSI Design - design features of the full range of relevant HSI components (e.g., 
main control room, remote shutdown panel, local control stations) including 
characteristics that may be different from those in predecessor plants (e.g.,display 
space navigation, operation of "soft" controls), and findings from HSI design 
evaluation that would be reflected to training 

• Procedure - tasks that have been identified during procedure development as being 
problematic (e.g. ,procedure steps that have undergone extensive revision as a 
result of plant safety concems) 

• HFE Verification and Validation - training concems identified during HFE 
Verification and Validation, including HSI usability concems identified during 
validation or suitability verification and operator performance concems (e.g., 
misdiagnosis of plant event) identified during va1idation trials 

(6) The overall scope of training should be defined including the following: 

• categories of personnel (e.g., senior reactor operator) to be trained 
• specific plant conditions (normal, upset, and emergency) 
• specific operational activities (e.g., operations, maintenance, testing and surveillance) 

and relevant procedures 
• HSI components (e.g., main control room, emergency operations facility, remote 

shutdown panel local control stations) 

The scope of training should include the training of personnel participating in HFE 
Verification and Validation of the plant design. 

(7) Leaming objectives should also be derived from knowledge and skill requirements 
derived from the final safety analysis report, system description manuals and 
operating procedures, facility license and license amendments, licensee event reports, 
and other documents identified by the staff as being Important to training. 

(8) The design of the training program should be defined to specifY how learning 
objectives will be conveyed to the trainee. The use of lecture, simulator, and 
on-the-job training to convey particular categories of learning objectives should be 
defined Specific plant conditions and scenarios to be used in training programs 
should be defined. Training implementation considerations such as the temporal order 
and schedule of training segments should be defined. The training program 
specifications should include justifications based on HFE principles of training, 
training paces, and other criteria. 

(9) Facilities and resources such as plant-referenced simulator and part-task training 
simulators required to satisfY training design requirements should be defined. 

(1 0) Methods for evaluating trainee masteη， of training objectives should be defined, 
including written and oral tests and walkthrough and simulator exercises Evaluation 
criteria for training objectives should be defined for individual training modules. 
Methods for assessing overall proficiency should be defined and coordinated with 
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regulations, where applicable. 

(1 1) Methods for veri:fYing the accuracy and completeness of training course materials 
should be defined. 

(1 2) Methods for evaluating the overaII effectiveness of the training programs should 
be defined, including review of operator performance in tests and walk through and 
simulator exercises and on-the-job performance. 

(1 3) The roles of aII organizations, especiaIIy the COL applicant and vendors, should 
be specificaIIy defined for the development of training requirements. development of 
training information sources. development of training materials, and implementation of 
the training program. For example. the role of the vendor may range from merely 
providing input materials (e.g. emergency procedure guidelines) to conducting portions 
of specific training programs. 

(1 4) The quaIifications of organizations and personnel involved in the development 
and conduct of training should be defined. 

18 .2.4 HFE Verification and VaIidation 

The objective of this review is to ensure that the applicant has verified and validated 
that the integration of Human Factors Design comply with HFE principles and ensure 
successful performance of tasks to accomplish plant safety and other operation goals 
so that the applicant has satisfied the requirements in Section 15.1 .4 of Specific 
Safety Requirements. 

18.2 .4 .1 General Criteria 

(1) The general scope of V & V should incIude the foIlowing for aIl applicable 
facilities as defined in Section 15.1.l.l "HFE Program Goals and Scope" 

• HSI hardware 
• HSI soj야ware 

• commUlllcatlOns 
• procedures 
• workstation and console configurations 
• design of the overaII work environment 
• training program and trained personnel 

(2) The scope and order of V&V activities should be as foIIows: 

• HSI task support verification 
• HFE design verification 
• integrated system validation 
• human factors issue resolution 
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• final plant HFEIHSI design verification 

18.2.4.2 HSI Task Support Verification 

(1) All aspects of the HSI (e.g., controls, displays, procedures, and data processing) 
that are required to accomplish human tasks and actions [as defined by the task 
analysis, emergency operating procedure analysis, and the critical actions of the 
probabilistic risk assessmentlhuman reliability analysis (PRAIHRA) should be verified 
as available through the HSI. 

(2) It should be verified that the HSI does not include information, displays, 
controls, nonfunctional decorative details, etc. that do not support operator tasks. 

(3) The method for and results from HSI task support verification should be 
documented. Problematic HSI should be identified as follows and documented: 

• unsupported task - the required control or display is not present in the HSI 
• partially supported task - the HSI has the required control or display but not all 

characteristics match the personnel task requirements 
• HSI components without task requirements - HSI components that are not justified 

by personnel task requirements (in this case, additional analysis should be 
performed before the deletion of these HSI components) 

18.2.4.3 HFE Design Verification 

(1) All aspects of the HSI should be verified as designed to be appropriate to 
personnel task requirements and operational considerations as defined by design 
specifications and to be consistent with accepted HFE guidelines, standards, and 
principles. 

(2) HFE guidelines, standards, and principles for HFE Design Verification should 
include but not limited to 

• design guidelines in accordance with the criteria described in item (6) "Guidelines 
for Detailed HSI Design" of Section 18.2.3.1 

• the requirements in Section 15.2 of Specific Safety Requirements 
• HSI design principles described in item (3) of Section 18.2 .3 .1 

(3) Deviations from accepted HFE guidelines, standards, and principles should be 
acceptably justified on the basis of a documented rationale such as trade study 
results literature-based evaluations, demonstrated operational experience, and tests and 
experiments. HEDs identified in HFE design verification should be re-evaluated 
during human factors issue resolution defined in Section 18.2 .4.5. 

(4) HSI Sampling - If all HSI components are not addressed individually by HFE 
design verification, then a multidimensional sampling methodology should be used to 
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assure comprehensive consideration of the safety significance of HSI components. 
The sample size should be sufficient to identify all significant safety issues. The 
sampling methodology should be multidimensional to assure that the safety 
significance of HSI components is comprehensively considered: 

• a range of plant conditions 
- normal plant ev이utions (e.g., startup, fì띠1 power, and shutdown) 

instrument failures [e.g., safety-related system logic and control unit, fault 
tolerant controller (nuclear steam supply system), local "field unit" for 
multiplexer (MUX) system, MUX controller (balance of plant), break in MUX 
line] 

- HSI equipment and processing failure (e.g., loss of video display units, loss 
of data processing, loss of large overview display) transients (e.g., turbine 
trip, loss of offsite power, station blackout, loss of all feedwater, loss of 
service water, loss of power to selected buses or CR power supplies, and 
safety/relief valve transients) 

- accidents (e.g., main steam line break, positive reactivity addition, control rod 
insertion at power, control rod ejection, anticipated transient without scram, 
and various sized loss-of-coolant accidents) 

- reactor shutdown and cooldown using remote shutdown system 

• a range of operator functions 
- status monitoring and situation awareness of critical safety functions 
- surveillance testing and maintenance 
- alarm monitoring and response 
- fault detection, diagnosis, and mitigation 
- monitoring automated safety functions 
- override of automated systems and their direct control 

• a range of task structure 
- procedure-supported, rule-based tasks: tasks that the operator can understand 

and execute the specified steps and are well defined by normal, abnormal, 
emergency, alarm response, and test procedures 

- knowledge-based tasks: tasks that are not as well defined by detailed 
procedures and requires greater reasoning about safety and operating goals 
and the various means of achieving them under a situation when the rules do 
not fully address the problem or the selection of appropriate rule is not clear 

• a range of interactions between plant personnel 
- main CR personnel (e.g., operations and shift turnover/walkdown) 
- main CR personnel and other plant personnel (e.g., auxiliary operators) 
- accident management from the TSC 
- emergency management (e.g., from the EOF) 
- management, NRC, and other outside organizations 

• critical and risk-significant human actions as defined by the PRAlHRA 
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• all the types of HSI components and user-system interaction tasks 

• all HSI components and associated personnel tasks that were identified as 
problematic during the Operating Experience Review 

18.2.4.4 Integrated System Validation 

(1) Integrated sys않m validation sho비d be peκormed after HFE problems identified in 
earlier review activities have been resolved or corrected because these may negatively 
affect performance and, therefore, validation results. 

(2) The methodology for integrated system validation should address 

• general objectives 
• personnel performance issues to be addressed (e.g., crew coordination) 
• test methodology and procedures 
• test participants (operators to participate in the test program) 
• test conditions (including plant conditions, operating sequences, and accident 

scenarios) 
• HSI description 
• performance measures 
• data analysis 
• criteria for evaluation of results 
• utilization of evaluations 

(3) Validation sho띠d be performed by evaluating dy뼈nic task performance using 
tools that are appropriate to the accomplishment of this objective The primary tool 
for this purpose is a simulator. that is a facility that physically represents the HSI 
configuration and that dynamically represents the operating characteristics and 
responses of the plant design in real time. The requirement to validate performance 
at plant HSIs outside the control room (CR) will be dependent on the applicant’s 
design. Human actions at non-CR facilities such as remote shutdown panels and local 
control stations may be evaluated. using mockups. prototypes, or similar tools. 

(4) The evaluations should address 

• adequacy of entire HSI configuration for achievement of HFE program goals 
• confirmation of allocation of function and the structure of tasks assigned to 
. personnel 
• adequacy of staffing and the HSI to support staff to accomplish their tasks 
• adequacy of procedures 
• confirmation of the dynamic aspects of the HSI for task accomplishment 
• evaluation and demonstration of error tolerance to human and system failures 

(5) All critical human actions by the task analysis and PRAIHRA should be tested 
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and found to be adequately supported in the design, including the performance of 
critical actions outside the control room The design of tests and evaluations to be 
performed as part of HFE V & V activities should specifically examine these actions. 

(6) The range of procedures including operation and maintenance procedures, 
emergency operation procedures and those among administration procedures related to 
the HFE program as described in Section 18 .3 of Specific Safety Requirements 
should be evaluated their appropriateness. 

(7) Dynamic evaluations should evaluate the HSI under a range of operational 
conditions and upsets, and should include the following: 

• normal plant ev이utions (e g., startup, full-power, and shutdown operations) 

• instrument failures [e.g., safety-related system logic and control unit, fault tolerant 
controller (nuclear steam supply system), local "field unit" for multiplexer (MUX) 
system, bre하( in MUX line] 

• HSI equipment and processing failure (e.g. loss of video display units, loss of data 
processing, loss of large overview display) 

• transients (e.g., turbine trip, loss of offsite power, station blackout, loss of all 
feedwater, loss of service water, loss of power to selected buses and CR power 
supplies safety/relief valve transients) 

• accidents (e.g., main steam line break, positive reactivity addition, control rod 
insertion at power, control rod ejection, anticipated transient without scram, and 
venous-sized loss-of-coolant accidents) 

• reactor shutdown and cooldown from remote shutdown panel 

(8) The scenarios should be realistic Selected ones should include environmental 
conditions such as noise and distractions that may affect human performance in an 
actual nuc1ear power plant. For actions outside the CR, the performance impacts of 
potentially harsh environments (i.e., high radiation) that require additional time should 
be rεalistically simulated (i e. , time to don protective clothing and access hot areas). 

(9) Performance measures for dynamic evaluations sho띠d be adequate to test the 
achievement of aIl objectives, design goals, and performance requirements and should 
include the following at a minimum 

• system performance measures relevant to plant safety 
• crew primary task performance (e g., task times, procedure violations) 
• crew errors 
• sltuatlon awareness 
• workload 
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• crew communications and coordination 
• dynamic anthropometry evaluations 
• physical positioning and interactions 

18.2.4.5 Human Factors Issue Resolution 

(1) AlI issues documented in the human factors issue tracking system should be 
verified as adequately addressed. 

(2) Issues that could not be resolved unfit a plant is built should be specifically 
identified and incorporated into the final plant HFEIHSI design verification. 

18.2.4.6 Final Plant HFEIHSI Design Verification 

(1) Following the earlier four V&V activities, a design description should be 
developed that describes the detailed design and its perform뻐ce criteria. 

(2) Aspects of the design that were not addressed in design process V & V should be 
evaluated using an appropriate V & V method. Aspects of the design addressed by this 
criterion may include design characteristics such as new or modified displays for 
plant-specific design features and features that cannot be evaluated in a simulator 
such as CR lighting and noise. 

(3) The in-plant HFE should conform to the design that resulted from the HFE 
design process and V & V activities. 

18.3 REVIEW PROCEDURE 

The applicant should provide an implementation plan for the review of HFE Program 
Management, and implementation plans, analysis results reports, and HFE design team 
evaluation reports for Human Factors Analyses, Human Factors Design, and HFE 
Verification and Validation in accordance with the requirements in Section 15.1 of 
Specific Safety Requirements. 

The implementation plan is a report that gives the applicant’s proposed methodology 
for meeting the acceptance criteria of the area of review. The analysis results report 
is a report that gives the results of the applicant’s efforts in an area of review with 
respect to the review criteria. A reviewer will utilize the report as the main source 
of information for assessing the review criteria. The design team review report is a 
report from the applicant’s design team that provides the independent evaluation of 
the activities addressed by the review area. 

It is not intended that submittals necessarily be provided as three separate reports. 
Rather it is important that all three types of information be available to the reviewer; 
that is, methodology, results, and review. In some cases an applicant may choose to 
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provide this information in a single report. It is also possible that, for more complex 
areas of review, such as HSI design or V&V, more than three reports may be 
submitted in order to address all review criteria. In addition to these reports, the 
reviewer may review sample work products (e.g., analyses and implemented designs). 

The following are descriptions of special submittals and review considerations for 
specific areas of review: 

• HFE Program Management - The description of the scope, process, results, and 
schedule for analyses, evaluation, and other HFE activities as required in item (1) 
of Section 18.2.1.5 may be documented in the implementation plan of individual 
areas of review. However, the relationships among HFE program elements should 
be described in an integrated way to be suitable for the review . 

• Functional Requirements Analysis and Function Allocation - Item (7) of Section 
18.2.2.2 .1 requires that method used to verify that all the processes necessary for 
the achievement of safe operation and all requirements of each process are 
identified. For the review of suitability and completeness of the results from 
functional requirements analysis, the reviewer should have knowledge of plant 
systems and conduct the review with other departments. 

Item (4) of Section 18.2 .2 .2.1 requires that the functional decomposition should 
proceed to lower levels until a specific allocation can be made to monitoring and 
control enough to determine its suitability. And item (5) of Section 18.2.2.2.2 
requires confirmation on that the personnel element can properly perform tasks 
allocated to them. The review of these may involve the review of Task Analysis 
and Staffing Analysis depending on the applicant’s analysis . 

• Integration of Human Reliability Analysis with HFE Design - The reviewers may 
review the PRA!HRA reports for the review of this area . 

• HSI Design - Other design-related HSI documents than the implementation plan, 
analysis results report, and HFE design team evaluation report may be reviewed, 
such as applicant-developed guidance documents, detailed trade studies, or 
testlexperiment reports developed to support the HSI design. In addition, a variety 
of mockups, prototypes, or similar physical representations of the HSI design may 
be available for preliminary review of the design implementation. 

HFE design principles described in item (3) of Section 18.2.3 .1 are higher level 
principles than the requirements described in Section 15 .2 of Specific Safety 
Requirements and detailed design review guidelines such as NUREG-0700 Revision 
1, hence should be considered during the review. However, the applicant may 
propose alternatives for using as design principles, the reviewer should review the 
alternatives for their acceptability rather limit design principles to the HFE design 
principles. 
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• Procedure and Training Requirements Development - The review of procedure and 
training for the plant design phase should be performed to ensure that requirements 
to be reflected to final procedure and training program were derived extensively 
from other HFE elements. 까lis review should include Writers Guide and the 
training of personnel participating in HFE Verification and Validation . 

• HFE Verification and Validation - πle HFE issues tracking system should be 
reviewed. The actual HSI design or a high-fidelity prototype or simulator of the 
HSI should be available for the staff to examine in conjuriction with the 
verification reviews. In addition, the staff may witness the integrated system 
validation evaluations. A documented description of the final HSI design that 
resulted from the HSI task support verification, HFE design verification, integrated 
system validation, and issue resolution verification activities should be reviewed. 
Final plant HFEIHSI design verification may be treated as a COL item. 

18 .4 EVALUATION FINDINGS 

Acceptability of an individual area of review may be based on: 

• SatisfYing all associated review criteria 
• Demonstrating by altemative means that all review criteria have been satisfied. 

Altemative analysis methods proposed by the applicant must be acceptable to the 
revlewer . 

• Providing an acceptable justification for deviations from review criteria. Depending 
upon the review area and the nature of the deviation from review criteria, these 
justifications may be based upon such evidence as analyses of recent literature, 
analyses of current practices and operational experience, tradeoff studies, and the 
results of engineering experiments and evaluations. 

If the evidence provided by the review does not satisfY the goal of the HFE review 
then design activities may be required of the applicant, such as additional analysis, 
re-evaluation, or correction of design deficiencies identified through the review and 
design. 

18.5 IMPLEMENTATION 

This section is intended to provide guidance to applicants regarding the KINS stafPs 
plans for using this SRP section when performing safety evaluations of license 
applications. This SRP section will be applicable to the Korean Next Generation 
Reactor or new nuclear power plants. 
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제 3 장 첨단제어실 설계 관련 인간공학 현안 도출 

제 1 절 현안 도출 및 분석 

차세대원자로의 제어실은 기존 제어실의 나열형 제어반과는 달리 VDU로 구 

성된 축약형 운전원 작업반， 대형정보화면， 운전원의 작업부하를 경감시킬 수 있 

는 경보처리계통， 전산화된 제어기 및 운전절차서， 등의 새로운 인간-기계 연계 

가 적용될 예정이다. 이러한 첨단제어실에서의 운전정보 획득， 운전상황에 대한 

진단， 제어조작 행위와 같은 운전원 작업양상은 재래식 제어설과는 많이 달라지 

게 되며， 새로운 유형의 인적오류가 예상되는 것으로 많은 문헌에서 언급되고 있 

다. 

본 과제에서는， 이미 문헌으로 제기된 첨단 기술을 적용한 인간 기계 연계 설 

계 관련 현안은 인간공학 심사 업무의 수행 시 고려되어야 할 사항이며， 국내에 

서는 이러한 현안에 대한 종합적인 조사가 부족하다고 판단하여， 본 과제의 일부 

로 첨단 기술을 적용한 인간 기계 연계 설계 관련 현안을 조사하게 되었다. 

본 연구팀은， 1998년도에 한국원자력연구소의 기관고유사업으로 수행된 “첨단제 

어반의 언적요소 문제 해결을 위한 인간공학 실험방안 확립”의 일부로 DOE, 

EiEN(Engineering Index), INIS, NTIS 등의 Database를 검색하고 관련 website를 

검색하여 120건의 문헌을 업수 검토하였으며 220여건의 현안을 도출한 바 었다[허. 

본 과제에서는， 이들 현안들을 다시 정리하고， 기관고유사업과제에서 검토되지 않은 

항공분야의 문헌과 그 이후 추가적인 조사를 통해 수집된 문헌 25건을 검토하여 총 

384건의 현안을 도출하여 정리하였다. 

원자력분야는 기술의 보수성으로 타산업계에 비해 첨단 디지럴 기술의 도입에 

상대적으로 늦게 진행되고 있다. 따라서 현안 도출을 위한 문헌조사의 범위를 원자 

력산업계에서 그 동안 연구되어온 연간-기계 연계 설계 분야의 문헌뿐만 아니라 

첨단기술의 도입에 가장 적극적이고 인간공학 관련 연구가 상대적으로 풍부한 항공 

산업 분야와 기타 화공분야 군사분야 등에서의 언간←기계 연계 설계와 관련된 연 

구문헌을 포함하였다. 수집 검토된 문헌들의 목록은 부록에 수록하였다. 
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문헌검토를 통해 도출된 현안들은 대부분 원문으로부터 발훼된 양이 많아 쉽게 

그 내용을 파악하기 어렵다. 따라서 현안 발춰l내용을 대표할 수 있도록 요약을 달 

았다. 그리고， 현안의 내용에 따라 언급하고 있는 첨단 인간-기계 연계 설계 특성이 

다르므로 이들을 구분할 필요가 있었다. 차세대원자로 인간 기계 연계 설계특성을 

중심으로 다음과 같이 현안이 해당되는 설계특성을 구분하여 참조를 쉽게 할 수 있 

도록 정리하였다. 

Alarm System 

Automation of Functions 

Computer-Based Controls 

Computer-Based Procedure 

Computerized Operator Support System 

Design General 

Information and Display System 

Information and Display System-LDP 

Local Control Station 

Maintenance and Configuration 

Operator Acceptance and Training 

Staffing and Crew Coordination 

그리고， 각 현안별 내용에 따라 차세대원자로의 인간공학적 설계검토에 대한 비 

중을 고려하여 Remark란에 다음과 같이 구분하여 표기하였다. 

* Evaluation Item (차세 대원자로에 직 접 적 인 검 토항목으로 고려 될 수 있는 사항) 

item for consideration (직접적인 검토항목으로는 명확하지 않으나 고려되어야 

할 사항) 

not critical for KNGR (차세대원자로에서는 그다지 중요하지 않은 사항) 

general and higher level item 상위 수준의 사항이어서 구체적 검토가 곤란한 

사항) 

item for consideration but how to evaluate is not sure (고려 되 어 야 할 사항이 

나 검토방안이 불명확한 경우) 
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현안내용(Full Citation), 요약(Surnmary) , 설계특성 구분(Category)， Remark 등은 

참조문헌(Ref.)과 함께 모두 MS ACCESS에 입력하여 데이터베이스화 하였다. 이는， 

본 과제의 현안을 비롯하여， 본 과제종료 이후에 조사될 수 있는 추가적인 현안 자 

료의 입력과 관리를 용이하게 할 수 있도록 하기 위함이다. 다음 그림 3-1은 이러한 

ACCESS file의 fonn을 보여주고 있다. 이러한 현안도출 및 정리된 내용은 제 2 절 

인간공학 현안에 수록하였으며， 제 2 절의 끝 부분에는 현안의 출처 또는 현안내 

용에서 언급된 참고문헌을 모두 망라하였다. 

그리고， 특히 항공분야의 경우， 자동화에 따른 인간공학적 현안에 많은 관심과 

연구가 있어 왔으며， website “http://fligh띠eck.ie.orst.edu"에는 그 동안의 연구문헌， 

사고이력 등을 기반으로 Flight Deck의 자동화에 따른 총 91건의 인간공학 현안이 

그 근거 자료와 함께 정리되어 있다. 이 website에 제시된 자동화 현안들은 원자력 

분야의 첨단 인간-기계 연계와는 간접적인 연관이 있어 다른 문헌검토를 통해 도출 

된 현안과 구분하여 제 3 절 Flight Deck 자동화 현안에 정리하였다. 

systems may activate at different seφoints than the CRT -based system 
plant variable. For example. at one petro-chemical plant, as a parameter 

Irom lhe normal range. the lower level alarrns are presented 애a the CRT. 
parameter reaches the hlghest priority state (e.g" one that indica’es that 

salety interlock system is about to be activated) then it appears on an 
Jr tile. In other words, the ‘'Hi" alarm state 01 a va끼able may appear on the 
the 꺼i Hi‘ state appears on an annunciator tile. The presentation 01 

alarm states in different display de‘Aces (e.g" "Hi Hi" on lhe annunciator and 
the CRT) may be a source 01 operalor confuslon. 
consideration should be given 10 the inlegration 01 alarm-Iype inlormation Irom 

rces, such as operalor support syslems or computer-based procedure 
with the alarm syslem. 

그림 3-1 인간공학 현안 데이터베이스 fonn 
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제 2 절 

ID 
Category 
Summary 
Citation 

인간공학 현안 

Alarm System 
Colors of Alarm Display 

까le main drawback of the design concems the alamt columns which draw much attention 
during undisturbed plant conditions. The application of dark grey for the alamt section would 
reduce this contrast with the black background. 
Page 131 
R얄 Bouwmeester, R. (1996) 
Remark *Evaluation Item 

ID 2 
Category Alarm System 
Summaη A systematic process for configuring an alamt system 
Citation 
The preceding paper attempted to outline a systematic process for configuring an alarm 
system. The process has been used for both batch and continuous processes. 까le process 
attempts to place controls on how points are selected for alarming and how the alarm system 
is maintained. 
πle paper outlined the following steps that should be taken to configure a processing plant 
alarm system 
* Develop alarm system philosophy/design guide control1ing documentation: Document should 
contain criteria for selecting alamts, priority definitions, hardware conventions, 
presentationlreπieval conventions, etc. 
* Meshing alarms with displays: Outlines the consequences of delineating alamts into groups, 
how the groups relate to display system and overview displays. 
* Implementation: Defme groups to be involved in selecting alamts, creation of alarm 
database, role of the facilitator. 
* Assessing a configuration: Mapping alamts onto a process flow diagram, checking priorities 
against consequences if missed. 
Page 
R안 Connelly, Cristopher S. (1 997) 
Remark *Evaluation Item 

ID 3 
Category Alarm System 
Summaη Some of the basic topics that should be addressed in the design guide 
Citation 
Some of the basic topics that should be addressed in the design guide inc1ude: 
* Purpose/goal of alamt system - What conditions or events are candidates for alarms. What 
events are alarms tηring to prevent. 
* Alarm priorities - The number of priorities and their exact meaning. 
* Hardware conventions - Emergency priority alamts hardwired and egg-crated, etc. 
* Alarm presentation and reσieval conventions 

- coding definitions - color, shape, tone, etc. 
- acknowledgement!silencing 
- emergency alarms in constant view of operator 

* Control system diagnostics separate from process alarms 
- must prompt an operator actíon 
- no redundant alarms for same alamt condition 
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- redundant instrumentation will be ’Ored’ together 
- no alanns ’in’ during nonnal operations 
- status changes not alanned but are explicitly illustrated in the displays 

* Alann cutout and suppression 
* Managing alann system changes 
Page 
R웰 Connelly, Cristopher S. (1 997) 
Remark item for consideration 

ID 
Category 
Summa.η， 

Citation 

4 
Alarm System 
Alarm system problems 

In the processing industry, whether it be a batch or continuous process, there is a 
commonality of problems with alarm systems. Common characteristics of poorly configured 
alann systems include: 

* Alanns that have no operator action: 
A fundamental reason for having an alann should be to prompt an operator action (i.e., 
making a control change). An argument can be made to include the action of monitoring a 
value more closely. In some instances where a process changes is imminent (i.e., a product 
switch in a pipeline), ’monitor more closely' is justifiable and w따rants an alann such as when 
a batch is near completion. ’Monitor more closely' should be used with great caution since it 
is an easy way to justify adding volumes of alanns. 
* Alann conditions that have multiple alanns: 
In configuring alann systems there is often confusion over instrumentation redundancy (due to 
reliability problems) and infonnation redundancy. One alann message for an alann condition 
is sufficient. Flare knock out drum level σansmitters are a common example of conditions 
that have multiple alanns instrumented due to reliability concems, yet the alarms indicate the 
same alann condition (hi양1 f1are drum level). 
* Ambiguous or confusing messages: 
In one plant, a low pressure al없m was put on a boiler feed water pump outlet to indicate 
when the pump had σipped off. The alann message was "Boiler Feed Water Pump Low 
Pressure". During a m헤or upset an operator received the alann and did not understand it to 
mean the pump had tripped off. The entire complex was shutdown for more than 1 week 
with an economic loss approaching one hundred million dollars. 
* Ambiguous alarm priorities: 
Allowing alanns to be added to an alann system without explicit priority criteria results in 
differing priorities being assigned to alanns that have the same consequences. ln one plant, a 
desulfurizing unit was being added to the process. Even though the operator had three 
priorities to choose from, all of the alanns were assigned a ’Medium’ priority. A nonnal 
breakdown of alanns into priorities for a process unit is 14% High priority, 44% Medium 
priority, 42% Low priority. 
* Alanns with improper setpoints or deadband causing alarm cycling: 
On one f1uid catalytic cracking process during nonnal operations, of the 101 alanns that 
actuated over a 1 hour period, 98 were caused by two alanns that were cycling. 
* Alanns that are ’in’ during nonnal operations, dark screen criteria: 
Ideally, during nonnal steady state operations, there should be no alarms ’in’ on the alarm 
summ하y. Alarms should not be used primarily for status indication. At one plant there were 
roughly 100 alanns ’m’ ev 
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Page 
R강 

Remark 
Connelly, Cristopher S. (1 997) 
*Evaluation Item 

ID 5 
Category Alarm System 
Summary Oberved limits in operator's information processing 
Citation 
Alarm systems can give operators a false sense of security in thinking that all they have to 
do is read and act upon all incoming alarms to be protected. If alarms are occurring in 
excess of what the operator can process, the operator will miss some of the alarms and lose 
the alarms system’s protection without realizing the loss. An alarm actuation rate of six 
alarms per minutes has been given as a possible upper limit in one study (Singleton, 1989). 
ηlere is good reason to believe the actuation limit is much lower than what many people 
would guess. Research by the author suggests that operators making more than 14 control 
moves per hour and answering 20 or more alarms per hour (one alarm every 3 min) are 
excessively loaded (Connelly, 1995). 
Page 
Rej. Connelly, Cristopher S. (1 997) 
Remark *Evaluation Item 

6 
Alarm System 

ID 
Category 
Summaη， An observation of alarm acknowledge button depressed always due to nuisanci:: 

alarms. 
Citation 
Taken together, the additive effect of the alarm system problems can render an alarm system 
useless or even detrimental. It is not uncommon during severe upsets, and even during steady 
state operations, for operators to completely disable alarm systems and rely solely upon their 
surveillance activities for critical process information. At several plants, push pins were 
noticed in the alarm acknowledge buttons due to nuisance alarms. 
Page 
R앙 Connelly, Cristopher S. (1 997) 
Remark item for consideration 

ID 7 
Category Alarm System 
Summary A void over-reliance on the alarm system to compensate for display configuration 

shortcomings 
Citation 
Those responsible for developing alarm and display systems should keep in mind that 
over-reliance on the alarm system to compensate for display configuration shortcomings will 
lead to disaster. Efforts need to be made to develop task oriented displays and not displays 
that simply mimic process flow diagrams. 

There is much to be lost with an alarm system that is πoublesome. With increasing control 
operator spans of control, missing an alarm can have far reaching consequences. Improvements 
to alarm systems are a sure way to reduce the cost of manufacturing and gain a competitive 
edge. 
Page 
R앙 Connelly, Cristopher S. (1 997) 
Remark item for consideration but how to evaluate is not sure 
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8 
Alarm System 

lD 
Category 
Summary 
Citation 

Effect of alarm filtering in fault detection activities 

In the study of the HALO alarm system, detection of the frrst alarm using a conventional 
alarm system employing annunciator tiles and the advanced (e.g., HALO) alarm system 
showed no differences. Both groups were able to make necessary detections in the same 
amount of time. 

Detection of the frrst alarm serves as a measure which indicates that the 0야rator is aware of 
the change occurring in the plant. 까lat is, beyond the other information available to himlher, 
the operator has attended to the new alarm signal. From that, we may assume that s/he is 
now aware that a problem potentially exists in the plant. Data from the HALO study indicate 
that this type of detection is not differentially affected by the use of conventional or 
advanced alarm instruntentation. As discussed in section 2.3.4, Operator Performance Model, 
the key factors affecting the initial detection probably relate more to the differences between 
the qualities of the signals emplyed by the alarms and other control room instruntentation, 
and the ability of the alarms themselves to capture the attention of the 0야'rator. 까1US， 

whether an annunciator tile paired with a tone or a text sσing on a CRT with a tone is 
emplyed, all other things being equal, such differences do not appear to afl농ct the operator 
becoming aware of the alarm. 
Page 56 
R강 Hallbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

lD 
Category 
Summary 
Citation 

9 
Alarm System 
Alarm ’Avalanche’ effects observed during the HALO experiment 

In the study of detection rates for the two display types used (e.g., HALO and NORS), each 
having different alarm filtration capabilities (e.g., HALO having alarm filtration, and NORS 
having none), users of each system detected around 80% of the total alarms on average. In 
this study, participants experienced an ’avalanche’ of alarms due to the severity of the 
disturbance simulated. It is difficult to know how filtration or display type affected the 
performance of detection tasks, due to limitations in the experimental design. In either case, 
detection fall well below 100 percent. 

In addition to detection rates, performance on detections was studied. As a consequence of 
the overload of information, participants also took much longer, on the average, to perform 
individual alarm detection than without avalanching effects. 

In these studies, alarm avalanche was not manipulated as a separate independent variable, but 
observed as a part og the way more severe transients manifested themselves in the simulated 
control room. From even this cursory a study, though, the effects of avalanching can be seen: 
markedly fewer detections performed and more time required to make them. Beyond detecting 
that a change has occurred, avalanching interferes with fault detection, and hence, subsequent 
disturbance handling activities, even when some form of filtration is employed. 
Page 57 
R강 Hallbert, B.P., and Meyer, P. (1995) 
Remark *Evaluation Item 

lD 10 
Category Alarm System 
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Summary detection of secondary faults with using alann systems 
Citation 
In a study of the HALO alann with other alann systems, the authors hypothesized that late 
disturbances (I.e., those occurring in an already disturbed state) would be more difficult to 
detect than the first disturbance. The authors believed that the frrst event would mask 
detection of the subsequent event. Data from the study show statistically significant better 
performance in the form of the number of detections for early disturbances than for later 
disturbances, independent of alann system. In addition, no improvements in detections of 
subsequent faults was obseπed for the filtered alann list when compared with the unfiltered 
alann lists as no significant interactions between late/early disturbances and the alann systems 
were observed 
Page 58 
R하 Hallbert, B.P., and Meyer, P. (1 995) 
Remark *Evaluation ltem 

JD 11 
Category Alann System 
Summary EFD was easier to understand than deviations from steady state 
Citation 
In the study of the EFD system, two alann systems were utilized; one which presented steady 
state (e.g., mode dependent) deviations, and EFD which presents alarms based on deviations 
from a reference model of the process. The deviations from steady state coπespond more 
c10sely to conventional alanns which indicate deviations from a ore-detennine r;뻐ge for a 
component or parameter’s desired values. 까ley also indicate the effects of a disturbance on 
groups of components or systems rather than indicating the actual cause of the deviation or 
its physical location in the process. In contrast, a reference model, such as used by the EFD 
system, takes into account the input, perfonnance, and expected ouφuts of a process. It 
monitors the expected functioning of the process in terms of actual perfonnance compared 
with the model of expected perfonnance. Deviations, as such, indicate causes of the 
malfunction, rather than its effects on other systems and the a뻐ms produced by this system 
are related to physically distinct process areas. 

In the user test of the EFD system, operators indicated that infonnation from EFD was easier 
to understand than deviations from steady state. EFD indicates the causes of a disturbance 
and was percieved as being more useful in detection of a disturbance than the other alarm 
system which indicated effects. For both systems, detection that a process deviation has 
occurred is just as likely to OCCUf. However, both the meaning which is associated with 
deviation alanns, and the sheer number of alanns which the operator must process are quite 
different from the EFD alanns. In comparison, the EFD system produces relatively few 
’alanns’ about a disturbance compared to the fonner. Perhaps more important1y, little inference 
about the cause of the alann is required on the p따t of an operator using EFD due to the 
close coupling between process monitoring, process modelling, and the ability of the system 
to indicate the physical location of the fault. 
Page 59 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

JD 12 
Category Alann System 
Summary SPMS users perfonning much better than these other two groups 
Citation 
In the SPMS study, SPMS, CFMS, and HALO were used to convey alann infonnation. πle 
HALO system provides seφoint deviation alanns, whereas CFMS and SPMS both indicate 
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critical function alanns via the Critical Function overview display. 까lis part of their systems 
they have in common and may, thus, support detection tasks using the same information and 
with the same interface. On the basis of comparisons between the CFMS and SPMS groups, 
it is evident that this method of detection is clearly not sufficient alone as a basis for 
subsequent control room activities. CFMS users, in fact, fared no better on overall 
performance, which incIuded diagnosis and remedial actions, than HALO users - SPMS users 
performing much better than these other two groups. Thus, in addition to simply indicating 
the source or nature of the disturbance, the chances of a system for improving operator 
perfonnance appear greatly increased when some linkage between detection and subsequent 
activities is provided. 
Page 60 
R얄 Hallbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

ID 
Category 
Summary 
Citation 

I3 
Alann System 
Alann filσation and diagnosis 

There was also sπong relationship between the diffiωlty of diagnosing a particular transient 
and filter ratio. πlis was analyzed by correlating the filtering ratio (the difference between 
number of alanns in the unfiltered condition) with the numbers of errors made. 
까le analysis shows that the higher filtering ratio, the fewer errors committed (Spearman rank 
correlation = -0.71). 
Source: Marshall (1 982), HWR-83, p. 15 

This demonsσates that the degree of filtering may serve as a good predictor for error rates in 
diagnosis. 
Page 
Ref. 
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ID 
Category 
Summary 
Citation 

65 
Hallbert, B.P., and Meyer, P. (1995) 
item for consideration 

14 
Alann System 
πle best alann reduction method has not been cIearly resolved by research 

Perhaps the single biggest issue in the design of advanced alann systems is the need to 
reduce the avalanche of alanns during plant upsets. The best method for achieving this goal 
has not been clearly resolved by research in the field. 
Page 
Ref. Higgins, J. and Nasta, K. (1 997) 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

15 
Alann System 
The selection of one or more of these dimensions will have a great impact on 
the alann system’s characteristics and, in all likelihood, operator performance. 

Prioritization is one way of addressing the issue of the avalanche of alanns. A prioritization 
scheme presents all alanns to the operator but codes them into priorities. Thus operators 
know which alanns the system considers important. A key question is the development of 
alann prioritization schemes, which can prioritize alanns along several dimensions such as the 
overall importance to plant safety or the urgency of operator action. The selection of one or 
more of these dimensions will have a great impact on the alann system’s characteristics and, 
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in all likelihood, operator performance. 
Page 
Ref. Higgins, J. and Nasta, K. (1 997) 
Remark *Evaluation Item 

ID 16 
Category Alarm System 
Summary Improvements made with the feedback from operating staff 
Citation 
The improvements made or in the process of being completed on most units are the result of 
feedback from operating staff. Based on the remarks of the following basic concepts have 
been formulated and applied. 

- The alarm hierarchization should be established at the conceptual design level I.e. 
classification according to the degree of urgency of reaction by the operators and not as a 
function of the seriousness of the fault. 

- Any fault occurring, persisting or ending, and any unsched비ed change of state must be 
signalled and differentiated (by a dual visual and audible process) to bring it to the 
attention of the operating personnel. 

- As a corollary, any alarm occurring must correspond to a fault taking into account the 
current state of the unit. This necessitates the operator being aware of the situation and 
taking any necessary corrective action. In p하tic비ar this principle implies the creation of 
an of an inhibit function to eliminate 깨uisance" alarms associated with reactor shutdown. 

When a unit is operating normally and generating power without malfunctioning no alarm 
signals must be on - this is termed the dark panel concept. πlis principle has been adopted 
in many countries, e.g. Canada, Sweden and Japan. 

Finally in the event of a trip or when an incident occurs the avalanche of "alarms" caused 
must be limited to those showing the first fault or fa비ts， the changes of state and the 
resulting safety actions, as well as any deviations in the functioning of the automatic 
sequences implemented. The mixture of window and CRT alarms is increasingly being used, 
most often with additional information associated with the alarm being displayed on the CRT. 
This is based generally on processing several thousands of digital inputs. 

In many units the alarms noted originated from post-accident lE qualified instruments. Some 
of these alarms are used as inputs to EOPs. For instance, some unit specific alarm windows 
indicate the following accidents: Boron concentration too low (based on control rod position) -
loss of coolant accident - steam generator tube rupture-low steam pressure. 
Page 32-33 
Ref. IAEA (l 995b) 
Remark *Evaluation Item 

ID 17 
Category Alarm System 
Summary Alarm avalanche mitigation 
Citation 
However, a human factors study recently carried out in Japan has shown that the nature of 
the problem is somewhat different [Fujita et.al. 1991]. πle study has suggested the following: 
1. In a situation where a large number of alarms are activated (e.g., transient), the operators 
are overloaded with verification and control tasks. They are so overloaded that they cannot 
carry out all tasks immediately and leave some less important verification tasks for a later 
time. They rarely acknowledge alarms, not to mention that there is not the sli맹test evidence 
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of their trying to interpret alanns. 
2. It can be said from the design and operational viewpoints that the operators do not 
acknowledge alanns for the fi이lowing reasons: 

- There are no 0야rational reasons for the operators to interpret alanns. Nothing of any 
operational value will be obtained even when alanns are analyzed. 

- There are reasons for operators to monitor alanns for verifying component status, but it is 
more readily done with other displays (e.g., switch lamps). Consequently, there are no 
reasons for operators to monitor alanns when they are overloaded with other more 
important tasks. 

3. It can be said that the confusion is not the real problem of the alann avalanche. The real 
problem is the delay in detecting alanns that indicate the failure of some components which 
are important for mitigating the initial failure that caused the πansient. 

These findings can give a significant impact on the choice of remedial measures, because 
they suggest that any attempt at alanns analysis is not operationally meaningful. 

In the same study carried out in Japan, researchers σied to resolve the problem just by 
reducing the number of alanns without trying to interpret the semantic relationships of alanns. 
까lis approach has lead them to the successful completion of an alann handling system which 
uses only simple scenario independent logic. The logic was formulated based on only three 
simple rules. The system has achieved the alann reduction rate of up to 90%. The researchers 
also successfully demonstrated that the system can eventually improve operator performance. 
πle system has been 미lly applied to the latest Japanese PWR (Ohi Unit 3 of Kansai) which 
will start commercial operation in 1992. Various dynamic alann processing system are being 
develφed in other countries. 
Page 34 
Ref. IAEA (1 995b ) 
Remark *Evaluation Item 

ID 18 
Category Alann System 
Summary Approaches to advanced alann design 
Citation 
πlis example c1early shows the importance of grasping the true nature of the problem throu앨 
careful observation of human operators. Though it is believed that the fmdings summarized 
above hold πue to many NPPs all over the world, it is recommended to carry out a careful 
human factors study before deciding on any technical approaches. There are a number of 
possibilities (e.g., operational rules) that may change the nature of the problem. 

