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1. 제목 

。 O~ 드프 
-'-'- -, L.!... 

인간공학 설계검토지침의 초안 개발 

11. 연구개발의 목적 및 필요성 

1979년 미국의 TMI 원전 사고 이후I 원자력발전소의 인적요인에 대한 

관심이 높아졌으며/ 설계에 대한 인간공학의 체계적인 적용과 인간공학적 

설계 검토의 요구가 늘게 되었다. 최근 들어 발전된 전자기술의 적용으로 

운전원의 역할과 제어실 설계 개념에 많은 변화가 있게 되었다. 따라서/ 이 

에 대응하는 인간공학적 규제요건의 재정립이 펼요하다. 

우리나라에서는/ 차세대원자로 안전규제요건 개발의 일부로 인간공학 관 

련 안전규제지침이 개발 중에 있다. 본 연구는/ 이 안전규제지침 개발 관련 

핵심기술현안인 “인간공학프로그램 검토모댈“과 ”개량형 제어 및 계측설비 

의 인간공학적 검토기준“을 해결하는 인간공학 업무 검토지침과 경보계통 

설계검토지침을 개발하고자 한다. 

III. 연구개발의 내용 및 범위 

인간공학 업무 검토지침 개발에서는/ 미국의 인간공학 업무검토 체계인 

NUREG-0711을 한글화하고/ 우리나라의 규제여건과 참고문헌을 참조하여 

우리나라 안전규제지침의 개발시 고려되어야 할 추가적인 의견을 도출한다. 

그리고y 이러한 한글화된 NUREG-0711과 추가의견/ 참고문헌의 발훼내용들 

을 전산화하여/ 안전규제지침 개발시 일목요연하게 확인하고 쉽게 활용할 

수 있도록 한다. 당해년도에는 NUREG-0711의 107}지 검토항목중 세 가지 

- 3 -

1. 제목 

。 O~ 드프 
..LL. -, L.!... 

인간공학 설계검토지침의 초안 개발 

11. 연구개발의 목적 및 필요성 

1979년 미국의 TMI 원전 사고 이후I 원자력발전소의 인적요인에 대한 

관심이 높아졌으며/ 설계에 대한 인간공학의 체계적인 적용과 인간공학적 

설계 검토의 요구가 늘게 되었다. 최근 들어 발전된 전자기술의 적용으로 

운전원의 역할과 제어실 설계 개념에 많은 변화가 있게 되었다. 따라서/ 이 

에 대응하는 인간공학적 규제요건의 재정립이 펼요하다. 

우리나라에서는I 차세대원자로 안전규제요건 개발의 일부로 인간공학 관 

련 안전규제지침이 개발 중에 있다. 본 연구는I 이 안전규제지침 개발 관련 

핵심기술현안인 “인간공학프로그램 검토모댈“과 ”개량형 제어 및 계측설비 

의 인간공학적 검토기준“을 해결하는 인간공학 업무 검토지침과 경보계통 

설계검토지침을 개발하고자 한다. 

III. 연구개발의 내용 및 범위 

인간공학 업무 검토지침 개발에서는/ 띠국의 인간공학 업무검토 체계인 

NUREG-0711을 한글화하고/ 우리나라의 규제여건과 참고문헌을 참조하여 

우리나라 안전규제지침의 개발시 고려되어야 할 추가적인 의견을 도출한다. 

그리고/ 이러한 한글화된 NUREG-0711과 추가의견/ 참고문헌의 발훼내용들 

을 전산화하여/ 안전규제지침 개발시 일목요연하게 확인하고 쉽게 활용할 

수 있도록 한다. 당해년도에는 NUREG-0711의 107}지 검토항목중 세 가지 

- 3 -



에 대한 검토지침과 전산화 작업을 수행하였다. 

경보계통 설계 검토지침 개발에서는， 1994년에 첨단 경보계통의 검토지 

침으로 발간된 NUREGj CR-6105를 한글화하고I 이를 1994년 이후에 발표된 

경보설계 관련 문헌을 조사검토하여 보완한다. 당해년도에는 

NUREG j CR-6105의 한글화 작업과 1994년 이후에 발표된 관련 문헌을 조사 
하였다. 

IV. 연구개발 결과 

NUREG-0711의 인간공학 업무항목 중， 1) 인간공학 업무 관리， 2) 운전 
경험검토， 3) 기능요건분석 및 기능할당에 대해/ 한글화를 통한 인간공학 업 
무 검토지침의 본문이 작성되었고/ 국내 안전규제지침 개발시 고려되어야 

할 추가의견이 도출되었다. 그리고/ 검토지침의 본문/ 추가의견/ 참고 문헌 

중 관련 부분의 발춰l 내용을 HTML 문서로 만들고 Web brouser를 통해 활 
용할 수 있도록 하여/ 안전규제지침 개발자가 각 내용을 동시에 참조하며 

인용 가능한 전산화 체계가 개발되었다. 그리고， NUREGjCR-6105의 경보설 

계 검토지침이 한글화되었고/ 이를 보완할 1994년 이후의 경보설계 관련 문 

헌들이 조사되어 목록이 작성되었다 

V. 연구개발 결과의 활용계획 

1차년도 연구의 결과는/ 인간공학 업무 검토지침 및 전산화 시스템의 완 

성과 보완된 경보설계 검토지침의 개발에 활용할 계획이다. 그리고/ 한국원 

자력안전기술원의 인간공학 안전규제지침의 개발에 입력되어 활용될 것이 

다. 
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SUMMARY 

1. Title 

Developrnent of Hurnan Factors Design Review Guidelines 

II. Objectives and Necessities of Pr이ect 

After the TMI accident, interests in hurnan factors in nuclear power 

plants are increased, also dernands for the application of hurnan factors 

engineering to the plant design and for hurnan factors design reviews. 

Recent application of advanced electronic technology results in the 

changes of operators' role and control roorn design concepts. It is 

necessary to establish hurnan factors regulation requirernents in response 

to the changes. 

In Korea, as a part of the project narned "Developrnent of Safety and 

Regulatory Requirernents for Korean Next Generation Reactor", hurnan 

factors safety regulation guides are under developed in Korea Institute of 

Nuclear Safety. The objective of this study is to develop hurnan factors 

prograrn review guidelines and alarrn systern review guidelines in order 

to resolve the two rnajor technical issues related to the developrnent of 

hurnan factors safety regulation guides: "25. Hurnan Factors Engineering 

Prograrn Review Model" 없