In any case, it has to be bome in mind that technology is needed to resolve problems but 
the technology itself cannot tell whether or not it makes the right design choice. It is fair to 
say that such system itself, rather than mere than handling of existing alanns alone. 
Page 34 
Ref. IAEA (1 995b ) 
Remark item for consideration 

ID 
Category 
Summary 
Citation 

19 
Alann System 
Alarm processing issue 

A key issue that must be resolved is the type and degree of processing needed. While it is 
c1ear that the number of unprocessed alanns is often overwhelming to 0야rators and that 
processing techniques can reduce the number of alanns, the impact on 0야rator performance 

- 111-



in the most important variable of interest. An industry survey found that a typical objective 
of alarm filtering system development was to reduce the number of alarms by 50 percent. 
However, that amount of filtering may not significantly improve operator performance. In 
terms of operator processing of alarm information, it is probably inappropriate to specify 
alarm reduction in terms of absolute number of alarms (a meπic often used to assess alarm 
reduction in terms of absolute numbers of alarms (a meπic often used to assess alarm 
reduction schemes). Operator information processing demands are not necessarily a function of 
the absolute number of alarms, but depends rather on their rate, their recognizability as 
familiar pattems, their predictability, and the complexity of the operator's ongoing task. A 
design goal for improved performance needs to be established. 
Page 
Ref. 0 ’Hara, J., Wachtel. 1., & Persensky, J. (1 995) 
Remark *Evaluation Item 

ID 20 
Category Alarm System 
Summary Alarm display issue 
Citation 
In summary, these studies show the importance of general alarm display properties. SDCV 
(spatially-dedicated continuously-visible) displays are preferred by operators and have a 
performance advantage under high alarm conditions. However, placing all alarms on such 
displays (potentially many thousands of alarms in advanced plants) is not practical and gas 
been associated with the flooding problems identified in the past. VDU-displays have not been 
completely successful altematives, however. Message Iists have been dCiTIonsσated to be 
problematic in high alarm conditions and, although the research is limited, integrated graphic 
displays have not been shown to improve performance. These finding emphasize the 
importance of display design, I,e., poorly designed VDU displays can gave safety concems 
that need to be understood so as to provide a basis for the development of regulatory 
guidance. It is likely that both can play an important role in advanced systems but the 
allocation of alarm functions to each need to be addressed. 
Page 
Ref. 0 ’Hara, J., Wachte l. J., & Persensky, J. (1 995) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

21 
Alarm System 
까le high rate alarms during a process disturbance is a recognized problem in 
conventional NPPs. 

The high rate at which alarms may be presented to operators during a process disturbance is 
a recognized problem in conventional NPPs as well as other process control facilities. This 
concem can become even more significant in new designs employing digital I&C and digital 
I&C upgrades because the number of alarms typically increase. 
For example, common complaint from personnel from fossil and petro-chemical plants was 
that the operators were overwhelmed by alarms during upset conditions. (No alarm reduction 
methods were in use.) This is partly due to the fact that digital control systems provide much 
flexibility for adding alarms. Thus, when a digital control system is introduced, new alams 
that address the plant process are often added to support monitoring tasks of the operator 
(Shaw, 1993). In addition, digital control systems often have additional alarms associated with 
their data processing. Thus, the installation of new digital control systems may result in the 
introduction of many new alarms. If these alarms are not well coordinated with the rest of 
the HSI and with operator task requirements, they can place additional burden on operators 
with regard to detection, monitoring, and acknowledgement. 
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R안 
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0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

ID 
Category 
Summary 
Citation 

22 
Alarm System 
Space limitation problem in CRT-based alarm presentation 

Operators have problems with message displays because of the workload associated in 
co맹itively proce5sing alarm messages, lowered pattem recognition due to loss of spatial 
dedication, and alarm message 105S due to the limited viewing area on CRTs.Two problems 
associated with CRT-based alarm systems used in chemical plants are locating new al없ms 

and remembering hidden alarms (Shaw, 1993). For example, when a new alarm occurs, 
operators may have to navigate throu~ψ numerous display pages to fmd the page that 
describes the alarm and contains supporting plant information. Some digital control systems 
provide dedicated conσ'ols for accessing this information. However, once the alarm is 
acknowledged, the display page may no longer be presented. 까li5 places an additional burden 
on the operator to remember which alarms are currently active. 
One Canadian plant, which presents 잉 alarms via two coordinated CR Ts, illusσates this 
problem. Under high alarm conditions, alarm messages are overwritten. Once an alarm 
message has been overwritten, it can only be accessed from computer printouts, which is not 
a convenient method. During upset conditions in which many alarm messages are generated, 
operators may not be able to read all of these messages and some may be lost from the 
VDU display. 
Page 4-25 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 23 
Category Alarm System 
Summary cases that operator do not like having alarms suppressed 
Citation 
Some vendors such as Mitsubishi and Hitachi, have found that operator do not like having 
alarms suppressed and prefer not to enable the alarm suppression feature on their alarm 
system. 까le consequences of concealing alarms and requiring operators to remember and 
reσieve them is not fully understood. 
Page 4-25 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation item 

ID 
Category 
Summary 

Citation 

24 
Alarm System 
The combining of status indication and alarm functions into a single system has 
contributed to the difficulty operators have with the system under high alarm 
density conditions. 

Conventional alarm systems were also used for the indication of system and function status 
and in this role it also supports a feedback function on the success of actions taken by the 
operator. Observations of operators have shown that the status indication function of the alarm 
system is important to operators. However, the combining of status indication and alarm 
functions into a single system has contributed to the diffic비ty operators have with the system 
under high alarm density conditions. The number of alarms the operator must deal with can 
be significantly reduced by separation between these functions. Alarm system upgrades require 
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consideration of how to handle the status indication functions of the system. Some of the 
problems encountered by early attempts to utilize advanced alarm systmes may have stemmed 
from loss of the status indication funcion. 
Page 4-26 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 
Categoη， 

Summary 

Citation 

25 
Alarm System 
πle presentation of diff농rent alarm states in different display devices (e.g., "Hi 
Hi" on the annunciator and ’'Hi" on the CR꺼 may be a source of operator 
con따fus인ion. 

Annunciator systems may activate at different setpoints than the CRT-based system for the 
same plant variable. For example, at one petro-chemical plant, as a parameter deviates from 
the normal range, the lower level alarms are presented via the CRT. When the parameter 
reaches the highest priority state (e.g., one that indicates that the plant safety interlock system 
is about to be activated) then it appears on an annunciator tile. In other words, the "Hi" 
alarm state of a variable may appear on the CRT whi\e the "Hi Hi" state appears on an 
annunciator tile. The presentation of different alarm states in different display devices (e.g., 
"Hi Hi" on the annunciator and "Hi" on the CRT) may be a source of operator confusion. 
Finally, consideration should be given to the integration of alarm-type information 잔om other 
sources, such as operator support systems or computer-based procedure systems, with the 
alarm system. 
Page 4-26 
Ref. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 
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Summary 

Citation 

26 
Alarm System 
The integration of new alarm equipment with an existing alarm system can lead 
to operator confusion or misunderstanding. 

The integration of new alarm equipment with an existing alarm system can lead to operator 
confusion or misunderstanding. For ex없nple， an interview with an HSI consultant indicated 
that the annunciator system of some chemical plants contain a mixture of alarms origination 
잔om sensors in the plant and the digital control system. Operators did not have a good 
understanding of the origins of all alarms presented via the annuncaitor system. As a result, 
they incorrectly assumed that some annunciator alarms were independent verifications of 
alarms presented via the CRT-based alarm system, when in fact they were presenting identical 
information. This could lead to incorrect idagnoses, such as incorrect interpretation of spurious 
alarms. 
Page 
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4-26 
0’H하a， J.M., Stubler, W.F., Higgins, J.c. (1 996). 
*Evaluation Item 

27 
Alarm System 
The acceptable integration of the automated and human components of the 
overall alarm system needs to be addressed. 

Process control operators work in a monitoring environment that has been described in signal 
detection theory terms as an "alerted-monitor system" . This is a two-stage monitoring system 
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composed of an automated monitor and a human monitor. πle automated monitor in a NPP 
is the alarm system, which monitors the plant to detect off-normal conditions. When 
conditions exceeding the criterion of the automated monitor exist, the human monitor is 
alerted and must then detect, analyze, and interpret the signal as either a false alarm or a 
σue indication of a plant disturbance. Both the human and automaed monitors have their own 
specific signal detection parameter values for sensitivity and response criterion. Sensitivity for 
the human monitor is sπongly aff농cted by alarm system charcteristics including seφoints， the 
presence of nuisance and false alarms, and alarm density. A significant issue associated with 
alerted-monitor systems is that optimal overall performance of the complete alered-monitor 
system is a function of the interaction of both components. Optimizing the signal detection 
P따ameters for one component of the system may not opt따lize performance of the entire 
two-stage system. One frequently employed sσategy is to attempt to optimize the detection of 
signals by the automated monitor subsystem by setting the response criterion to maximize the 
number of disturbances detected. However, this increased the false alarm rate for the 
automated monitor, which may, in turn, cause the operator to lose confidence in the system 
and adopt a more conservative criterion and can result in poor overall performance. 
Page 4-27 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

28 
Alarm System 

ID 
Category 
Summary 
Citation 

Operator awareness of second failures is especially problematic. 

A second event failure is one that occurs following an initial event but which is unrelated to 
the initial event. Operator awareness of second failures in especially problematic and the 
alarm processing techniques had mixed success at improving this aspect of performance. 
Page 4-27 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

29 
Alarm System 

ID 
Category 
Summary The single most significant problem with alarm systems, as reported in the 

literature, is the high number of alarm messages presented to the operator at one 
tíme. 

Citation 
In contrast to reducing the number of alarms, alarm generation is a processing approach 
which creates new alarms. For example, an alarm may be generated that indicates that an 
expected alarm did not activate. The generation of alarm conditions and their res비ting alarm 
messages presents an interesting paradox. Alarm system should facilitate the reduction of 
errors which often reflect the overloaded operator’s incomplete processing of information. 
Alarm generation features may mitigate these problems by calling the operator’s attention to 
plant conditions that are likely to be missed. However, the single most significant problem 
with alarm systems, as reported in the literature, is the hi압1 number of alarm messages 
presented to the operator at one time. Since alarm generation creates additional alarm 
messages, it may potentially exacerbate the problem. 
Page 4-28 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 30 
Category Alarm System 
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Summary It is essential that operators understand what alarm data means and how it is 
processed. 

Citation 
Many significant NPP events, such as the TMI accident, have resulted from complex 
combinations of problems occurring. πle behavior of alarm filtering systems in such complex 
situations needs to be addressed when any sophisticated dynamic processing system is utilized. 
Since the alarm system is the operator’s frrst indication of process disturbances and operators 
will confmn the validity of alarm signals prior to taking action, it is essential that operators 
understand what alarm data means and how it is processed. In addition, operators must 
understand the bounds and limitations of the system. 
Page 4-28 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 
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Summary 

Citation 

31 
Alarm System 
The design goal for alarm filtering should be stated in terms of the degree of 
alarm reduction required to improve human performance. 

While many processing techniques have been developed, the relative merits of the individual 
methods have not generally been evaluated for their effects on operator performance. In 
addition, many designers of advanced alarm systems set processing goals on the basis of 
achieving some percentage of alarm reduction, e.g., to reduce by a factor of two the number 
of alarm during major transients. While this might be reasonable for the application of 
specific processing approaches, the resulting alarm system might not noticeably improve crew 
performance. To the human information processing system, reducing incoming alarms by a 
factor of two (alarm signal processing, alarm conditions processing) may not help at al l. The 
design goal for alarm filtering should be stated in terms of the degree of alarm reduction 
required to improve human performance. 
Page 4-28 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summaη， 

Citation 

32 
Alarm System 
An issue on alarm information priority and availability remains as to which 
method should be used or in what contexts the various options should be 
exercised. 

Three alarm availability techniques have been identified: filtering, suppression, and priority 
coding: 

Alarm filtering - alarms determined by processing to be less important, irrelevant, or 
otherwise unnecess따y are eliminated and are not available to the operators. 

Alarm suppression - alarms determined by processing to be less important, irrelevant, or 
otherwise unnecessary are not presented to the operators, but can be accessed upon request. 

Alarm priority coding - the results of alarm processing are provided via prioritization (alarms 
are not filtered or suppressed). 

A specific alarm system may employ a combination of these approaches. 
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There are trade-off among these approaches, thus the choice or method is significant. Filtering 
completely eliminates the possibility of less important alarms disσacting the operators. 
However, the designer may be removing information useful for other purposes. In addition, 
the desgner must be certain that the processing method is adequately validated and will 
function appropriately in all plant conditions. Suppression provides the potential benefits of 
filtering by removing distracting alarms. However, since such alarms are stil accessible on 
auxiliary displays, retrieving them may impose additional secondary task workload. Alarm 
prio디ty coding does not conceal any information from operatoπ. However, the method 
requires operators to peπeptually "fiIter" alarms, using the priority codes, to identify te higher 
priority alarm messages. πlis creates the optential for disσaction because it presents alarm 
messages of all levels of importance. Thus, an issue remains as to which method should be 
used or in what contexts the various options should be exercised. 
Page 4-29 
R안 0’H앙'a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

33 
Alarm System 

ID 
Category 
Summary Issues conceming the prφer allocation of alarm functions to individual 

workstations via VDUs needs to be addressed. 
Citation 
A spatially-dedicated, continuously-visible (SDCV) alarm displays have been generally found 
to be superior to a variable display during high-density alarm conditions. SDCV displays are 
often thought to provide perceptual advantages of rapid detection and enhanced pattem 
recognition. The role of integration of alarm information into process displays and other 
graphic display forms has not been thoroughly evaluated and there is Iittle operating 
experience upon which to draw. While operators appear to prefer graphic displays that 
integrate alarm and process information, these display have not generally been shown to 
significantly improve performance beyond variable alarm displays. 
Another consideration is that in advanced CRs, alarm data will be primarily available to the 
operator at individual workstations via VDUs. Thus, alarm information may not be readily 
available to the entire operating crew. Issues conceming the proper allocation of alarm 
functions to these displays devices needs to be addressed. 
Page 4-29 
Ref. 0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 
Citation 

34 
Alarm System 
Alarm message design 

Presenting too little information makes the alarm system less useful. Too much information 
will make it cumbersome to use. Related to this issue is the alarm presentation format, e.g., 
as single messages, data layers, integrated into other displays, etc. One way of reducing the 
flood of alarms with which operators must deal in process disturbances is to provide alarm 
information in hierarchical displays, such as integrating lower level alarm information into 
higher-order alarms. If such a system is to be effective, it must integrate alarms to a level 
that are meaningful to operators and represent information that the operator would have 
developed without the system. 
Another method is to present the data in layers, with more detailed alarm information 
presented in supplemental displays. While such an approach may lower secondary task 
workload, it can also increase the operator's interface management workload. Thus while data 
layering, organization into display hierarchies, and alarm integration should facilitated operator 
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infonnation processing, their display characteristics may limit the usefulness of these 
approaches. 
Page 4-30 
Ref. 
Remark 

0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

ID 35 
Category Alarm System 
Summary Use of auditory cues 
Citat;on 
The auditory characteristics of alarms have often been found to be problematic, i.e., startling 
and disπacting. More appropriate and acceptable methods of using tonal cues need to be 
identified. While the visual features of alarm systems are often overwhelming, the operator's 
ability to extract infonnation from auditory cues has probably not been fully exploited. For 
ex없nple， zonal auditory cuing (which is used in many plants already) can facilitate the 
operator's location of alarms. Auditory cues in advanced alarm systems may not have to 
provide spatial cues, but may be used to convey other infonnation, such as alarm priority or 
alarm system/function. 
Page 4-30 
Ref. 0’H마a， J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 36 
Calegory Alann System 
Summary Alann system controls and management 
Citation 
The NPP industry has recommended separate silence, acknowledge, reset, and test (SARη 
controls for conventional alarm systems. The controls associated with advanced systems will 
likely become much more complicated and will require careful analysis. While the sep하ate 

SART philosophy may also apply to advanced systems, additional controls may be required 
for features such as operator defmed alarms, operator adjustment of limits, and operator 
control of filtering. For example, new alarm systems such as AECL’s CAMLS and 
Westinghouse’s A W ARE system provide workstations that allow the operators to review, sort, 
and analyze current and historical alann infonnation. Operator can tailor the presentation of 
alarm infonnation to suit particular needs and preferences during plant upsets and other 
conditions to support diagnosis and response planning activities of the operator. While these 
activities may improve the operator’s understanding of plant conditions, they represent new 
operator tasks which may interfere with other operator tasks and delay the operators’ overall 
response time. These control options need to be identified and may require analysis to control 
their use and assure plant safety. 
Page 4-30 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Cital;on 

37 
Alarm System 
changing alarm system operating mode automatically without operator awareness 
can cause mode errors. 

In certain situations, such as m헤or process disturbances, some operator controls may be 
automated. For example, under high alarm density conditions lower priority alarms may be 
automatically silenced. These changes of alarm system operating mode must be accomplished 
with operator awareness and prevent the occurrence of mode error (i.e., error that occur 
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because operators think a system is in one mode when it it is actually in another). 
Page 4-31 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 
Citation 

38 
Alarm System 
Non-distinguishable alerts 

Non-distinguishable alerts can cause confusion when trying to attend to an alert; 
misinterpretation can lead to inadvertent actions being performed by the crew. 
Page 
Ref. Rehmann, A., et a1. (1 995) 
Remark *Evaluation Item 

ID 
Category 
Summary 
Citation 

39 
Alarm System 
Loud volume alerts 

Loud alerts can be startle the crew into making an incorrect action; Loud volume alerts can 
disσact the crew from normal flight duties and communication activities. 
Page 
Ref. Rehmann, A., et a1. (1 995) 
Remark *Evaluation Item 

ID 40 
Category Alarm System 
Summary Aural alerts 
Citation 
Aural alerts can be missed by the crew, or misinterpreted because the crew was unable to 
distinguish the alert. 
Page 
Ref. Rehmann, A., et a1. (1 995) 
Remark *Evaluation Item 

ID 41 
Category Alarm System 
Summary Visual-only alerts can be missed 
Citation 
Visual-only alerts can be missed by the crew when the visual workload level is too great to 
continuously monitor all indicators. 
Page 
R하 Rehmann, A., et a1. (1995) 
Remark *Evaluation Item 

ID 
Category 
Summa.η， 

Citation 

42 
Alarm System 
Non-standard alerts 

Non-standard alerts can add confusion while the crew is trying to attend to an alert, and 
alerts can be misinterpreted, resulting in inappropriate actions being taken. 
Page 
Ref. Rehmann, A., et al. (1995) 
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Remark *Evaluation Item 

ID 43 
Category Alann System 
Summary Simultaneous activation of multiple alerts 
Citation 
Simultaneous activation of multiple alerts can cause confusion and result in misinterpretation 
of alerts; critical alerts can be missed due to concurrent activation of 
noncritical alerts. 
Page 
Ref. Rehmann, A., et al. (1995) 
Remark *Evaluation ltem 

ID 44 
Category Alann System 
Summary Activation of noncritical alerts during critical phases 
Citation 
Activation of noncritical alerts during critical phases of f1ight can increase crew workload and 
unnecess앙y， possibly harzardous, actions can be taken if alerts are misinterpreted. 
Page 
Ref. Rehmann, A. , et al. (1995) 
Remark *Evaluation Item 

ID 45 
Category Alann System 
Summary Visual alert indicators that are too dim can be missed 
Citation 
Visual alert indicators that are too dim can be missed during bright sunlight conditions, and 
during the night these indicators can be too bright causing irritation and distraction. 
Page 
R얄 Rehmann, A. , et al. (1995) 
Remark *Evaluation Item 

ID 46 
Category Alann System 
Summary The roles of alarm system in real use 
Citation 
Several preliminary conclusions can be drawn as a result. First, alann systems are used for 
purposes that were not anticipated by designers and that the alann system was not designed 
to support. Second, alann systems are used for many purposes that are not associated with 
off-normal events. In fact, one of their primary operational purposes is to monitor the plant 
during normal operation, to help operators update their situation awareness of the plant 
(Mumaw, Roth, Vicente, & Bums, 1996). (It should be noted, that both of these studies 
observed the usage of alarms over short periods, and thus the results obtained are more 
pertinent to the day-to-day usage of an alarm system rather than usage during serious plant 
failures.) 
Page 15 
Ref. Vicente, K. (1 996) 
Remark item for consideration 

ID 47 
Category Alann System 
Summa.η The role of an alann system can differ as a function of the technology upon 
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which it is based 
Citation 
One important distinction is that the role of an alann can di節:r as a function of the 
technology 뼈on which it is based (0’Hara & Brown, 1991). More specifically, traditional 
허하m systems tend to be independent, whereas alanns that are being designed and proposed 
for ACRs tend to be more integrated with other parts of the CR interface (e.g., overview 
display, individual process status displays). Wi야1 this trend towards integration, there is a 
commensurate σend towards increasing the number of purposes that an alann system can 
fulfill. πlis could explain why diff농rent authors post different defmitions for the role of an 
alann system. 까lis explanation does not completely solve the problem, however. Because of 
the trend towards integration, the distinction between an alann system and the rest of the CR 
interface becomes fuzzier and fuzzier. πlis makes it very difficult, if not impossible, to talk 
about an alann system in isolation. 
JJage 16 
Ref. Vicente, K. (1 996) 
Remark item for consideration 

48 
Alann System 

ID 
Category 
Summary πle role of an alann system is different in normal operations (including minor 

fa비ts) than it is in accident situations. 
Citation 
A second important distinction is that the role of an alann system is diff농rent normal 
operations (including minor fauits) than it is in accident situations (Marshall & Baker, 1994). 
As some of the definitions of designed purposes above iIlusπate ， the focus has increasingly 
been on trying to design alarms to suppoπ operators under accident situations. This trend was 
largely prompted by the lessons learned from the ππee Mile Island incident, where the 
well-known problems associated with an alann "avalanche" reached an inauspicious peak. As 
a result, many techniques have been devised to help operators interpret off-normal events 
(mainly by prioritizing and reducing the number of alanns, see below). However, under 
normal operations, alanns are used for a very different set of purposes. ηlis is clearly 
illustrated by the list of operational purposes for which alanns have been used in practice, 
described above. The main potential problem under normal operations is not alann flooding, 
but rather the lack of salient, informative (i.e., diagnostic) indications. Evidence for this 
assertion comes from the creative strategies that operators adopt to extract information from 
existing alann systems. πlUS， it seems highly likely that the type of alann design techniques 
and features that are required to support normal operations and accidents are quite distinct. 

JJage 16-17 
Ref. Vicente, K. (1 996) 
Remark *Evaluation Item 

49 
Alann System 

ID 
Category 
Summary Automated systems have a very difficult time dealing with this 

context-dependency. 
Citation 
Each day, one or more plant components are being tested, are being maintained, are working 
imperfectly, or are not working at all. As a result, a given set of symptoms can be pe납농ctly 

normal or absolutely catasσophic， depending on the current state of the plant. Automated 
systems have a very difficult time dealing with this context-dependency. Because the local 
context can literally change on a daily basis, designers cannot possibly anticipate, and 
therefore design for, these contingencies. 
Instead, they must be confronted, at the time, by the operators since they are the only ones 
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who have access to the unique details specific to the local context. As a result, it is not 
surprising that the Disturbance Analysis System(DAS) efforts that attempted to automate 
diagnosis and response planning functions encountered significant implementation difficuIties. It 
is more prudent to develop less ambitious sUIψort systems that wiII provide human operators 
with the information they need to accurately and efficiently diagnose the state of the plant in 
the event of an abnormality, rather than allocating such a task to a computer. 
Page 17 
Ref. Vicente, K. (1 996) 
Remark item for consideration 

ID 50 
Category Alarm System 
Summary User-initiated notification 
Citation 
This concept, known as user-initiated notification, is similar to existing alarm systems in that 
it relies on the auditory modality. As a result, it has the advantage that the interface can grab 
the operator's attention, rather than requiring the operator to periodically monitor the interface. 
The novel feature of user-initiated notification, however, is that the operator specifies the 
event that will trigger an auditory signal. For example, if an operator wants to know when a 
certain vessel has been filled, so that he can turn off a pump, he can tell the interface to 
provide him with a signal when the level of the vessel has reached the desired value. Then, 
rather than having to periodically monitor that parameter (and potentially forget to do so), the 
operator can merely wait for the system to indicate to him that the event he specified has 
occurred, thereby Iiberating him to perform other duties in the meantime. User-initiated 
notification may thereby give operators more flexibility and control in specifying the 
information needs that are relevant to the local (unpredictable) context, thereby addressing the 
types of Iimitations encountered with DASs (see above). At the same time, this design 
concept also t와ces advantage of the benefits of the auditory modality. In fact, such an 
interface could be used for many of the operational purposes for which alarm systems are 
currently being used. The important difference, however, would be that the interface would be 
explicitly designed to support these purposes. Currently, these purposes have been informally 
adopted by operators and therefore are subject to error (e.g., forgetting to return an alarm 
seφoint back to its nominal value after changing its value to serve as a reminder for action). 
Page 18 
Ref. Vicente, K. (1996) 
Remark item for consideration 

51 
Alarm System 

ID 
Category 
Summary Different interfaces will be required to support operators under normal operations 

than under abnormal operations. 
Citation 
Different interfaces will be required to support operators under normal operations than under 
abnormal operations. Systems for the former mode are monitoring tools, not alarm systems (in 
the sense of detecting plant accidents). 까le characteristics of these interfaces will need to be 
different, although both can rely on the auditory modality. 
Page 19 
Ref. Vicente, K. (1996) 
Remark item for consideration 

ID 52 
Category Alarm System 
Summary Fault diagnosis should not be automated as part of an advanced alarm system. 
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Cilalion 
Experience has shown that fault diagnosis should not be automated as p강t of an advanced 
alarm system. Instead, it is more prudent to limit the role of an alarm system to that of an 
information provider to a human operator who is responsible for making decisions with 
respect to fault diagnosis. 
Page 19 
R젠 Vicente, K. (1 996) 
Remark *Evaluation Item 

53 
Alarm System 

ID 
Calegory 
Summary It is important to speci한 the type of context a partic비ar design is intended for, 

and to design the purposes accordingly. 
Cilalion 
The purposes of an alarm system in a retrofit of a traditional CR will difTer from those of 
an ACR. It is important to specify the type of context a particular design is intended for, and 
to design the purposes accordingly. The entire CR interface should be viewed as an integrated 
system for normal operation management, fault management, and outage management. The 
annunciation system is only one of the constituent subsystems of the overall system. Taking 
this approach allows one to recognize that other (possibly novel) subsystems can better serve 
some functions previously served by πaditional annunciation systems. 
Page 19 
R양 Vicente, K. (1 996) 
Remark item for consideration 

54 
Alarm System 

ID 
Calegory 
Summary Functional approach to alarm definition based on abstraction hierarchy 

framework. 
Cilal;on 
πle exception to this relative silence in the literature is the functional approach to alarm 
definition outlined by Goodstein (1 985). This work builds on the absσaction hierarchy 
한amework developed by Rasmussen (1 985), which provides a way to represent a plant at 5 
levels of abstraction: Functional Purpose (the purposes that the plant is designed to achieve), 
Absσact Function (the mass, energy, and information topology of the plant), Generalized 
Function (the basic functions that have been designed into the plant), Physical Function (the 
equipment that is available to implement those functions), and Physical Form (the spatial 
location and appearance of plant equipment). Each level describes the plant in a difTerent 
language. Adjacent level are connected by a means-ends relation so that the level above any 
level specifies the ends that the function or component of interest can achieve, whereas the 
level below specifies the means that are available for implementing the function or component 
of interest. Because of this means-ends relationship, the abstraction hierarchy is explicitly 
designed to support goal-directed problem solving and information search. Following the 
means-ends relations in a top-down fashion allows operators to focus their attention on the 
subfunction or component that is relevant to the purpose of function of interest at the time, 
rather than having to consider all possible system elements. Thus, the abstraction hierarcy 
constrains search in a psychologically meaningful manner, thereby allowing operators to "see 
the forest through the trees". 
It is precisely this feature which, Goodstein (1 985) obseπed， makes the absπaction hierarchy 
useful for defining alarms. Rather than just defining context-free limits on individual 
parameters, as the single-sensor-single-alarm approach does, the functional approach to 
alarming provides alarms at higher levels of abstraction by integrating lower level data in a 
functional manner. For example, to determine whether a p하ticular function is in an acceptable 
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state requires that one examine and integrate data from a large number of components that 
are used to implement that p강tic비ar function. In essence, this integration provides a form of 
context-sensitivity because the status of any one variable relevant to that function depends on 
the status of many, if not all, of the others. The functional approach to alarming takes 
advantage of the means-ends Iinks in the absσaction hierarchy by integrating low level data 
into the functional units defined by those links. 까le result is a systematic approach to 
defining alarm states. 
Page 20-21 
Ref. Vicente, K. (1 996) 
Remark item for consideration but how to evaluate is not sure 

ID 55 
Category Alarm System 
Summary Advantages using absσaction hierarchy framework 
Citation 
This approach has a number of other advantages as well (Goodstein, 1985). First, it results in 
a smaller number of alarms because of the context-sensitivity introduced by the integration 
process described above. Second, it provides a more meaningful set of indications because the 
alarms that are presented are explicitly defined with respect to plant purposes and functions. 
Third, it can help fault diagnosis as well because the links between levels of absσaction 
provide paths by which fa비ts can propagate in a bottom-up fashion over time. Fourth, it also 
helps operators distinguish between common mode failures and multiple, independent faults. 
The former are revealed by multiple symptoms affecting a common function, whereas the 
latter are revealedby multiple symptoms distributed across functionally independent 
components (see Goodstein, 1985 for an ex하nple). Fifth, presenting alarms at multiple levels 
of abstraction also provides operators with an alarm overview since higher levels of 
abstraction have less detail than lower levels. Sixth, alarms at higher levels of abstraction 하e 
generally more important than those at lower levels (e.g., a threat to the plant purpose of 
safety is more important than the fact that an individual component is outside of its nominal 
range), so this approach automatically prioritizes alarms according to their functional 
importance. Finally, as the title of Goodstein’s paper indicates, this approach also integrates 
alarms with information retrieval. Because the levels in the abstraction hierarchy are connected 
by means-ends Iinks, operators will be able to follow these links to gather information that is 
pertinent to an active alarm. For example, if a certain function is being threatened, the 
operator will need to know where they should look next to get more detailed information 
about the components and systems that implement that particular function. With the functional 
approach, the operator need only consult the information at the next lowest level of 
abstraction that is connected to the alarmed function since only this information is pertinent to 
that function. In this way, the functional approach integrated alarm definition, information 
retrieval, and system status displays into a coherent framework. 
Page 21-22 
Ref. Vicente, K. (1 996) 
Remark item for consider 

ID 56 
Category Alarm System 
Summary Consideration on lowpass filtering in alarm system design 
Citation 
For instance, we did not find any experiments evaluating the concept of lowpass filtering. The 
idea seems intuitively appealing, and could perhaps be implemented in a new alarm system 
without a great deal of engineering analysis. πle potential obstacles to implementation seem 
to be the need for identifYing the cutoff frequency for the various filters, and the 
computational load that the processing might impose. 
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Vicente, K. (1996) 
item for consideration but how to evaluate is not sure 

ID 
Category 
Summary 
Citation 

57 
Alarm System 
An experiment on logical filtering of alarms. 

As for logical filtering, an experiment was conducted at the Halden Reactor Project in 
Norway investigating several advanced alarm te뼈liques， including logical filtering (Baker, 
Gertman, Hollnagel, Holmstrom, Marshall, & Owre, 1985). 까le results indicated that 
performance with the alarm system with filtering was not significantly different from that with 
no filtering, despite the fact that the number of alarms during transients was reduced by 
approximately 50% with filtering. The authors note, however, that most of this filtering 
occurred later in the event, not at the beginning when operators initiate their fault 
management task. 
Page 25 
Ref. Vicente, K. (1 996) 
Remark item for consideration 

ID 58 
Category Alarm System 
Summary An experiment on prioritization of alarms 
CitatiíJn 

With respect to alarm prioritization, Fujita (1 989) conducted a controlled experiment 
comparing a traditional alarm system with an advanced alarm system that prioritized incoming 
alarms into one of three groups: normal status information, caution information, and alarm 
information. Note that all three categories of alarms were presented to operators (I.e., there 
was no filtering of alarms). Each of these groups was coded with different color (green, 
yellow, and red, respectively). The prioritization was performed according to a small number 
of relatively simple rules. These rules (in decreasing order of importance) 하e: 

1). Handling by mode - alarms that are not relevant to the current mode are assigned to 
the normal status information group. 

2). Handling by importance/magnitude - lower setpoint alarms for the same p앙ameter (e.g., 
hi when hi-hi is activated) are assigned to the normal status information group. Simil없ly， 

less severe alarms for thesame parameter (e.g., caution when failure is activated) are also 
assigned to the normal status information group. 

3). Handling by cause-consquence - alarms that are a consequence of a componentlsystem 
change that is already alarmed are assigned to the normal status information group. The 
exception is any case where the consequence alarm triggers an interlock action, in which 
case the alarm is assigned to the caution information group. 

까1Ïs is one of the more rigorously designed experiments conducted with professional operators 
and a full-scope simulator on alarm issues, so its results are of particular relevance. 
Interestingly, the results revealed that there was no statistically significant difference between 
the two systems for identification of the initiating event. However, in 3 of 4 scenarios, the 
advanced alarm system led to significantly faster and less variable detection time of second 
malfunctions that occurred while operators were still busy dealing with the frrst faul t. Also, 
the time it took operators to take control actions was also significantly improved with the 
advanced system for half of the scenarios. These results indicate that alarm prioritization can 
lead to improved pe야ormance (at least with the rules used by F내ita). They also suggest an 
important methodological conclusion, namely that the impact of alarm processing techniques 
may be mainly 0 
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Page 25-26 
R하 Vicente, K. (1996) 
Remark *Evaluation Item 

ID 59 
Category Alarm System 
Summary Summary on alarm processing technics 
Citation 
Av따iety of alarm processing techniques have been suggested in an efTort to overcome the 
limitations of σaditional alarm systems. Unfortunately, very few experiments have been 
conducted to assess the value of these methods. The only positive conclusions we can make 
are that alarm prioritization can improve performance, and that model-based derivation of 
alarms seems to be a promising technique. Perhaps surprisingly, there is no evidence to 
indicate that alarm filtering improves operator performance. Th is does not mean that filtering 
may does not be useful, but rather that it has not been shown to be so to date. 
Page 27 
Ref. Vicente, K. (1996) 
Remark item for consideration 

ID 60 
Category Alarm System 
Summary Comparison of conventional alarm to advanced alarms. 
Citation 
Kragt (1 984) may have been the first to investigate this issue experimentdlly, comparing a 
conventional tile-based alarm system with a more modern system consisting of a 
computer-based message list format. The study was conducted within the context of a 
simulated chemical process, which is considerably less complex than a nucIear power plant 
but much more complex than most laboratory studies. The results revealed that the 
computer-based alarm system was inferior to the conventional tile-based system in term of 
various measures of fault management perform뻐ce. The advantage of the more πaditional 
design seems to be due to the fault that operators could interpret the information in the tiles 
at a glance, whereas with the alphanumeric message list they had to read the text messages 
to understand what state the plant was in. Furthermore, when alarms occurred rapidly in 
succession, the subjects with the message Iist were not able to retain an overview of the 
process whereas those with the tiles were. These res비ts are important for two reasons. First, 
they show that "advanced" systems do not always lead to improved performance. Second, they 
show the value of a parallel, spatially dedicated presentation format in allowing operators to 
maintain an overview of the process and interpret al강ms at a glance. 
Page 31-32 
Ref. Vicente, K. (1 996) 
Remark *Evaluation Item 

ID 61 
Category Alarm System 
Summary Conventional tile-based alarm displays and CRT-based displays. 
Citation 
According to 0 ’Hara and Brown (1 991), conventional tile-based displays have been found to 
be superior to CRT-based presentations during high-alarm density conditions in a number of 
other studies as well. 
Page 32 
R앙 Vicente, K. (1996) 
Remark *Evaluation Item 
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ID 62 
Category Alann System 
Summary Summary on alann presentation 
Citation 
A diverse set of alann presentation techniques have been proposed. As was the case with 
alann processing techniques, very few empirical studies have been conducted to assess the 
value of these techniques. 까le limited evidence available suggests the following conclusions: 

the possibility of using rich auditory infonnation in alanns sho비d be explored complete 
suppression of alanns that are not of highest priority is inadvisable the results on 
integration of alarms and process displays are equivocal, although future work in this area 
is warranted since infonnation reσieval peñonnance may be e빼anced throu뺑 integration 
alanns should be organized according to function or system alanns systems should include 
a parallel, spati외Iy dedicated presentation fonnat to support interpretation at a glance and 
maintenance of an overview of plant state. 

Note that it is possible (probably desirable) to combine a paraIlel, spatiaIly dedicated 
presentation fonnat and integration of alanns with process displays into a single design. 
Page 32 
R앙 Vicente, K. (1 996) 
Remark *Evaluation Item 

ID 63 
Category Automation of Functions 
Summary AP600 example of automation 
Citation 
* In general, equipment that already contains the means for remote control (by design) shaIl 
be automated to the extent possible if it meets operating and economic 0비ectives. 

* Plant startup and shut down should be automated, such that the st하tup procedure provides 
for operator pennission to proceed between automatic sequences. 
* At steady operation (above low power) the plant should be under unattended automatic 
control for continuous or repetitive tasks. 
* Plant systems reconfiguration shaIl be automatic. Retum to initial configuration shaIl be by 
operator action. It may be automatic if it: 

- reduces chaIlenge to safety-related systems, 
- reduces personnel hazard, 
- improves plant availability, and 
- reduces risk of damage to equipment. 

* On-line testing shaIl be initiated manuaIly but can proceed automatically and can be 
assisted by the operator as needed. 
* M-MIS equipment periodic functional testing should be initiated manuaIly but perfonned 
automaticaIly. Auto-initiation can be considered if the functionality of equipment does not 
degrade. If a component fails, the system shaIl reconfigure automaticaIly to continue testing. 
Equipment under test shall be bypassed automaticaIly. Removal of bypasses shall be 
automatlc. 
* Computer-based M-MIS systems should re-start automaticaIly upon initiation of power. 
Associated non-safety equipment initiation requires operator action. 
* The automatic system should handle smaIl failures, and the RO is the backup. He will 
notify the foreman about any action he is requires to take to handle smaIl abnonnalities. 
* Startup and shutdown of auxiliary systems shaIl 야 under local manual control. Nonnal 
operation sho비d be automatic. 
* Reactor coolant system process sampling shall be initiated manually and 10caIly. Interlocks 
and automatic sequencing shall be provided. Monitoring of process sπeams sho비dbe 
automatic since it is continuous and repetitive. 
* Manual safety-related system level controls shaIl be integrated into the RO workstation 
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* Automatically actuated safety functions shall gave system level manual actuations. Local 
control of safety systems 개 components is not prec1uded. 
* Safety-related control circuits should be designed to ensure that automatic safety related 
signals override all other control signals. 
* Reactor protection system testing should be fully automatic inc1uding initiation. 
* Inlets to waste processing system collection tanks in parallel service shall be valved and 
insσumented to automatically route input flow to the second tank when the frrst one is full. 
When this arrangement can result in unmonitored released the appropriate automatic interlocks 
shall be provided. πle actual discharge from the plant shall be via 0야rator manuaI action. 
* Certain but not all control system sho비d "Fail-to-Manual" due to the 0야:rator burden 
associated with taking manual conσ01 from the automated system is failed or failing. The 
automatic system should fail to manual anytime it is determined that the system cannot 
continue with confidence to perform in an automatic mode. "Fail-to-Manual" should always be 
accompanied with an alarm to the operator, and should be designed to be a "Fail-as-is" to 
the extent possible within system limitations in order to minimize plant disturbances. In cases 
where one set of redundant equipment is transferred to operator control the other set should 
remain under automatic control provided the associated I&C function properly. 까le complexity 
of validation of control system failures application of the principle for such systems as Steam 
Dump Control (in both power and shutdown operations). Rod Control, SG Level Control, 
Pressurizer Pressure Control, Turbine Control. 
Page 
Ref. Bekkerman, A.Y. (1 997) 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

64 
Automation of Functions 
How can a dynamic allocation of functions and tasks be accomplished between 
the human and advanced I&C? What tasks are appropriate for the human in 뻐 
advanced I&C control room? What is the locus of control between the human 
and advanced I&C? 

The needs of the operators must be specified early in the design cyc1e of the advanced I&C. 
During the needs assessment, the needs and desires of the operators should be identified, and 
areas that need improve neat in the control room should be determined. The needs assessment 
should consist of three types of analysis organizational, task, and person. 

A function allocation and a division of labor between the advanced I&C and the operator 
should be conducted after the needs assessment but before the system is designed, and the 
operator should be consulted during this process. The human should be assigned only those 
functions that he is most capable of performing and that best utilize his skills. Knowledge, 
and abilities. In the past, allocation of functions was based on catalogs of "things computers 
do better" and ’things people do better." With the current rate of technological development, 
existing catalogs are becoming obsolete and this distinction may soon cease to be relevant in 
most situations. As advanced I&C develops, the idea of fixed allocation is no longer 
appropriate. P비liam， Price, Bongarra, Sawyer, and Kisner[ 1983] outlined an approach to 
function allocation that correctly emphasizes an iterative approach to the solution for 
conventional I&C systems, but a ditTerent conceptual approach may soon be required. The 
relation of the operator to the digital I&C should be a symbiotic one. Human-related problems 
are symptoms, not causes, of underlying problems in the sociotechnical system. Research 
needs to be initiated to look at better methods and criteria for allocating functions between 
the operator and the advanced I&C. Research should also be initiated on how to better design 
the digital I&C so that each can support the other and produce the most etTective joint 
outcome. 
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Page 
Ref. 
Remark 

ID 
Category 
Summary 

Citation 

Carter, R, J. (1992) 
item for consideration 

65 
Automation of Functions 
Level of operator control in interacting with automation is a major factor in 
moderating this loss of SA 

We studied the automation of a navigation task using an expert system and demonsσated that 
low SA corresponded with out-of-the-Ioop performance decrements in decision time following 
a failure of the expert system. Level of operator control in interacting with automation is a 
major factor in moderating this loss of SA. Res비ts indicated that the shift form active to 
passive processing was most likely responsible for decreased SA under automated conditions. 
Page 
Ref. Endsley M.R. and Kiris E.O. (1 995) 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

66 
Automation of Functions 
Intermediate levels of automation may be preferable for certain types of tasks 
and certain functions 

These studies show that even when full automation of a task may be technically possible, it 
may not be desirable if the performance of the joint human-machine system is to be 
optimized. Intermediate levels of automation may be preferable for certain types of tasks and 
certain functions, in order to keep human operations' situation awareness at a higher level and 
allow them to pe야orm critical functions. 
Page 
R하 Endsley, M. R., E. Onal, and D. B. Kaber, (1 997) 
Remark general and higher level item 

ID 67 
Category Automation of Functions 
Summary Scale of Levels of Automation 
Citation 

Wiener and Curry (1 980) and Billings (1991) have both discussed the fact that automation 
does not exist in an all or none fashion, but can be implemented at various levels. Sheridan 
and Verplank (1978) developed a LOA taxonomy which incorporated ten levels including: 
1. Human does the whole job up to the point of tuming it over to the computer to 
implement, 
2. Computer helps by determining the options, 
3. Computer helps determine options and suggests one, which human need not follow. 
4. Computer selects action and implements it if human approves, 
6. Computer selects action, informs human in plenty of time to stop it, 
7. Computer does whole job and necessarily tells human what it did, 
8. Computer does whole job and tells human what it did only if human explicitly asks, 
9. Computer does whole job and decides what the human should be told, and 
10. Computer does the whole job if it decides it should be done, and if so, tells human, if it 
decides the human sho비d be told. 
Page 
Ref. Endsley, M. R., E. Onal, and D. B. Kaber, (1 997) 
Remark item for consideration 
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ID 68 
Category Automation of Functions 
Summary Automation and workload 
Citation 
Tanaka, Buharali, and Sheridan (l 983) demonstrated that automation did in fact reduce the 
workload of skill-based tasks, but not rule- and knowledge-based tasks, in a laboratory flight 
simulation. 
Page 75 
R하 
Remark 

Huey, B. and Wickens, C. (1 993) 
item for consideration 

ID 
Category 
Summary 
Citation 

69 
Automation of Functions 
Care in automation 

When automation is introduced, it is difficult to ensure that the operator will remain ’in the 
loop' and be capable of taking over and acting as a backup to the automatic system when 
needed. Special care has to be taken to ensure that systems are designed so that the operators 
maintain awareness of the various operating modes of the control systems, the transition 
points, the limits on operator action, the circumstances in which the operators need to take 
over control, and the procedures for executing control without ’fighting’ the control system or 
creating unnecessary transients. The operators should be provided with adequate support 
functions analysing the state of the automatic systems and interlocks to maintain their 
awareness of the situation. 
Page 41 
R하 IAEA (1998) 
Remark *Evaluation Item 

ID 70 
Category Automation of Functions 
Summary Impact of Automation in Process Control 
Citation 
* Increased Monitoring Load. 
With automation, the operator is moved to the higher level of supervisory conroIIer. 까lis 

’new task' requires large demands on the operators capacity for vigilance; a task at which 
humans are poor. Several studies (Adams & Howschinsky 1991; Hurst & Rose, 1978)note 
low workload as the main culprit in many operational errors. A common solution to this 
problem is the addition of alarms to alert the operator of dangerous system states; however, 
they increase the number of system components and are a source of sσess themselves. 

*Component Proliferation. 
When any single function is automated, it usuaIIy increased by at least three the number of 
items that must be monitored, and consequently could fai l. In addition, the operator must 
decide whether it is the initial system that failed, or the monitoring system. Displays might 
incorporate self-diagnosis features to reduce this uncertainty. 

*Out-of-the-Loop Unfamiliarity. 
When one or more operator task are replaced by automation, the operator becomes ’insulated’ 
from the system, and thus familiarity with current and historical system states is redeces. As 
a result, operators are slower to detect critical changes in system states and require more time 
to take corrcetive action(Bortolussi & Vidulich, 1989; Ephrath & Young, 1981; Kessel & 
Wickens, 1982; Wickens & Kessel, 1979, 1981). 
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*Loss of Cooperation Between Human Operators. 
The use of automated tools commonly eliminated task s which require communication between 
MPP controllers. D뻐하ler(l 980) lists many benefits that might result from the high level of 
c∞peration facilitated by communication between operators in a complex system. 
Page 2 
R얄 Klauer, K M. et al. (1993) 
Rema,k item for consideration 

71 
Automation of Functions 

ID 
Category 
Summary Problems can arise when the allocation process inadequately addresses personnel 

roles. 
Citation 
Function allocation sho비d be based, in part, HFE 뻐alyses using a structured 뻐d 

well-documented methodology that seeks to provide personnel with logical, coherent, and 
meaningful tasks. It has been found to be inadvisable to base allocation decisions solely on 
techn이ogical considerations that allocate to plant personnel everything the designer can not 
automate because this approach results in an ad hoc set of activities that may negatively 
affect operator performance. 
Page 
R하 O’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996). 
Remark *Evaluation Item 

ID 72 
Category Automation of Functions 
Summary General problems in increasing automation 
Citation 
Increases in automation result in a shift of the operator's from that of a direct manual 
controller to a supervisory controller and system monitor. 까lis type of role change may be 
viewed as positive from a reliability standpoint, since the human operator is often considered 
one of the more unpredictable components in the system. It is generally presumed that 
automation will enhance overall system reliability by removing or reducing the need for 
human action. However, problems sometimes arise when decisions regarding automation do 
not adequately address the role of personnel in plant control and safety functions (Edwards, 

4-14 
1977) 
Page 
R하 
Rema,k 

0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
item for consideration 

ID 73 
Category Automation of Functions 
Summary The operator's role should be defined as the total integration 
Citation 
까le operator's role should be defined as the total integration across plant functions and 
systems of the operator's responsibility and not at the individual system level, in isolation of 
other systems. 
Page 4-15 
R안 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Rema,k *Evaluation Item 

ID 74 
Category Automation of Functions 
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Summary Problems in technology-centered automation approach 
Citation 
it has been found to be inadvisable that seeks to base allocation decisions solely on 
technological considerations that allocate to plant personnel everything the designers cannot 
automate because this approach results in an ad hoc set of activities that may negatively 
affect operator performances. Woods et al. (1 994, pp 24-29), in discussing why systems fail, 
noted that: 
"One particular type of technology change, namely increased automation, is assumed by many 
to be the prescription of choice to cure an organizations ’human error problems.’ If incidents 
are the results of ’human error', then it seems justified to respond by retreating further into 
the philosophy that 'just a little more technology is enou뺑.’ Such a technology-centered 
approach is more likely to increase the machine’s role (creating a vicious cycle as evidence of 
system problems will pop up as more human error) ... Failures to understand the 
reverberations of technology change on the operational system hinder the understanding of 
important issues such as what makes problems difficult, how breakdowns occur and why 
experts performs wel l." 
Page 4-16 
R하 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

lD 75 
Category Automation of Functions 
Summary Cautions in automation 
Citation 
Wiener and Curry (1988) have cautioned that while "any task can be automated, the question 
is whether it should be." And Billings (1 991) has emphasized that questions related to the 
impact of automation should be asked prior to the consideration of any new element of 
automation in the cockpit. Further, it has been argued that allocation of function need not be 
simply a choice between operator and automated system. Rather, there are functions where a 
combination of human and system task allocation best serve the overall productivity and 
safety of the system (Price, 1982). 
Similar concems regarding automation and plant personnel performance have been raised in 
the nuclear industry as well (IAEA, 1991). Ranson and Woods (1 995) indicated that "Field 
observations made during one CANDU startup also indicated that operators have difficulty 
supervising automation, which is for the most part silent" (provides little information regarding 
its activities).Once decisions to automate are made, even when appropriate, human 
performance concems can arise from its implementation. 
Page 4-16 
Ref. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

lD 76 
Category Automation of Functions 
Summary Automation can increase the complexity of the plant and operators may have 

additional burden to understand the system. 
Citation 
Automation can increase the complexity of the plant and problems can arise because the 
operator lacks a good mental model of the behavior of the automated system, i.e., how and 
why it does (Wilhelmsen et al.,1992). As plants become more automated operators will be 
required to understand the complex software routines (to be an effective supervisory 
controller). Operators need to understand how information is processed by the automated 
system so they can determine whether the result is relevant to the task situation and to 
determine whether the automated system is operating properly. πlis point was emphasized by 
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EPRI in consideration of digital upgrades: "It is important for the operators to understand 
how the system operates, how it reacts to off-normal situations, and how it behaves when 
failures occur, because this impacts the ability of the operators to take appropriate actions in 
these situations" (EPRI, 1993, p5-9). 
j)age 4-16 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 77 
Category Automation of Functions 
Summary Experience with automation in industry 
Cital;on 
Interviews with personnel from non-nucIear plants have indicated that operators will sometimes 
switch control systems from the automatic to the manual mode if they do not understand 
what the system is doing and, thus, think the system may be malfunctioning. 
The introduction of increased automation into the newer Canadian plant had mixed effects on 
the operator's role. Operators and trainers generaIly agreed that control actions, such as 
changes in reactor power, were easier to perform with the newer plant than with older plants 
because the increased level of automation simplified many steps in the process. However, it 
was generaIly recognized that it is more difficult to understand the structure of the newer 
plant and how it works. One instructor stated that due to the higher level of complexity of 
the newer plant, its operators must learn much more than operators of earlier plants to have a 
comparable level of understanding of the plant control response. 
j)age 4-17 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 78 
Calegory Automation of Functions 
Summary 까le lack of a proper mental model of how an automated system works can 

result in operator actions that produce unexpected consequences. 
Cilal;on 
The lack of a proper mental model of how an automated system works can result in operator 
actions that produce unexpected consequences. Problems can include (1) intended actions that 
were improperly planned, and (2) unintended-unanticipated operator actions. 
The foIlowing is an example of an intended action that was improperly planned. A digital 
system was controlling a batch reaction on a chemical plant during the night when daylight 
saving time ended and the clocks had to be set back by one hour. When the operator reset 
the c10ck of the digital control system so that it indicated 2:00 am instead of 3:00 am, the 
digital control system shutdown the plant for one hour until the c10ck indicated 3:00 없n 
again (Kletz, 1993). This event occurred because the application engineer at the pl뻐t did not 
fuIly understand the requirements of the control system design or the operator's needs in the 
task environment and inadequate instructions were provided to the operator. 

An example of unintened-unanticipated operator action occurred at a non-power reactor. A 
πainee simultaneously depressed a PULSE mode button and UP button for rod withdrawal. 
The result was that a control rod was driven out of the core, a rod movement that was 
inconsistent with a rod withdrawal interlock for that mode of operation. 꺼le withdrawal 
continued even after the UP button was released. This continued withdrawal is inconsistent 
with the design intent of the control system. This problem had not been previously discovered 
because it was thought to be inconsistent with the operational design of the reactor. Also, the 
buttons were arranged on the console in such a way that it would be unusual to depress the 
two simultaneously (NRC, 1993a). 
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Page 4-17 
Ref. 
Remark 

0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

79 
Automation of Functions 

ID 
Category 
Summary 
Citation 

Automation can cause the loss of operator vigilance and situation awareness. 

Many problems associated with human interaction with automated systems have been atσibuted 
to poor situation awareness(Kibble, 1988). Maintaining situation awareness is difficult when 
the operator is largely removed from the control loop (Wickens and Kessel, 1981). 
Sexton(l988) observed that if "decisions are automatically made without providing the 
rationale to the pilot, the ability to stay 하lead of the aircraft is lost. Complacency and 
inability to take timely and proper action result." Increases in automation have frequently been 
associated with loss of operator vigilance and situation awareness, res비ting in an increase in 
vigilance-associated human errors (Warm and Parasuraman, 1987). 
Page 4-18 
Ref. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 80 
Category Automation of Functions 
Summary Monitoring for system degradation can be difficult with advanced HSIs. 
Citation 
Monitoring for system degradation can be difficult with advanced HSIs because the intended 
functions of automatic control systems is to maintain a specific level of performance. Thus, 
automation tends to mask the degradation (Norman, 1990) and the operator may not become 
aware of the degraded condition until it exceeds the capabilities of the automatic control 
system. 
Page 4-18 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 81 
Category Automation of Functions 
Summary Automation design assumptions are not well understood and are inconsistent with 

the actual work environment, operators may resort to workarounds and shortcuts. 
Citation 
Automatic systems are developed with implicit assumptions about the conditions under which 
they wil1 be used. When these design assumptions are not well understood and are 
inconsistent with the actual work environment, operators may resort to workarounds and 
shortcuts. Workarounds are actions taken to by-pass automatic actions that would otherwise 
interfere with or prevent operational tasks. Automation shortcuts are unofficial control action 
strategies, unintended by the designer, that operators use to bypass features of an automatic 
system to facilitate their control tasks. 
Page 4-18 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark general and higher level item 

ID 
Category 
Summary 

82 
Automation of Functions 
When failures occurred, lockups of a digital control system can cause the 
difficulties of detecting those fa i1ures. 
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Citation 
Lockups, with an absence of indication, are failure modes to which digital control systems are 
susceptible. When the control system for an analog indicator fails, the needle of the indicator 
usually falls to the bottom of the scale (e.g., to zero). πlis provides the operator with an 
indication that a failure has occurred. When digital control systems lock up (e.g., processors 
either stop processing or perform infmite calc비ations)， there may be no obvious indication for 
the operators. Lockups may be caused by many things including a power interruption, voltage 
change, or improper operation 피put. Operators may not be aware that a failure has occurred 
because the display may have stopped at a reading that isin the normal operating range. 
(Digital systems do have alarms for system failures, but these alarms may not address all 
cases or always operate as intended.) 
For example, if the control system locks up after a closed valve receives a signal to open, it 
may be difficult for the operator to determine whether the valve is closed, open, or partially 
open. In addition, it may be difficult to diagnose the cause of the lockup and recover the 
control capability because the operator may not be able to determine the states of the 
components of the control system (e.g., processors or actuators). 
Page 4-19 
R안 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 83 
Category Automation of Functions 
Summary Automation can cause the operator's boredom. 
Citation 
Monitoring is typically considered very boring and not something people do p하ticularly well 
(e.g. vigilance is difficult to maintain). Monitoring plant variables and detection of anomalies 
requires operator alertness. However, because automated control systems tend to remove the 
operator from direct control of the plant, operator alertness may suffer. 
Page 4-20 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 84 
Category Automation of Functions 
Summary Automation may result in high cognitive workload during process disturbances. 
Citation 
It is generally believed that automation will result in a reduction of workload, especially 
during periods of monitoring stable pl삐t peκormance. However, it is found that high 
cognitive workload can result during process disturbances. 
For example, the automation of aircraft landings can have the ef뻐ct of reducing overall 
workload during this task. However, when landings are performed during complicated, 
abnormal circumstances, the automation makes the task even more difficult compared to when 
it was performed without the automatic control system (Wiener, 1989). Thus, automation tends 
to increase workload during disturbance conditions. In addition, the workload associated with 
πansitions from monitoring automated systems to assuming manual control during a fault in 
an automated system can be extraordinary (Huey and Wickens, 1993) 
Page 4-20 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 85 
Category Automation of Functions 
Summary Due to lack of practice there is a potential erosion of the skills required to 
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perform the task in the event of automated system failure. 
Citation 
Studies of the abiIity of process operators to produce a step change in a process have shown 
that experienced operators tend to make a minimum of actions and the process output moves 
smoothly and quickly to the new level, while inexperienced operators tend to cause the output 
to oscillate around the target value (Bainbridge, 1987). Bainbridge states that because these 
types of physical skills, particularly refmements of gain and timing, tend to deteriorate when 
not used, operators may lose these skills when processes are automated. 
Page 4-20 
Ref. 0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 86 
Category Automation of Functions 
Summary Automation can cause mode errors. 
Citation 
Mode errors are an increasing phenomenon associated with automated systems (Woods et al., 
1994). Automated systems often have a variety of modes in which the inputs used and output 
provided are different(Sarter and W oods, 1992). Operator inputs may have different effects 
depending upon the characteristics of each operating mode. Automated systems should be 
designed to inform the operator of its current operating mode, mode πansition points, limits 
on operator actions, and circumstances in which operators need to assume control. In addition, 
the operator must be aware of indications from the automated system or other means, of how 
to assume conπ01 without "fighting" the system or causing unnecessary transients. 

Errors result when operators makes inputs thinking the system is in one mode when it is in 
another. 
Page 4-21 
R하 
Remark 

O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
*Evaluation Item 

87 
Automation of Functions 

ID 
Category 
Summary 
Citation 

때es of human performance problems related to automation 

Wiener and Curry (1 980) grouped the types of human performance problems into six 
categones. 

(1) failures of automatic equipment, such as autopilot; 
(2) automation-induced errors compounded by the crew’s error, such as an error 
following the crew’s attempt to recover from the failure of an automated systems; 
(3) crew error in setting up automated systems, such as keying in the wrong information 뻐d 

data; 
(4) action taken by the crew in response to a false alarm; 
(5) failure of the crew to pay attention to an automatic alarm; 
(6) failure to properly monitor the automated system. 
Page 4-21 
Ref. 0’H하a， J.M. , Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

ID 88 
Category Automation of Functions 
Summary expectations, mental models and automation surprises 
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Citation 
An "automation surprise" occurs when the automation behaves in a manner that is different 
from what the operator is expecting. In both of the following cases, a reasonable sequence of 
pilot actions peκormed in a high workload situation resulted in an unusual and undesirable 
result - an automation surprise. Sometirnes surprising behavior is due to a system 
malfunction but in these two cases the automation worked as designed. 

An "automation surprise" occurs when the automation behaves in a manner that is different 
from what the operator is expecting. 

πle p파pose of this paper has been to demonsσate in detail how "automation surprises" 
occurred to two airline crews during a high workload sin삐lated flight segment. A lesson of 
these two incide:1ts for pilots is to reinforce the irnportance of monitoring the automation 
displays - the Flight Mode Annunciators. In these incidents, they provided the only timely 
and correct indication of what the automation was actually doing. A lesson for autoflight 
designers should be to develop designs that either eliminate or provide more salient displays 
of normaJ but unusual automation modes. What is needed is a " what you see is what you 
wiJJ get"(WYSIWYWG) type of display of the of the aircraft’s predicted vertical path. 
Page 
Ref. Palmer, E. (1995) 
Remark general and higher level item 

ID 89 
Category Automation of Functions 
Summary Impact of automation on crew operations. 
Citat;on 
As has been reported in earlier studies (e.g., Wiener, 1989), automation may reduce workload 
in low workload flight phases and may increase workload in high workload flight phases; 
also, workload may be increased dramatically during abnormal situations and failures. 
Navigation capability and associated displays were noted as major workload reducers. Because 
of the high workload associated with interacting with the FMS, in particular, some crews 
habe adopted the practice of prediction A TC(Air Traffic Control) instructions and 
"preprogramming" them into the FMS to reduce workload during final approach, even though 
this is not dictated by company SOPs(standard operating procedures). A number of pilots 
noted that it is often easier to just turn off the automation and "go manual" because of the 
workload penalty paid by the complexity of interactions with the automated systems. 
Page 
Ref. Rudisill, M. (1995) 
Remark general and higher level item 

ID 90 
Category Automation of Functions 
Summary Coping with Mode Error and Aiding Mode Awareness 
C;tat;on 

πlis examination of mode awareness leads to several strategic directions for responding to 
problems in this cognitive task. First, one can say that mode awareness problems are induced 
by the complexity of the technological system. Technological powers for automation are used 
clumsily when cognitive and other demands on the operational system created by new 
automation are ignored (Norman, 1990; Woods, 1993; Woods, Johannesen, Cook and Sarter, 
1994). This is what we mean by technology-centered automation(see Billings, 1991 , for an 
extensive discussion of technology-centered vs. human-centered automation). Then one way to 
improve the human-machine system is to reduce the operational complexity induced by how 
technology is deployed. In the case of mode awareness, this can be stated cJearly: Reduce the 
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number and complexity of the modes. However, there may be a variety of pressures, such as 
marketing demand from a diverse set of customers or the desire to optimize parameters such 
as precision or efficiency across different operational circumstances, that reduce the designer’s 
ability to counter mode proliferation through simplification. 
Page 
R하 Sarter N.B., and Woods D.D. (l 995c) 
Remark item for consideration 

91 
Automation of Functions 

ID 
Category 
Summary help pilots integrate diverse data into a coherent, operationally relevant picture of 

FMS status and behavior, inc1uding past behavior, current activities and setup, 
and future implications 

Citation 
The corpus of reported and obseπed difficulties in pilot-automation interaction suggests 
approaches to improving coordination and cooperation in current and future systems. First, 
better feedback on FMS status and behavior can support pi10ts in maintaining situation 
awareness in high tempo, high workload or unusual flight contexts. One part of this may be 
to explore new concepts that help pilots integrate diverse data into a coherent, operationally 
relevant picture of FMS status and behavior, inc1uding past behavior, current activities and 
setup, and future implications (e.g., Woods, 1991). In addition, the pilot-FMS interfaces can 
be modified to support data access and interface management tasks. Second, πaining programs 
and design efforts can address new ways to support pilots in forming and refining their 
mental model of the functiondl structure of the FMS. 
Page 
R하 Sarter, N. and Woods, D. (1992b) 
Remark item for consideration 

ID 92 
Category Automation of Functions 
Summary considerations in the design and training of the FMS 
Citation 
In summary, the corpus of observed and reported diffic비ties in pilot-automation interaction 
suggests the need for the following improvements in the design and training of the FMS to 
help pilots exploit the full range of capabilities provided by flight deck automation: 

- system states and transitions, goals, and options need to be c1early and coherently 
indicated to the pilot; 

- the user needs to be supported in forming an accurate mental model of the device 
functionality which is critical for coping with more difficult and unusual flight situations; 

- the display and interaction capabilities that mediate pilot-FMS communication need to be 
tailored to high demand situations and circumstances 

Page 
Ref. Sarter, N. and Woods, D. (l 992b) 
Remark item for consideration 

ID 93 
Category Automation of Functions 
Summary typical vulnerabilities of skilled operators 
Citation 
In the Phase 1 report, we noted controller vulnerabilities (ηpical of the vulnerabilities of 
skilled operators in other systems) in the fì이lowing areas: 
1. Monitoring for and detection of unexpected low-frequency events, 
2. Expectancy-driven perceptual processing, 
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3. Exσapolation of complex four-dimensional trajectories, and 
4. Use of working memory to either carry out complex cognitive problem solving or to 
temporarily retain information. 
Page 12 
R안 Wickens, C. D. et al. (1 998) 
Remark item for consideration 

ID 
Category 
Summary 
Citation 
High 

94 
Automation of Functions 
Scale of Levels of Automation of Decision and Control Action 

10. 까le computer decides everything and acts autonomously, ignoring the human. 
9. Informs the human only if it, the computer, decides to 
8. Informs the human only if asked, or 
7. Executes automatically, then necessarily informs the human, and 
6. Allows the human a restricted time to veto before automatic execution, or 
5. Executes that suggestion if the human approve, or 
4. Suggests one altemative, and 
3. Narrows the selection down to a few, or 
2. 까le computer offers a complete set of decisionlaction altematives, or 
1. The computer offers no assistance: the human must take all decisions and actions. 
Low 
Page 
R강 
Remark 

ID 
Category 
Summary 

Citation 

14 
Wickens, C. D. et al. (1 998) 
general and higher level item 

95 
Automation of Functions 
Computer-based automation applicable to the 0야rations with raw data during 
Information Acquisition 

Computer-based automation can apply to any or all of at least six relatively independent 
features involving operations performed on raw data: 

1. Filtering. Filtering involves selecting certain items of information for recommended operator 
viewing (e.g., a pair of aircraft that would be inferred to be most relevant for conf1ict 
avoidance or a set of aircraft within or about to enter a sector). Filtering may be 
accomplished by guiding the operator to view that information (e.g., highlighting relevant 
items while graying out less relevant or irrelevant items; Wickens and Yeh, 1996); total 
filtering may be accomplished by suppressing the display of irrelevant items. Automation 
devices may vary extensively in terms of how broadly or narrowly they are tuned. 

2. Information Distribution. Higher levels of automation may flexibly provide more relevant 
information to specific users, filtering or suppressing the delivery of that same information for 
whom it is judged to be iπelevant. 

3. Transformations. Transformations involve operations in which the automation functionality 
either integrates data (e.g., computing estimated time to contact on the basis of data on 
position, heading, and velocity from a pair of aircraft) or otherwise performs a mathematical 
야 logical operation on the data (e.g., conversion time-to-contact into a priority score). Higher 
levels of automation transform 뻐d integrate raw data into a format that is more compatible 
with user needs (Vicente and Rasmussen, 1992; Wickens and Carswell, 1995). 
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4. Confidence Estimates. Confidence estimates may be applied at higher levels of automation, 
when the automated system can express graded levels of certainty or uncertainty regarding the 
quality of the information it provides (e.g., confidence in resolution and reliability of radar 
position estimates). 

5. Integrity Checks. Ensuring the reliability of sensors by connecting and comparing various 
sensor sources. 

6. User Request Enabling. User request enabling involves the automation’s understanding 
specific user requests for information to be displayed. If such requests can be understood only 
if they are expressed in resσicted syntax (e.g., a precisely ordered string of specific words or 
key~trokes)， it is a lower level of automation. If requests can be understood in less resπicted 
syntax (e.g., natural language), it is a higher level of automation. 
Page 15 
R안 Wickens, C. D. et al. (1998) 
Remark *Evaluation Item 

ID 96 
Category Automation of Functions 
Summary Automation for Decision and Action Selection and Action implementation 
Citation 
Higher levels of automation of decision and action selection define progressively fewer 
degrees of freedom for humans to select from a wide variety of actions. At levels 2 to 4 on 
the scale (in the Scale of Levels of Automation of Decision and Control Action), systems can 
be developed that allow the operator to execute the advised or recommended action manually 
(e.g., speaking a clearance) or via automation (e.g., relaying a suggested cIearance via data 
link by a single computer input response). The manual option is not available at the higher 
levels for automation of decision and action selection. Hence, the dichotomous action 
implementation scale applies only to the lower levels of automation of decision and action 
selection. 

Finally, we note that control actions can be taken in circumstances that have more or less 
uncertainty or risk in their consequences, as a result of more or less unceπainty in the 
environment. For example, the consequences of an automated decision to hand off an aircraft 
to another controller are easily predictable and of relatively low risk. In contrast, the 
consequences of an automation-transmitted cIearance or instruction delivered to an aircraft are 
less certain; for ex없nple， the pilot may be unable to comply or may follow the instruction 
incoπectly. We make the important distinction between lower-level decision actions in the 
former case (Iow uncertainty) and higher-Ievel decision actions in the latter case (high 
uncertainty and 디sk). Tasks with higher levels of uncertainty should be constrained to lower 
levels of automation of decision and action selection. 
Page 16 
R암 Wickens, C. D. et al. (1 998) 
Remark item for consideration 

ID 97 
Category Automation of Functions 
Summary mode errors 
Citation 
A large body of research has now demonstrated that, when a human operator's mental model 
of automation does not match its actual functionality and behaviour, new error forms emerge. 
New error forms have been most well documented and studied with respect to f1ight deck 
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automation, and the flight management system in particular. Several studies have shown that 
experienced pilots have an incomplete mental model of the flight management system, 
particularly of its behavior in unusual circumstances (Sarter and Woods, 1995b). 깨is has led 
to a number of incidents in which pilots took erroneous actions based on their belief that the 
flight management system was in one mode, whereas it was in fact in another (Vakil et al., 
1995). Such confusions have been labeled mode errors (Reason, 1990), in which an operator 
fails to realize the mode setting of an automated device. In this case, the operator may 
perform 뻐 action that is appropriate fro a different mode (and observe an unexpected system 
response, or no response at all). πle crash of an Airbus 320 aircraft at Strasburg, France, 
occurred when the crew ap뼈rently confused the vertical speed and flight path angle modes 
(Ministere de 1’equipement, des transports et du tourisme, 1993). Another form of mode error 
occurrs when the system itself responds to extemal inputs in a manner that is unexpected by 
the operator. 

Because air πafic management automation has been limited in scope to date, examples of 
mode errors or automation surprises have not frequently been reported, although Sarter and 
Woods (1 997) have reported mode errors in the air traffic conσ01 voice switching and control 
system (VSCS). Because new and proposed air traffic management automation systems wil\ 
increase in complexity, authority, and autonomy in the future, it is worthwhile to keep in 
mind the lessons regarding mode errors that have been leamed from studies of cockpit 
automatíon. 
Page 
Ref. 
Remark 

ID 
Category 
Summary 
Citation 

35 
Wickens, C. D. et al. (1 998) 
itemfor consideration 

98 
Automation of Functions 
adaptive automation 

Under adaptive automation, the division of labor between human operator and computer 
systems is flexible rather than fixed. Sometimes a given function may be executed by the 
human, at other times by automation, and at stil\ others by both the human and the 
computer. Adaptive automation may involve either task allocation, in which case a given task 
is performed either by the human or the automation in 잉 entirety, or partitioning, 피 which 
case the task is divided into subtasks, some of which are peκormed by the human and others 
by the automation. Task allocation or partitioning may be carried out by an intelligent system 
on the basis of a model of the operator and of the tasks that must be performed (Rouse, 
1988). πlis defines adaptive automation or adaptive aiding. For example, a workload inference 
algorithm could be used to allocate tasks to the human ot to the automation so as to keep 
operator workload within a narrow range (Hancock and Chignell, 1989; Wickens, 1992b). 

An altemative to having an intelligent system invoke changes in task allocation or partitioning 
is to leave this responsibility to the human operator. This approach defines adaptable 
automation (Billings and Woods, 1994; Hilbum, 1996) 
Page 39 
Ref. Wickens, C. D. et al. (1 998) 
Remark general and higher level item 

ID 99 
Category Automation of Functions 
Summary adaptive automation 
Citation 
In theory, adaptive systems may be less vulnerable to some of the human performance 
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problems associated with static automation (Hancock and Chignell, 1989; Parasuraman et al., 
1990; Scerbo, 1996; Wickens, 1992b; but see Billings and Woods, 1994). The research that 
has been done to date suggests that there may be both benefits and costs of adaptive 
automation. Benefits have been reported with respect to one human performance vulnerability, 
monitoring. For example, a task may be automated for long periods of time with no human 
intervention. Under such conditions of static automation, operator detection of automation 
malfunctions can be inefficient if the human operator is engaged in other manual tasks 
(M이loy and Parasuraman, 1996; Parasuraman et al., 1993). πle problem does not go away, 
and may even be exacerbated, with highly reliable automation (Parasuraman, Mouloua, 
Molloy, and Hilburn, 1996). 
Page 40 
R안 Wickens, C. D. et al. (1 998) 
Remark general and higher level item 

ID 100 
Category Automation of Functions 
Summary team performance and automation 
Citation 
To date there has been relatively little research in the area of shared situation awareness and 
mental models in the collaborative use of automation (Idaszak, 1989; Segal, 1995). Sarter 
(1 997) argues that information requirements in the cockpit will be increased if both aircraft 
and controllers are to have accurate, shared mental models. This has implications for the 
workload of flight crews, who are responsible for all aspects of a f1 ight’s management. The 
keyboard mode of communication and conf1ict resolution associated with decision making 
under time constraints that may be imposed as aircraft near the final approach fix or in other 
time-critical situations (Sarter, 1997). 
Page 46 
Ref. Wickens, C. D. et al. (1 998) 
Remark items for consideration 

ID 101 
Category Computer-Based Controls 
Summary Errors in Control 
Citation 
There are two principal types of error one could anticipate with the use of input devices: the 
first concems object selection, the second concems cursor control and positioning. The frrst 
error type relates to the design and layout of displayed information, and would result in 
operators selecting the wrong object. πlÌs could be exacerbated by objects having a similar 
appearance, although attempting to produce distinct objects would be impossible. Usually 
discrimination is performed on the basis of additional labelling or coding of objects. The 
second type of error relates to the actual control of the input device. We have noted that 
some forms of touchscreen technology could be prone to problems of parallax (although this 
usually applies only to older, infrared models or to products at the lower end of the price 
range). Mice and trackballs, on the other hand, can be prone to target overshoot, especially 
with unskilled users. 
Page 64-65 
Ref. Baber, Christopher (1 996) 
Remark *Evaluation ltem 

102 
Computer-Based Controls 

ID 
Category 
Summary Is an advanced I&C guideline equivalent to NUREG-0700 (i.e., interface of the 

human, displays, and controls) needed? How can the lack of consistency between 
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the human and advanced I&C interface devices be resolved? 
Citation 
A number of different kinds of controls can be used with digital I&C 뻐d CGDs incIuding 
both πaditional controls, such as pushbuttons, rotary switches, and conventional typewriter or 
computer keyboards, and state-of-the-art controls, such as touch screens, light pens, mice, 
trackballs, joysticks, and special computer keyboards. Whatever controls are used, their layout 
and movement should resemble the traditional controls in respect to their modes of 
presentation and operation. Also all of the input stations should be identical and operate the 
same way. πlis guidance is driven primarily by the principles of stimulus-response stereotypes 
and positive transfer. Stereotypes aff농ct the probability that an operator will press the button 
or activate the intended switch in the correct manner. Positive transfer occurs when either a 
stimulus similar to the original requires the same response or a diff농rent stimulus is followed 
by a new type of response. All control and data acquisition should be accomplished through 
the interactive graphics of the CGDs. Controls should be the operator’s prime means of 
communication with the computer. Operators should be able to adjust parameters and 
seφoints， acknowledge alarms, and pe야orm data-logging activities via the CGDs. If the 
advanced I&C require any operator input, the information should be readily available and not 
take very long to put into the system via the controls. Smith and Mosier (1 984) off농red five 
other high-level objectives for data entry: consistency of data entry transactions, minimal input 
actions by the operator, minimal memory load on the operator, compatibility of data entry 
with the CGD, and flexibility for operator control of the data entry. 

Human factors guidelines for the design, test, and evaluation of human-advanced l&C 
interface, computer-based displays, and conπols should be consulted during each system’s 
life-cycIe. There is some doubt, however, as to whether the existing human factors guidelines 
(e.g., NUREG-0700) are applicable to advanced l&C. NUREG-0700 is a set of guidelines for 
control room design which was derived from many different sources. 
Since NUREG-0700 was, however, designed to evaluate existing control room features, it is 
limited to designs that exist in today’s control rooms. As a result, very little guidance is 
provided on human-computer interface or new control and display technology. 
Page 
R하 Carter, R, J. (1 992) 
Remark *Evaluation Item 

ID 103 
Category Computer-Based Controls 
Summary Control Gain and Display Gain 
Citation 
If gain is too high, the eff농cts of even small corrections are magnified and the operator must 
make very fine adjustrnents to avoid introducing errors. Oscillations and overcorrections are 
often the result. If gain is too low, frequent or large-amplitude movements may be required, 
inducing physical fatigue. While high-gain systems reduce the workload of the initial phase of 
target acquisitions (the higher the gain, the smaller the control displacement required), they 
impose additional workload during the fmal phase (the higher the gain, the finer the 
corrections required to remain over the target area). 
Page 81 
Ref. Huey, B. and Wickens, C. (1 993) 
Remark *Evaluation Item 

ID 
Category 
Summary 
Citation 

104 
Computer-Based Controls 
Control Lag and Display Lag 
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GeneralIy, as the delay between a control input and a change in the display of system state 
increases, tracking error and workload increase. 
Page 82 
Ref. Huey, B. and Wickens, C. (1993) 
Remark *Evaluation Item 

ID 105 
Category Computer-Based Controls 
Summary Touchscreen Advantages and Drawbacks 
Citalion 
Touchscreen provide a unique advantage: the input device is also the output device, thus 
alIowing direct eye-hand coordination and a direct relationship between the user's input and 
the displayed output(Greenstein & Amuat, 1988). Another advantage is that touchscreens alIow 
alI valid input options for a given display screen to be simultaneously depicted, thus reducing 
the need for memorization. AIso, touchscreens require a fam i1iar pointing gesture for input, 
allowing individuals to become skilled in a short time period. FinalIy, touchscreens do not 
require extra desk space. 

Touchscreens also have a number of disadvantages. Because the touchscreen seπes as the 
vehicJe for both display input and output, users must sit within arm’s reach of the display, 
possibly constraining workspace design and user mobility. AdditionalIy, because the user must 
continually lift a hand or arrn to interact with the display, he or she may experience fatigue. 
AIso, the user’s hand or arrn may block part of the display. Touchscreen resolution is limited 
to the size of the operator’s fmger, which constrains minimal target size and spacing. Infrared 
touchscreens present the problem of projecting a straight beam of light over a curved display 
surface, creating potential paral1없 problems(see Figure 2). Baggen, Snyder, and Miller(1 988) 
compared six touch panel devices, and report that" ... of the touch characte꺼stics measured in 
this study, paral1ax had the most consistent[negative] impact on task perforrnance"(p.26). 
Beringer and Peterson( 1985) found that users tended to touch slightly below the intended 
target, especialIy for displays that were tilted away from the user. This result is believed to 
be another indication of paralIax effects. Another disadvantage is that because the user w i11 
general1y make physical contact with the screen surface, the display is prone to becoming 
smudged or dirty. FinalIy, all touchscreens may not be compatible with alI display devices. 
Touchscreens are usually fitted to an existing display, and potential alignment-related problems 
may occur when attempting to fit a new touchscreen to a display that is already in use. 
Page 4 
Ref. KancJer, D. E. et al. 
Remark *Evluation Item 

ID 106 
Category Computer-Based Controls 
Summary Mouse Advantages and Drawbacks. 
[’itation
Mice require a very small working area because they can be picked up and repositioned. 
They can general1y be operated while the user views the display. AIso, cordless mice, which 
typical1y use infrared signals. Can provide additional workspace adaptivity because their 
operating location can be changed to fit a dynamic workstation configuration. 

Mice are generally used in combination with a keyboard. Thus, a primary drawback of the 
mouse is that it requires an additional(albeit modest) working space cJose to the keyboard. 
This requirement is further complicated by portability issues, such as with a laptop computer. 
Another drawback involves the relationship between movement of the mouse and movement 
of the cursor, which, if the mouse σacking speed is too high, may create difficu1ties in 
selecting small targets. As compared with other input devices, such as the touchscreen 삐d 
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keyboard, mice have shown less favorable user preference rating for target tasks(Wolf, 1992; 
Karat, McDonald, & Anderson, 1986) 
Page 8 
Ref. Kancler, D. E. et al. 
Remark item for consideration 

107 
Computer-Based Controls 

m 
Category 
Summary 
Citalion 

Trackball Advantages and Drawbacks 

Because it can be conveniently positioned on the desktop, the trackball can be used 
comfortably for an extended period of time. Trackballs provide tactile feedback through the 
rotational direction and speed of the ball. As with mice, σackballs allow the operator to 
simultaneously view the display and use the π'ackball. Unlike mice, σackballs remain 
stationary, and cannot be accidentally maneuvered off a desktop. 

The non-moving characteristic of the σackball housing creates its greatest drawback: its 
inability to trace drawings or hand-printed ch따acters. Also, trackballs are not very well-suited 
for tasks such as freehand drawing or sketching. Finally, the πackball does not provide an 
automatic retum to point of origin; if this performed at all, it must be provided by the 
interfacing system software. (Gilmore et al., 1989). 
Page 10 
R안 KancIer, D. E. et al. 
Remark item for consideration 

ID 108 
Category Computer-Based Controls 
Summary Usage Guidelines of trackball 
Citation 
Gilmore et al. (1 989) suggest the following for trackball implementation: 
1. Trackballs should be used mainly ofr data selection. 
2. The trackball should not be allowed to drive the cursor off the edge of the display. 
3. Wrist support should be implemented in cases where trackballs are used to make precise 
or continuous adjustments. 
4. The σ'ackball sho비d be capable of rotation in any direction so as to generate any 
combination of X and Y input values. 
5. Trackballs should be used in applications requiring position and selection. 
Page 11 
R안 Kancler, D. E. et al. 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

109 
Computer-Based Controls 
The disadvantage of protection approaches, such as multiple step input processes, 
confmnation steps, and retrievable control windows, is that they introduce delays 
that may interfere with control actions. 

Another approach for preventing accidental actuation of soft-control is to use a pop-up 
window so that soft controls are not normally presented on the display and, thus, are less 
Iikely to be activated. This approach is used at the Temlin NPP where the control panel is 
displayed on a separate CRT when the component that the operator wishes to control is 
selected from the P&ID graphic. πle disadvantage of protection approaches, such as multiple 
step input processes, confIrmation steps, and reσievable control windows, is that they 
introduce delays that may interfere with control actions. 
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Page 
R강 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 110 
Category Computer-Based Controls 
Summary problems in control sequence 
Citation 
Although the time required for each sequence is not large, the overall efl농ct can be disruptive 
when multiple sequences must be perfonned simultaneously or in rapid succession. 까lis can 
be aggravated when relatively long delay times exist in calling up display pages. It prevents 
controls from being operated at the same time, introduces t피le delays between control actions, 
and creates opportunities for error in control reσieval. πle problems with this type of control 
sequence extend beyond simple timing concems and include (l) disruption to the operator's 
concenπation on the control action because of the need to shift attention to navigation, and 
(2) the lack of feedback (Ranson and Woods, 1994) 
Page 4-46 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

III 
Computer-Based Controls 
Soft controls cannot be operated as quickly as conventional controls because 
display navigation required accessing the controls and the types of control 
actions required. 

Soft controls cannot be operated as quickly as conventional cntrols because display navigation 
required accessing the controls and the types of control actions required. For example, because 
the same HSI hardware is used to control multiple devices, diff농rent demands are placed on 
the operator compared to spatially dedicated analog interfaces. The operator must first choose 
the device to be controlled, retrieve the control, and then perfonn the control action. Thus, in 
a typical implementation of soft controls, only one control can be accessed and operated at 
one tlme. 
Page 4-46 
R렌 
Remark 

0’H강a， J.M., Stubler, W.F., Higgins, J.c. (1 996) 
item for consideration 

112 
Computer-Based Controls 

ID 
Category 
Summary 
Citation 

sequential constraints on control actions 

An operator at one non-nuclear plant addressed the problem of sequential constraints on 
control access by presenting two controllers on adjacent VDU screens so they may be 
operated simultaneously. This strategy was only possible because the controllers had a 
button-type interface, and the system allowed the controllers to be presented on any of the 
VDUs, which were adjacent to each other, and sufficient in number to provide for other 
needs. Thus, sequential constraints on control actions is a concem that should be addressed in 
the design, development, and validation of HSI designs. 
Page 4-46 
0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 113 
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Category Computer-Based Controls 
Summary General concems of using soft controls 
Citation 
General concems include ease of using soft controls as compared to hard controls, absence of 
tactile and aural feeback, loss of dedicated spatial location of controls, 1피lited display surfaces 
on which to present soft controls, navigation to controls during configuration tasks and 
emergency situations, acωracy in mapping between the display schematic and sub-system 
components, response time and display update rate of complex systems, reliability of soft 
interfaces for high 디sk domains, and environmental factors (e.g., glare) (Degani, Palmer, and 
Bauersfeld, 1992; Ranson and Woods, 1994; Wourms, Gravelle, and Howell, 1993). 
Page 4-46 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

114 
Computer-Based Controls 
Computer-based controls can be programmed to provide dif훈rent modes of 
operation, which may also place additional burdens on operators for anticipating 
1tS operation. 

Computer-based controls can be programmed to provide different modes of operation, i.e., to 
behave differently for various plant states. For example, some digital control system vendors 
feature adaptable controller gain as a control option. Controller gain can be described as the 
amount of change produced in the plant system per each unit of input provided via the 
controller. The adaptable gain feature allows controller gain to v없y as a function of a plant 
variable, such as plant power level. For example, a controller may be configured so that a 
single press of an arrow key may increase the controller seφoint by a small amount when 
the plant is at a high power level, but would increase it by progressively larger amounts 
when the plant is at lower power levels. While this feature may make the controller more 
responsive to plant state, it may also place additional burdens on operators for anticipating its 
operation. Operators may require additional information 잠'om the control system to remind 
them that the controller response capabilities will be different in each mode configuration. 
Also, operators may have greater need for feedback regarding the magnitude of the control 
input they provided. Input verification steps may become increasingly important to provide 
operators with the ability to check and change inputs before they are executed by the control 
system. 
Page 
Ref. 
Remark 

ID 
Category 
Summary 

Citation 

4-47 
0’H없a， J.M., Stubler, W.F., Higgins, J.c. (1 996) 
*Evaluation Item 

115 
Computer-Based Controls 
Computer-based display device for computer-based control can provide new 
opportunities for slip (description and mode) errors. 

Computer-based display device can provide new opportunities for slip (description and mode) 
errors. While the physical location of an instrument in a control panel can provide cues that 
support operators in avoiding slips, such spatial cues do not exist for computer-based control 
devices and make it difficult to detect misconfigurations (Ranson and Woods, 1994; Shaw, 
1993). 
For example, a single display device may contain many computer-based interfaces for 
providing control input. In addition, different display pages may appear very similar because 
developers tend to use the same format for multiple displays (Shaw, 1993); Kletz, 1993). One 
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approach used by many digital control systems is to use a pointing device to select the 
component to be controlled from a mimic display. When the component is selected, a window 
appe따s that contains a standard format for performing a control action, such as changing the 
setpoint of an automatic controller or opening a breaker. πlis consistency in format may 
support the operator in executing the control action. However, it may also lead to errors in 
the identification of the proper display (Shaw,1993; Kletz, 1993). In this context, the 
description errors are a form of mode errors with respect to automation. Soft controls are 
prone to such errors because their appearance is often the same, despite that the control has 
difIerent functions within each mode of operation. 
Page 4-47 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 116 
Category Computer-Based Controls 
Summary Hybrid HIS technologies may increase the likelihood of control action slips 
Citation 
Errors in which one action is intended but another is performed may be described as a slip 
(Norman, 1981 and 1983). Nagel (1988) states that slips tend to involve discrete acts, such as 
entering data with a keystroke or speaking a word. He notes that slips associated with 
discrete actions are assuming increasing importance in aircraft as they become more highly 
automated, and the manual control skills of the pilot are displaced by autopilots and other 
aircraft systems. Hybrid HSI technologies have characteristics that may increase the likelihood 
of control action slips occurring, compared to conventional HSI tèchnologies, and create an 
environment in which new variations of slips can occur (Ransom and Woods, 1994). 
Page 4-47 
R하 O’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

117 
Computer-Based Controls 

ID 
Category 
Summary The efIect of HSI consistency on human performance in CRs employing hybrid 

designs is not well understood. 
Citation 
Consistency in human-computer interaction tasks is usually considered in a σansfer paradigm 
in which the higher the similarity between two tasks, the higher the transfer and consistency. 
However, Tanaka, Everts, and Salvendy(1 991) suggest that human-computer interaction tasks 
that are simil하 but slightly different can reduce σansfer when the user must switch between 
tasks(as is expected in a NPP CR). For example, they note that there is a high degree of 
consistency between a UNIX and MS-DOS operating system and less with the Macintosh 
operating system. Thus, the greater consistency should support transfer. However, users 
exhibited more confusion if they switched between UNIX and DOS than if they switched 
between UNIX and Macintosh operating systems. πlis finding suggests that conventional HFE 
principles of consistency and standardization of the interface may need to be applied 
differently in a computer-based control system. The efIect on operator performance of 
differences between the operation of different aspects of the advanced HSIs and between the 
advanced and conventional HSIs is not well understood. Since negative transfer can lead to 
human error and potential safety concems, this aspect of hybrid controls should be addressed 
by further research. 
Page 4-48 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 
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ID 118 
Category Computer-Based Controls 
Summary Errors in using multiple loop, programmable digital controllers 
Citation 
Operators sometimes select the wrong control device and provide control input to the wrong 
system. A special case of this error is associated with multiple loop, programmable digital 
controllers. These devices are often considered for upgrades of analog control panels because 
they can fit in the same panel space as a hardwired analog controller or display. They have 
multiple channels, each capable of acting as a separate control device. For example, a single 
conσ'oller may be capable of controlling 10 different variables, each on a separate loop, which 
the operators access 야rrough thé user interface of the controller device. However, operators 
may make "wrong loop" errors by changing control seφoints on the correct controller but on 
the wrong loop (plant variable). Our interviews with NPP personnel indicated that plants have 
avoided using more than one channel because multiple channels can result in additional 
display navigation demands for monitoring the control panels, which can lead to activations of 
the wrong control loop. 
Page 4-48 
Ref. 0’H하'3， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 119 
Category Computer-Based Controls 
Summary Slips, involving the magnitude of input value, can occur easily with soft controls 
Citation 
Some control devices only allow input values to be changed in a sequential fashion. For 
example, in an analog rotaη dial, the magnitude increases as it is tumed one way and 
reduced as it is tumed the other way. Similarly, digital devices that use INCREASE and 
DECREASE aπow keys allow input values to be changed linearly. πle magnitude of the 
input value is related to the 뻐nber of key presses or the amount of time that a key is held 
down. Thus, large input values are not a이acent to small input values. πle number of presses 
or the amount of time that the arrow key is held down provides a subtle form of qualitative 
feedback about the magnitude of the input value. 

In contrast, numerical key pads, which are used in digital control systems for tasks such as 
entering setpoint values, do not have their values encoded in a continuous, sequential manner. 
Operators may input incorrect values by transposing or omitting digits (Klein 1993). For 
example, in one event at a chemical plant, an operator wanted to reduce the temperature of a 
reactor from 982F. To 980F. However, the operator pressed the keys in the wrong order and 
immediately pressed the ENTER key, which provided the input value of 908F. πle control 
system "responded with impressive speed, slamming slide valves shut and causing a flow 
reversal along the riser. Fortunately, there were no injuries and only a small frre at a leaked 
joint" (Kletz, 1993, p. 260). In another event, an operator wanted to change a feed rate from 
75 to 100 gallons per minute, but accidentally entered the value 1000. The control system 
opened the feed valve to the full extent, raising the pressure in the plant and lifting a relief 
valve (Kletz, 1993). Interviews conducted with operators at non-nuclear plants as a part of 
this project also indicated that incorrect input values have been entered as a result of keying 
errors. 

The lack of feedback regarding the magnitude of input values can influence the likelihood of 
errors. An example is described by Galletti (1996). An NPP operator assumed manual control 
of a full-range digital feedwater control system during power ascension, and tried to 
“ bump" open the feedwater valve using a series of short intermittent key presses. However, 

the operator was unaware that each press corresponded to only about 0.1% demand, and the 
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series of key presses translated into negligible changes in valve position demand. As a result, 
the plant tripped on low steam generator level. A contributing factor was that the feedback 
provided by the new digital controller to the incremental manual manipulations was not as 
따ar as the floating needle indication of the former analog system. 

Digital controllers sometÏmes use a barchart display to show the magnitude of the input value 
and, in some cases, the system’s actual value. πlis provides visual feedback as to the 
magnitude of the input value and allows it to be compared to the current state. In addition, 
operating ranges (e.g., recommended, normal, and abnormal) may also be indicated on the 
barchart. Another approach used in the digital control systems of some non-nuclear plants that 
were visited was to have pre-dcfmed ranges of acceptable values for controllers. If the 
operator entered a value that was outside of the acceptable range the controller either rejected 
it or reverted to a default value. 

Observations of the HSls of non-nuclear plants visited as part of this project indicated great 
variation, both between plants and within an HSI, with respect to the use of various 
approaches for avoiding input errors. For example, some HSls used the arrow keys and bar 
charts for some controllers and keyboard entry with no barchart display for others. While 
some HSls had features that rejected input values that were outside of a pre-defined 
acceptable range, none had this type of protection on all of its controllers. The lack of a 
consistent approach to preventing input errors, suggests that further understanding of this 
problem is needed 
Page 4-49 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

120 
Computer-Based Controls 
Sequence-related errors (and those errors resulted from capture errors) may 
become more prevalent in digital control system, compared to analog control 
system. 

Sequence-related control errors include omitting steps (lapses) and performing steps in the 
wrong order. These errors may occur as a result of delays in system response or interrupts 
from competing tasks (Shaw, 1993). They may also result from capture errors (Norman, 1981) 
in which the required sequence of operation is very similar to but di fTerent from another, 
well-practiced sequence. Capture errors can result in operators performing a well-practiced 
sequence rather than the desired sequence, which may result in undesirable manipulations of 
controlled equipment. Capture errors may become more prevalent in digital control systems, 
compared to analog control systems, because similar navigation actions and interaction 
dialogues may be required. For example, many soft controls have very similar interfaces for 
entering control inputs and similar paths for accessing them. In contrast, analog controllers 
usually do not require computer-based navigation to be accessed, and they can provide spatial 
and hardware-specific cues that reduce the likelihood of confusion 
Page 4-49 
R하 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

121 
Computer-Based Controls 
πle lift-off contact logic has been found to be more forgiving input errors than 
the first touch logic. 
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Two types of touch logic used in touch interfaces are first contact and lift-off (Degani et al., 
1992). With first contact logic a 없rget in a display is selected as soon as the finger makes 
contact. With the lift-off touch logic the finger must enter the target and then be removed 
without touching the area surrounding the target. Some implementations of the frrst touch 
logic have been found to be very frusσating to users because if the desired target is missed, 
the fmger must be removed from the display before touching it again. The lift-off contact 
logic has been found to be more forgiving input errors than the frrst touch logic. For 
example, if operators touch the womg target, the lift-off touch logic allows the operators to 
avoid actuation by sliding the fmger out of the target area. πle benefits of the lift-off logic 
can be e퍼lanced by providing feedback when the target area is entered, such as a color 
change or an auditory tone. One advanced HSI design for a NPP has a touch interface that 
uses the lift-off logic to protect against a finger wiping across the touch interface and causing 
an accidental actuation. 
Page 4-50 
Ref. 0’H없ël， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

122 
Computer-Based Controls 

ID 
Category 
Summary techniques to limit accidental actuation for soft-control which lacks tactile and 

auditory feedback 
Citation 
The prevention of accidental actuations has long been a concem for the design of analog 
controls (cf. Bullinger, Kem, and Muntzinger, 1987). 'However, computer-based controls do not 
provide the same types of tactile and auditory feedback as physical control interfaces that are 
used to prevent accidental actuations of analog controls. 
Computer-based controls may incorporate a number of techniques to limit accidental actuation, 
including multi-stage input processes (e.g., select a component to control, access a control 
띠put window, and provide input) and confirmation steps. In addition, touch interfaces may 
have special features built into them to prevent accidental actuation because they lack the 
type of feedback that is usually associated with button presses. 
Page 4-50 
R하 O’H하a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

123 
Computer-Based Controls 

ID 
Category 
Summary The success of techniques for preventing accidental actuation of touch interfaces 

depend upon many characteristics including computer hardware limitations. 
Citalion 
The success of techniques for preventing accidental actuation of touch interfaces depend upon 
many characteristics that are not yet fully understood. πlese include the size and shape of 
targets, which may be very different from typical buttons, and visual and auditory feedback 
that indicate button presses (e.g., lighting of keys, verbal messages, clicks, and beeps). Also, 
computer hardware limitations, such as response time, can have important influences on the 
effectiveness of these features (Degani et al., 1992) 
Page 4-50 
Ref. 0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

124 
Computer-Based Controls 

ID 
Calegory 
Summary Problems in various control-display integration method 
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Citation 
끼le integration of contro1 and disp1ay capabi1ities is a1so potentia1 concem for HSI design 
because it may affect that ability of operators to coordinate contro1 actions with monitoring 
feedback at a p1ant system 1evel. Design approaches to minimize this concem may create 
other concems, such as: 

Separate devices for contro1s and disp1ays - the operator must coordinate the use of separate 
devices that are physically separated 

Control windows in the disp1ay of the p1ant system - the operator may have to perform 
navigation tasks to move the window so that it does not interfere with use of the system 
disp1ay 

Contro1 actions are performed direct1y on the system disp1ay - the operator manipu1ates the 
contents of the system disp1ay to perform a contro1 action. This approach provides a more 
direct association between the contro1 action and the system component that is being 
controlled. However, there are factors that 1imit the usefulness of this approach, such as 
tradeoffs between providing items that are 1arge enou뱅 to be manipu1ated and providing 
sufficient information on the disp1ay. 
Page 4-51 
Ref. 0 ’Hara, J.M., Stub1er, W.F., Higgins, J.C. (1 996) 
Remark *Eva1uation Item 

JD 125 
Category Computer-Based Contro1s 
Summary Some of the potentia1 prob1ems in the use of computer-based contro1s relate to 

the delays in obtaining feedback. 
Citation 
Time delays associated with processing the control input and receiving feedback on the 
control action can lead to unstable system performance. "System lags in general are harmful 
to performance (Wickens, 1986b). In comp1ex systems, such as NPPs, there are numerous 
sources of time 1ag, inc1uding the dynamics of the process itself and the characteristics of the 
HSI, which make it difficult for operators to eva1uate the results of their actions. Care must 
be taken to insure that time delays do not interfere with the ability of operators to contro1 
the plant. 
Page 4-51 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

JD 
Category 
Summary 

Citation 

126 
Computer-Based Contro1s 
Overview of prob1ems in soft controls and needs for careful application of 
existing guidelines 

Concems related to feedback and time de1ays, control-display relationships, serial access of 
conπols ， potential confusion between process controls and display and navigation controls, and 
degree of precision can lead to increased operator workload and an increased potential for 
error. For example, computer-based display devices that contain multiple input devices provide 
new mechanisms for introducing unintended actions (slips), such as access of the wrong 
control, accidental actuations, errors in input values, and capture errors. In addition, the 
manner in which control interfaces are accessed and operated may interfere with task 
performance. In addition, typical HFE guidance for control-display interaction and consistency 
may also need to reconsidered when applied to the hybrid control system. 
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Page 4-52 
Ref. 
Remark 

0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

ID 127 
Category Computer-Based Controls 
Summary Common-mode problems in hardware may af흉ct human performance. 
Citation 
Highly integrated digital control systems that share data between systems or subsystems (e.g., 
via a data highway) are susceptible to common-mode and common-cause failures. For 
example, bad data originating from a failed sensor or processor may be transmitted to other 
systems of the I&C, thus increasing the magnitude of the original problem. Another example 
is unanticipated interaction between subsystems (e.g., under certain conditions the operation of 
one system may prevent the proper operation of another system). As a result, new demands 
may be placed on personnel for identifying and responding to these failures. 
Page 4-52 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 128 
Category Computer-Based Controls 
Summary Possible errors being caused by mismatch in accuracy in digital control systems 
Citation 
Digital conσ01 system technology can provide very precise control signals to plant equipment. 
However, the digital processors of a newly installed digital control system may have far 
greater precision and reliability than the sensors that gather data from the plant and the plant 
actuators that move dampers or open valves in response to the processor's control signals 
(Swanekamp, 1995b). As a result, information generated by the digital conπ01 system may 
suggest that process variables are being measured with a greater degree of precision than is 
possible with existing plant sensors. Also, there may be discrepancies between the demanded 
positions of plant equipment (e.g., dampers and valves) that are indicated by the digital 
control system 하ld their πue position 잃 it exist in the plant. Plant equipment may not 
respond identically each time it receives the same control signal (e.g., its position and 
response time may vary). πlis may cause operators to incorrectly assume: (1) how the control 
system works, (2) the controller is malfunctioning, or (3) that a correct indication is in eπor. 

Page 4-52 
R강 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 129 
Category Computer-Based Controls 
Summary Errors in using soft controls 
Citation 
One of the major concems in the design of the soft controls was the possibility of mode 
errors. Two types of mode errors were considered: inadvertent activation of controls while 
navigating through display space, and activation of the wrong component. 
(πlis paper describes implementation case of Temlin NPP.) 
Page 
R강 Orendi, Robert G., (1 997) 
Remark *Evaluation Item 

ID 130 
Category Computer-Based Procedure 
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Summary Tailoring to user. 
Citation 
CBPs also sho비d be designed for a specific user group and a specific organization. Some of 
the information necessary to prepare a procedure can be developed generically by a design 
organization (e.g., Oners’ Group Technical Guidelines for emergency operating procedures 
(EOPs) in current plants). However, lessons leamed in the nuclear power and other indusπies 
have shown that, in order for procedures to fulfill their functions of supporting accurate task 
performance, they must be tailored to the intended user group, their physical work 
environment and the organization in which the tasks are performed. If there is a mismatch 
between the users' needs and the procedure design, procedures are not followed or are used 
in way that were not intended by the designers. Because procedures also function as 
management tools, mismatches between licensees' management philosophies and the processes 
defined in procedures can inπoduce unintended organizational change or the breakdown of 
existing structures and processes. 
Page 5-1 
R강 Bams, V., et al. (1 996) 
Remark *Evaluation Item 

ID 131 
Category Computer-Based Procedure 
Summary Problem in continuous applicable steps. 
Citation 
Steps of continuous applicability are performed at any point in a procedure at which certain 
conditions are met (e.g., press따izer pressure exceeds a given level). Because the triggering 
conditions may be met at any time while performing the procedure, the steps of continuous 
applicability should be displayed (or be immediately available) to the user at all times. 
However, since space on paper procedure pages is limited (as it is on a VDU), continuously 
repeating the steps on each page increases the amount of paging the operator is required to 
perform to move through steps in the direct sequence of actions. Further, the fact that the 
steps of continuous applicability are not part of the direct sequence of actions can mean that 
they are easily overlooked by users, even if they are continuously displayed in a dedicated 
box on the procedure page or on a facing page in the procedure manual, for example. If a 
CBP system was designed to detect the triggering conditions for the steps of continuous 
applicability, the system could insert the appropriate action step to be performed exactly at 
the point it is needed. Space on the operator will attend to it when needed. Space on the 
VDU screen is thus not wasted with a continuous display. 
Page 5-6 
Ref. Bams, V., et al. (1 996) 
Remark *Evaluation Item 

ID 132 
Category Computer-Based Procedure 
Summary Problems in time-dependent steps. 
Citation 
Time-dependent steps are similarly problematic, in that these are steps that are only performed 
after some specified time period has passed (e.g., some NRC notification requirements in 
emergency operating procedures). Because the time required to progress through a procedure 
may v하y under different circumstances, it is difficult to present a time-dependent step at the 
exact point in the sequence of steps that it must be performed. Presenting the time-dependent 
step at the point in the sequence that "starts the clock" may mean that users forget to 
perform it after the designed amount of time has passed. Continuously displayed reminders to 
perform the time-dependent step result in the same limitations as repeating steps of continuous 
applicability in paper procedures. However, because timekeeping is a simple process to 
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automate, a CBP system could be designed to perfonn the timekeeping function (where either 
the operator "st따ts the clock" or the system detects the conditions that "start the clock") and 
to display the action step at the point in time it is to be perfonned. 
Page 5-6 
Ref. Barns, V., et al. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Sumnuuy 
Citation 
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 險Because nearly all procedures include decision steps, users may have to read through four or 

five pages of irrelevant infonnation to find the appropriate action steps for current plant 
conditions. πlis kind of paging can cause users to lose track of their location in the 
procedures, to miss important infonnation, and will delay task perfonnance. 
Several techniques are used in paper procedures to present decision steps, some fo which 
require less space to present than others. In text-fonnat procedures, decision steps are typically 
presented using tenninology borrowed from Boolean logic (e.g., "If the following conditions 
exist, then perfonn these actions"). In flowchart-fonnat procedures, the antecedent conditions, 
and are typically presented in decision diamonds, and consequent actions are presented in 
rectangular symbols that are linked by flowlines to the decision steps also are possible, such 
as the two-column, "response not obtained" fonnat used in pressurized water reactors and 
decision tables. Decision tables use space most efficiently among these altematives. 
Page 5-7 
R하 Barns, V., et al. (1 996) 
Remark *Evaluation Item 

ID 134 
Category Computer-Based Procedure 
Summary Navigation to Related Infonnation 
Cilalion 
In paper procedures, cross-referencing between steps and procedures introduces eπors and 
delays in task perfonnance. Just as navigation through computerized systems has been shown 
to create problems for users of some systems, navigating through steps and procedures that 
are linked by cross-references is a significant problem for users of paper-based nuclear power 
plant procedures. Cross-references interrupt the user'’s sequential perfonnance of action steps in 
a procedures. For example, unconditional br뻐ches instruct the user to leave the current 
procedure and begin perfonning steps in another procedure or in another section of the same 
procedure. References direct the user to another procedure for supplementary infonnation or 
for a series of action steps to be perfonned, following which the user is directed to return to 
the original procedure and continue perfonning the steps that follow the cross-reference. πlese 
non-sequential movements through paper procedures can (and do) cause the users to lose track 
of their place in the original procedure or to waste time trying to locate the step or 
procedure to which are referred. CBP systems could be designed to assist users in perfonning 
cross-references or to eliminate the need for cross-referencing. A CBP system could simplify 
the user’s search task, for example, with a menu of procedures from which the user would 
choose the cross-referenced procedure, rather than having physically to locate a paper 
procedure 피 a manual. The system could also allow users to select the step at which they 
are to begin perfonning actions in the cross-referenced procedures, so that the users are not 
required to page through a document to locate the desired steps. πlrou빼 windowing or some 
other technique, the function of placekeeping in the original procedure to which the user will 
retum after perfonning the sequence of steps in the other procedure could be automated. 
Page 5-7 
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Ref. Barns, V., et al. (1 996) 
Remark *Evaluation Item 

ID 135 
Category Computer-Based Procedure 
Summary Integration of procedure tasks and other tasks 
Citation 
The task of using a paper procedure is typically not well integrated with the task to be 
peκormed. Unless the task itself is paper-based (e.g., performing manual calculations on a 
form), handling and reading a paper procedure while also performing the actions required to 
perform the task described in a procedure are typically incompatible. For example, during an 
EOP inspection, one of the authors observed an operator installing jumpers at an electrical 
cabinet located at t~e back of the control room simulator. The procedure was bound in a 
manual, with the result that the operator had to pick up the manual, read the step, lay it 
down, install the jumper to be installed. Many licensees assign the task of reading the 
procedure to a different staff member to avoid delays and potential errors. 
CBP systems for tasks performed at workstations, where the control actions necess하Y to 
execute the procedure can be performed at the same workstation from which the user obtains 
the procedural information, could decrease the delays and potential for errors associated with 
using paper procedures. It is unclear, however, that CBPs for tasks that must be performed 
independently of the system offer any advantage over the paper medium. 
Page 5-9 
Ref. B야ns， V. , et al. (1 996) 
Remark *Evaluation Item 

ID 136 
Category Computer-Based Procedure 
Summary Maintaining technical accuracy of procedures 
Citation 
It is difficult to track changes to the accuracy of procedures that are due to procedure 
modifications or to changes in other aspects of plant operations (e.g., regulatory requirement, 
equipment modifications). Maintaining the technical accuracy of procedures is particularly 
difficult in the paper medium. For example, a design change in a single component can 
invalidate every procedure that refers to that component. Similarly , a procedure revision that 
changes the step numbers in one procedure can invalidate every step in other procedures that 
cross-reference have changed procedure. Some licensees already have developed elaborate 
configuration control software to attempt to solve this problem. 
Page 5-9 
Ref. B하ns， V. , et al. (1 996) 
Remark item for consideration 

137 
Computer-Based Procedure 

ID 
Category 
Summary the group using COPMA was significantly ’worse’ at performing procedural 

activities than the group using hard copy procedures 
Citation 
The COPMA study demonstrated how a computerized procedure system which automates 
some detection activities can support operator performance. By chance, the group using 
COPMA in this study was significantly ’worse’ at performing procedural activities than the 
group using hard copy procedures, as measured on pre-test tasks. 
The key issue here is that the two groups were unequal in their performance of procedural 
tasks, the hard copy group showing better proficiency on a pre-test of proced따al proficiency 
(which was scored after the data were gathered) than the group who happened to use 
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COPMA in the study. During the study, however, the COPMA users were able to carry out 
detection activities at the same level of proficiency as the hard copy procedure users. The 
number of errors committed during the relevant time blocks were also similar for the two 
groups. It is possible, then, that the automation of some detection tasks may assist users in 
detecting some process deviations. 
j)age 61 
R와 Hallbert, B.P., and Meyer, P. (1 995) 
Remark *Evaluation Item 

ID 138 
Category Computer-B잃ed Procedure 
Summary Secondary tasks in using COPMA delays procedure access time. 
Citation 
COPMA is intended primarily to assist the operator in carrying out procedural actions. In 
doing so, it also supports one task in the Evaluation phase, that of identifying or selecting 
the correct procedure. In the COPMA study, the experimenters predicted that by using 
COPMA, operators could access the correct procedure more quickly. In fact, the results 
showed that it took nearly a minute longer to access a procedure, on the average, with 
COPMA than by using standard, hard copy procedures. In studying this problematic result, the 
authors identified the cause as being related to ’processing time.' πlis was due to the creation 
of additional tasks required to access a procedure in COPMA.To access a procedure using 
COPMA, five separate tasks must be performed, compared to pne task with the paper-based 
procedures. 
j)age 
Ref. 
Remark 

ID 
Category 
Summary 

Citation 

96 
Hallbert, B.P., and Meyer, P. (1 995) 
*Evaluation Item 

139 
Computer-Based Procedure 
The following issues have been observed to be a problem with paper-based or 
hard-copy procedures in NPP operations. 

The following issues have been obseπed to be a problem with paper-based or hard-copy 
procedures in NPP operations. 

1. Space for explanatory information is limited and the level of detail in procedure steps is 
fixed. 
2. Non-linear information must be presented sequentially. 
3. Irrelevant information regarding conditions that do not exist during a specific instance of 
procedure execution must be continuously displayed. 
4. Cross-referencing introduces errors and delays in task performance. 
5. Physical management of multiple procedures and place keeping during concurrent execution 
are awkward. 
6. Maintaining the technical accuracy of procedures is p빠icularly difficult in the paper 
medium. For example, a design change in a single component can invalidate every procedure 
that refers to that component. Similarly, a procedure revision that changes the step numbers in 
that procedure can invalidate every step in other proced따'es that cross-reference the changed 
procedure 
7. The task of using a paper procedure is typically not well integrated with the task to be 
performed. Unless the task itself is paper-based (e.g., performing manual calculations on a 
form), handling and reading a paper procedure while also performing the actions required to 
perform the task (e.g., placing jumpers) described in a procedure are typically incompatible. 
8. πle physical handling and following of procedures has become a problem for some plants, 
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due to the large number and complexity of procedures. Planning at the design stage can help 
alleviate some of these problems. Examples of difficulties are: 
A) Procedures are difficult to work with especially in the CR during a σansient. 까lere is no 
lay down area and portable carts have been used. 
B) Aids to follow procedures are needed. 
Page 
R하 Higgins, J. and Nasta, K. (1 997) 
Remark item for consideration 

ID 140 
Category Computer-Based Procedure 
Summary computer support for procedure presentation 
Cilation 
The study described in this paper has analyzed the basic aspects of computer support for 
procedure presentation and has identified the following six aspects: (1) navigation, (2) 
formatting, (3) progress monitoring, (4) help and explanations. (5) process linking and (6) 
adaption. 
The detailed recommendations from the analysis of existing procedure systems included the 

following. 
(1) Movement through procedures should be based on display pages(screens) or segments, 
rather than being continuous. This will make it easier for the operator to establish where 
he/she is (orientation navigation). Similarly, displays should not be larger than the physical 
screen. If the display is larger than scrolling(horizontal or vertical) is required. Unnecessary 
scrolling is an additional task that should be avoided. 
(2) Formatting should use well-defmed fields in fixed positions. It is important the operations 
can recognize a procedure ’page’ and that they do not have to search for information. 
(3) Windows and panes sho비d avoid overlapping, because this may block important in 
formation or cause the operator to lose orientation. 
(4) Multiple substeps of a procedure step should be presented with each item separately. Each 
item can then be acknowledged when performed. πlis provides a suitable basis for progress 
monitoring, additional explanations, etc. 
(5) The required interaction (navigation)should be minimized. The structure should be as 
simple as possible from the user’s point of view. 
Page 
Ref. Niwa,-Y.; Hollnagel,-E.; Green,-M., (1 996) 
Remark item for consideration 

141 
Computer-Based Procedure 

ID 
Calegory 
Summary Manipulation of paper-based procedures has been associated with inappropriate 

operator actions, such as omitted and out-of-sequences steps. 
Citalion 
Paper-based procedures (PBPs) have characteristics that limit the manner in which information 
can be presented to the operators and impose tasks upon the operator that are not directly 
related to control of the plant. Some results of these limitations include presentation of 
information in sequential form and requiring numerous iterations through steps, cautions, or 
wamings that may not be applicable for all system states (Wourms and Rankin, 1994; 
Mampaey et al., 1988). To make transitions between procedure steps and procedure documents 
and maintain awareness of the ststus of procedures that are in progress, operators must 
handle, arrange, scan, and read PBPs. These activities must be performed in parallel with 
plant monitoring and control tasks. Manipulation of paper-based procedures has been 
associated with inappropriate operator actions, such as omitted and out-of-sequences steps. 
Page 4-53 
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Ref. 
Remark 

ID 
Category 
Summary 

Citation 

0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
item for consideration 

142 
Computer-Based Procedure 
Examples of experimental evaluation between computer-based and hard copy 
procedures 

Computer-based presentations have been associated with slower and poorer task pe야ormance 
(e.g., Reaux and Williges, 1988; Fox, 1992) and the use of di節rent task sσategies (e.g., 
Ogawa & Yonemura, 1992). For example, Nelson and Smith (1 990) implemented repair 
manuals including text and graphics for mining equipment in HyperCard using an Apple 
Macintosh computer. Subjects were asked to pe빼rm tasks using either the computer-based or 
the hard-copy manuals. The first task required subjects to complete written statements by 
searching the manual and fi l1ing in the exact information that could be found in the manuals. 
The second task required subjects to answer multiple choice or σue-false questions on nine 
realistic maintenance situations. They were then asked personal preference questions to assess 
their acceptance and opinions about the modes of information presentation and how it 
compared to other manuals they have used. Subjects using the computer-based manuals 
performed significantly more slowly and finished fewer of the tasks, but performed 
significantly more accurately on the p강ts they did finish. While the subjects using the on-line 
manual considered it harder to use, subjective evaluations were positive (“quick response, 
good illusσations， compact, fun to use, finding general subjects area and word 미ld very 
helpful, and no greasy, dirty, tom pages"). πle usability problems identified inc1uded 
annoyance due to brightness, eyestrain, and headaches. 

Federico (1 991) tested Navy su비ects’ identification of Soviet and U.S. planes using either 
computer-based or hard-copy presentation modes. The two modes did not differ in accuracy or 
intemal consistency, however, the subjects’ confidence in their recognition was greater when 
using the hard-copy presentation. It was found that the greater amount of time subjects were 
given to view planes on paper lead to an improved reliability of measuring subjects' degree 
of confidence in their recognition judgements. As the experimenters hypothesized, "the longer 
exposures intrinsic to the paper-based method seemed to have facilitated subjects' recognition 
scores. πley performed significantly better on the paper-based test than the computer-based 
test." 

Krauss, Middendorf, and Willits (1 991) compared the effects of on-line vs. hard-copy 
documentation for leaming to use a software application product. One group of subjects 
learned tasks through an on-line tutorial while another group leamed those same tasks using a 
hard-copy tutorial. Subjects were given a sample application task and a main application task. 
In the sample application task, they were lead explicitly through the actions necessary to 
complete the task in a cookbook fashion. Immediately following the sample application task, 
they began the main task which required subjects to develop an application that allowed entry 
of information about employees (such as names, social security, and job classification). To 
accomplish this task, they had to specify tables, define records, and create screens, and were 
expected to refer back to their respective tutorials as an aid. Subjects in the on-Iine condition 
accomplished the task slower and found it more difficult than did those in the hard-copy 
condition. This was due to problems in navigation associated with confusion with window 
manipulation and information location on hidden screens. Subjects reported a “ lost" feeling 
when using the on-Iine documentation. ηle authors hypothesizcd that providing an outline of 
the entire document (e.g. in the corner of the screen) and highlighting the user' s location in 
the document may help mitigate this problem. 
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Weldon, Koved, and Shneidennan ( 1985) compared two types of infonnation structure: linear 
(which is usually found in books) and tree (which is browsing throU!ψ specific titles and 
finding details in another area). Subjects read from four different versions (one for each of 
the experimental conditions: online-linear, online-tree, hardcopy-linear, and hardcopy-πee) of a 
simulated electronic intercom maintenance manual, which had been written for the experiment. 
Each version was identical in content, but organized ditl농rently. πle subjects were asked to 
use the manuals to detennine the correct settings for two sets of eight dip switches that were 
S이dered to a prototyping card. ηle problems required different combinations of on and off 
switch settings. The dependent variables were the time to solve the problems, the number of 
errors, the number of pages viewed, and the subjective evaluations. It was found that 
infonnation structure did not impact perfonnance. Instead, the important variable was whether 
the subject had read from the on-line manual or from the hard-copy manual. Subjects 
perfonned tasks faster using hard-copy manuals. Within the online condition itself, there was 
a significant difference in the number of pages viewed; subjects in the tree condition looked 
at more pages than subjects in the linear condition. There were no significant ditl농rences in 
the number of errors in switch setting combinations among the experimental conditions. In the 
subjective evaluations, subjects preferred the on-line mode over the paper mode, but there 
were no significant differences in structure noted in these evaluations. The experimenters 
hypothesized that structure may be more important in studies which used larger manuals, but 
this was not tested in this experiment. 
Page 4-54 
R양 O’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

lD 
Category 
Summary 

Citation 

143 
Computer-Based Procedure 
perfonnance is slower and more fatiguing when reading from VDUs as 
compared with a hard-copy presentation of the same material 

Reading is an important p하t of any task in which infonnation is presented to users on a 
computer and is an important aspect of procedure use. Therefore, a great deal of research has 
been devoted to the comparison of reading perfonnance on computer vs. typical hardcopy 
fonnats. Generally, research indicates that perfonnance is slower and more fatiguing when 
reading from VDUs as compared with a hard-copy presentation of the same material (Gould 
et al., 1987) 
Page 4-54 
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Remark item for consideration 

lD 
Category 
Summary 

Citation 

144 
Computer-Based Procedure 
Conclusion from the general literature indicates peκonnance degradation and 
fatigue problems in using CBP 

It can be concluded from the general literature that there are task perfonnance differences 
between computer-based and hard-copy presentation of infonnation. Studies comparing task 
perfonnance for infonnation presented on either a CRT or hard-copy generally indicate that 
there are significant differences between the presentation modes. Reading is generally slower 
and more fatiguing when perfonned using a VDU presentation. VDU-based complex task 
perfonnance has also been associated with poorer perfonnance and usability concems. 
Contributing these ditl농rences are difficulties associated with maintaining a sense of location 
(knowing where you are in a document), navigation (moving from one place in a document 
to another), and fatigue. 
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4-55 
0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

145 
Computer-Based Procedure 
까le flowchart format has advantages compared to the text-based procedures, but 
the size of flowchart presentations can affect performance 

까le flowchart format has been found useful because of i잉 ability to specify the sequence of 
and relationships between procedures (Krohn, 1983; Wourms and Rankin, 1994). Comparative 
studies of paper-based flowchart and text-based procedures indicates that user error rates were 
lower and task performance time improved with the flowchart format (Kammann, 1975, cited 
by Wourms and Rankin, 1994; Wright and Reid, 1973, cited by Desaulinier, Gillan, and 
Rudisill, 1988). In addition, Kammann found that the flowchart format improved 
problem-solving performance. 

까le size of flowchart presentations Can affect performance. Desaulniers et al. (1988) state that 
one potential advantage of the flowchart format - ease of navigation afforded by the spatial 
representation of altemative pathways - may be negated in a computer-based medium due to 
the smaller display area of the computer screen. They found that while the accuracy of a 
diagnosis task was superior with a flowchart format compared to text and extended text 
formats, accuracy rapidly degraded as the screen size increased to 24 lines from the smaller 
sizes of six lines ant 12 lines. They atσibuted the poorer performance to a tendency to lose 
one’s place in the flowchart. The eff농ct of screen size upon accuracy may have important 
consequences when converting PBPs that feature flowcharts to a computer-based medium. For 
example, paper-based EOPs that are based on the GE Owner’s Group technical guidelines 
have flowcharts that were the size of engineering drawings (Bames et al., 1996) 
Page 4-56 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 146 
Computer-Based Procedure Catego，η， 

Summary 
Citation 

Problems in text-based procedures 

Text is a word-intensive, sequential format that often requires uses to read information that 
may not be relevant to existing pl뻐t conditions. Sorting throu맹 this information to identify 
the correct course of action is time consuming and may confuse the 0야rator (Krohn, 1983; 
Wourms and Rankin, 1994). An important consideration in the use of text is to establish the 
appropri없e level of detail. In a study by Gr값lam (1 989) cited by Wourms and Rankin 
(1 994), it was found that operators relied more on their memories than on the actual 
operating procedures because the narrative style of the procedures used too many conditional 
statements, which slowed the operator response time. Some systems address this problem by 
providing information at more than one level of detai! for each procedure step (Forzano and 
Perini, 1988, cited by Wourms and Rankin, 1994). For example, an extended text version 
may be used by operators who are less experienced with the procedure or desire additional 
information regarding a p따ticular step, while an abbreviated version may be used for 
procedures and steps that are familiar to the operator. 
Page 4-56 
Ref. O'Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 
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ID 147 
Category Computer-Based Procedure 
Summary Advantage of hypertext format 
Citat;on 
The hypertext format allows procedural information to be viewed in a non-linear fashion 
based on the relationships between individual steps, rather than a predefmed, published 
structure. This non-linear structure c뻐 support operators in cross-referencing information from 
different procedure steps and documents, thus, allowing operators to avoid irrelevant 
information. 
Page 
Ref. 
Remark 

ID 
CategoT)’ 
Summary 

Citat;on 

4-56 
0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

148 
Computer-Based Procedure 
Salience coding can aff농ct operator behavior, care must be given to the design 
to coding schemes. 

Presentation formats, such as text, flowcharts, and hypertext, can be visually enhanced by the 
graphical capabilities of computer-based displays. For example, color, flashing, and animation 
may be used to enhance the salience of important information. However, because salience 
coding can affect operator behaviour, care nust be given to the design to coding schemes. For 
example, Mosier, Palmer, and Degani (1 992, p. 10) state: “ The logical conc1usion from the 
res비ts of research on salience effects on decision making has been that, in a diagnostic 
situation. The brightest flashing light. Or the gauge that is largest or most focally located will 
bias the operator toward processing its diagnostic information content over that of other 
stimuli. Time pressure, stress, or information overload can cause a Perceptual tunneling and 
exacerbate this tendency to focus on central or salient cues." 

Computer-based emergency operating procedures (CB-EOPs) are intended to guide operator 
task performance during plant upset conditions, which may be associated with time pressure 
and stress. Also, multiple procedures may be in use at one time. Where the goal of the CBP 
design is to strongly influence operator decision making, the use of salience coding may be a 
useful design strategy. However, where the goal of CBP design is to bring procedural and 
plant information to the operator’s attention and allow the operator to select the most 
appropriate course of action, the use of salience coding may bias operator decision making in 
unintended ways. 
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*Evaluation Item 

149 
Computer-Based Procedure 
Strategies developed by operators for maintaining awareness of the status of 
PBPs may not transfer well to CBPs 

NPP operators are required to use multiple procedures sirnultaneously and make transitions 
between steps of individual procedure documents. Although operators have developed strategies 
for maintaining awareness of the status of procedures that are in use and for supporting 
transitions between documents and steps, this still is a source of operator errors. In addition, 
strategies developed by operators for PBPs may not transfer well to CBPs. For example, 
computer-based display devices may not have sufficient display area to allow operators to 
view multiple procedures simultaneously, as is possible with PBPs. CBPs require features to 
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support the operator in maintaining awareness of position within and across procedures. 
j)age 4-57 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 150 
Category Computer-Based Procedure 
Summaη The incorporation of plant indications into CBPs may increase operator errors. 
Cital;on 
While paper-based procedures force the operator to monitor plant indications, the incorporation 
of plant indications into CBPs may increase operator errors by becoming a substitute for good 
monitoring practices or by competing with other information sources in the CR for the 
operator’s attention. 
F or example, an evaluation of electronic checklists (Mosia, Palmer, and Degani, 1992) 
concluded that checklists that encourage crews to rely on system state, as indicated by the 
checklist, rather than as indicated by the system itself, will discourage information gathering, 
and may lead to dangerous operational errors. In this aircraft simulation study, the mean 
number of informational items discussed among crew members decreased as the checklist 
became more automated. Pilots who used paper-based procedures were less likely to shut 
down one of the aircraft’ s engines unnecessarily. Thus, while using CBPs, operators may not 
feel the need to look at other sources of information in the CR and, thus, may miss 
important indications that are not present in the CBP system. 
j)age 4-58 
Ref. ‘ O’H따a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 151 
Category Computer-Based Procedure 
Summary Some functions to be supported by a CBP system 
Citation 
The operator should be able to override a course of action that has been suggested or 
recommended by a CBP system. πlis is necessary for situations in which the operator has 
access to information that is not available to the CBP, the CBP’s guidance is too strict, or 
the CBP is using information that is out-of-date (Bozec et al., 1990). Important considerations 
include the degree to which the CBP supports the operator in verifying actual plant 
conditions, reviewing the rules used by the CBP system to select actions, and determining 
that the altemative action will not compromise plant safety. In addition, the CBP should 
support the operator in accessing appropriate contingency actions if the plant does not respond 
properly to the course of action that was frrst selected (Bames et al., 1996). 
j)age 4-60 
R한 O'Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

152 
Computer-Based Procedure 
An important concem is the level at which control actions are described to the 
operators. 

Although a CBP system provides the operator with the ability to approve or disapprove a 
control action, the operator may sti1l lose awareness of plant status if the proposed control 
actionsare described at a very high level (e.g., “ align system" rather than describing which 
valves will be opened and closed). 
j)age 4-60 
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R하 

Remark 
0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation ltem 

ID 153 
Computer-Based Procedure Catego.η’ 

Summary Design considerations of CBPs regarding the function allocation between 
CB-EOPs and the operating crew 

Citation 
The extent of system automation, and the function allocation between CB-EOPs and the 
operating crew, is important for the safety implications of CB-EOP failure as well as 
considerations of crew selection, testing, πaining， and teamwork. Spurgin et al. (1993) indicate 
that not all designers are giving proper attention to the role of operators in system failures, 
especially during transient and accident conditions for which- CB-EOPs are intended to 
provide support. 
Page 4-61 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 154 
Category Computer-Based Procedure 
Summary Design considerations of CBPs regarding the CBP scope 
Citation 
There are many types of procedures and support documentation that are used for operation 
and maintenance of the plant. If some operating procedures are presented via coriJ.puter, then 
other documents should also be in that format. Computer-based display devices may not be 
able to display all of these documents adequately. Partial scope may inhibit personnel 
performance (e.g., using computer-based EOPs and then accessing paper-based technical 
specifications; making a transition from paper-based procedures for abnormal conditions to 
computer-based EOPs) (Bames et al., 1996). 
Page 4-61 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation ltem 

ID 155 
Category Computer-Based Procedure 
Summary Maintenance of CBP is also a issue 
Citation 
The introduction of computer-based EOPs will have a major effect on the adminisπative and 
configuration control of plant procedures (Spurgin et al., 1993). For example, the use of 
hypertext in CBPs may create a greater number and complexity of links between individual 
procedure documents, support documentation, and control and display devices. These links 
must be updated when modifications are made. However, CBP systems, such as in Interactive 
Electronic Technical Manuals (IETMs), which σack actions and the objects of actions, may 
facilitate procedure maintenance tasks (Bames et al., 1996). 
Page 4-61 
R앙 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 156 
Category Computer-Based Procedure 
Summary Design considerations of CBPs regarding the CBP integration with HSI 
Citation 
Consistency of the CBP with the rest of the HSI can affect operator performance, e.g., the 
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degree to which the display of plant variables in the CBP is the same as in the nonnal 
monitoring displays; the degree to which the same coding schemes are used; and the degree 
to which control execution modes of the CBP are consistent with the rest of the HSI (e.g., 
with modes of automated control systems). 
Page 4-61 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higg피s， J.C. (1996) 
Remark *Evaluation Item 

157 
Computer-Based Procedure 

ID 
Category 
Summary 
Citation 

Design concems of CBPs regarding procedure display device 

CBPs may be integrated into the displays of computer-based workstations and consoles to 
reduce some of the difficulties associated with physical manipulation. However, the availability 
of display space for multiple procedures is a concem. Hand-held CBPs have similar 
limitations even though much HFE work has been done in the area of portable 
computer-based procedures for maintenance tasks (Link, Von Holle, and Madison, 1987). 
Large-screen displays provide another altemative to reduce some of the problems associated 
with physical manipulation of procedures. For example, one facility at a national laboratory 
presents its computer-based emergency operating procedures via a large screen display above 
the operator console (C없er and Uhrig, 199이. 
Page 4-61 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 158 
Category Computer-Based Procedure 
Summary Concems at a total loss of CBP 
Citation 
During a total loss of the CBP, special demands may be imposed upon operators as they 
attempt to control the plant using backup systems. 까le πansfer from a CBP to a PBP may 
be more challenging if their presentation fonnats are different, such as switching from a 
flowchart fonnat to a text fonnat (Wounns and Rankin 1994). In addition, when a CBP that 
provides control capability is lost, the operator may be required to control the plant using a 
different set of insσumentation. For example, if the EdF CBP system is lost, operators are 
required to shutdown the plant using an analog control system (Mo이ie야n띠 a없뻐n띠d Spu따rg밍in， 1993켜). 

An evaluation of COPMA-II (Con'‘verse, 1994) provides some evidence that the effects of 
C대BPs on 0φpe없rator아r perfonnance may d바짜iκffer맘r for d띠빠iκffc힘e하re빠nt ty때’ψpe잃s of operational scenarios. 
Page 4-62 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 159 
Category Computer-Based Procedure 
Summary Concems on the correctness of procedure description 
Citation 
Another consideration is that CBPs that assess plant conditions to generate courses of action 
have the potential for “ embedded" errors that may result from the system designer’s 
incomplete understanding of the plant’s behavior (Spurgin et al., 1993). Not only does the 
ability of operators to follow insσuctions generated by the CBPs have to be addressed, but so 
should the appropriateness of the recommended actions, the ability of operators to detect 
inappropriate instructions or actions by the CBP, and the ability of operators to mitigate the 
consequences of inappropriate instructions or actions by the CBP. 
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0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

160 
Computer-Based Procedure 

ID 
Category 
Summary The introduction of automated procedures to perform a subset of tasks would 

disrupt the existing allocation of functions. 
Citation 
In an existing nuclear plant, hard-copy procedures are already in use. Plant personnel have 
been πained to use them in a certain way. The introduction of automated procedures to 
perform a subset of tasks would disrupt the existing allocation of functions. 

For instance, if only hard-copy procedures were in use at an existing plant, then the 
subsequent introduction of automated maintenance procedures would constitute a subset of all 
plant procedures. This sort of "mixed media" procedures is likely to create usability concems 
that would require additional programmatic efforts. Examples include training on the 
automated procedures and establishing consistency between the automated and hard-copy 
procedures. 
Page 
R하 0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1996). 
Remark *Evaluation Item 

iD 161 
Category Computer-Based Procedure 
Summary Difficult or non-descriptive procedures can lead to unnecessary confusion and 

distraction 
Citation 
Difficult or non-descriptive procedures can lead to unnecessary confusion and distraction, and 
can misinform the crew with regard to the aircraft discrepancy being expe꺼enced. 
Page 
Ref. Rehmann, A., et al. (1995) 
Remark *Evaluation Item 

162 
Computer-Based Procedure 

ID 
Category 
Summary Issues in incorporating automated procedures into an existing hard-copy 

procedures 
Citation 
Plants that do incorporate automated procedures into an existing hard-copy procedures program 
face issues such as consistency, training, and maintenance. 
Page 
Ref. Tolbert, C.A. et al. (1 991) 
Remark item for consideration 

ID 163 
Category Computer-Based Procedure 
Summary issues in CBP 
Citation 
Hypertext shows great promise as a technique for organizing complex, non-linear, procedures. 
However, the challenge in designing automated procedures for future plants is to make sound 
technical judgments with incomplete databases. Other concems that require special attention in 
the automation of procedures are document control and security issues. These are integral to 
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the maintenance of accurate and current procedures. 
Page 
R암 Tolbert, C.A. et al. (1 991) 
Remark item for consideration 

164 ID 
Category 
Summary 
Citation 

Computerized Operator Support System 
There is a need for knowledge acquisition tools for expert systems. 

Acquisition of knowledge is critical for successful implementation and operation of expert 
systems because an expert system is only as good as its knowledge base. For a number of 
reasons, knowledge acquisition is perhaps the biggest bottleneck in expert system 
development. First. The knowledge engineer must be familiar with the problem domain and 
specific task before he begins knowledge-acquisition sessions with the expert. A second major 
problem is the ability of the knowledge engineer to probe the expert’s mind to obtain the 
pertinent facts and heuristics. Third, biases of both the expert and the knowledge engineer are 
unintentionaIIy imparted during the knowledge-acquisition process These biases 띠übit the 
transfer of knowledge between the two individuals. Improved ways of performing the 
knowledge acquisition are therefore 
needed. 

Page 
Ref. Carter, R, J. (1 992) 
Remark not critical for KNGR 

ID 165 
Category Computerized Operator Support System 
Summary Eff농cts of DISKET on operator performance 
Citation 
πle problem solving path for the DISKET group was more direct than for those without the 
system. πle production of explicit hypotheses by DISKET appe앙s to reduce the number of 
working hypotheses generated by the operator. As a consequence, the DISKET group accessed 
fewer process formats, requiring less time to gather information about the disturbance than 
non-DISKET users. In cases where the system offered incomplete hypotheses, however, the 
subject did not adjust their problem solving sσategies to reflect being ’under-informed’ by the 
system. πle DISKET subjects in these instances generated roughly the same number of 
working hypotheses as when the system offered more complete information. On a 
precautionary note, it appears that dependence or reliance on such a system may occur even 
when it provides little useful information. 
Page 81 
R하 HaIIbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

ID 
Category 
Summary 
Citation 

166 
Computerized Operator Support System 
Dual task performance 

Dual task performance, conducting two tasks of equal priority which compete for the same 
attentional resources, can lead to systematic performance degradations. In the context of 
disturbance handling activities, a primary objective of test and evaluation is to evaluate the 
extent to which the addition of a new COSS affects and, hopefuIIy, res비ts in improved 
operator perform때ce. One of the potential pitfaIIs in introducing a new system is 
incompatibility with its usage together with other control room systems. Secondary tasks, tasks 
which must be performed 피 addition to the ones most relevant for achieving a system goal, 
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increase the workload induced by a disturbance, and can lead to problems in performing the 
primary task. 
Page 84 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark *Evaluation Item 

ID 
Category 
Summary 
Citation 

167 
Computerized Operator Support System 
Allocation of function to OSS 

Due to the sophisticated computational techniques used the OSS tends to behave more like a 
human rather than a mere machine. Researchers belive that it is necessary to design OSS in 
such a way that it functions more like a consultant than an instructor. If it is designed as an 
instructor, operators will become followers. πlis will cause a variety of problems similar to 
those caused by irrelevant function allocation between human and machine (i.e. automation). 
For this reason, it is crucially important to decide function allocation between the human and 
OSS, and also the form of OSS such that OSS remains as a subordinate to th뼈e h뻐m빼m뻐m (i.eε . 
too이1). 

Page 
R앙 
Remark 

38 
IAEA (1 995b ) 
general and higher level item 

ID 168 
Category Computerized Operator Support System 
Summary Problems in COSS functions 
Citation 
It is essential to operator acceptance and use of COSSs that the reasoning process be fu Jly 
understood by the plant personnel who use them. Plant personnel must also be able to 
communicate with the knowledge-based systems COSSs, e.g., the degree to which the bases 
for its results are provided and to which operators can queη the system when its results are 
not understood. 

Malin et al. (l 992a) detailed case study of the design of 15 intelligent systems developed for 
a variety of aerospace projects. πle systems were mainly real-time fault management systems. 
Some of the specific concems identified were quite similar to the concems identified above: 
providing visibility into system reasoning, understanding system reasoning, system responding 
to the context in which a question is asked, distinguishing hypotheses from facts, determining 
the credibility and validity of information, handling interruptions, handling changes in planned 
activity sequences, distinguishing between modes of operation, gaining control over system 
actions, and identifying system errors. The systems also had many problems associated with 
general HFE design. Operators often did not get the information they needed. Information was 
presented in confusing formats that were not we lJ suited to their task requirements, and 
excessive detail was provided. This made it difficult for operators to "visualize the intelJigent 
system’s situation assessment and recommendations in relation to the flow of events in the 
monitored process." 

Similar results were obtained by Dien 때d Montmavcul (1 995) in nucJear plant applications. 
They conducted a survey of operating experience with COSSs placed into existing CRs. They 
concJuded that while much effort has gone into their design, the focus has been on 
technology, and survey feedback has shown that there have been no real improvements in 
operations as a result of their implementation. In many eases, the approach led to failure. 
COSSs often provide guidance for situations that operators are already equipped to handle. 
That is, they are designed for situations which have been previously analyzed and that 
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designers are familiar with. Such aids are not really of any help to operators except for 
confirrnation. 깨ese systems address unforseen circumstances poorly and may not provide 
appropriate guidance. 

Another problem was that aids were “ acontextual." That is, their guidance had little reference 
to the current situation. Also guidance was given without appropriate communication as to 
what led to its issuance, what parameters were analyzed, and what sequence of reasoning 
was followed. When the reasoning process is provided, it may conflict with that of the 
operators, i.e., it may be based on the designer's theoretica1 understanding and not on the 
operator's practical experience. 
JPage 4-66 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 169 
Category Computerized Operator Support System 
Summary Poor integration of COSS with other HSI systems 
Citation 
The new aids are often poorly integrated with other HSI systems and their design 
characteristics, such as dialog principles and coding, are often different. Reed, Hogg, and 
Hallbert (1995) found that interface design and system implementation concems limited the 
usefulness of a KBS system call the Process Operations and Management System which was 
installed in a conventional British Nuclear Fuels plant to provide on-line early warning and 
diagnosis of faults. These limitations led operators to prefer the conventional systems. 

Woods (e.g., Roth, Bennet, and Woods, 1987) has indicated that the interface provided to a 
KBS must enable cooperative dialogue so the operator can better understand and utilize the 
system. In general these aids tend to be technology-driven and do not address the needs of 
the operator. That is, the systems are developed by finding an application for a given 
technology, rather than being designed to meet user needs. An inadequate user requirements 
analysis usually leads to information content problems. The system should provide accurate 
inforrnation that is needed and exπaneous material should not be forced on the user. Expert 
systems should support the operator’s cognitive processes and reinforce the operator's existing 
approach to plant operation developed through his training and experience. πle KBS should 
not require the operator to conform to the machine’s method of analysis (Bemard, 1989b). 
JPage 4-67 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

170 ID 
Category 
Summary 
Citation 

Computerized Operator Support System 
Limitations of COSS capability 

KBSs have some inherent limitations (Terry, 1989) as well. They are unable to reason 
broadly over a field of expertise and are limited to narrow tasks. ηley cannot reason from 
axioms, analogies, or general theories, In addition, they lack common sense and often do not 
make simplifying assumptions. They are limited by their programming and cannot leam. KBS 
performance deteriorates rapidly when applied to large problems. Such limitations of the 
expert system should be made obvious so the operators are not required to decide between 
their own judgment and the machine-generated advise (Bemard, 1 989b). System security 
should be controlled such that inappropriate changes cannot be made. 
JPage 4-67 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
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Remark 

ID 
Category 
Summary 

Citation 

item for consideration 

171 
Design General 
How does one manage human factors information with respect to systems 
integration? 

πlis human factors issue deals with how the advanced I&C systems are implemented within 
the control room. When it is introduced, the I&C should be thoroughly integrated with the 
other hardware, software, and tools in the operator’s work environment. Digital I&C should be 
introduced in a way that supports operator accep때nce. πle impact of advanced I&C upon the 
other functions and tasks the human performs should be evaluated and investigated. Th is issue 
also has to do with how human factors information is utilized during the design cycle of the 
I&C. One solution would be to ensure that human factors is an integral part of the 
development process by including a human factors engineer as a member of the design team. 

The systems-integration issue deals with more than just human factors concems; it has to do 
with the design process for human-machine interfaces in advanced control rooms. It is a 
multidisciplinary process necessitated by the use of digital computers. Networks and distributed 
processors introduce new elements for the control room operator to monitor, operate, and 
manage; these elements will affect the operating organization. Also, the interfaces among the 
elements must be coordinated during the design process if one hopes to develop a reasonably 
error-free interface for the operator's use. It is expected that the design of an advanced 
conσ01 room will involve an order of magnitude more detail .. than does the design of an 
analog hardwired control room. The concem is with the amount of information needed in the 
design of advanced interfaces and the interactions and iterations between the various elements 
of the design. 
Page 
R앤 Carter, R, J. (1 992) 
Remark general and higher level item 

172 
Design General 

ID 
Category 
Summary What wil\ be the positive and negative effects of advanced I&C on operator 

performance and job efficiency? 
Citation 
Advanced 1 & C and CGDs should make the operator's jobs more effective and efficient. The 
I&C and interactive computer displays are effective only to the extent that they support an 
operator (or crew) in a manner that leads to improved performance, results in a difficult task 
being less difficult, or enables accomplishment of a task that could not otherwise be 
accomplished. An evaluation of the eff농cts of the advanced 1 & C upon operator performance 
(e.g., errors and time) should be conducted before the advanced I&C is implemented in the 
work environment. 

Also, research needs-to be performed on ways in which the advanced I&C and CGDs can 
assist Human performance. People use data displayed about an environment in order to solve 
problems in that environment. To do this, problem solvers must colIect and integrate available 
data in order to characterize the state of the environment, to identify disturbances and faults , 
and to plan responses. A premise from cognitive science is that the representation of the 
world provided to problem solvers can affect their problem-solving performance. Thus, 
questions about advanced I&C 뻐d CGDs can be reinterpreted to be questions about how 
different types of representations vary in their effect on the problem solver’s information
processing activities and problem-solving performance. 
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Page 
Ref. 
Remark 

Carter, R, 1. (1 992) 
general and higher level item 

173 
Design General 

ID 
Category 
Summary πle potential problem of information overload needs to be addressed. What is 

the threshold at which intelligent operator aids are needed? 
Citation 
The digital I&C should not "overload" the operator rather, it should simplify the required 
operator tasks and relieve the operator of mundane, routine, and tedious tasks. πlis will allow 
the operator to attend to more critical tasks. If at all possible, the I&C should reduce some 
of the existing workload, both physical and cognitive, on the operator. Two questions need to 
be asked whenever a new item of digital I&C is introduced into the control room: does the 
system lighten or increase the operator’s physical workload, and does it lighten or increase his 
cognitive workload? If it is found that workload is somehow increased, then the task should 
be considered as a candidate for application of an intelligent operator aid. 
Page 
Rκ Carter, R, J. (1 992) 
Remark item for consideration 

ID 174 
Category Design General 
Summary Potential Human Factors Issues 
Citation 
A number of high-priority human factors issues that need to be investigated anφor further 
addressed were identified during the survey. They include: (a) Is an advanced I&C guideline 
equivalent to NUREG-0700 (i.e., interface of the human, displays, and controls) needed? How 
can the lack of consistency between the human and advanced I&C interface devices be 
resolved? (b) What changes will there be in the role of the control room operator? How will 
demographical, selection, and qualification requirements for operators change for the control 
room of the future? (c) 까le potential problem of information overload needs to be addressed. 
What is the threshold at which intelligent operator aids are needed? (d) How should existing 
training programs, techniques, methods, and tools be modified to make them applicable to 
advanced I&C? (e) How will operator acceptance and trust of advanced I&C be 
accomplished? How can blind reliance on the computer output be avoided? The first three 
appear to be most important in regard to their potential impact on safety and regulatory 
policy. 

1t is recommended that the nuclear industry evaluate the derived list of prioritized human 
factors issues. They should subsequently construct a number of research programs oriented 
towards resolving these human factors concems. 

Other Issues 
Medium rating 

- What will be the impact of CGDs on the operator's mental model? 
- How can a dynamic allocation of functions and tasks be accomplished between the 

human and advanced I&C? What is the locus of control between the human and the 
advanced I&C? 

- How does one ensure that the operations staff is involved during the entire life-cycle of 
the instrumentation or control system? 

- How will user friendliness of CGDs and human-computer interfaces be ensured? 
- What will be the positive and negative effects of advanced I&C on operator performance 

and job efficiency? 
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- How does one manage human factors information with respect to systems integration? 

Low Rating 
- Is there a need for CGDs for mu1tip1e users? 
• πle organizationa1 climate of the nuclear utility is important in the imp1ementation of 

advanced I&C. 
- There is a need for know 1edge acquisition too1s for expert systems 
- How will maintenance information be displayed in the control room to ensure that the 
O야rator knows the status of p1ant equipment? 

Page 
R하 Carter, R, J. (1 992) 
Remark item for consideration 

ID 175 
Calegory Design General 
Summary How will user friend1iness of CGDs and human-computer interfaces be ensured? 
Citalion 
"User friendliness" needs to be considered in the design of CGDs. This is a "motherhood and 
app1e pie" statement and a rather vague notion to imp1ement. Shneiderman has, however, 
provided to me help. He has defined five criteria with which to base and measure user 
friend1iness. They are: (a) time for the operator to learn, (b) the speed of operator 
performance with the disp1ays, (c) rate of the operator errors, (d) subjective satisfaction of the 
disp1ays, and (e) operator retention over time. 
Page 
Ref. Carter, R, J. (1992) 
Remark item for consideration 

ID 
Category 
Summary 

Cilalion 

176 
Design Genera1 
How does one ensure that the operations staff is involved during the entire life 
cycle of the instrumentation or contro1 system? 

Operators should be consulted during the entire life cycle of the advanced I&C so that they 
fee1/believe that they are part of the design process. They shou1d be especially invo1ved 
during the needs assessment, deve10pment, evaluation, and integration phases. 

In addition to the operators, the engineers, management, trainers anψor instructors, software 
deve10pers anψor computer programmers, and human factors personne1 should a1so interface 
and work together during the design process to ensure a cohesive effort. 
Page 
Ref. Carter, R, J. (1 992) 
Remark *Eva1uation Item 

ID 
Category 
Summary 

Cilalion 

177 
Design General 
Function based Task Ana1ysis provides insights into the organization or 
architecture of the disp1ays 

In order to form the basis for the design of effective displays, the designer must have a 
thorough understanding of the user's problem space. A function based Task Ana1ysis provides 
insights into the organization or architecture that the disp1ays need to follow in order to 
provide the context necessary for operators to understanding the meaning contained in the 
real-time process data. 
Page 
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Ref. Easter, James R. and Craig D. Watson, (1997) 
Remark *Evaluation Item 

ID 178 
Category Design General 
Summary 10 cognitive design principles 
Citation 
꺼le frrst three cognitive principles were suggested in an article about situational awareness by 
Taylor (1 989). Cognitive-design principles four through mine were suggested by Murphy and 
Mitchell (1986) in a review of the cognitive literature related to display design. 
Following is a list of the principles along with their defmitions: 

Principle 1. Automate cnwanted workload. 
Eliminate mental calculations, estimations, comparisons, and any unnecessary thinking, to free 
cognitive resources for high-level tasks. 

Principle 2. Reduce uncertainty. 
Display data in a manner that is clear and obvious to reduce decision time and error. 

Principle 3. Fuse data. 
Bring together lower level data into a higher level summation to reduce cognitive load. 

Principle 4. Present new information with meaningful aids to interpretation. 
New information should ne presented within familiar frameworks (e.g., schemas, metaphors, 
everyday terms) so that infonnation is easier to absorb. 

Principle 5. Use name that are conceptually related to function. 
Display names and labels should be context-dependent, which will improve recall and 
recogmtlon. 

Principle 6. Group data in consistently, meaningful ways. 
Within a screen, data should be logically grouped; across screens, it should be consistently 
grouped. 까lis will decrease information search time. 

Principle 7. Limit data driven tasks. 
Use color and graphics, for example, to reduce the time spent assimilating raw data. 

Principle 8. Include in the displays only that information needed by the operator at a given 
tlme. 
Exclude extr없leous information that is not relevant to current tasks so that the user can focus 
attention on critical data. 

Principle 9. Provide mutiple coding of data. 
The system should provide data in varying formats and/or levels of detail in order to promote 
cognitive flexibility and satisfy user preferences. 

Principle 10. Practice judicious redundancy. 
Principle 10 was devised by the first two authors to resolve th epossible conflict between 
Principles 6 and 8, that is, in order to be consistent, it is sometimes necess따Y to include 
more information than may be needed at a given time. 
Page 
Ref. Gerhardt-Powals, J. (1 996) 
Remark general and higher level item 
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ID 179 
Category Design General 
SummaηHRA considerations in Automated Environment 
C;tat;on 
The modeling framework selected to support the HRA process must be able to π'eat the 
fo l1owing fmdings and factors presented below. 

(1) Workload or workload shifting may influence perforrnance. 
(2) Crews need to be able to predict the actions of plant automatics. 
(3) Crews need to understand situations where automatics may introduce mode changes. 
(4) Perforrnance will reflect whether digital systems add to or reduce task complexity for 
crews. 
(5) Perforrnance will reflect crew strategies for problem solving. 
(6) Crew inforrnation requirements may shift in automated environments. 
(7) Human computer interface (HCI) issues error correction, inforrnation search and retrieval 
will inf1uence perforrnance. 
(8) Crews will use digital systems to assist in operational planning. 
(9) Perforrnance will be enhanced by training, standardization, and crew p따ticipation in the 
design process. 
Page 
Ref. Gertman, D.1. (1 993) 
Remark *Evaluation Item 

180 
Design General 

ID 
Category 
Summa.η， The basic changes in human perforrnance requirements under automated worlds 

foπes a concomitant change in HRA modeling. 
Citat;on 
With the introduction of advanced digital techn이ogy we have a paradigm shift in human 
systems interaction. This shift is noticeable by the emergence of the importance of crews to 
be able to predict systems response to automatical1y commanded mode changes and to 
mentally keep track of potential systems unavailability that may result. Similarly, the crew 
must be prepared to manual1y intervene in instances when automatic functions have failed. In 
hybrid situations, control actions may be taken by either automatic systems or by the crew. 
This may lead to improved reliability. Conversely, this may lead to situations where the crews 
experience level may be inadequate to anticipate plant response. 

The shift from conventional to automated worlds incIudes changes in functional al1ocation or 
changes in perforrnance requirements that lead to: crews adaptation to shifts in mental 
workload, increased importance of the crew’s situational awareness, importance of navigation 
and search sπategies associated with advanced interface design. The crew may also undergo 
adjustment to changes in procedures induced by automation, and new requirements for the 
crew to be able to predict system configurations subsequent to automatic actions and failed 
functions. These basic changes in human perforrnance requirements forces a concomitant 
change in HRA modeling. 
Page 117 
R안 Gertman, D.1. (1 993) 
Remark item for consideration 

ID 181 
Category Design General 
Summary Functional requirements of new technology in NPP control rooms 

- 174-



Citation 
New technologies for supporting operator performance can greatly facilitate the task of the 
operator su비ect to a number of considerations which most be addressed in the design of the 
new system. 까lese incIude ensuring that the technology: 

- supports the right tasks; 
- provides the ri맹t information for the task; 
- fits well with the existing information coding schemes in the control room; 
- does not result in excessive task demands 피 order to be used; 
- does not excessively increase the amount of information to be attended to; 
- is designed for the right user, 뻐d; 

- supports the continuity of operator activities. 
Page 7 
Ref. HaIIbert, B.P., and Meyer, P. (1995) 
Remark item for consideration 

ID 182 
Calegory Design General 
Summary Acceptance criteria for operator usability 
Citation 
Care must be taken in the implementation of the system to ensure use and acceptance by the 
operator. These include: 

- establishing the correct expectation about the system with the operator prior to use; 
- obtaining design input from operators to ensure that the system supports their tasks the 

best way; 
- ensuring that operators trust the system enou뱅 to use it and understanding its capabilities 

as weII as Iimitations; 
- ensuring that operators are trained to use the system to a level where they can conduct 

operations using the system and achieve at least the same level of performance as they 
had without it (or as necessary), and; 

- ensuring that the system can be used in the manner intended and does not produce 
undesired performance. 

Page 8 
Ref. HaIIbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

ID 183 
Category Design General 
Summary Initial mistrust of new systems (COPMA) 
Citation 
In the COPMA study, operators using the COPMA system actuaIIy performed a number of 
procedural activities twice: once on their own; and once using the computerized procedure 
system. Some operators went so far as to back up through the procedural actions performed 
by COPMA after an entire task sequence was completed. Although this checking up on the 
system may have assisted the operating crew in maintaining an awareness of plant status 
(e.g., through repeated observation of the same data), it resulted in significantly slower 
procedure performance. Once they got beyond this initial need to check up on the system, 
COPMA users performed procedural actions about as weII as hard copy procedure users. 

The initial mistrust of a system, if that was indeed the cause of the operator's initial 
over-vigilance, resulted in ineffective performance. In effect this defeated the purpose of the 
system which was to automate many of the proced따al activities. This apparent mistrust, 
however, Was quickly overcome and the system enabled the operators to carry out procedural 
activities more as intended. 
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Page 110 
R하 

Remark 
Hallbert, B.P., and Meyer, P. (1 995) 
item for consideration 

184 
Design General 

ID 
Category 
Summa.η， Increment of manual control actions during transient situations is a challenge to 

the operators. 
Citation 
m σansient situations operators often (especially after emergency actuation of systems) have to 
take manual control of many of the tasks that were automatically controlled (such as 
maintaining pressurizer and steam generator water levels). πlis change in control modes by 
itself is a challenge to the operators, and when added in the middle of a significant πansient 
with its information integration problems noted above, is even more demanding. 
Page 
R앙 Higgins, J. and Nasta, K. (1997) 
Remark item for consideration 

ID 185 
Category Design General 
Summary Maintenance outages 
Citation 
Maintenance outages may deserve special attention with respect to training as a general 
remark it may be noted that outage operations have been found to create special problems 
from the control room point of view due to high activity in the station. Designer’s should 
focus especially on this phase both with respect to CRS design and σaining. 
Page 68 
Ref. IAEA (1995b) 
Remark item for consideration 

ID 186 
Category Design General 
Summary Continuous review 
Citation 
Human factors are evolving. Even straightforward ergonomics c디teria may become obsolete 
when time passes. Anthropometrics criteria which guarantee 5 to 95 percentile of population 
now may no longer be valid twenty years later. Social consensus may also change human 
factors considerably. A high-tech design which looked attractive ten years ago may look very 
obsolete and shabby, and therefore not at all motivational to users. What this suggests is: 

- Human factors criteria need to be reviewed and if necessaη they must be revised. 
- Existing systems need to be reviewed repeatedly, and deficiencies need to be removed. 

There are two categories of errors: systematic errors and variability. Variability is stochastic 
and hard to predict. It can be reduced, but carmot be removed completely. On the other 
hand, systematic errors are easier to predict, and therefore believed to be easier to remove. ln 
many cases, persons who committed systematic errors have good reasons to behave that way. 
At least in their personal views, there were good reasons for them to believe that the 
decisions were either correct or the best at the moment when they were made. There are 
situations where there is no other way to think. These are called eπor-prone situations (EPSs). 
Understanding of EPSs is very important for removing systematic errors. 
Page 73-74 
R강 IAEA (l 995b) 
Remark *Evaluation Item 
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187 
Design General 

ID 
Category 
Summary Crew-Centered Flight Deck Design Principles for High-Speed Civil Transport 

(HSCT) Aircraft 
Citation 
Design P띠lciples 

Pilots as Team Members 
PT- l. πle design should facilitate human 0야rator awareness of his her responsibilities, and 

the responsibilities of the other human operators and automated f1ight deck systems, in 
fulfilling the current mission objectives. 

PT-2. 까le design should facilitate the communication of activities, task, status, conceptual 
models, and current mission goals among the human operators and automatec! f1ight 
deck systems. 

PT-3. 까le design sho비d support the dynamic allocation of functions and tasks among 
multiple human operators and automated f1ight deck systems. 

PT-4. 까le design should assure that team limitations are not exceeded. 
PT-5. Cooperative team capabilities (e.g., use of collective resources and cooperative problem 

solving) should be used to advantage when necessary. 
PT-6. The design should minimize interference among functions or tasks which may be 

perfonned concurrently by multiple human operators or automated f1ight deck systems. 
PT-7. The design should facilitate the prevention, tolerance, detection, and correction of both 

human and system eπors， using the capabilities of the human operators and the f1ight 
deck automation. 

Pilots as Commanders 
PC-l. πle human operator should have final authority over all critical f1ight functions and 

tasks. 
PC-2. 까le human operator should have access to all available infonnation conceming the 

status of t1te aircraft, its systems, and t1te progress of the fligh t. 
PC-3. 까le human operator sho비d have final authority over all dynamic function 때d task 

allocation. 
PC-4. The human operator should have the authority to exceed known system limitations 

when necessary to maintain t1te safety of the f1ight. 

Pilots as Individual Operators. 
PI-l. The human operator should be appropriately involved in all functions and tasks which 

have been allocated to him or her. 
PI-2. Different strategies sho비d be supported for meeting mission objectives. 
PI-3. The content and level of integration of infonnation provided to t1te human φerator 

sho비d be appropriate for the functions and tasks being perfonned and the level of 
aiding or automation being used. 

PI-4. Methods for accomplishing all f1ight crew functions and tasks sho비d be consistent with 
mission objectives. 

PI-5. Procedures and tasks with common components or goals sho비d be perfonned in a 
consistent manner across systems and mission objectives. 

PI-6. Procedures and tasks with different components or goals should be distinct across 
systems and mission objectives. 

PI-7. The design should facilitate t1te development of t1te human operator of conceptual 
models of t1te mission objectives and system functions that are both useful 때d 

consistent with reality. 
PI-8. Fundamental human limitations (e.g., memory, computation, attention, decision-making 

biases, task timesharing) should not be exceeded. 
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PI-9. Fundamental human capabilities (e.g., problem solving, inductive reasoning) should be 
used to advantage. 

PI- lO. Interf농rence among functions or tasks which an operator mat perform concurrently 
should be minimized. 

Pilots as Flight Deck Occupants. 
PO-l. The needs of the flight crew as humans in a potentially hazardous work environment 

should be supported. 
PO-2. πle design should accommodate what is known about basic human physical 

characteristics. 
PO-3. Peripheral activities which are indirect1y related to the mission 0비ectives should be 

supported. 
PO-4. πle design sho비d account for major cultural norms. 
Page 
Ref. Palmer, et al. (1995) 
Remark item for consideration 

ID 188 
Category Design General 
Summary Example guidelines for future automated flight decks 
Citation 
Design 
* Pilot believe that development of "perfect" software with complex software-based systems is 
not possible. Consideration should beg given to 깨ot automating" some functions are :automat 
able") to lower risks associated with these types of systems. 
* Review the design of the map display and enhance it: it is widely used by crews. Ensure 
the map display correctly reflects present position (i.e., solve the map shift problem). 
* Provide a human factors review of the following and enhance the design: airspeed tape, 
altimeter tape, information clutter, engine secondary data presentation, and system messages. 
* Review the overall system feedback scheme; identify and coπect incorrect feedback and 
improper signaling. 

Failures of automated system are complex and difficult for crews to manage. Simplify the 
interface such that it aids crews in decision making and in rectifying the problem. 
* Provide physical feedback with, and cross-cockpit coupling of, flight controls. When 
considering "passenger comfort" in the design of automated flight controls, do not remove the 
"seat of the pants" feeling, but design the automated flight controls such that the pilot feels " 
attached" to the aircraft. 

Understanding and Automation Use 
* AIIow pilots to easily "tum off' the automation and revert to manual flying, and make this 
choice clearly apparent to the crew. 
* Do not automate a function for the sake of technology; reference automation design to 
crew needs and operational and practical airline experience; justify all automation features. 
Understand that each automated feature must be trained and completely understood for its 
correct use. 
* Automation should be a tool to be used by the crew and it should complement crew skills; 
automation should always be under crew control. 

Consider restricting crew interaction with the FMS to above 10,000 feet. 

Impact of automation on crew operations 
* Recognizing that automation may increase workload during high workload phases of flight, 
develop SOPs that address this problem (e.g., suggest information to be preprogrammed into 
the FMS prior to approach in preparation for a change in ATC instructions). Allow pilots to 
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turn off the automation during high workload periods. 
* Enhance crew training with regard to automation: describe the self-discipline required; focus 
on maintaining operational awareness; emphasize careful monitoring of modes; emphasize the 
"thought process" associated with fly뼈 automated aircraft (e.g., "flying throu맹 the 
computer"). Extend crew πansition σaining to glass cockpits to allow more time to absorb 
such complex information. Provide more information concerning the aircraft and aircraft allow 
systems. Provide more hands-on training with the automated systems; allow use of the 
simulator for consolidating learning. Develop σaining procedures and SOPs to correct the 
problem of complacency. Emphasize during training the neεd to not "fixate" on the 
automation, but to actively monitor it and cross-check to raw data. Automation use should be 
taught within a " basics of flying" context, rather than concen없.ting purely on the automated 
systems. Review the format of periodic checks and update them to the reality of glass cockpit 
line operations. 
* Enhance crew awareness of the need for crew discipline, a clear division of duties, and 
maintenance of both pilots in the loop. Develop SOPs to support these goals. Design displays 
to clearly miπor crew inputs, understanding that much of crew communication in automated 
cockpits is visual. Develop new SOPs to fully utilize capabilities of the automated flight deck. 
Enhance A TC awareness of crew operations 피 glass cockpits. * E퍼lance crew awareness of 
the potential reduction of basic airmanship and skills. Encourage crews to regularly practice 
manual flying and develop supporting SOPs. 

Crew Personal Factors 
* Provide guidelines to crews to support them in dealing with boredom in automated 
cockpits. 
* Review the rules governing assignment of ab initio or inexperienced pilots to glass 
cockpits; consider providing a mechanism to allow inexperienced pilots to develop a firm base 
of piloting skills while operating highly automated aircraft. 
Page 
Ref. Rudisill, M. (1995) 
Remark not critical for KNGR 

ID 189 
Category Design General 
Summary Iterative Prototyping 
Citation 
Iterative Prototyping: Once the tlight crew roles, information, and task requirements have been 
defined, the design team will develop a prototype of the flight deck. Each design decision 
made for the tlight deck will have a corresponding rationale that is πaceable to the design 
guidelines, rather than to previous designs. The prototype could take the form of a narrative 
description, a collection of pictures, software (workstation) prototypes, concepts implemented in 
simulations, or even actual tlight decks. The depth of the implementation of the prototype 
depends on the depth of the mission decomposition. If the mission decomposition is at a high 
level (less detailed), then the prototype will be at a high level (i.e., storyboard or canned 
computer displays). The deeper the decomposition, the more detailed the prototype. πle 
rationale for this is both economy and effectiveness. When the mission decomposition is still 
at a high level, it would be inappropriate to carry the mission decomposition too far before 
realizing it in a prototype. 
The danger in doing so rises from the fact that as one performs the decomposition, it is 

extremely tempting (and, indeed, necessary) to make assumptions about the implementation. 
Formerly, these assumptions were often made in isolation, without regard for other systems or 
functions. 까lis led to inconsistencies and conflicts which led to confusion which led to errors. 
However, this program’s iterative approach to prototyping will allow general principles to be 
established early, and when details necessitate a violation of those principles, they will be 
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explicitly and unifonnly addressed. 
Page 
Ref. Schutte, P.C. and K.F. Willshire (1997) 
Remark general and higher level item 

ID 
Category 
Summary 

Citation 

190 
Design General 
HRA issues related to the inσ'oduction of digitaI technology and advanced 
display systems 

During the course of this study the number of identified HRA issues related to the 
inπoduction of digital technology and advanced display systems numbered over thirty. Ten 
issues or concems which may compromise crew perfonnance with the~e systems (and change 
the corresponding generic failure rates associated with crew perfonnance in traditional systems) 
have been identified. The most pressing issues are presented below: 
1. Crew may not have a cJear picture of what the plant is doing when systems are 
particularly disabled. 
2. Crews may not have a sense of what the automatics are doing particularly during mode 
changes and may, as a result, be ill-prepared to intervene. (for example, crew may not have 
available to them representations of the algorithms in use or where in the execution of that 
algorithm the plant happens to be). Therefore, quick changes from automatic mode to manual 
mode may be unsettling (Sarter and Woods, 1991). 
3. The operational logic emplyed by the automatics may only partialIy be understood by crew 
members (Sarier and Woods, 1991). 
4. Data entry may be time consuming, and error prone. Recovery, however, will be possible. 
5. Software version control may be a problem. 
6. Manual practice with routine tasks that promote a sense of system "feel" for the operator 
and provide operator confidence may be eliminated (0’Hara, 1991). Higher failure rates for 
other tasks could resul t. 
7. Communication and coordination activities wiII increase and these types of errors may tend 
to dominate HRA failure rate estimates. 
8. More operator time will be spent in what is commonly referred to as "knowledge-based 
activities realm." Rather than thinking in procedural tenns, crews will think of applying 
strategies to meet objectives. This is done by applying the appropriate resources, and making 
selections among various success paths. Most HRA methods, other than expert judgment 
methods, deal poorly with supeπisory- or decision-based tasks. 
9. The importance of crews being computer literate as a p따ameter influencing their 
perfonnance with advanced systems in an under reported phenomenon which could either 
increase or decrease failure rates. 
10. The availability of on-line procedures has the potential of e마ancing operator perfonnance, 
particularly if the system provides for: the Iogic flow, Iists the procedural step(s), and alIows 
for multiple procedures to be opened (Haugset et al. 1990). 
Page 
R강 Wilhelmsen, C 

ID 
Category 
Summary 

Citation 

191 
Design General 
The experience with DCS gathered by a survey, structured interviews, and a 
review of nationaI and intemational sources 

The experience with DCS, which is presented below, was gathered by a survey, structured 
interviews, and a review of nationaI and intemational sources. The experience is rather wide 
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ranging: 4 US NPPs, 1 peπochemical plant, 1 DOE reactor facility, Ontario Hydro training 
operations, and Human Factors personnel. Operator licensee examiners were used to supply 
US NPP information. Data cited from the National Aeronautics and Space Administration 
Agency (NASA), Federal Aviation Adminisπation (F AA), and foreign utilities and industry 
were gathered from literature suπey sources. Fourteen factoπ with major significance were 
determined from experience with DCS and are outlined below: 
1. Plant availability has been increased after the implementation of DCS (Point LePreau 
(Taylor, 1992), Darlington-A, Canada) (US NPP-Plant C). 
2. Crew cognitive as opposed to physical work load has increased after DCS implementation. 
(Ontario Hydro Responses). 
3. Computer literacy for crews is more important than previously recognized (DOE experience 
with crews in an advanced DCS facility). 
4. Recovery from input errors was more rapid from using a DCS interface than with a 
conventional interface, I.e., feedback is rapid, apparent, and changes in related variables are 
both faster and easier to spot (Peσochemical Plant survey findings). 
5. It was possible for crews to conπ01 more variables, to much greater tolerances, with 
digi떼， as opposed to analog controllers and displays (Petrochemical Plant survey findings , 

Plant D experience). 
6. Crews stated a greater trust in digital as opposed to analog output (Peπochemical Plant 
survey findings). 
7. Operating experience with DCS is that you have a better plant overview and view of the 
plant at a glance, (i.e., situation awareness), (Survey of US NPPs-Plant C, Plant D). 
8. Trends can be called up quickly and the representation is better than strip charts. Digital 
trending is su야rior over analog trending or purely numerical digital displays (Surveyof US 
NPPs, Plant C & Plant D). 
9. Lower level of staffing is not allowed as a result of DCS implementation (Survey of US 
NPPs, all respondents). 
10. Early fault detection, operator support systems, and automated procedures were perceived 
as advantageous by operator crews (Halden simulator experience, Kennedy, 1989). 
11. Some degree of reluctance exists in terms of tuming over control of the plant to DCS 
for high consequence sequences, (e.g., auto synchronization of breakers, Diesel Generators 
(DGs), or turbines, or auto-rod control); (Survey of US NPPs, Plant D). 
12. Ability to pull up system mimics which are key to p하ticula 

ID 192 
Category Information and Display System 
Summary What will be the impact of CGDs on the operator’s mental model? 
Citation 
A question that must be asked about CGDs is: Does the interface support the way in which 
the operator processes information, solves problems, and makes decisions, or was it merely 
determined by the way the nuclear engineer describes the physics of the system? The CGD 
information must mesh well with the perspectives and control sπategies used by the operator, 
and the way in which the information is displayed should correspond to his mental model of 
the plant. People’s view of the world of themselves, of their capabilities, and of the tasks 
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they are asked to perform or topics they are asked to leam, depend heavily on the 
conceptualizations that they bring to the task. In interacting with the environment, with others, 
and with the artifacts of technology, individuals form intemal mental models of themselves 
and of things with which they are interacting (Norman, 1983b). 

However, it is not currently known what an operator's mental model consists of. Research 
needs to be conducted on identifying and documenting the elements of the operator’s mental 
model, and subsequent research will need to be initiated to measure the qu뻐tity and quality 
of these elements. 
Page 
Ref. C때er， R, 1. (1 992) 
Remark general and higher level item 

ID 193 
Category Information and Display System 
Summary Is there a need for CGDs for multiple users? 
Citation 
CGDs should support multiple users. Multiple users can be defined as operator-operator, 
operator-maintainer and operator-supervisor. The CGDs should be totally redundant in that 
every screen should be able to be presented on all of the CRTs in the control room. 
Page 
Ref. Carter, R, J. (1 992) 
Remark item for consideration 

194 ID 
Category 
Summary 

Information and Display System 
How will maintenance informa1Ìon be displayed in the control room to ensure 
that the operator knows the status of plant equipment? 

Citation 
Maintenance information is typically not displayed in the control room of today’s NPPs except 
in the form of outage tags. It appears, however, that the operator will need to know more 
about the status of advanced I&C than he does about analog equipment. A number of 
questions arise conceming this issue inc1uding how much information does the operator really 
need to know, sho비d guidelines for the amount of maintenance information presented in the 
control room be developed, and is the information needed during ofT-normal events or just 
during normal operations? 
Page 
Ref. C없er， R, J. (1 992) 
Remark *Evaluation Item 

ID 195 
Category Information and Display System 
Summary Experimental results on the comparison of P and P+F displays (EID) 
Citation 
The performance of tow interfaces was compared, one containing physical and functional 
(P+F) system representations based on the principles of the ecological interface design 
framework, and a more traditional interface based solely on a physical (P) representation. 
Participants were required to perform several control tasks, inc1uding st따t-up， tuning, 
shutdown, and fault management. The res비ts indicate that the P interface led to significantly 
less-consistent performance than did the P+F interface; with the former, participants 
occasionally took up to 2 times longer to complete the required tasks, even after 5.5 months 
of daily practice. There was very little difTerence in average performance between the two 
groups. These results gave important implications for designing interfaces that lead to efficient 
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perfonnance under nonnal operating conditions. 
Page 
R얄 Christoffersen, K., et al. (1996) 
Remark item for consideration 

ID 196 
Category Infonnation and Display System 
Summary CFMS evaluation findings 
Citation 
πle CFMS was most often used in connection with detection and confrrmation of alanns. It 
was only infrequently used in the planning and decision for action. 끼lis observation indicates 
that CFMS was primarily used during the detection phase. 
Related fmdings: Two integration issues were identified from operator opinion obtained during 
the study: 

- The first involved inconsistent colour coding between CFMS and other control room 
displays; 

- the other was that CFMS trends were not used because the σend infonnation which was 
already available in the Loviisa control room was regarded as better. 

Page. 49 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

lD 197 
CQfegory Infonnation and Display System 
Summary Findings from CFMS and SPMS studies 
Citation 
On the basis of the CFMS and SPMS studies, it is possible to prφose a distinction about 
the level of detail necessary to make an action-relevant diagnosis. 까le critical function 
overview provides the basis framework for conceptualising the safety goals and means which 
can be used to achieve them. At a high level, this infonnation is similar to a safety 
par;없neter display system (SPDS), which infonns the operating crew of plant malfunctions. On 
the basis of two studies, such infonnation does not appear to be sufficient by itself, for 
generating an action-relevant diagnosis. Some linkage of this infonnation with the resources 
which are used in the planning, selection, and execution of actions are necessary. Linkage 
with EOPs, for instance, is one way in which infonnation from the display could better assist 
in providing action-relevant diagnosis. 
Page 84 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark *Evaluation Item 

ID 198 
Category Infonnation and Display System 
Summary crew used CFMS very little in the planning and decision for action 
Citation 
In the CFMS test and evaluation, the authors were interested, among other things, in how the 
system affected the crew’s decision to initiate an action. They found that the crew used the 
system very little in the planning and decision for action. Rather, as discussed in section 
3.3 .2, it was used primarily to detennine the nature of the disturbance. The operators at the 
panels did not use the system much while carrying out disturbance handling tasks. Rather it 
seemed that the system was most useful to the shift supeπisor in his role of overseeing the 
control room activities. In this sense, the system appe앙s to have been used more as a safety 
P앙ameter display system. 까lis is fur야ler supported by observations that the overview display 
was the main source of infonnation used during disturbances. 
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Page 94 
Ref. Ha l1bert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

ID 199 
Category Information and Display System 
Summary use of SPMS in evaluation activities 
Citation 
까le success paths provide the means for implementing control strategies to satisfy critical 
function criteria. The system provides cues to the operator via colour coding of components 
to indicate acute process deviations which need to be corrected in order to satis한 the critical 
functions. Information about the availability, actual operating characteristics, and suitability for 
use were demonstrated to assist the operator in determining the most appropriate systems to 
use, or act upon to restore, to mitigate a transíent. 

The information in SPMS is further limited to those systems necessary to satisfy the 
operational safety criteria of the plant. This reduces the number of systems which the operator 
must study to plan 삐 appropriate mitigation strategy in comparison to, for example, the 
NORS formats. Coupled with the colour coding and cues on the overview display, this further 
led the operator to correctly establish plans of action. Thus, colour coding, cueing, inherent 
decision criteria, coupled with the economy of information enabled users of the SPMS to 
successfu l1y carry out the necessaη Evaluation activities to produce effective actions. 
Page 95 
Ref. Hal1bert, B.P., and Meyer, P. (1 995) 

Remark item for consideration 

ID 200 
Category Information and Display System 
Summary utilization of success path information leads to better operator peκormance 
Citation 
In both the SPMS and SAS 11 studies, utilization of success path information emerges as a 
potential predictor of operator performance in mitigating a disturbance. During the Action 
phase, this information appears to be more relevant for supporting task execution than use of 
standing al하m list (e.g., HALO), system piping and instrumentation diagrams (e.g., NORS), 
and SPDS-type information (e.g., CFMS, SPMS, and SAS 11 overview displays). In addition, 
this type of information is more systematical1y associated with better operator performance. 
Page 113 
Ref. Hal1bert, B.P., and Meyer, P. '(1 995) 
Remark item for consideration 

ID 201 
Category Information and Display System 
Summary Color coding: A precautionary Example (SPMS) 
Citation 
Color coding has the potential to serve as a salient cue for gaining an operator's attention, for 
communicating information about a disturbance, and other information coding uses. At the 
same time, misuse or ambiguities in its use may impair operator performance to the same 
degree to which it can be facilitated. In the SPMS study, such an instance of color coding 
ambiguity was observed. In the design of success paths, a red component indicates that it has 
failed, in some way, to meet its required operational characteristic(s). To an operator, this 
could mean that the component has failed, or simply in a state which requires his/her 
attention (e.g., a standby pump is off because the start signal has not been sent by the 
control system, etc.) 
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However, the SPMS does not distinguish between these two conditions. As a results, it is 
possible for an operator to persist in activities to activate a pump or change the position of a 
valve, although there is actually no chance of the component responding (e.g., due to 
malfunction). Instances of this, in fact, occurred during the study prompting the authors to 
note: "πle diagnostic value of the color coding in SPMS is, to a certain extent dependent on 
whether the coloured component is the root cause of the success paths’ inadequate 
performance'" or merely a symptom of some other problem which is not indicated by the 
system." (Baker et al., 1988, HWR-224, p. 16-17) 

In this sense, the test and evaluation seπed its purpose of identifying an interface design or 
σaining deficiency (e.g., a c이or coding ambiguity which could, possibly, be corrected through 
reσaining or redesign of the interface). It also highlights the unintentional or deleterious 
effects which minor inconsistencies about the information σansmitted by a display can have 
no operator performance. In this case, no ’serious’ performance problems were noted as the 
SPMS group was able to identify the appropriate corrective actions to take in establishing a 
success path. On the other hand, preservation or tunnel vision, as occurred as a result of this 
ambiguity, has been observed as a serious problem in some indusπial accidents. πlis merely 
illusσates how an instance of color coding, sometimes considered a minor design discrepancy, 
can have larger effects. 
Page 114 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark *Evaluation Item 

ID 202 
Category Information and Display System 
Summary Plant operations that may impose difficulties to' operators. 
Citation 
Plant operations for routine transients (non steady-state plant evolutions), such as start-up, 
shutdown, and power changes, are sometimes difficuIt because of the need to integrate much 
information obtained from a variety of locations and the need to coordinate many operators. 
During unplanned transients, the volume of information immediately presented to operators can 
be overwhelming. Some examples of individual tasks that conσibute to the difficulty are: 

1) Heat-up and cool down rate limitations (one operator is needed speci윈cally to log and plot 
information) 

2) Control and verification of control element assembly (contr이 rod) position 

3) Reactor coolant system letdown control 

4) ππottling of high pressure safety injection (or high pressure coolant injection) system flow 
during its emergency operation. 

Page 
Ref. Higgins, J. and Nasta, K. (1 997) 
Remark *Evaluation Item 

ID 203 
Category Information and Display System 
Summary Importance of information display format 
Citation 
Particularly for displays with which complex, automated systems are monitored, the format 
should promote the development of an accurate understanding of the relation between 
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components of the system and provide infonnation of a nature that is necessary for solving 
different types of problems. This appears to be particularly critical in extremely complex 
systems, such as the nuclear reactor (Woods, 1989). 
Page 70 
R와 Huey, B. and Wickens, C. (1 993) 
RemaTk *Evaluation Item 

204 ID 
Category 
Summary 
Citation 

Infonnation and Display System 
Vigilance and target detection 

In summarizing these conditions, it is helpful to follow the framework of an empirically 
detennined functional equation developed by Jerison (l 959b) and modified by Warm 때d 

Berch (1 985), which takes the following fonn: 
P = f(M, S, U, B, C) 

According to this relation, perfonnance (P) is a function of the sensory modality of signals 
(M), the salience of signals (S), stimulus uncertainty (U), the characteristics of the background 
of nonsignal events in which critical signals for detection are embedded (B), and task 
complexity( C). 
Page 142 
Ref. Huey, B. and Wickens, C. (1 993) 
RemaTk item for consideration 

ID 205 
Category Infonnation and Display System 
Summary Some of the basic principles for designing VDU displays 
Citalion 
(a) Error tolerance 

πle VDU system must be able to respond positively to all types of errors mode by the 
user and be robust in response to software and hardware errors in the host computer 
system. 

(b) Feedback 
Each time infonnation is entered there must be immediate, understandable feedback to the 
VDU operator confinning correct inclusion of the infonnation. 

(c) Consistency 
Consistent fonnats , symbols, character sizes, etc., are essential. 

(d) Task focus 
VDU screens should not contain infonnation that is not directly supportive of the tools 
for which the display has been designed. 

(e) Navigable 
VDU screens that access data organized in a hierarchy should, for example, be limited to 
no more than 3 levels in the hierarchy. 

(f) Consistent with user expertise level 
The VDU fonnat and interactive procedures should be designed to accommodate the 
experience and expertise of the user. 

Page 61 
Ref. IAEA (1 995b ) 
RemaTk *Evaluation Item 

ID 206 
Category Infonnation and Display System 
Summary Getting lost and Gulf능 of evaluation and execution 
Citalion 
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Early issues, still not adequately resolved, incIude "getting lost" and the keyhole effect 
(Woods, 1984), gulfs of evaluation and execution (Hutchins et al., 1986), and the inability of 
designers to aggregate and absπact infonnation meaningful to operator decision making from 
the vast amount of data available from computer-based control systems 

Getting lost describes the phenomenon in which a user, or operator. Becomes lost in a wide 
and deep forest of display pages (Woods. 1984). Empirical research shows that some 
operators use infonnation suboptimally in order to reduce the number of σ'ansitions among 
display pages (Mitchell and MiIler, 1986). 

When issues of across-display infonnation processing are ignored, the computer screen 
becomes a serial data presentation medium in which the user has a keyhole through which 
data are observed. The limitations or short-tenn memory suggest that a keyhole view can 
severely Iimit infonnation processing and increase cognitive workload, especially in comparison 
to the parallel displays common in control rooms using conventional analog technology. 

Gulfs of evaluation and execution describe the conceptual distance between decisions or 
actions that an operator must undertake and the features of the interface that are available to 
carry them out. 까le greater the distance, the less desirable the interface (Hutchins et al., 
1986. Nonnan, 1988). ηle g비fs describe attributes of a design that affect cognitive workload. 

The gulf of evaluation characterizes the difficulty with a particular design as a user goes 
from perceiving data about the system to making a situation assessment or a decision to 
make a change to the system. 까le gulf of execution characteriιes the difficulty with a 
particular design as a user goes from fonning an intention to make a change to the system to 
actually executing the change. Display characteristics such as data displayed at too low a 
level or decisions that require the operator to access several display pages sequentially, 
exσacting and integrating data along the way, are likely to create a large gull of evaluation. 
Likewise, control procedures that are sequential. Complex, or require a large amount of 
low-Ievel input from the operator are likely to create a large gulf of execution. 
Page 
Ref. National Research Council (1 997) 
Remark item for consideration 

ID 207 
Category Infonnation and Display System 
Summary Issues in infonnation presentation guidance 
Citation 
Display structure 

The nature of the infonnation presentation elements that are used throughout the display 

Organization of infonnation in a display Coding of infonnation 
The organization of display elements into a whole that is appropriate to the task, Way to 
emphasize the structure of the display, to symb이ize a state or a condition, and to attract 
the user’s attention to particular aspects 

User support for multiple displays 
Multiple displays can occur simultaneously, cIosely in tirne or separated in tirne 

Display background: 
The general context of the displays, in p하tic띠arly the static background 

Dynamic displays: 
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Display features that change in real time according to the state of the process 

Caution and waming displays: 
The display of cautions and wamings to the user, I.e. the indication of dynamic changes 
related to process events or user events 

Page 
R하 Niwa,-Y.; HoIInagel,-E.; Green,-M., (1 996) 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

208 
Information and Display System 
Compact control consoles and digital display devices may interf농re with the 
ability of operators to quickly scan indications and obtain 뻐 assessment of plant 
condition. 

Compact control consoles reduce the degree to which plant data can be spatially distributed, 
and digital display devices require multiple levels of display pages to be accessed before 
viewing. Interviews with personnel from computer-based CRs have indicated that it is often 
more difficult to obtain a rapid, overall assessment of plant status compared to conventional 
CRs, especially during upset conditions. Further, NPP operating and training experience has 
indicated that in upset conditions, operators may neglect to view important plant indications if 
an additional retrieval step is required. This was supported in interviews with personnel from 
petro-chemical and fossil power plants. Personnel from these plants indicated that the old 
panel arrangement gave operators a good overview of plant status because they could quickly 
scan the panels and view key status indications. Personnel from computer-based CRs have 
stated that it is more difficult to obtain a rapid, overall assessment of plant status compared 
to conventional CRs. Because information in computer-based CRs must be retrieved from 
display hierarchies, operators must know where to look to obtain status information that is 
necessary levels of abstraction and aggregation. The operators may only monitor what they 
can observe and may ignore information not immediately presented has been identified as a 
human performance concem associated with computer-based systems (Fujita, 1992; Elm and 
Woods, 1985; Stubler, Roth, and Mumaw, 1991). 
Page 4-31 
Rξf. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 
Category 
Summaηy 

Citation 

209 
Information and Display System 
Compact, computer-based control consoles may also effect the ability of CR 
personnel to maintain awareness of each other's activities. 

Compact, computer-based control consoles may also effect the ability of CR personnel to 
maintain awareness of each other's activities. For example, in a conventional CR, much can 
be inferred about the actions of an operator by observing that person’s location at the control 
board and the type of control or display that is being manipulated due to the spatial grouping 
of controls and displays. Thus, this enhances the ability of crew members to observe each 
other's actions, ask questions, request support, provide assistance on short notice, and perform 
other activities that are important to team work. In a computer-based CR, especially ones that 
feature individual operator workstations, it may be more difficult to use these cues to gain 
awareness of operator activities (Stubler and 0 ’Hara, 1995). Operator movement at a compact 
control panel may be much smaller and more di펌cult to interpret than movements at a large, 
spatially-arranged, conventional control panel. Operator movement at an individual operator 
workstation may be even more difficult to interpret. In addition, operator actions, performed 
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Page 
Ref. 
Remark 

ID 
Category 
Summary 
Citation 

4-32 
0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
*Evaluation Item 

210 
Information and Display System 
까le limited area in VDU-based systems is a concem. 

When information that is needed by an 0뼈rator is contained on more than one display screen 
and only one screen can be displayed at one time, the operator may be required to make 
rapid πansitions between screens, try to remember values, or write values on paper. Compared 
to the sweeping wall-to-wall panels of older conventional CRs, CRs using computer-based 
displays provide a more restricted vicw - even when multiple display devices are provided. 

Gaddy et al. (1 991) observed that "a common occurrence that often accompanies the 
introduction of computer-based techn이ogies 샌s ar때n 0아r띠de하r-of-냐꺼찌m뻐a쟁gn띠li뻐tu뼈l띠d야e increase in the q뿌u~뻐mt디ity y 
of infi“o아rma따t“io이n a따t the use히r성 fmgertips". It is somewhat of a paradox that the available display 
area is considerably smaller in compact workstations, due to the use of VDUs, while the 
amount of information is increased. 까le net effect is that more information needs to be 
presented in less space. Thus, there is a need in computer-based CRs for greater integration 
of information, layering of information, and presentation of information at higher levels 
(aggregates of lower level information). Another approach, used in advanced CRs for 
overcoming this limitation, is to install large-screen displays (e.g., projection screens and 
mosaic mapboards) adjacent to multiple smaller display devices to provide a broad view of 
important plant variables. Thus, careful attention should be paid to trends in information 
display systems and their eff농cts on operator performance. 
Page 4-32 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark general and higher level item 

211 ID 
Category 
Summary 

Information and Display System 
Even among simple data representations, comparisons between display formats 
have revealed performance differences which appear to be task 

specific. 
Citation 
When computer-based display technology was first introduced into CRs, the displays tended to 
follow well known information presentation formats depicting single parameter values such as 
digital displays, multiple p따ameter values such as bar ch하ts， and simple relationships between 
variables such as trend graphs. Even among simple data representations, comparisons between 
display formats have revealed performance differences which appear to be task specific. For 
example, Hollands and Spence (1 992) found that change was judged more quickly and 
accurately with line and bar graphs than with tiered bar graphs and pie ch하ts， while the 
opposite results were obtained for proportion judgments. Although available human factors 
guidance adequately addresses the design of these individual formats, their appropriateness for 
specific task requirements is not fully understood. Further, the sheer number of data 
parameters available for display in a NPP CR still imposes great workload on the operators. 
Page 4-34 
R안 O’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 212 
Category Information and Display System 
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Summary The high degree of precision (e.g., many decimal places) that is possible with 
digital readouts may mislead the operator regarding the accuracy of its 

measurements. 
Citation 
A high level of precision is possible in the displays of digital control systems due to the way 
data are processed and presented. This can support operator control and diagnosis tasks. For 
example, one nuclear power plant visited during this project had digital instrumentation 
installed in the main CR as a p앙t of a upgrade to its feedwater system. πle upgraded 
instrumentation provided an additional digital readout of feedwater turbine speed which is 
more precise than the needle indicator that was provided with the original analog system. The 
combined eff농ct of increased display precision and decreased drift in the feedwater system 
was to allow smaller feedwater anomalies, such as unusual flow through mini-flow valves, to 
be detected by operators. 

However, the high degree of precision (e.g., many decimal places) that is possible with digital 
readouts may mislead the operator regarding the accuracy of its measurements. For example, 
in October 1995, a BWR plant that was operating at 100% power experienced an automatic 
actuation of an engineered safety feature (ESF) due to high water level in the torus. The 
operators were apparently unaware of the need to reduce torus level primarily because they 
believed sufficient margin existed before the trip serpoint of 78 .5 inches (Galletti, 1996). 까le 

operators were relying on a digitally displayed level indication that is part of the SPDS which 
provided the average value of multiple wide-range measurement instruments. The average was 
calculated to one decimal place. At the time of the ESF actuation, the SPDS readout was 
77.0 inches. They incorrectly assumed that theSPDS indication was more accurate that its 
analog strip recorder counterpart. 까le SPDS indication presents the data in a numeric readout 
format in units of 1110 inch, while the strip recorder can only be read to within 1 inch. The 
operators were apparently not aware that the SPDS indication was an average determined 
from wide-range level instrumentation. The task required a more accurate, narrow-range level 
instrumentation, 잠om which the strip recorder derives its values. 
Page 4-34 
R앙 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 213 
Category Information and Display System 
Summary determining the concept of where to locate information is a complex matter 
Citation 
With an earlier generation of electro-mechanical indicators, the concem was simply one of 
spatial location on a two-dimensional display panel. However, the greater flexibility of 
electronic display options enabling display integration, color, and multifunctionality increased 
the flexibility of design and leads to a far more complex meaning assigned to the concept of 
’where’. - Wickens and Carswell (1 995) 
Page 4-36 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.c. (1 996) 
Remark item for consideration but how to evaluate is not sure 

ID 214 
Category Information and Display System 
Summary some of the cognitive concems associated with configural displays 
Citation 
Bennet and Flach( 1992) identified some of the cognitive concems associated with configural 
displays. Integral displays are thought to support direct perception by capitalizing on human 
pattem recognition abilities and thereby, off-Ioad demand on working memory associated with 
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simultaneous consideration of many individual variables. Bennet and Flach posed several 
questions: (1) WiII performance of tasks that require the consideration of individual variables 
suffer as a result of their incorporation into a single geomeσic object? (2) Is it sufficient to 
simply assign variables to parts of the geomeσic 0비ect when more that one variable must be 
considered? (3) How wiII the visual representation support problem solving (beyond fault 
detection)? (4) Can a single geomeπic display support both types of tasks? Bennet and Flach 
stated that "Although there is general consensus that configural display has the potential to 
improve human-machine system performance, there is less agreement on the principles or 
heuristics that should be used as design guidelines". 
Page 4-36 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

215 ID 
Category 
Summary 
Citation 

Information and Display System 
comparison between configural displays and model-based representations 

While configural displays attempted to support direct perception by using perceptual 
characteristics of human cognition, model-based representations attempt to lower workload 
associated with data integration and interpretation by providing displays that are closely 
associated with the operator’s understanding or mental model of the process. 
Page 4-37 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

ID 216 
Category Information and Display System 
Summary task’s time constraint was an important factor aff농cting display task relationships 
Citation 
Coury and Boulette (1992) compared several graphical formats and found that a task’s time 
constraint was an important factor affecting display task relationships. They found that 
"different representations of the same system data can have a profound ef훈ct on performance" 
(p. 707). They further stated that "One clear conclusion from this research is that the effects 
of time stress complicate the selection of display formats for state identification tasks. 
Although designers of operator interfaces may be tempted to select the polygon display 
because of its apparent supe꺼ority under the most severe time constraints, such a choice 
would ignore a number of important πade-offs in performance. Consider changes in processing 
sσategy. Although overall performance with the polygon display was good, the .digital display 
was superior in many situations" (p. 723). 
Page 4-37 
R앙 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

217 
Information and Display System 
the inclusion of digital information in a integral graphical display can detract 
from its emergent features. 

Hansen (1995) indicated that there was much support for the observation that "graphical 
representations can be effective for communicating information for controlling dynamic 
systems. However, there is less agreement as to the dimensions that distinguish effective 
graphical representations from ineffective ones. Experimental comparisons of display formats 
varying in degree of configurality, inclusion of supplemental digital information, and inclusion 
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of explicit time dimensions were found to have significant effects on the detection of 
temporal events and the ability to detect trends. For example, it was observed in some 
conditions the inclusion of digital information in a integral graphical display can deσact from 
its emergent features. 
Page 4-37 
R안 O’H따a， J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

218 ID 
Category 
Summaη’ 

Information and Display System 
characteristics of diagrammatic displays that lead to better performance are not 
well understood. 

Citation 
Diagrammatic displays are based on plant components and systems that are depicted at low 
levels of abstraction; I.e., individual components may be represented by icons. Such displays 
can be based on the physical layout of the plant, such as piping layout drawings, or a 
functional layout of the plant, such as displays based on piping and insσumentation diagrams 
(P&ID). 

There has not been a great deal of research on the effects of diagrammatic displays on 
performance. The advantage of diagrammatic displays over simpler variable-level 
representations is not clearly demonstrated. It has been found that the characteristics of 
diagrammatic displays can significantly effect fault detection and control perform뻐ce (Kieras, 
1992), but the specific characte디stics that lead to better performance are not well understood. 
Page 4-37 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 219 
Category Information and Display System 
Summary EID display evaluations and concems 
Citation 
EID displays have been compared in a longitudinal study with P&ID displays for performance 
of a variety of simulated process control tasks (Christoffersen et al., 1995). 
The results showed that the EID display led to faster fault detection, more accurate fault 
diagnosis, and faster fault compensation. These differences were observed for routine as well 
as non-routine faults. Similarly, Meshkati, Buller, and Azadeh (1 994) evaluated the 
effectiveness of an ec이ogical interface for handling process control disturbances. The authors 
found that the interface led to significantly more accurate event diagnosis and faster response 
than a computer emulation of the current traditional console. 

However, not all studies obtained positive results. Itoh, Sakuma, Monta (1995) described an 
EID display developed to support an intelligent HSI for a BWR. The display was based on 
an abstraction-aggregation functional hierarchy representation of the plant and level of 
cognitive control (skill-, rule-, and knowledge-based behaviour). The displays incorporated a 
number of graphic representations including a Rankine cycle-type display. 
lnitial evaluations have been indicated that operators have experienced diffic비ty understanding 
the plant situations depicted in the display. 

The significance of this feature of EID displays has been recognized by others as well. 
Christoffersen, Hunter, and Vicente(1995) indicated that "to experience the benefits of EID, it 
seems likely that operators need to be trained to think functionally rather than procedurally. It 
would seem that this would require a fundamental shift in NPP operation philosophy" (p. 
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143). Further, "it may be that operators have to possess certain types of cognitive 
characteristics that may not be considered in the traditional selection process in the nucIear 
industry" (p.143). Concem has also been expressed that EID interfaces may inhibit long-term 
learning and retention (Wickens, 1992). 
Page 4-39 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark general 뻐d higher level item 

220 ID 
Category 
Summary 
Citation 

Information and Display System 
Relying on operator opinion may not be a sufficient source of information 

Relying on φerator opinion may not be a sufficient source of information. Andre and 
Wickens (1 995) have identified several characteristics of graphic display technology that 
deπ'act from performance even though they may be preferred by users. This has been referred 
to as the performance-preference dissociation. For example, color in displays often has a 
detrimental effect on peπormance. Subjects' peκormance is often made worse when using 
three dimensional displays to display two-dimensional data. Similarly, empirical studies of 
human performance should be conducted to compare display designs because subjects are 
often unable to judge the effects of format on performance (Schwartz, 1988). 
Page 4-40 
Ref. 0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

221 ID 
Category 
Summary 

Information and Display System 
The secondary tasks (e.g., navigating between displays, configuring and sizing 
display, managing windows, etc.) will compete for cognitive resources which 
would be better allocated to the prim하y task. 

Citation 
까le ability to quickly access needed information from the structure of a display system has 
been identified as a problem by operators of computer-based CRs for nucIear power plants. 
The demands placed on the operator’s memory for remembering display locations, the inability 
to quickly access needed information, and delays in accessing needed displays. Also, delays in 
accessing needed displays can reduce overall operator response time. Factors that contribute to 
the display navigation demands include the arrangement of the displays within the network, 
the number and types of paths available for retrieving data, and cues for directing information 
reπieval. A variety of design approaches have been used to enhance display retrieval 
including: spatially-dedicated devices that contain an assigned set of displays, display systems 
that are organized hierarchically and functionally, broad-shallow display network (networks that 
have many entry points but few levels, in contrast to narrow-deep configurations with many 
levels of displays that require many more display selection commands), display access buttons 
contained within other displays that provide shortcuts to particular displays, and window-based 
software that allows multiple display pages to be displayed on a single display screen. Human 
performance concems include the eff농ctiveness of these and other approaches and the 
complexity that results when multiple methods are incIuded in the same HSI. 
Page 4-41 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation ltem 

ID 222 
Category Information and Display System 
Summary Task irrelevant information and unnecessary detail have been found to hinder 
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plant monitoring. 
Citation 
Task irrelevant information and unnecessary detai! have been found to hinder plant 
monitoring. For example, task irrelevant information can incIude features which are used by 
plant engineers but are not used by operators. Displays often incIude information that has 
unnecessary detai! with respect to the operator’s task such as photo-realistic depictions of plant 
equipment rather than icon-type representations, depiction of characteristics that do not change, 
and irrelevant details of plant layout. A related problem that has been identified with graphic 
displays is excessive decorative detail. For example, displays often use color, borders, and 
S따1ilar graphic capabilities that do not support operator tasks and tend to add unneces앓ry 

visual clutter. 
Page 4-4 1 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

223 
Information and Display System 
Despite the f1exibility of software-driven interfaces is a positive features, 
allowing operators to customize the interface, it can also increase the workload 
in managing the interface. 

The f1exibility of software-driven interfaces often allows information to be displayed in a 
variety of formats and locations. Sometimes this f1exibility is a positive features, allowing 
operators to customize the interface. However, it can also increase the workload in managing 
the interface. Singleton (1 994) has indicated that "까le versatility of computer-driven formats 
creates a tendency to provide too much data coded in too many different ways, with 
consequent problems of navigation and unfamiliarity" . Further, while traditional control boards 
encourage parallel processing, soft controls via keyboards encourage serial processing. 
Page 4-42 
Ref. 0’H앙a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark general and higher level item 

224 ID 
Category 
Summary 

Information and Display System 
Window management such as opening, manipulating, sizing, cIosing, and layering 
can distract operators. 

Citation 
One significant concem was the use of windows, which can have a disasσous eff농ct on 
operator performance. For example, Westinghouse's recent1y released WDPF digital control 
system, which features WEStation consoles, allows each CRT to access up to four displays at 
one time. Once a display page is accessed, the operator can switch between the four 
displays without retrieving them from the display system each time (Swanekamp, 1995). The 
latest Honeywell digital control system also uses windows-based software. Window 
management such as opening, manipulating, sizing, closing, and layering can distract operators. 
Also problematic is the potential to occIude important information. 
Page 4-42 
R안 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 225 
Category Information and Display System 
Summary Organizing logic, quantity of information, and presentation format is a special 

concem. 
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Citation 
Designers had di잔iculty making tradeoffs between (1) making the displays easy to read by 
minimizing the amount of information displayed on them and (2) reducing the need for 
operators to make σansitions between display pages by incIuding data on the same display 
page (B뻐les and Ryan, 1995). πle NAS obseπed that displays are often highly concenπated 
with information 때d disπibuted in display pages. They noted that the organizing logic, 
quantity of information, and presentation format is a special concem (NAS, 1995). Instructors 
from a newer Canadian plant stated that due to the quantiψ of information that is provided 
by the plant display system, the number of display devices, and the number of 피dividual 

displays, operators may have difficulty developing an awareness of overall plant status. πlis is 
especiaIly σue in plant upset conditions in which status may change quickly. Operator must 
develop skills for quickly extracting plant status information from the HSIs. 
Page 4-42 
R얄 0’H，πa， J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark *Evaluation Item 

ID 226 
Category Information and Display System 
Summary operators’ diffiωIty in display management 
Citation 
In summ따y， dealing with the amount of information and 양 disπibution in the computer 
system creates a great deal of information management workload, a secondary task which is 
potentially distracting. Since the operator typically has much more information available in 
real time than in a conventional CR, and since not all data is significant to all situations, 
identifying the relevant information can be very difficult (Woods, 1991). If the data are not 
properly organized and presented, this can pose an excessively high cognitive workload, or 
worse, it can be overwhelming. The operator has only a glimpse of its contents through a 
display device at any time. πlis is sometimes referred to as the keyhole effect (Woods et al., 
1990). A poorly designed interface can make it difficult to locate and navigate through data. 
E하ly in the development of the S3C information system, EdF observed that 0야rators were 
spending almost half their time in navigation and interface management tasks. 
Page 4-42 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 
Category 
Summary 

Citation 

227 
Information and Display System 
Problems with navigating a large display network in a NPP, incIuding: 
disorientation in the display structure; increased memory demands; high 
workload; tunnel vision. 

Ranson (1 992) identified several problems operators experienced with navigating a large 
display network in a NPP, including: disorientation as to one’s position in the display 
structure and how to get to the desired location; increased memory demands; high workload 
due to need to focus on the interface and not the process; and tunnel vision, reflecting too 
much focus on a small subset of displays. 

In large information networks it is important to provide an easy way for operators to move 
through the display space. Visual momentum (Woods, 1994), the smooth cognitive transition 
from one display to the next, needs to be supported. However, the principles for creating 
visual momentum are not well understood. Visual momentum needs to be created not only 
within a display network, but between display resources, such as between conventional 
indicators, VDUs, and large screen displays as well. 
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Page 
R강 
Remark 

ID 
Category 
Summary 

C;tat;on 

4-43 
0 ’Hara, 1.M., Stubler, W.F., Higgins, 1.C. (1 996) 
*Evaluation Item 

228 
Information and Display System 
Many HFE guidelines for various VDU technologies are limited to CRTs, and 
not be directly applicable to other display technologies. 

VDU technologies, such as light emitting diode panels, plasma panels, thin film 
electroluminescent panels, elecσochromics， electrophoretics panels, and liquid crystal panels, re 
used to display plant information in current and proposed hybrid HSIs of NPPs. For example, 
ABB-CE uses flat-panel displays in its System 80+ CR design and for upgrac!es to SPDS 
panels in existing NPPs. 
Snyder and Bogle (1 989) have indicated that human factors guidelines are lacking for many 
of the VDU variables which affect specific aspects of the readability and legibility. The focus 
of many available HFE guidelines for VDUs are limited to CRTs and, thus, may not be 
directly applicable to other display technologies. 
Page 4-43 
R얻f. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 229 
Category Information and Display System 
Summary interface mismatch 
Citat;on 
Assuming that the designers do not have the same extensive practical experience in 
controlling the system as the end users do, serious problems will arise: the designers then 
will have to guess about the actual information need of the end users. This may lead to a 
serious misfit between the designer’s conception of the end users' task as materialized in the 
interface design, and the actual information need as seen by the end users. Such a misfit 
materializing at the interface level, between the designer's conception of the task and the one 
held by the end users may be called an interface mismatch. 
Page 
R하 van der Schaaf and Brinkman (1 993) 
Remark general and higher level item 

ID 
Category 
Summary 

Citation 

230 
Information and Display System 
Considerations on that the Rankine display (EID) be implemented into 
commercial NPP control rooms 

Although these initial results are encouraging many issues remain to be addressed before one 
can defensibly recommend that the Rankine display be implemented into commercial NPP 
control rooms. First, there is the issue of integration. For the Rankine display to demonstrate 
its advantages in practice, it is essential that it be integrated with the rest of the control 
room, including the annunciators, procedures, training, controls, and lower-level displays. 
Previous experience in the nuclear industry has clearly shown that introducing a new design 
concept without integrating it into existing operations in a coordinated manner will result in 
lack of acceptance and lack of use on the part of operators (Woods, Wise, & H뻐es， 1982). 
Second, the Rankine display needs to be more thoroughly tested under a wider and more 
representative set of conditions. For example, in this experiment, participants could not rely 
on annunciators or procedures. Will the advantages of the Rankine cycle display will manifest 
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themselves when these aids are also present? Furthermore, the fact that a display can 
eff농ctively support detection and diagnosis does not necessarily mean that it will lead to 
eff농ctive control. The ability of the Rankine cycIe to support operators in task requiring 
compensatory actions needs to be empiricalIy determined. 

FinalIy, there is a need to assess the behavior of the Rankine display under a wider range 
of sensor failures and component faults. It is essential to evaluate any display under a variety 
of failure modes to ensure that the display does not provide misleading information under 
unusual circumstances. 
Page 
Ref. Vicente et al. (1996) 
Remark general and higher level item 

231 ID 
Category 
Summary 
Citation 

Information and Display System 
Evaluation results of Rankine Cycle display (EID) 

The mapping principle is exemplified by the Rankine cycIe display, which is an overview 
display for monitoring and diagnosing the state of nuclear power plants. In this paper we 
present the results of the first formal evaluation of the Rankine display, comparing it with an 
SSSI display and a variation of the SSSI that also contains a pressure temperature graph. The 
performance of undergraduate and graduate students in mechanical and nuclear engineering is 
compared with that of Iicensed nucIear power plant operators. Participants in each of these 
three groups were requires to detect and diagnose abnormalities in dynamic scenarios using 
one of the three displays. The results indicate that the nucIear power plant operators 
outperformed the other two groups and that the Ranking cycIe display led to more accurate 
detection and diagnosis performance than did either of the other two display. 
Page 
R하 Vicente et al. (1 996) 
Remark general and higher level item 

lD 232 
Category Information and Display System 
Summary EID principles 
Citation 
ηle framework consists of three general principles. Each corresponding to a specific level of 
cognitive control. The intent is to develop a single design that will simultaneously support alI 
three levels of cognitive control. In this section, each of the principles will be described and 
their theoretical significance within the context of process control will be discussed (again, see 
Vicente and Rasmussen (1990) for an application of the principles). 
Although many of the general ideas behind EID have been around for some time (ref.), the 
specific theoretical formulation presented here is a new one. 

1) SBB - To support interaction via time-space signals, the operator should be able to act 
directly on the display, and the structure of the displayed information should be isomorphic to 
the p따t-wh이e structure of movements. 

2) RBB - Provide a consistent one-to-one mapping between the work domain consπaints and 
the cues or signs provided by the interface. This second principle attempts to support the 
RBB level. 

3) KBB - represent the work domain in the form of an absπaction hierarchy to serve as an 
extemalized mental model that will support knowledge-based problem solving. This fmal 
principle attempts to provide the necessary support for KBB. 
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Page 
Ref. Vicente, K. and Rasmussen, J. (1 992) 
Remark general and higher level item 

ID 233 
Category Information and Display System 
Summary proximity compatibility principles 
Citat;on 
We describe the proximity compatibility principles as one guideline to use in determining 
where a display should be located, given its relatedness to other displays. The PCP depends 
critically on tow dimensions of proximity or similarity: perceptual proximity and processing 
proximity. Perceptual proximity (display proximity) defines how close together two display 
channels conveying task-related information Iie in the user’s multidimensional perceptual space 
(i.e., how similar they are). Thus two sources will be perceptually more similar (in c10ser 
proximity) if they are c10se together, share the same color, use the same physical dimensions 
(e.g., both use orientation or length), or use the same code (e.g., both are digital or both are 
analog). For the designer, perceptual proximity is influenced by variation in where and how 
information sources are displayed, so this may be also referred to as display proximity. 

Mental or processing proximity defines the extent to which the twO or more sources are 
used as part of the same task. If these sources must be integrated, they have close processing 
proximity. If they should be processed independently, their processing proximity is low. The 
principle proposes a compatib i1ity between these two dimensions. If there is c10se processing 
proximity, then close perceptual proximity is advised; conversely, if independent processing is 
required, distant perceptual proximity is prescribed. 
Page 
R하 Wickens, C. and Carswell, C. (1995) 
Remark item for consideration 

ID 234 
Category Information and Display System-LDP 
Summary Early Alarms in Large Overview Display 
C;tat;on 
까le appearance of a red symbol on the current IPSO display does not have the required 
impact on operators, because the alarm can be the result of a minor disturbances in a 
sub-system which does not directly threaten the overall system availability, as well as a major 
system disturbance. The difference cannot be distinguished on the IPSO display (operator 
expertise was not profoundly integrated in the development of the current IPSO software). 
Minor system disturbances that result in alarms on the IPSO display are annoying for 
operators. Due to this inaccurate system status presentation, operators tend to disregard the 
IPSO alarms. Furthermore non-operating personnel entering the control room, confronted with 
alarms on the IPSO display, will approach the operators and distract their attention by posing 
non-relevant questions. 
Page 62 
R양 Bouwmeester (1996) 
Remark *Evaluation ltem 

ID 235 
Category Information and Display System-LDP 
Summary Level of detail of info on IPSO 
Citat;on 
As mentioned above, the highly absσact system presentation on the current IPSO display is 
not very suitable for process monitoring and control during normal operation conditions. The 
IPSO display was designed to support the operators only during severe plant disturbances. 
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However the use of the IPSO display during such stressful conditions can only be expected if 
the operators have a fmn confidence in functionality of the overview panel. To achieve this 
operator confidence, frequent and, useful IPSO interaction during nonnal operation is required 
(as well as regular training of emergency condition in the simulator). πlis regular interaction 
by the operators and supervisors can be achieved by an increased number of process 
parameters in the new IPSO graphic, that can assist in monitoring and controlling the plant 
perfonnance during nonnal plant operation. 
Page 103-104 
Ref. Bouwmeester, R. (1996) 
Remark *Evaluation Item 

ID 236 
Category Infonnation and Display System-LDP 
Summary Infonnation an IPSO 
Citation 
The Residual Heat Removal (RHR) and Emergency Core Cooling (ECC) system (TJ) is of 
great importance during a shutdown, refueling and st하t-up procedures, as well as during a 
Loss Of Coolant Accident (LOCA). Therefore enhanced TJ monitoring facilities on the IPSO 
display are recommended during these specific plant conditions. 
Page 104 
Ref. Bouwmeester, R. (1 996) 
Remark item for consideration 

ID 237 
Category Infonnation and Display System-LDP 
Summary Use of IPSO 
Citation 
The current IPSO display is not used by the operators for controlling the process, since the 
low level of detail of the presented infonnation is not suitable for detennining process 
controlling actions. Due to the minimal interaction with the IPSO during nonnal operating 
conditions, the operators do not become fully familiar with the use of an IPSO display. 
Therefore during upset plant conditions, the operators do not extensively use the IPSO 
display. To achieve that operators will rely on an operator support system such as the IPSO 
display during upset plant conditions, the IPSO display will have to have an essential function 
during nonnal operation conditions. πlis can be achieved by presenting more, detailed process 
infonnation on the IPSO display that is useful in nonnal operation conditions. A well 
structured, cIear IPSO graphic desi~ is required, in order not to compromise the plant status 
overvlew. 
Page 
Ref. 
Remark 

ID 
Category 
Summa，η， 

Citation 

110-111 
Bouwmeester, R. (1 996) 
*Evaluation Item 

238 
Infonnation and Display System-LDP 
Favorable Features 

An identified favourable feature of the NUCON concept design is the configuration of the 
components which still has the same ’look and feel’ as the present IPSO design. Other 
favourable features are. 

- The colour change from green to cyan for the indication of available system. 
- 까le compatibly with the PPS (process Presentation System) system. 
- The application of a line thickness proportional to the flow in the various lines (applied 

in the current IPSO display) is replaced by 4-digit flow indications near the applicable 
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lines, saving much space 'On the screen. 
- The applicati 'On 'Of a blinking symb'OI(*) in 깐ont 'Of the alarms, t 'O draw extra attenti 'On. 

Page 131 
Ref. B 'Ouwmeester, R. (1 996) 
Remark *Evaluati'On Item 

239 ID 
Category 
Summary 
Citation 

Inf'Ormati'On and Display System-LDP 
C'Ompositi 'On and c'Ol'Ors 'Of IPSO 

The c'Ombinati 'On 'Of a unique positi 'On f'Or each element in the graphic, and the use 'Of a 
limited set 'Of c'Ol'Ors makes it easy t'O determine the status 'Of every c'Omp 'Onent 'Or parameter 
in the new graphic design. 
Page 150 
B 'Ouwmeester, R. (1 996) 
Remark *Evaluati 'On Item 

ID 240 
Category Inf'Ormati 'On and Display System-LDP 
Summary Plant m 'Odes by pattern 'Of IPSO display 
Citation 
The different plant m 'Odes are c1early c'Onveyed t'O the IPSO users by means of the patterns 
that are created by the dark gray systems. The 'Overal1 appearance 'Of the graphic alters 
gradual1y with changing process c'Onditi 'Ons. 
Page 150 
Ref. B'Ouwmeester, R. (1 996) 
Remark item f'Or c 'Onsiderati 'On 

ID 241 
Category Inf'Ormati 'On and Display System-LDP 
Summary Trend indicati 'On in IPSO 
Citation 
Trend indicati 'On behind a number 'Of parameters ( • • ) is a rough first indicati 'On in 
c'Onf'Ormance with the required level 'Of detail f'Or an 'Overview display. 
Page 150 
R안 B'Ouwmeester, R. (1996) 
Remark *Evaluati'On Item 

ID 242 
Category Inf'Ormati 'On and Display System-LDP 
Summary Display c 'Omplexity in IPSO 
Citation 
Reduce the attenti 'On that is drawn by the large number 'Of values and bar charts that are 
presented in cyan. M 'Ost 'Of the time h'Owever these elements are presented in dark gray. The 
green c'Ol'Ored ’inverse unit indicati 'On' 'Of the vari 'Ous parameter b'Oxes sh 'OWS a similar 
drawback. 

- Decrease the width 'Of luminance 'Of the large number 'Of bar ch하ts， valves and ’inverse 
unit indicati'Ons' 'Of the parameter boxes t'O reduce their prominence. 

Page 151 
R하 B 'Ouwmeester, R. (1 996) 
Remark *Evaluati 'On Item 

ID 243 
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Category Infonnation 때d Display System-LDP 
Summary Qualitative Results: Post-Study Questionnaires (IPSO) 
Citation 

- Operators expressed a sli맹t preference for the use of IPSO during nonnal over use 
d뻐19 abnonnal operations [no test of statistical significance]. 

- There was a lack of infonnation which could have directed the 0야:rators to the 
appropriate process fonnat in the case of a disturbance. 

- There were difficulties in reading the bar graphs. 
- More alarm infonnation should be included in the overview. 

Source: Reierson, C. et al. (1987), HWR-l84, pp. 18-23 
Page 47 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

244 ID 
Category 
Summary 
Citation 

Infonnation and Display System-LDP 
fmdings from IPSO experiment 

A study of the large screen overview display concept, IPSO, demonsσated its eff농ctiveness in 
providing a focus for the operating crew’5 attention during steady state, which can also serve 
as an effective location for first alarm infonnation. To the extent that a disturbance produced 
changes in the overview display, operators demonstrated the ability to use it to spot 
disturbances. However, not all disturbances are likely to produce changes at such a global 
plant level, hence limiting the utility of the overview infonnation for some events. 

The type of infonnation an operator uses for purposes of maintaining an overview are also 
probably different than that used for fault detection and other disturbance handling activities. 
During periods in which there was a disturbance simulated in the process, operators used the 
large screen overview only 3.6% of the time, compared to 20% of the time during passive 
monitoring. Their gaze duration on the overview display similarly diff앙 당om 30 seconds 
during passive monitoring to 6 seconds during a plant disturbance. 
Page 62 
Ref. Hallbert, B.P., and Meyer, P. (1 995) 
Remark item for consideration 

ID 245 
Category Infonnation and Display Sys았tem-LDP 
Summary Concems using LDP ÌI피n HS잉1 design 
Citation 
Designing display pages for large-screen display devices can be very different from designing 
for CRTs and other VDUs due to the apparent size of the viewing area, orientation of the 
large-screen display device in the CR, and hardware limitations of large-screen display 
devices. Hardware limitations of large-screen display devices include a lack of brightness, 
resolution, and wide viewing angles, as compared to CRTs. 

This places restrictions on where these devices can be located in the CR, the type of 
infonnation presented on these devices, and the type of illumination provided in the CR. For 
example, display brightness and resolution can affect the effectiveness of color coding 
schemes and display icon designs. Guidance is also needed regarding the effects of large 
viewing angles and off-angle viewing angles on visual se따ch and recognition and the 
effectiveness of spatial coding, character sizes, and other characteristics. AIso, the implications 
of visual characteristics and consσaints of large-screen displays on graphic display fonnats, 
such as large mimics, object-oriented and integrated graphics displays, and ecological 
interfaces, is not well understood.The Fossil Power Plant Business Unit of the EPRI has a 
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research effort that addresses the selection and irnplementation of large-screen displays in the 
CRs of fossil plants (EPRI, 1994) 
Page 4-44 
Ref. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

246 ID 
Category 
Summary 

Information and Display System-LDP 
Little is understood about how large-screen displays should be used to enhance 
crew performance. 

Cilation 
NUREG-0700, Rev. 1, provides some guidance for the review of the physical aspects of 
large-screen displays. However, little is understood about how these displays should be used 
to enhance crew performance. Important considerations include the role that the display system 
should serve (e.g., provide overview information, aid in finding detai!ed information, aid 
operators in maintaining awareness of each others actions, or support control actions) and the 
types of design features needed to support these roles. Stubler and 0 ’Hara (1 995) provide an 
framework for describing some functions that group-view displays should perform to support 
crewperformance and the human factors considerations of some design features that support 
group-view display functions. Further understanding is required regarding how these functions 
and features apply to the range of CR designs (upgrades versus new CR designs) and to 
newly emerging HSI capabilities. 
Page 4-44 
Ref. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 247 
Category Information and Display System-LDP 
Summary Support of the cognitive functions associated with LDP 
Citation 
Overview displays must provide a common frame of reference for multi-agent problem 
solving. 
Overview displays must support a rapid overall assessment of system state, ... an orienting 
function. 
Overview displays must provide the ability to shift views to track a dynamically evolving 
event...the attentional control function (c.f., visual momentum). 
Overview display must assist in solving the problem of how the observer decide where to 
look next. 

Page 12 
Ref. Quill, L. L. et al. 
Remark *Evaluation Item 

ID 248 
Category Information and Display System-LDP 
Summary Visual Momentum 
Citation 
Visual momentum refers to a 깨easure of user’s ability to exπact and integrate information 
across displays, in other words, as a measure of the distribution of attention .... When visual 
momentum is high, there is an impetus or continuity across successive views which supports 
the rapid comprehension of data following the transition to a new display .... Low visual 
momentum ... confuses the viewer or delays comprehension" (Wood, 1984, p. 231). Throughout 
the literature, the global requirement for designers is to assure that visual momentum is 
maintained for the individual operator, as well as the group. Continuity from one view to 
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another must be maintained for individual operators; however, there must also be continuity of 
information transfer among members of the group. In other words, visual momentum must be 
maintained when transferring information from one group member to another. Without this 
momentum, group situation awareness is degraded. 

For a group situation, momentum refers to more than just visual display information The 
concept also expands to include any type of transfer between information sources, such as 
verbal and visual signa1. Inclusion of altemative modes of information σansfer e띠lances 

effective pl빠 contro1. Large screen displays provide one resouπe for this type of information 
σansfer. However, in order to effectively use large screen displays design requirements must 
emphasize the maintenance of group visual momentum (i.e., considerations for group visual 
momentum must be emphasized in this multi-media environment). 

Some design guidelines which contribute to the development of group visual momentum 
include a number of design characteristics, such as maintaining coding schemes (e.g., color 
coding) across displays. πlis characteristic would permit a user to switch visual gaze form a 
workstation display to the large screen without having to perform 뻐y operations other than 
those required to switch gaze. Another characteristic is to synchronize information refresh 
rates. {)f workstation and large screen displays. πlis would assure that no matter which display 
is viewed there would be no question as to which "value" is correct ("value" would be 
identical for al1 displays). 
Page 13 
Ref. Quill, L. L. et a1. 
Remark item for consideration 

ID 249 
Category Information and Display System-LDP 
Summary 2. FUNCTIONAL CHARACTERISTICS OF GROUP-VIEW DISPLAYS 
Citat;on 
2-1 Applicability 
Group-view displays should be used when crew performance may be enhanced by access to a 
common view of plant information or a means of sharing information between personne1. 

2-2 Group-View Display Information 
Information presented in a group-view display should be relevant to the task requirements of 
multiple personnel and presented in a manner that is evident to its intended users. 

2-3 Consistency With Other Portions of the HSI 
The design of group-view displays, including information presentation and interaction 
characteristics, should be consistent with the rest 0 the HSI. 

2-4 Control of Group-View Display 
Individuals should not be permitted to make changes to the group-view display in a way that 
would reduce its usefulness to others. 
ADDITIONAL INFORMATION: Control of changes in a group-view display, such as 
changing variables or their ranges, may lead to misinterpretation or confusion. The use of 
administrative procedures is one way to control changes that may be confusing or otherwise 
deπact from personnel performance. 

2-5 Reσieving Information via the group-View Display 
If individuals use group-view display system to access additional information for their own 
use, this information sho비d be presented on a sep따ate display (e.g., an individual-view 
display). 
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Page 2-1-2-2 
Ref. 
Remark 

Stubler, W. and 0’H따a， J. (1 995) 
*Evaluation Item 

250 ID 
Category 
Summary 

Information and Display System-LDP 
supportive information on 2-1 Applicability of 2 FUNCTIONAL 
CHARACTERISTICS OF GROUP-VIEW DISPLA YS 

Citation 
In addition, computer-based display systems impose new demands on personnel for fmding 
and reσieving controls and displays. The following potential problems could result: 

*Diffic비ty maintaining awareness of overall plant status - Narrowing of attention to local 
problems at the expense of overall awareness has long been a problem in NPPs. ηlis 
problem may be aggravated in advanced CRs by the fact that only a portion of the total 
plant information is visible at one t띠le throu맹 the limited viewing area of an information 
display screen 

*Difficulty and time delay associated with accessing computer-based controls and displays -
Problem may result because controls and displays must be removed through navigation of the 
computer display space. Human error and response time associated with retrieving information 
from display systems is a recognized concems (e.g. , Snowberry, 1985). 

*Diffic비ty maintaining awareness of crew member actions - Operator actions performed in a 
computer-based workstation may be less visible and easy to interpret than actions performed 
at a conventional central panel, 꺼lerefore， it may be more difficult for operators to maintain 
a general awareness of each other’s actions. Also, because a single control could have 
multiple locations in the computer display space, it may be possible for multiple operators to 
perform tasks involving the same control without being fully aware of each other's specific 
control actions and intentions. 

*Difficulty cornmunicating - Expressing ideas through face-to-face interactions using gestures 
or verbal communication, especially when viewing plant information, may be difficult because 
of physical separation/isolation. This problem may be further aggravated by the fact that 
operators have individual views of the display system and may not be viewing the same 
portion (e.g., display page) of the display system to collaborate. 
Page 7-1-7-2 
Ref. Stubler, W. and 0 ’Hara, J. (1 995) 
Remark item for consideration 

lD 251 
Category Information and Display System-LDP 
Summary 2.1 Provide an Overview 
Citation 
2.1-1 Applicability 
An overview display should be provided if: 

*The demands on personnel for gathering and integrating plant data at certain times may be 
high due to time demands from plant dynamics and competing operator tasks, 

*Data needed by personnel for assessing plant conditions are dispersed within the physical 
space of the panels and consoles of the control room or the virtual space of the display 
system, 

*까le process for comparing and integrating data is inherently time consuming and error 
prone (e.g., incorrect comparisons, omissions), 
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*Personnel perfonnance would benefit from rapid access to status infonnation. 

2.1-2 Indicating plant Status 
The overview display should support the personnel in obtaining an overall view of plant 
status, gaining awareness of major changes in plant status, and identifying minor changes in 
plant state that are important to he plant condition. 

2.1 -3 Flexibility of LDP In Searching Infonnation 
The overview display should provide flexibility in the types of infonnation searches that 
personnel may employ to assess plant status. 

2.1-4 Support of LDP for Rapid Shift of View 
The overview display should support pelsonnel in rapidly shifting their focus of attention 
when σacking an evolving event. 

2.1-5 Overall Assessment for LDP at a Glance 
The manner in which infonnation is presented in the overview display should provide a 
characterization of the situation as a whole in a concise fonn that can be recognized at a 
glance. 

2.1-6 Level of Absσaction 
The infonnation presented on the overview display should be abstracted to a level that is 
consistent with operator infonnation requirements for assessing plant status. 

2.1-7 Relevant to the Viewer’s Context 
The overview display should present infonnation that is relevant to activities that are ongoing 
and which help users detennine whether events are proceeding according to expectations 
(Woods, in preparation). 

2.1-8 Mimic Fonnat 
πle overview display sho비d include a plant mimic when a mimic may enhance personnel 
peπonn뻐ce by (1) communicating functional relationships between components or (2) 
providing a means of organizing infonnation that aids infonnation retrieval and plant 
monítoríng. 

2.1-9 Safety Paran1eter Display System(SPDS) Parameters 
If the overview display in intended to address SPDS requirements, it should contain the 
parameters specified in Supplement 1 of NUREG-0737 and NUREG-1342 

2.1-10 Concise Display of SPDS Paran1eters 
If the SPDS paran1eters are presented via a combination of the overview display and other 
display devices, then these display devices should be within easy view of each other. 

2.1-11 Continuous Display of SPDS Parameters 
SPDS par하neters must be continuously displayed or have alerting mechanism. 

2.1-12 Assessment of Plant Safety Status fonn SPDS Parameters 
If the overview display is intended to address the SPDS functions then SPDS parameters 
should be presented in a way that supports rapid assessment of the safety status of the plant. 
Page 2-2-2-6 
Ref. Stubler, W. and 0 ’Hara, J. (1 995) 
Remark *Evaluation Item 
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ID 
Category 
Summary 

Citation 

252 
lnformation and Display System-LDP 
ADDITI0NAL INFORMATION on 2.1-3 Flexibility of LDP ln Searching 
lnformation 

The overview display should support the operator in making rapid overall assessments of 
plant condition using various types of searches, including: 

* Data 바iven - Searching for information that describes conditions to which peπonnel were 
specifically alerted( e., via alarms), 
* Knowledge driven - Searching for information for which operators are specifically looking 
(e.g., testing hypotheses about plant status), 
* lncidental - ldentifying of information indicative of pl빠 conditions for which the operator 
was not specifically looking (e.g., discovering potential problems while traversing the various 
displays in the course of other information searches or activities). 
JJage 2-3 
Ref. Stubler, W. and 0 ’Hara, J. (1995) 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

253 
lnformation and Display System-LDP 
Supportive lnformation on Requirements 2.1-9 - 11. Comparison of EPRI MCR 
lntegrating Display and Mimic Requirements to SPDS Considerations and Halden 
Findings 

EPRI REQUIREMENTS (EPR1) 
SPDS CONSIDERA TIONS (SPDS) by NUREG 
HALDEN FINDINGS (HRP) with IPSO 

EPRI: Display of key operating parameters (1 0 recommended) (4 .4.8.2.2) 
SPDS: Requires a wider range of safety parameters. 
HRP: Parameter set was not a focus of the evaluation. 

EPRI: Continuous display recommended (4.4.8.2.3) 
SPDS: Requires continuous display. 
HRP: Continuous display was considered a strength. 

EPRI: Addresses display recommended (4.4.8.2.3) 
SPDS: Emphasizes emergency conditions because of safety concem. 
HRP: Was found useful for emergency conditions and minor πansients. 

EPRI: Mimic format recommended (4.4.8.2.6) 
SPDS: Does not specifically require a mimic. 
HRP: Mimic was considered useful for organizing plant information but was not considered 
highly informative. 

EPRI: Display of plant mode is recommended (4.4.8.2.4) 
SPDS: Display of plant mode is not required although the display responds to mode changes. 
HRP: Mode indication was not considered highly informative by operators. 

EPRI: Displays availability of safety systems/미nctions (4.4.8.2 .4) 
SPDS: Requires display of critical safety functions. 
HRP: Not explicitly addressed. 
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EPRI: Display of operational status of essential components(9 recommended) (4.4.8.2.3) 
SPDS: Permitted but not required. Component status implied by parameter values. 
HRP: Similar status indications were considered useful and desirable. 

EPRI: Display of alarms or alarm-like information is recommended(4.4.8.2.5) 
SPDS: Does not require alarm-like format; digital values and trends are required. 
HRP: Alarms frequently used and considered highly desirable. 

EPRI: Supports shift turnover, σaining， and assessment of maintenance activities (4.4.8.2.3) 
SPDS: Not explicitly addressed, but should support tumover and training. Support for 
maintenance is not emphasized. 
HRP: Was considered beneficial shift tumover. 

EPRI: Provides information to support manual actuation of safety systems (4.4.8.2 .7) 
SPDS: Provided indirectly through indications of safety function status. 
HRP: Not explicitly addressed. 
~age 7-8 
Ref. . - Stubler, W. and 0 ’Hara, J. (1 995) 
Remark item for consideration 

ID 254 
Category Information and Display System-LDP 
Summary 2.2 Direct Operators to Additional Information (LDP requirements) 
Citation 
This function assists the operator in accessing detailed information that supports the 
information presented on the group-view display. This assistance may take many forms 
including automatic reπieval and support for manual reπieval of information. 

2.2-1 Applicability 
The group-view display sho비d provide this function when personnel performance would be 
enhanced by assistance in retrieving information, for example if: 
* πle quantity of potential supporting information is high, or 
* πle supporting information is disπibuted among multiple topicslcategories, or 
* The supporting information is disσibuted among multiple information sources (e.g., display 
devices, procedures). 
* The supporting information is disσibuted among multiple information sources (e.g., display 
devices, procedures). 

2.2-2 Coordination with the HSI 
꺼le group-view display should direct the user to relevant detailed information that resides in 
other portions of the HSI such as loser-Ievel display screens, other display devices, and 
procedures to support their specific information needs. 

2.2-3 Automatic Retrieval and Presentation of Information 
If information is automatically reπieved， it should be presented in a way that conveys where 
it came from and why it was retrieved. 

2.2-4 Manual Retrieval of Information 
Support provided for manual retrieval of additional information should convey the location of 
both the user and additional information in relationship to the total display space and the 
available pathways and mechanisms for accessing this information. 
Page 2-(• 2-7 
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Ref. Stubler, W. and 0 ’Hara, 1. (1 995) 
Remark *Evaluation Item 

ID 255 
Category Infonnation and Display System-LDP 
Summary Supplemental infonnation on 2.2 Direct Operators to Additional Infonnation 
Citation 
Woods(in preparation) discusses two subfunctions involved in directing personnel to 
infonnation 

* Orienting Function - This function informs the users of the relationship between their 
present location in the display space and the rest of the display space. Failure to provide this 
information mat result in personnel getting lost in the display space or expending mental 
resources to keep from getting lost. Getting lost may cause errors and delays that may affect 
the ability of the operator to respond promptly to a plant event. Expending mental resources 
to keep from getting lost contributes to overall operator workload and reduces the amount of 
mental resources that the operator can apply to understanding and controlling the plant. 
* Moving Function - 꺼1is function informs the user of the existence of additional infonnation 
andits location in the display space. It also informs the user of available pathways (e.g., 
navigation paths) and mechanisms (e.g.,buttons, keyboard commands) for accessing this 
infonnation. 
Page 
Ref. 
Remark 

ID 
Category 
Summary 
Citation 

7-11 
Stubler, W. and 0’H따a， 1. (1 995) 
general and higher level item 

256 
Infonnation and Display System-LDP 
Supplemental information on 2.2 Direct Operators to Additional Information 

Display design principles described by Woods( 1984) as means to enhance visual momentum 
are described below. 
* Long shot view - An overview of the structure of the data in the display space. 
* Perceptual landmark - Easily discemable features that appear in successive displays that 
provide a frame of reference for establishing relationships. 
* Display overlap - Dividing a single display that is too large to be displayed at one time on 
a single display device into sections with some portions repeated (overlapping) between 
successive views. Only these features needed to establish across-display relationships and to 
call attention to other data and display frames should be included in the display overlap. The 
overlap may present physical or 미nctional relationships between successive views. 
* Spatial representation - The assignment of spatial attributes to data to aid human 
information processing even though the data has no inherent spatial attributes (e.g. , displaying 
data via taxonomic trees, organizing computer files using a desktop metaphor). 
* Spatial cognition - Arranging data in a manner that provides information about the structure 
of the process or system to which the data relates (e.g., arranging data to ref1ect the f10w of 
f1uid and energy across a NPP). 
Page 7-12 
R하 Stubler, W. and 0 ’Hara, J. (1 995) 
Remark general and higher level item 

ID 257 
Category Information and Display System-LDP 
Summary 2.3 Support Crew Coordination (LDP Requirements) 
Citation 
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πlis group-view display function assists the operator in maintaining awareness of the 
intentions and actions of the other operators so that separate activities can be coordinated and 
operators can monitor each other’s activities to correct errors or promptly lend support when 
needed. 까lis assistance may take many forms incJuding providing information about operators’ 
locations in the display system, locations in ongoing procedures, and actions performed using 
computer-based controls. 

2.3-1 Applicability 
까le group-view display should provide this function when crew performance would benefit 
from better awareness and coordination of actions. πlis function is especially important in 
worksettings where: 
* Personnel need to coordinate their activities with those of others, 
* The workstation design tends to isolate operators, and 
* Casual observation and conversation are not adequate for maintaining awareness of other's 
actIvltles. 

2.3-2 Openness of Tools 
Where enhanced coordination is desired between personnel, the group-view display should 
feature open tools by which personnel interact with the HIS or the plant. Other personnel 
should be able to infer useful information about the nature of the task and the specific 
actions taken by observing the operator’s the of the HIS 

2.3-3 Openness of Interaction 
Where enhanced coordination is desired between personnel and communication is restricted by 
the design of the workstation, the group-view display may be used to facilitate open 
mteractíons. 

2.3-4 Horizon of Observation 
Where enhanced coordination is desired between personnel, the group-view display should 
used to allow each crew member to perceive a greater portion of the task environment. 
Page 2-7-2-8 
R안 Stubler, W. and 0 ’Hara, J. (1 995) 
Remark *Evaluation Item 

ID 258 
Category Information and Display System-LDP 
Summary supplemental information on 2.3 Support Crew Coordination 
Citation 
Hutchins (1990) provided a 잔amework for describing characteristics of the work environment 
that contribute to team performance. Important concepts of this framework are discussed 
below: 

* Openness of tools - This refers to the degree to which an observer is able to infer useful 
information about the problem at hand through observation of a tool’s use by another. For 
example, in the field of ship navigation, observing a crew member determine ship velocity by 
plotting positions on a chart is more informative with respect to ship status than watching the 
same crew member perform calculations using a pocket caJculator. πle plotting tools show 
physical characteristics of the problem domain that provide an observer with a context for 
understanding the navigation problem. Similarly in NPPs, performing an alignment of a piping 
system through the manipulation of pump and valve icons on a graphical mimic display may 
provide more useful information to an obseπer than if the same task were performed via text 
commands on a keyboard. 
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* Openness of Interaction - Th is refers to the degree to which the interactions between team 
members provide an opportunity for others with relevant infonnation to make contributions. 
Openness of interaction depends on the nature of communication (e.g., discussing actions or 
decisions in the presence of others) and the style of interaction (e.g., the degree to which 
unsolicited input is accepted). Openness of interaction is also influenced by characteristics of 
the work environrnent (e.g., openness of tools, horizon of observation) that provide other tearn 
members with an opportunity to see/hear the interaction. 

* Horizon of Observation - π1Ïs refers to the portion of the tearn task that can be seen or 
heard by each individual. lt is largely detennined by the arrangement of the work 
environrnent (e.g., proxirnity of tearn members), the openness of interaction, and the openness 
of tools. By making portions of a job more observable, other team members are able to 
monitor for errors of intent and execution, and situations in which additional assistant may be 
helpful. 
Page 7-13-7-14 
Ref. 
Remark 

Stubler, W. and 0 ’Hara, 1. (1 995) 
item for consideration 

ID .. 259 
Category Infonnation and Display System-LDP 
Summaη 2.4 Support Personnel Communication and Collaboration 
Citation 
This group-view display function assists the operators in actively participating in the sarne 
task through the sharing of infonnation, idea, and actions. 꺼lis is achieved by providing the 
operators with a common frarne of reference and tools for communication. lt contrasts with 
the group-view function of support crew coordination, which supports personnel in 
coordinating separate activities. 

2.4-1 Applicability 
The group-view display should provide this function when: 
* There is a high need for operators to work together on the same task/problem (e.g., 
complex diagnoses of plant failures), 
* Face-to-face interaction!collaboration is difficult due to the arrangement of the worksetting 
and the demands of concurrent tasks, and 
* The quality of communication and collaboration would be enhanced by computer-based 
tools. 

2.4-2 Potential Nuc\ear Power Plant CR Applications 
The fol\owing activities are possible candidates for communication!collaboration using 
group-view displays: 
* Collaborative problem solving - Searching, retrieving, reviewing, and annotating plant 
infonnation in a collaborative manner. 
* Coolaborative control tasks - Allowing multiple operators to perfonn control actions on the 
same plant system at the sarne time. 
* Data recording/fonn filling - Entering and recording data that requires contributions 잔om 
multiple operators. 

2.4-3 General Requirements for Communication!Collaboration 
If the group-view display is to be used to support communication!collaboration, it should 
provide a representation of the task/problem and the tools required for examining and 
explaining the task/problem. 

2.4-4 Coordination Input Between Participants 
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The group-view display sho비d contain mechanisms to regulate the p하ticipants’ access to the 
group-view display to allow infonnation to be provided in an orderly manner. 

2.4-5 Minimizing CommunicationlCollaboration Interaction Burdens 
The methods of interaction provided by a group-view display to support 
communicationlcollaboration should be designed to minimize the demand associated with 
executing these interactions. 

2.4-6 Compatibility With Social Conventions 
The methods of interaction for communicationlcollaboration provided by a group-view display 
should be compatible with social conventions within the intended user group. 

2.4-7 Flexibility in CommunicationlCollaboration Methods 
까le method of interaction provided by the group-view displays to support 
communicationlcollaboration should be flexible enough to accommodate the range of personnel 
interactions that occur during nonnal and upset conditions. 

2.4-8 Identification of P야ticipants 

A coding scheme or designation system shou삐 be used to identify participants while they 
manipulate infonnation on the group-view display. 

2.4-9 Maintaining Historical Record of Contributions 
The group-view display system should support the recording of infonnation regarding the 
history of interactions if personnel tasks require this infonnation. 

2.4-10 Spatial Coordination of Inputs 
When transferring infonnation between an individual-view display and the group-view display, 
the infonnation should be presented in a manner consistent with the sender’s expectations. 

2.4-11 Timing Coordination of Inputs 
When transferring infonnation between an individual-view display and the grou갑view display, 
the infonnation should be presented promptly and with minimal delay. 
Page 2-9-2-11 
R안 Stubler, W. and 0 ’Hara, J. (1 995) 
Remark *Evaluation Item 

lD 260 
Calegory Infonnation and Display System-LDP 
Summary 3. INTERACTION WITH GROUP-VIEW DISPLAYS 
Cilalion 
3-1 Separate Input Devices for Displays 
When control of the large and individual-view display devices is performed by separate input 
devices, their design should support coordinated use. 

3-2 Mode Switch 
When a mode switch is provided to transfer input control between the large and 
individual-view display devices, then the movement between the displays should be smooth 
and contiguous. 

3-4 Compensation for Different Screen Sizes and Shapes 
If a cursor motion is used to πansfer input control between the large and individual-view 
display devices of different size and shape, then features shωId be incorporated to make their 
spatial relationships clear to the user. 
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3-5 Indicating Active Display 
When using the group-view display, the operator should receive a ciear indication that the 
display is active. 

3-6 Processing Infonnation to Match User Requirements 
꺼le infonnation associated with selectable items of the grou갑view display item should be 
processed to match each user’s task requirements whenthis processing would reduce 
disσacting and unnecessary infonnation and enhance operator perfonnance. 

3-7 Shared Cursors 
When multiple users must share a single cursor for interaction with the grou갑view display, 
features should be provided to manage access to the cursor and indicate current ownership. 

3-8 Multiple Individual Cursors 
When multiple users operate individual cursors for interaction with the group-view display, a 
coding scheme should be provided so the users can readily identify their own cursors and 
identify the users of the other cursors. 

3-9 Shared Window 
If the communicationlcollaboration function is perfonned by presenting infonnation on a 
shared window of the group-view display, features should be incorporated to prevent new 
infonnation from obscuring old infonnation. 
Page 3-1-3-3 
R앙 Stubler, W. and 0 ’Hara, J. (1 995) 
Remark *Evaluation Item 

ID 261 
Category Infonnation and Display System-LDP 
Summary 4.2 Large Display Devices 
Citation 
4.2-1 Maximum Viewing Distance 
The detennination of the maximum viewing distance on a large-screen display should be 
based on an 삐alysis of the infonnation requirements of individuals and their locations in the 
work area. 

4.2-2 Off-Centerline Viewing Angle 
The detennination of the acceptability of 빠:'centerline viewing should take into account both 
the spatial distortion of the image and the effect to the viewing angle upon screen 
characteristics such as brightness and color rendition. 

4.2-3 Viewing of Multiple Display Devices 
When multiple, 1하ge display devices are used, the nonnal work areas of each user should be 
within the acceptable off-of-the-centerline viewing area of each large display that each user 
must Vlew. 

4.2-4 Unobstructed View 
Seating areas should be arranged to provide critical observers with unobstructed views of the 
display. 

4.2-5 Extemally Illuminated Displays 
Extemally illuminated display should have adequate iIlumination. 
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4.2-6 Luminance Ratio for Optical Projection Displays 
Projected 뼈ages sho비d gave adequate brightness for ambient levels of light. 

4.2-7 Text Size 
πle size of text for labels and detailed information should be based on analyses of the 
maximum viewing distances of personnel. 

4.2-8 Use of Labels 
까le presence of labels sho비d not cause excessive clutter or detract from detailed information. 

4.2-9 Use of Information Displays Developed for Standard Video Display Units(VDUs) 
Display developed for standard VDUs should not be presented on large-screen display systems 
without frrst being evaluated for acceptability. 
ADDITIONAL INFORMATION: Large-screen display devices tend to have lower brightness 
and resolution than standard VDUs and are susceptible to glare from ambient light sources. 
까lis may result in reduced legibility and reduced effectiveness of color coding schemes. Text, 
graphics, and color codes should be reviewed and adjusted to suit the characteristics of the 
particular display device. 
Page- 4-2-4-4 
Ref. Stubler, W. and 0 ’Hara, J. (1 995) 
Remark *Evaluation ltem 

ID 262 
CategOT)’ 
Summary 
Citation 

Information and Display System-LDP 
Additional Review Topics 

* Techniques for changing group-view display contents as plant conditions change 
* Specific techniques for directing operators to additional information 
* Information requirements for enhancing crew coordination 
* Computer-supported cooperative work techniques for enhancing operator collaboration in the 
CR and with remote facilities 
* Coding scheme for identifying group-view display users and their characteristics 
* Historical information associated with communicationlcollaboration 
* Advanced techniques for achieving smooth πansitions between group- and individual-view 
display screens 
* Processing selectable information to address individual user requirements 
* Adapting information displays to the limitations of large-screen display devices 
Page 10-1-10-3 
R강 Stubler, W. and 0’H하a， J. (1 995) 
Remark not critical for KNGR 

ID 263 
Category Local Control Station 
Summary HEDs in LCS 
Citation 
Since the intent of the inspections was to evaluate EOPs, rather than to conduct 
NUREG-0700-type human engineering design surveys, the most frequently identified interface 
problems were related to matching procedures to the equipment provided. As such, it is not 
clear whether the procedures or the panels were deficient. Problems identified were HEDs 
such as: identification (e.g., label) mismatches between procedures and equipment or 
controls/displays called out in the EOPs but not provided on the p히lel. In general, labeling 
problems were often identified. Other frequently identified HEDs included: difficult access to 
panels, lack of "suppoπ" equipment (such as procedures, ladders, and flashlights), and difficult 
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commUntCat lOn enVlronments. 
Page 9 
Rξf. O'Hara, J., et al., (1990) 
Remark *Evaluation Item 

ID 264 
Category Local Control Station 
Summary Human factors concerns with respect to functional elements of LCS. 
Citat;on 
The frrst category, "functional elements," represents the overall systems engineering aspect of 
how safety-related functions are handled in the NPP: (1) how functions are disσibuted across 
individual LCSs, (2) how the LCS-based activities are integrated and coordinated, and (3) 
how the LCSs are integrated into the surrounding plant environment. A key design element in 
the handling of safety functions is the degree of centralization that exists which is reflected in 
the number of different LCSs required to carry out safety functions. Functional centralization 
(FC) is presumed to impact safety. As the number of LCSs increases, so does time 
coordination, communication, and operating procedure verification. Each introduces potential 
sources of human error which can be expected to increase with the number of panels 
involved. 까lese problems can be accentuated when the local panels are characterized by: 

- Inadequate feedback for control operations - defined within this context as the requirement 
for communication with another remote operator to close the feedback loop, such as when 
a panel has an inadequate control-display relationship (e.g., an operator has to throttle a 
value when the flow rate display is located on a panel remote from the value control). 

- Lack of self-contained procedures - LCS panel operation does not have its own 
procedures, and therefore, instructions continually must be obtained from another operator 
via communication channels. 

Page 14 
Ref. 0 ’Hara, J., et al., (1990) 
Remark *Evaluation Item 

ID 265 
Category Local Control Station 
Summary Human factors concerns associated with local control stations 
Citat;on 

SYSTEM HUMAN F ACTORS CONCERN 

Displays - Parallax problems with pointers and scales 
- Displays obscured/scales cannot be read 
- Not all critical parameters displays even though referenced in 

procedures 

Labels - Label ambiguity 
- Absent or missing labels 
- Temporary and handwritten labels 
- Labels too small or wordy 
- Labels do not match wording in procedures 

Controls - Parallax problems between controls and position indicator labels 
- Ambiguous pointers 
- Switches which lacked clear pointers 
- Not all required controls were available 
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Communication 

Function/ 

Organization 

Procedures 

Maintenance 

Support 
Equipment 

- Controls poorly located anψ'or cannot be reached 

- Lack of equipment 
- Dependence on communications system that were difficult or 

inappropriate (e.g., PA system) 
- Equipment inappropriate to LCS environment 

- Lack of functional grouping 
- Hand-drawn or no mimic lines 
- Inconsistent naming of components 
- lnadequate spacing of components 
- lnconsistent or no use of color coding 
- Lack of instructions on LCS unique features 

- Unavailability or procedures at LCS 
- lnconsistent match of procedures with labels 

- Generally poor maintenance and repair 

- Ladder required to reach controls but not provided 
- No flashlight available when needed 

Integration with - lnadequate lighting 
Environment Excessive noise 

Page 13 
Ref. 0’H하a， J., et al., (1 990) 
Remark *Evaluation ltem 

ID 266 
Category Maintenance and Configuration 
Summary Test and maintenance activities 
Citation 
Test and maintenance activities have resulted in many LERs. In p강ticul하， surveillance testing 
can create problems as follows: 

1) There are a great many tests and the staffing required to pe야orm them is large. 

2) Many tests require auxiliary operator support for day-to-day surveillance. (Many of these 
should be capable of being performed from the conσ01 room). 

3) Many tests produce spurious alarms that may confuse operators. Conversely, other tests 
deactivate alarms, making them temporarily unavailable to operators. 

4) lnadvertent actuation and isolation can and has occurred during testing. 

5) There is the potential to πip the plant and actuate emergency safety functions. 
Page 
R하 Higgins, J. and Nasta, K. (1997) 
Remark *Evaluation Item 

ID 267 
Category Maintenance and Configuration 
Summary Computer system maintenance crew 
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Citation 
Maintenance issues, partic비arly requirements for software maintenance, can be different for 
digital I&C systems. Such software related process as installation, maintenance, testing and 
configuration control require significantly different maintenance skills and πaining. Systems 
must be designed to anticipate maintenance and provide displays and conσols for aiding these 
activities. πle personnel involved need special technical skills, for example in progranrrning, 
display design and software testing. Changes are validated and controlled to ensure that they 
do not introduce errors that degrade safety. 

If an upgrade influences the operators'’ work, a task analysis needs to be performed (see 
Section 4.4.2) to analyse the operator interaction with the new system and establish the 
operator dependence on key information 잔'om the new system. 
πle totality of tasks assigned to an operator under the worst possible circumstances must 

not prevent an adequate level of performance. 
Page 42-43 
R하 IAEA (1 998) 
Remark *Evaluation Item 

ID 268 
Category Maintenance and Configuration 
Summary Maintenance procedure of digital systems will be necess없"'j. 

Citation 
With the introduction of digital technology (πip and control computers, monitoring and testing 
computers, distributed control systems, digital controllers, digital meters, programmable 
controllers, data acquisition computers) - either custom designed or procured as commercial 
grade items - appropriate station policy and procedures need to be developed to handle a 
wide variety of products. Many of the old procedures need to be replaced or revised, new 
procedures written, staff πained and qualified, and documentation updated. Care must be taken 
to develop maintenance procedures which bring consistency among various products 잠om 
diff농rent manufacturers as well as with existing station procedures. The system safety function 
category, product type, manufacturer’s recommendations and specific station needs will 
influence the development of the new procedures. For example, if an old analog system is 
replaced by a new digital controller, many of the old features may be retained for the 
hardware, but the software will need a new set of procedures based on the product 
qualification, quality assurance requirements and the station needs. 

- supports the right tasks; 
- provides the correct information for the task; 
- fits the existing information coding schemes; 
- does not result in excessive task demands; 
- does not excessively increase the amount of information; 
- supports the continuity of operator activities; 
- is designed for specific user needs. 

Page 46-47 
Ref. IAEA (1998) 
Remark *Evaluation Item 

ID 269 
Category Maintenance and Configuration 
Summary Digital I&C technologies may pose new demands on personnel for the 

performance of maintenance tasks. 
Citation 
Digital I&C technologies have characteristics that are different from analog I&C technologies 
and, as a result, may pose new demands on personnel for the performance of maintenance 

- 216-



tasks. The unique characteristics of digital I&C systems may require that maintenance 
personnel have greater reasoning skills (e.g., due to greater cognitive demands associated with 
diagnosis), special knowledge requirements (e.g., modes and symptoms of component failures), 
greater communication and coordination skills (e.g., due to the complexity and interrelated 
nature of digital system failures), and special technical skills (e.g., display design, 
programming, and software testing) (Klauer et al., 1992; NAS, 1995). 
j)age 4-67 
R하 0’H따a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

270 
Maintenance and Configuration 

ID 
Category 
Summary Maintenance problems of digital control systems due to that mechanisms for 

detecting unsafe conditions may not be as apparent. 
Citation 
Maintenance of digital control systems may be more challenging than for analog systems 
because mechanisms for detecting unsafe conditions may not be as apparent. Kletz (1 993) 
described an incident in a chemical plant where leads on limit switches were interchanged to 
perfonn a test while the plant was in manual control. The leads were not restored to their 
correct position before the plant was put under automatic control. As a result of the lead 
positions, the automatic control system interpreted a valve as open and proceeded to shut it. 
Instead, the valve was actually opened and flammable material was released Kletz indicated 
that "If the plant had been controlled conventionally then the operators involved may have 
known of the tempor하y interchange of the leads or a notice could have been placed on the 
panel informing them. However, it would be difficult to tell the PES (programmable electronic 
system) that the valve is open when the signal says "its shut" (p 260). 
j)age 4-68 
R하 O’H하'a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

271 
Maintenance and Configuration 

ID 
Category 
Summary The complexity of diagnostic tools for digital components may place greater 

demands on the knowledge, skills and abilities of maintenance personnel. 
Citation 
For example, maintenance tasks on the Westinghouse Eagle 21 Reactor Protection System, 
such as adjusting seφoints， tuning constants, and performing suπeillance tests, are performed 
through the test cart’s HIS. The test cart is essentially an IBM-compatible personal computer, 
which is plugged into the Tester-Subsystem of the reactor protection system (Galyean, 1994). 
One of the NPPs visited in conjunction with this project had recently installed a digital 
feedwater control system for the secondary side of the plant. The electronic test equipment 
that was intended to support maintenance tasks, such as calibration of the flaw transmitters, 
has many capabilities that are organized in a hierarchical structure. Because of the complexity 
of this structure, the maintenance organization found it necessary to develop a simplified 
flowchart of the test procedure, which showed only those steps that were relevant to specific 
maintenance tasks performed at the plant. 
j)age 4-68 
Ref. 0 ’Hara, J.M. , Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 272 
Category Maintenance and Configuration 
Summary Changes in schemes for diagnosing failures of digital I&C equipment causes 
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more cognitive demands. 
Citation 
Diagnosing failures digital I&C equipment may be more cognitively demanding than for 
conventional analog I&C equipment (Klauer, Gravelle, Schopper and Howell, 1993). For 
analog I&C equipment, individual components can be inspected and tested more directly. 
Failed components may be detected by observing loose or charred connections, smelling bumt 
components, or talking electrical measurements across suspicious components. For digital I&C 
equipment, maintenance personnel must often resort to less direct, symptomatic strategies, in 
which performance-based symptoms identified at a functional level must be related to 
individual modules, printed circuit boards, integrated circuits, and simple circuits. πle need to 
hold all symptoms in memory at one time while considering individual components can create 
high cognitive workload. The comparison of symptoms to the failure modes of individual 
components can tax diagnostic processes because there is not a simple one-to-one match 
between functions and circuits. For example, circuits in a printed circuit board are likely to 
be 따ranged by elecπical properties mther than by function. 
Page 4-68 
R하 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

JD 273 
Category Maintenance and Configumtion 
Summary Maintenance personnel may have to cope with changes between successive 

versions of digital equipment. 
Citation 
In addition to coping with the transition from analog to digital equipment, maintenance 
personnel may have to cope with changes between successive versions of digital equipment. 
For example, a digital I&C component may be upgraded with another digital component that 
performs the same functions but has a different structure. This may pose further 
diagnosis-related demands because the maintenance person’s understanding of the organization 
of the component and the location of potential faults may be inadequate or misleading 
(Klauer et al., 1992). 
Page 4-68 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

274 JD 
Category 
Summary 

Maintenance and Configuration 
Maintenance errors can result from performing test activities in the same way as 
they were done for conventional analog components. 

Citation 
Because digital equipment has unique chamcteristics, maintenance errors can result from 
performing test activities in the same way as they were done for conventional analog 
components (Klauer et al, 1992). For example, in one plant channel πip functions were 
actuated when a digital voltmeter was plugged into an 뻐alog test point of a digital reactor 
protection system (Galycan, 1994, Appendix A, p 4). 
Page 4-68 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

JD 275 
Category Maintenance and Configuration 
Summary On-line maintenance is difficult and can result in undesimble plant trips. 
Citation 
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One method for performing on-line maintenance is to make changes to one processor while a 
redundant processor is controlling the plant. After the maintenance task is completed, control 
is switched back to the other computer. During this switching step, signal mismatches between 
the two processors can cause a Bump resulting in a plant σip. High demands are placed on 
the co맹itive abilities of maintenance and engineering personnel to determine conditions and 
methods for performing this type of on-line maintenance without causing an upset. Another 
method for performing on-line maintenance is to electrically isolate the cabinet that is to 
receive the maintenance work. 까lis is done by placing all related controllers into manual 
mode and then removing power from the cabinet. However, due to the complied of control 
system logic it may be difficult to identify all controllers that should be placed in manual 
mode end anticipate all ef풍cts that this action would have on the control system. A related 
concem is that digital control Bem vendors may not provide sufficiently detailed guidance to 
support operators in performing on-1ine maintenance and do not sufficiently test the control 
system to ensure that on-line maintenance can be performed reliably. 
Page 4-69 
R하 O'Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID .- 276 
Calegory Maintenance and Configuration 
Summary Samples of maintenance errors of CANDU digital systems 
Cilalion 
Based on their review of 14 systems (Paula, Roberts, and Battle, 1993), Paula et al. found 
that the two leading causes of system failures were inadvertent personnel actions (32% of 
system failures) and software deficiencies (32% of system failures). They concluded: 
Most fault-tolerant digital control systems failures can be σaced to some kind of common 
cause failure, particularly software failures and inadvertent operator actions'" Inadvertent 
operator actions, p하tic비arly during maintenance, contribute significantly to the frequency of 
f삶떼a퍼il삐u따re앓s. 

One of the 14 systems reviewed by Paula et al. was the dual computer system installed in a 
four-unit CANDU plant. The system actually consists of four dual computer systems (one for 
each plant unit). During an operating time of 45 years (each system was 10 to 12 years 이d)， 

a total of four dual computer system failures were experienced. All of these failures were 
related to maintenance activities: 
1. During π'Ouble shooting and repair of a datalink problem, maintenance personnel caused 
both computers to fai l. 
2. While attempting to isolate one fai!ed computer for repair, maintenance personnel removed 
the other computer from service. 
3. After changing the computer software on one machine, personnel changed the software on 
another machine without waiting the required 30 minutes (i.e., they loaded the second 
machine too soon). 
Page 4-69 
Ref. 0’H하'a， J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

ID 
Calegory 
Summary 

Cilalion 

277 
Maintenance and Configuration 
Eπors may result from inadequate integration of software-based digital systems 
1Oto operat1Og practlces. 

Software-based digital components are subject introduced through errors in so한ware 
installation, programming, and data entry that may occur during maintenance. These errors 
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may result from inadequate integration of software-based digital systems info operating 
practices and inadequate mental models of the intricacies of software-based digital systems on 
the part of technicians and operators. NRC Information Notice 93-49 (NRC, 1993b) describes 
recent events in three U.S. NPPs. In the fust event, technicians installed uncontrolled software 
in the AMSAC (A TWS mitigation system actuation circuitry) logic. While attempting to 
modify the software for plant specific use, an incorrect 40-sec. Time delay was introduced. 
As a resuIt the AMSAC was rendered inoperable under certain conditions. In the second 
event, failure of the Diverse Scram System occurred when flashing trouble indicators appeared 
on the intelligent non-nuclear 앓fety digital automation control system. An I&C technician 
attempted to clear the alarms by rebooting the control processor. The reboot rendered the 
diverse scram system inoperable. In the third event, an incorrect software algorithm was 
loaded in the Torus Temperature Monitoring System. The software would have discarded any 
temperature readings deviating more than 10% from normal. The notice states that these 
events show the susceptibility of software-based systems to failure modes different from those 
analog or hardware-based digital systems 
Page 4-70 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

ID 278 
Calegory Maintenance and Configuration 
Summary Concerns on maintaining digital control system configuration 
Cilalion 
There are potential failure mechanisms in control system software modification tasks that may 
result in inadvertent modifications and failures of the configuration workstation and 
consequently, disruptions to the control system. Modifying an 뻐alog control system requires 
manipulation of hardware components of the control system. Th is requires deliberate access of 
the control system. The process of changing control system components is time consuming, 
which provides time for detecting errors, and there are many tangible cues (e.g., physical 
connections between components) that may support error detection. However, many 
modifications to digital control systems can be accomplished by software changes. This can 
be performed quickly via the computer-based configuration management system. However, the 
process may provide fewer tangible cues to support error detection. Design personnel at one 
fossil power plant stated that a change could be accidentally made to the control system 
when providing input to the configuration control workstation that is in the configure mode 
when the operator thinks it is in the test mode. Factors such as the ease of modification and 
inadequate feedback regarding mode status can result in undesirable changes in a digital 
control system. 

Because the computer-based configuration system communicates with the digital control 
system, a failure of this system may affect other parts of the digital control system. The 
workstation may be used by a variety of personnel, who have different levels of access to 
the system for different purposes. For example, technicians may use it for troubleshooting the 
control system or for performing word processing tasks. One question is whether such a user 
could perform actions that could damage or erase information on other parts of the 
workstation’s hard drive that relate to the control system. 
For example, if programs related to the control system are operating in the background, 

could damage to the workstation computer result in a σip of the plant? Another concern is 
the communication link between the workstation and the digital control system. If this link is 
disrupted by such factors as a voltage surge of power interruption, could this cause the plant 
to trlp. 
Page 4-70 
R감 0’H하a， J.M., Stubler, W.F., Higgins, J.C. (1 996) 
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Remark 

ID 
Category 
Summary 

Citation 

*Evaluation Item 

279 
Operator Acceptance and Training 
The organizational climate of the nuclear utility is important in the 
implementation of advanced I&C. 

까le operator's ability to deal with an abnormal or emergency event, even at the level of 
reading CGDs, can be affected by the management style and organizational support for the 
use of advanced I&C in the control room as much as by the design of the displays 
themselves. The ability of operators to respond to off-normal events is also affected by both 
fatigue and motivation. The structure and organization of shift work will affect operator 
efficiency due to disruptions in his biological, circadian ïhythms. Utility management that is 
insensitive to comments by operators about their working conditions and to suggestions in 
regard to digital I&C and interactive computer graphics may obtain obedience to rules but 
will not encourage participation in the pursuit of excellence. 

Civilians do not adapt dictatorial styles voluntarily and may resent them if imposed by 
management. Management practices are responsible directly or indirectly for establishing and 
maintaining an organizational culture that reinforces safety and the quality of performance 까le 

formal structure, procedures, and practices of an organization bind the behavior of its 
operators and strongly affect the norms and perspectives they have regarding critical activities 
(National Research Council, 1988). 
Page 
R하 Carter, R, J. (1 992) 
Remark item for consideration but how to evaluate is not sure 

ID 
Category 
Summary 

Citation 

280 
Operator Acceptance and Training 
How will operator acceptance and trust of advanced I&C be accomplished? How 
can blind reliance on the computer output be avoided? 

πlis human factors issue deals with the operator’s reaction to the output from the computer 
system. There appear to be two extremes. First, will the operators like the computer 
presentation and accept it, will they be comfortable with the CGD (Computer Generated 
Display) and use it when needed, and will they believe that the system will work and that it 
is useful? Above all, will the operators trust and have confidence in the information presented 
on the CGD? 

At present, there is little understanding of what makes a person trust or distrust a computer, 
the advice it gives, or the action it takes, and there is only the beginning of an understanding 
of the nature of the human cognitive processes that underlie the acquisition and assessment of 
evidence and the genesis of decisions on which trust is based. Yet these processes lie at the 
core of human control of advanced I&C. 

At the other extreme of the paradigm one must be concerned that the operator does not 
become too dependent on the information exhibited on the CGD, especially during abnormal 
or emergency events. An undue or "blind" reliance could possibly occur. The 
computer-generated information should only be one of many inputs upon which the operator 
bases decisions; it should not dictate the course of action. 
Page 
Ref. C빠er， R, J. (1 992) 
Remark Not critical for KNGR 
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ID 
Category 
Summary 

Citation 

281 
Operator Acceptance and Training 
Operators of highly automated plants may require much more training due to the 
complexity of the plant design than operators of less automated plants. 

For plants that have a high level of automation and advanced HSIs, it may be difficult to 
determine the appropriate level of operator knowledge. Operators of highly automated plants 
may require much more training due to the complexity of the plant design than operators of 
less automated plants. However, such σaining can result in operators acquiring knowledge that 
does not have an obvious relationship to their operational responsibilities and, thus may not 
be readily applicable to operational tasks. Also, interviews with NPP instructors have indicated 
that σaining can lead operator to overestimate their ability to diagnose and correct plant 
anomalies; operators may act alone instead of obtaining support from specialists. An analysis 
of operator knowledge requirements, especially as they relate to advanced automation and 
HSIs, is needed. 까1Ïs analysis should address tradeoffs between levels of procedural and 
declarative know ledge, and the sπengths and weaknesses of altemative σading methods (e.g., 
lecture versus simulation). 
Page 4-72 
Ref. . O'Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark *Evaluation Item 

282 ID 
Category 
Summary 

Operator Acceptance and Training 
Training programs sho비d be evolved as plants undergo cOntinuous upgrades and 
modifications of plant systems and the HSI. 

Citation 
꺼le potential for obsolescence of aspects of the training programs is a concem as plants 
undergo continuous upgrades and modifications of plant systems and the HSI. Because 
operations and training are separate organizations, training personnel may not be fully aware 
of modifications made to a plant or the implications of those modifications to the operator’s 
role (e.g., an instructor’s understanding of how a plant behaves may. Be based on personal 
experience at a time when the plant design was different). As a result, discrepancies may 
develop between how the plant is represented in the training program and how it actually 
functions. 
Page 4-73 
Ref. 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

ID 283 
Category Operator Acceptance and Training 
Summary Training issues in using hybrid designs, such as the use of both PBPs and CBPs 
Citation 
The burden on σaining programs created by the presence of different technologies in the CR, 
characteristic of hybrid designs. A simple example of this is the proposed use of procedures 
in the Temelin plant. Under most plant ev이utions， operator actions will be guided by 
paper-based procedures. However, under emergency operation, it is anticipated that 
computer-based procedures will be used. Thus, σaining will have to accommodate types of 
procedures. To the extent that differences exist between the two types of procedures, the 
training program will have to address both operation strategies and potential confusions when 
operators transition from one to the other. Therefore, the σaining program needs to address: 
operational concems related to negative σansfer of behavior from one system to the other, 
potential skills loss due to inexperience on a day-to-day basis with computer-based procedures; 
and the need to perform emergency operations using paper procedures as a back-up in the 
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event of computer procedure failure. 
Page 4-73 
R하 O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

284 ID 
Category 
Summary 

Operator Acceptance and Training 
The use of documentation associated with computer-based systems may also 
place new training demands. 

Citation 
까le use of documentation associated with computer-based systems may also place new 
demands on operators. For example, one Canadian plant experienced diffiωlty in training 
operators 띠 the use of a new computer-based system because the troubleshooting method 
presented in the manual was written using ladder logic diagrams. The plant operators, who 
typically have little σaining in computer science, ware unfamiliar with these diagrams and 
found them difficult to understand. As a result, much training was devoted to teaching the 
operators how to use the ladder logic diagrams rather than the operator's actual primary tasks. 
Page 4-73 
R하 · • O’Hara, J.M., Stubler, W.F., Higgins, J.C. (1 996) 
Remark item for consideration 

ID 285 
Category Operator Acceptance and Training 
Summary Training for When analog and digital technology coexists in the same HSI. 
Citation 
When analog and digital technology coexists in the same HSI, training must also focus on 
preventing any negative transfer of skills between the two technologies; i.e., personnel must 
be trained on the similarities and difTerences between the two technologies to prevent 
operators from accidentally using skills appropriate to one technology while using the other. 
Page 4-73 
R하 0 ’Hara, J.M., Stubler, W.F., Higgins, J.C. (1996) 
Remark item for consideration 

ID 286 
Category Operator Acceptance and Training 
Summary Increased levels of automation requires new skills. 
Cilalion 
Increased levels of automation can also pose new challenges to operator performance. For 
example, assuming manual control of a system when the automatic control system fails can 
be a challenging task for operators. Also, automatic control systems may prevent operators 
from recognizing that a system is slowly degrading by constantly compensating for the 
system’s decreasing performance and thus masking key performance indications. Automation 
and advanced HSI technologies may also require special skills for control of the plant. For 
example, a digital feedwater control system may require difTerent control s없.tegies and 
physical skills than the original analog conσ01 system. 
Page 4-73 
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Remark *Evaluation Item 

ID 
Calegory 
Summary 

287 
Operator Acceptance and Training 
Training programs may need to address diff농rent skills than those required for 
current plants. 
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Citation 
The introduction of automated systems and HSI capabilities may place new demands on 
operator skills with regard to monitoring, diagnosis, planning, and controlling the plant. Thus, 
σaining prograrns may need to address different skills than those required for current plants. 
For example, instructors from a newer Canadian NPP stated that due to the quantity of 
information that is provided by the plant display system, the number of display devices, and 
the number of individual displays, operators must develop skiIIs for quickly exσacting plant 
status information from the HSI. Insσuctors know that an operator is having πouble following 
a plant trip during σaining scenarios when the operator begins paging 야rrough the display 
hierarchy, rather than looking at the dedicated displays. πlis behavior indicates to the 
instructor that the operator is lost in detailed information of a plant subsystem rather than 
developing an understanding of overall status. Different scanning and diagnosis strategies may 
be needed to support operators in gaining a rapid understanding of overall plant status and 
focusing attention on appropriate concems. 
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Remark *Evaluation Item 

ID 288 
Category Operator Acceptance and Training 
Summary Adaptation and acceptance of operators to the new design 
Citation 
Many plants have found that some operators were not able or willing to adapt to the new 
HSI technology when introduced. When the CR of the Ontario Hydro’s Darlington station was 
introduced, it was quite different from predecessor designs in Canada. Unlike other CANDU 
plants, it prominently features a CRT-based displays system, digital control systems, and 
computer-based user interfaces (e.g., light pens and keyboards). Even though plant operators 
were involved in the development of the CR and many HFE evaluations were conducted, 
operator acceptance was not universal, especially with regard to the use of CRTs (Fenton 뻐d 

Duckitt, 1991). When another NPP implemented a computer-based system for analyzing, 
storing, and retrieving plant chemisσy data, about one-half of the users had problems with or 
expressed some resistance to the system. Personnel had diffic비ty with the change in computer 
technology (e.g., characteristics of the new system that were different from the old computer 
system that was formerly used for chemical analysis). Difficulties in adapting to the new 
system did not appear to be related to job level (e.g., technician or engineer). 
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Remark item for consideration 

ID 289 
Category Operator Acceptance and Training 
Summary understanding and automation use 
Citation 
Generally, pilots an overall positive response to automation elements and their integration. 
They believe automation allows them to concentrate on the "real world outside" and makes 
aircraft handling easier. In particular the navigation information is considered very good and 
pilots appreciate the option to "tum off' the automation and revert to basic flying skills. 
However, there were several concems with regard to the use of the automation. Pilots noted 
that automation requires more self-discipline-it " makes thing too easy, " and they may find 
themselves in ’'traps" that lead to accidents and incidents. ln glass cockpits, it is easier to be 
"drawn in" and lose sight of the aircraft; that is, it is easier to become a "spectator" and lose 
awareness of ongoing operations. In particular, careful monitoring of mode annunciations is 
exσemely important. Pilots also report feeling somewhat is이ated or distanced from the 
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physical aircraft. For example, pilots noted great diffic비ty in anticipating aircraft behavior. In 
addition, the " thought process" of flying is different (i.e., "flying through the computer" 
rather than directly controlling the aircraft) and time is required to adapt to this methods. 

Pilots also reported a sσong sense of "over-automation," i.e., technology for the sake of 
technology rather than a clear requirement for an automated feature and sufficient 
consideration of operational and practical experience in its design. πley report that interactions 
with the FMS, in particular, 하e very complex. Pilots fmd FMS programming to be 
time-consuming and that the automation cannot deal adequately with A TC changes. Some 
reported lack of confidence in their ability to program the FMS; "what’s it doing now" is still 
common, although it tends to happen primarily during the first six mouths of line flying. 
Pilots also believe the crew role is being redefined by automation; they are now "monitors" -
a role with which they are uncomfortable and for which they were not trained. They believe 
that automation is a tool that should complement the crew and must be under crew control; 
they 0비ect strongly to company-mandated use of automation. There is also a concem with 
preoccupation with the FMS during flight -- the "both heads in the cockpit" syndrome. 까lis 

appears to be more pronounced with less experienced pilots. Some pilots proposed that "FMS 
fiddling" be restricted below 10,000 feet. AIso, pilots believe that the notion "one pilot 
handles the FMS, the other handles the aircraft, 냉lould be emphasized in crew procedures 
and during σaining， because of the prevalence of this problem. 
Page 
Ref. Rudisill, M. (1995) 
Remark item for consideration 

ID 
Category 
Summary 

Citation 

290 
Staffing and Crew Coordination 
What changes will there be in the role of the control room operator? How will 
demographical, selection and qualification requirements for operators change for 
the control room of the future? 

It is not known how the selection and qualification requirements for operators will change as 
a result of advanced I&C. However, the operator most probably will need different kinds of 
knowledge and skills. The role of the control room operator will most certainly change as a 
result of the introduction of advanced I&C. In analog-instrumented control rooms, the operator 
is primarily responsible for "metering up", reviewing the analog displays, and operating the 
controls on the control room panels. In digital I&C control rooms, the operator probably will 
be more of a supervisor whose role will be that of a monitor. Plant functions will be 
performed more automatically then at present, and the operator will intervene and take over 
control of the situation only when he perceives a requirement to do so. The operator will 
function more as a manager and planner than at present. 
Page 
Ref. 
Remark 
ID 
Category 
Summary 

Citat;on 

Carter, R, J. (1 992) 
item for consideration 
291 
Staffing and Crew Coordination 
How should existing σaining programs, techniques, methods, and tools be 
modified to make them applicable advanced I&C? 

Nuclear utilities in the U.S. develop and design their operator training programs based upon a 
systems approach to σaining (SA T). The SA T is a five-step process involving analysis of 
σaining needs, design or modification of the curriculum, development of additional training 
materials, implementation of the new program, and establishment of a means to assess the 
effectiveness of the training process. 까lere is a question as to whether the SA T process and 
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its associated tools, techniques, and methods are applicable to the development and preparation 
of training programs and courseware for advanced I&C. 
Page 
R앙 Carter, R, J. (1 992) 
Remark item for consideration 

ID 292 
Category Staffmg and Crew Coordination 
Summary Changes in crew communication and coordination in advanced CRs 
Citation 
Following an upgrade to a digital control system, workload associated with communication 
and coordination activities increased (Wilhelmsen, et al., 1992). lt was mentioned earlier that 
compact, computer-based control consoles may affect the abi1ity of CR personnel to maintain 
awareness of each other’s activities. For example, in conventional CRs, teamwork is enhanced 
by the ability of crew members to observe each other’s actions, ask questions, request support, 
and provide assistance on short notice. A conventional CR has features that support the 
operators' ability to observe each other and maintain awareness of each other's actions. For 
example, an operator can infer information about another’s actions from that individual’s 
location at the control panel and the current status of the operating procedure. These 
characteristics may not be present in the same way in computer-based CRs that feature 
individual operator consoles. Fossil and nuclear power plants are exploring the use of various 
HSI technologies and methods of human-computer interaction to support group situation 
awareness, communication, and coordination (Stubler and 0 ’Hara, 1995). However, there is 
little data on the effectiveness of these technologies for NPP operations. 
Page 4-72 
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제 3 절 Flight Deck 자동화 현안 

/rom ''http://fIightdeck.ie.orsLedu'' by Ken Funk 

ID Issues 

1 Although the pilot interface may be superficially similar across aircraft types, there may 
be significant deep differences that may confuse pilots and lead to unsafe conditions. 

2 Automation controls may be designed so they are difficult to access and activate 
quickly and accurately, or easy to activate inadvertently. 

3 Automation design may prevent the device from performing a function that seems 
reasonable to the pilot, possibly requiring the use of altemative s빼tegies which may 
increase workload and the 01ψortunity for error. 

4. Automation design may limit the authority of a pilot to exercise full control over the 
aircraft to perform a function even though he/she still has responsibility for it. 

5 Automation design may not be guided by a philosophy that gives adequate attention to 
the proper role and function of the human and to human capabilities and limitations. 
πlis may compromise system effectiveness and safety. 

6 Automation design may not take into consideration the operational knowledge of pilots. 
This may lead to designs that are counter-intuitive to pilots, possibly increasing pilot 
workload and the opportunity for error. 

7 Automation designers may have difficulty in making good decisions about allocating 
functions to humans or to automation, possibly leading to poor function allocation 
decisions. 

8 Automation designers may leave pilots to do the tasks that cannot be automated. The 
pilots may be left with a set of poorly integrated tasks that are difficult to perform 
well. 

9 Automation displays may show only current state and no σend or other information 
that could help pilots estimate future state or behavior. 깐lis may prevent pilots from 
anticipating and preparing for problems. 

10 Automation may perform in ways that are unintended, unexpected, and perhaps 
unexplainable by pilots, possibly creating confusion, increasing pilot workload to 
compensate, and sometimes leading to unsafe conditions. 

11 Automation may use a different strategy of control or control logic than the pilot, 
possibly leading to the pilot’s loss of situation awareness and pilot errors. 

12 Automation may be too complex in that it may consist of many interrelated 
components and may operate under many dif풍rent modes. πlis makes automation 
difficult for pilots to understand and use safely. 
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13 Automation may change modes without pilot commands to do so, possibly producing 
surprising behavior. 

14 Automation may change the role of the pilot from that of a controller to that of a 
supervisor. Because most pilots are not adequately trained for and experienced in this 
role, errors may result. 

15 Automation may change anψor add pilot tasks, possibly making new (often more 
serious) errors possible. 

16 Automation may increase overall pilot workload, or increase pilot workload at high 
workload times and reduce pilot workload at low wcrkload times, possibly resulting in 
excess workload and/or boredom. 

17 Automation may induce fatigue, possibly leading to poor pilot performance. 

18 Automation may not be thoroughly tested before use and therefore not perform 
correctly under certain conditions. 

19 Automation may reduce challenges that are the source of job satisfaction, which may 
adversely affect pilot performance. 

20 Automation may work well under normal conditions but, due to design limitations, not 
have the desired behavior under unusual conditions, such as those close to the 
margins of its operating envelope. 끼lÏs can lead to unsafe conditions. 

21 Automation system databases may be incomplete, contain erroneous data, or be 
inconsistent with other information used by the pilots, possibly increasing pilot 
workload and/or creating the opportunity for navigation or other errors. 

22 Automation training requirements for instructor/check pilots may not be well defined, 
possibly leading to inadequately qualified instructor/check pilots. 

23 Both pilots may become involved in programming duties simultaneously, possibly 
diverting the attention of both pilots from safety-critical tasks. 

24 Company policies and procedures for the use of automation may be inappropriate or 
inadequate in some circumstances, possibly compelling pilots to use automation when 
they prefer not to anψor leading to pilot confusion or frusπation. 

25 Cultural differences may not be adequately considered in automation design, training, 
certification, and operations. If they are not considered, they may have resulting 
effects on performance and how automation is used. 

26 Data entries may not propagate to related functions in automation devices. The same 
data may have to be entered more than once. 

27 Data presented in integrated/processed/simplified forms may not fully support effective 
pilot decision making and pilots may lose sight of raw data. 

28 Different software versions running on the flight management systems (FMSs) of 
different airplanes may create difficulty for pilots to use them safely and effectively. 
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29 Display layout in automated flightdecks may change the σaditional instrument scan 
pattem, possibly leading to loss of skills which may be needed upon transitioning to 
conventional aircraft. 

30 Displays (including aural wamings and other auditory displays), display formats, and 
display elements may not be designed for detectability, discriminability, and 
interpretability . πlis may cause important information to be missed or misinterpreted. 

31 Flying an automated aircraft may take more planning than flying a manual aircraft. 
Pilots may not plan 없r enou뱅 ahead to use automated systems, so safety may be 
compromised. 

32 Freedom from defmed route constraints made possible by automation may increase air 
πaffic coordination requirements and complicate conflict prediction 

33 Frequent false alarms may cause pilots to mistrust or ignore automation and therefore 
not use it or respond to it when they should. 

34 Important information that could be displayed by automation is not displayed, thereby 
limiting the ability of pilots to make safe decisions and actions. 

35 In pilot evaluation there may be an overemphasis on automation skills to the extent 
that manual and non-automation-related cognitive skills are mirúmized. Pilots may 
therefore lack non-automated operations skills. 

36 In some situations flight control may be difficult after transition 잠om automated to 
manual flight. 

37 Information about the mode (state) and behavior of the automation itself may add to 
the pilot’s information processing load, possibly resulting in increased workload and 
opportunities for error. 

38 It may be difficult for pilots to decide what levels of automation are appropriate in 
specific circumstances, possibly increasing pilot workload. 

39 It may be difficult to detect, diagnose, and evaluate the consequences of automation 
failures (errors and malfunctions), especially when behavior seems ’reasonable’, possibly 
resulting in faulty or prolonged decision making. 

40 It may be too easy for the pilot to inadvertently disengage the autopilot. When this 
happens, control may be lost. 

41 It may be difficult for one pilot to monitor what another is doing with automation, 
possibly reducing awareness of pilot intentions and cross checking for errors. 

42 It may be difficult for pilots to visualize vertical profiles based on alphanumeric 
displays. πlÍs diffic비ty may 피crease pilot workload when flying, or planning to fly, 
these profiles. 

43 It may be difficult to access data "hidden" in the architecture of the automation 
system, possibly increasing pilot w<;>rkload. 

44 Keyboard alphanumeric data entry may be prone to errors, which may adversely affect 
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safety. 

45 Large amounts and/or poor formatting of information may increase pilot workload. 

46 Low-time pilots assigned to advanced technology aircraft may not acquire manual flying 
skills, which are still required. 

47 Manuals provided to pilots may ontain incomplete, unclear, or erroneous information 
about automation, possibly leading to poor pilot performance. 

48 Older pilots may have trouble accepting and leaming to use automation, possibly 
making them more prone to misusing it. 

49 Pilots are required to monitor automation for long periods of time, a task for which 
they are perceptually and cognitively ill-suited, and monitoring errors may be likely. 

50 Pilots may be reluctant to assume control from automation. Even when automation 
malfunctions or behaves contrary to their expectations they may persist in using it, 
possibly with time-consuming programming changes.This may lead to unsafe conditions. 

51 Pilots may become complacent because they are overconfident in and uncritical of 
automation, and fail to exercise appropriate vigilance, sometimes to the extent of 
abdicating responsibility to it. This can lead to unsafe conditions. 

52 Pilots may inadvertently select the wrong automation mode or fail to engage the 
selected mode, possibly causing the automation to behave in ways different than 
intended or expected. 

53 Pilots may need to integrate information spread over several parts of the interface, 
possibly creating additional pilot workload. 

54 Pilots may be out of the control loop and peripheral to the actual operation of the 
aircraft and therefore not prepared to assume control when necess하y. 

55 Pilots may have little or no input when their companies select automation. This may 
resuIt in failure to adequately consider pilot needs in the selection process. 

56 Pilots may lack confidence in automation due to their experience (or lack thereot) with 
it. Th is may result in a failure to use automation when it should be used. 

57 Pilots may lose psychomotor and cognitive skills required for flying manually, or for 
flying non-automated aircraft, due to extensive use of automation. 

58 Pilots may not be able to tell what mode or state the automation is in, how it is 
configured, what it is doing, and how it will behave. This may lead to reduced 
situation awareness and errors. 

59 Pilots may not understand the structure and function of automation or the interaction of 
automation devices well enough to safely perform their duties. 

60 Pilots may not use automation when they should, possibly leading to unsafe conditions 
or reduced operating efficiency. 

61 Pilots may use automation in a manner not intended by designers to get desired results 
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or to avoid undesirable consequences, possibly increasing pilot workload and 
opportunity for error. This may have unanticipated and undesirable side eff농cts. 

62 Pilots may use automation in situations where it should not be used. 

63 Procedures for data entry and programming automation may be unclear, overly difficult, 
complex, and time consuming. πlis may cause eπors and delays that may lead to 
unsafe conditions. 

64 Prolonged absence from advanced technology aircraft may result in a loss of 
automation use skills, possibly resulting in poor pilot performance when pilots retum to 
advanced technology aircraft. 

65 Reliance on automation may reduce pilots' awareness of the present and projected state 
of the aircraft and its environment, possibly resulting in incorrect decisions and actions. 

66 Reversion to lower levels of automation may disable built-in protections, possibly 
leading to unsafe conditions if pilots continue to rely on them. 

67 Satisfaction of one automation functional or certification requirement may lead to the 
violation of another. 

68 Simplified pilot-automation interfaces may hide important complexities, possibly leading 
to unexpected behaviors and difficulη performing complex operations. 

69 Some possible failures may not be anticipated by designers so there are no contingency 
procedures provided to pilots, possibly increasing trouble-shooting workload and the 
opportunity for error. 

70 Some procedures may be designed under the assumption that automation will be used. 
If it is not, either by necessity or pilot choice, workload may be excessive and errors 
more likely. 

71 The ability of the automation to perform correctly and quickly may be limited by 
design constraints, possibly increasing pilot workload and the opportunity for error. 

72 The attentional demands of pilot-automation interaction may significantly interfere with 
peκormance of safety-critical tasks. (e.g., "head-down time", distractions, etc.) 

73 The behavior of automation devices -- what they are doing now and what they will do 
in the future based upon pilot input or other factors -- may not be apparent to pilots, 
possibly resulting in reduced pilot awareness of automation behavior and goals. 

74 The fundamental reasons for the increasing use of automation may be to decrease the 
cost of f1ight operations. If these considerations receive excessive emphasis in the 
aircraft design process, safety may be compromised. 

75 The lack of integration of automation systems may increase pilot workload. 

76 The pilot-automation interface may be poorly designed with respect to human factors 
considerations, possibly resulting in poor pilot performance or pilot dissatisfaction. 

77 끼le presence of automation may make pilot selection more difficult, possibly resulting 
in the selection of pilots not suited or not adequately prepared for their jobs. 
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78 πle presence of automation may reduce inter-pilot communication, possibly resulting in 
less sharing of information. 

79 까le traditional distribution of workload between pilots (e.g., between PF and PNF, 
between C and F/O) may be modified under automated f1ight, possibly aIlowing 
safety-critical tasks to be neglected. 

80 The use of automation may adversely affect crew coordination, possibly leading to 
unsaf농 conditions. 

81 The use of automation may make task management more difficult for f1ightcrews, 
possibly leading to unsafe conditions .. 

82 There may be a lack of function and interface standardization between automation 
systems, possibly leading to increased training requirements, increased pilot workload, 
and poor pilot performance. 

83 There may be incompatibilities between advanced automation aircraft and the existing 
- A TC system, possibly increasing pilot workload, causing inconsistent information to be 

presented, or reducing the pilot’s ability to use automation for the best results. 

84 There may be no comprehensive, coherent philosophy provided to pilots for the use of 
automation, possibly resulting in inconsistendes and uncertainties in its use. 

85 πlere may be potential hazards caused by computer-to-computer communication when 
human supervision and intervention is difficult or impossible. 

86 Training for automated aircraft may not adequately prepare pilots with basic (i.e. , 
non-automation) knowledge and skiIls in that aircraft, and pilots may lack the 
knowledge and skills necessary to operate the aircraft manually. 

87 Training philosophy, objectives, methods, materials, or equipment may be inadequate to 
properly σain pilots for safe and effective automated aircraft operation. 

88 Transitioning back and foπh between advanced technology aircraft and conventional 
aircraft may increase pilot training requirements. 

89 Transitioning back and forth between advanced technology aircraft and conventional 
aircraft may cause problems such as erosion of aircraft-specific skills, possibly leading 
to pilot errors. 

90 When automation fails, pilots may have diffic비ty taking over monitoring, decision 
making, and control tasks. 

91 When two pilots with little automation experience are assigned to an advanced 
technology aircraft, errors related to automation use may be more likely. 

92 When using automation, pilot response to unanticipated events and clearances may be 
slower than it would be under manual control, possibly increasing the likelihood of 
unsafe conditions. 
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제 4 장 로
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제 1 절 연구결과 

최근의 원자력발전소는 기술의 발전으로 단위용량의 증대， 안전성 강화를 위 

한 안전설비의 보강 등으로 더욱 복잡해지는 추세에 있다. 특히， 계측제어 기능 

의 다양화 및 자동화의 증가와 첨단 인간-기계 연계 기술의 적용되고 있으며， 이 

에 따른 운전원의 역할과 제어실 설계에 많은 변화가 초래되고 었다. 따라서， 원 

자력 규제기관의 설계검토에도 인간공학 요건의 강화와 새로운 설계경향에 대응 

하는 검토방안의 수립이 필요하다. 계측제어 계통의 디지혈화 및 첨단 인간-기계 

연계 기술을 적용한 차세대원자로의 규제검토를 위해， 한국원자력안전기술원에서 

는 차세대원자로 안전규제요건을 개발하고 있으며， 안전규제요건 및 안전규제지 

침이 개발된 바 있다. 

본 연구에서는r 이와 같은 차세대원자로의 인간공학 검토를 위한 인간공학 규 

제요건 및 규제지침을 뒷받침하여 안전심사에 적용할 안전심사지침의 초안을 개 

발하였다. 이 인간공학 안전심사지침 초안은l 차세대원자로 상세안전요건 15.1 

‘인간공학 설계공정’ 및 15.2 ‘제어실 인간공학’과 안전규제지침의 제 15 장 ‘인간 

공학’을 기준으로， 언적설계 계획， 인적요소 분석， 인적요소 설계， 인적설계 확인 

및 검증 풍의 검토분야에 대해 적용될 허용기준， 검토절차， 평가결과 등을 포함 

하고 있다. 

그리고l 효과적인 인간공학 안전심사를 위해서는l 지금까지 알려진 첨단제어 

설 설계와 관련한 인간공학적 우려사항 또는 현안이 광범위하게 조사되어 규제 

활동에 고려될 펼요가 있다. 본 연구에서는， 관련 문헌을 조사하여 총 145건의 

문헌을 수집 검토함으로써 첨단제어실 설계와 관련된 총 잃4건의 인간공학적 현 

안을 도출하였으며， 각 현안에 대해 요약을 정리하고 현안을 설계특성별로 구분 

하여 참조가 용이하도록 하였다. 그리고 이 결과들을 데이터베이스로 구축하여 

앞으로 조사될 수 있는 추가적인 현안 자료의 입력과 관리가 용이하도록 하였다. 
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제 2 절 연구결과의 활용 및 건의사항 

본 연구의 결과인 차세대원자로 인간공학 안전심사지침의 초안과 첨단제어실 

설계 관련 인간공학 현안은， 앞으로， 한국원자력안전기술원의 차세대원자로 안전 

심사지침 개발과 이를 적용한 인간공학 규제검토에 활용할 수 있을 것이다. 

세계적으로 원전의 첨단제어실 운영 실적이 아주 부족함에 따라 차세대원자로 

의 인간공학 안전심사가 더욱 신중해져야 함을 고려하여， 본 연구팀은 다음과 같 

은 사항을 추가적으로 건의하고자 한다. 

첫째/ 차세대원자로 안전심사지침에 더하여 첨단 인간-기계 연계 설계의 상세 

사항을 검토할 수 있는 국내 고유의 지침이 펼요하다. 미국의 NRC에서 상세설 

계검토지침으로 개발한 NUREG-0700 Rev. 1 이 그 예이나 이 설계검토지침은 정 

보표시 구조 및 효과적인 운용， 정보설계 및 제어의 통합/ 전산화된 제어기， 대형 

정보화면의 정보구성， 전산화된 절차서 등에 대해서는 보완될 부분이 많다고 여 

겨진다. 

둘째I 본 연구에서 조사된 인간공학 현안들의 대부분은 문제제기 수준의 것으 

로 구체적인 해결방안이 마련되지 않은 것들이다. 차세대원자로 설계의 안전성 

평가를 위해서는 이 현안들에 대한 구체적인 평가가 필요하며 여기에는 수많은 

인간공학적 실험평가가 펼요할 것이다. 이러한 실험평가는 규제기관 자체적인 연 

구를 통해 규제기관의 입장을 정리할 수 있도록 준비되어야 할 성격의 것이다. 

일반적으로y 특정사항을 검토하기 위해서는 그보다 광범위한 관련 사항에 대한 

지식과 경험이 필요하다. 이 일반론적인 논거를 고려치 않더라도l 첨단 인간-기계 

연계의 특성상/ 규제기관의 입장이 정리되지 않은 상태에서 설계자의 실험평가 

수행결과의 검토만에 의존한다면 설계자가 간과한 사항을 밝혀내기가 힘들고 결 

과적으로 충분한 안전성 심사가 이루어질 수 없다. 따라서， 차세대원자로의 바람 

직한 안전성 평가를 위해서는 주요 현안에 대한 많은 실험적 평가가 필요하다. 
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요소 분석， 인적요소 셜계， 인적셜계 확인 및 검증 둥의 검토분야에 대해 적용될 허용기 

준， 검토절차， 평가결과 풍을 포함하고 있다. 

그리고， 효과적인 인간공학 안전심사를 위해서는， 지금까지 알려진 첨단제어실 설계와 

관련한 인간공학적 우려사항 또는 현안이 광범위하게 조사되어 규제활동에 고려될 필요 

가 있다. 본 연구에서는， 관련 문헌을 조사하여 총 145건의 문헌을 수집검토함으로써 첩 

단제어실 설계와 관련된 총 384건의 인간공학적 현안을 도출하였으며， 각 현안에 대해 

요약을 정리하고 현안올 설계특성별로 구분하였다. 그리고， 이 결과들올 데이터베이스로 

구축하여 앞으로 조사될 수 있는 추가적인 현안 자료의 입력과 관리가 용이하도록 하였 

다. 

주제명 키워드 차세대원자로， 인간공학， 안전심사지침， 첨단제어실， 
(10단어 내외) 인간-기 계 연계， 셜계검토현안 
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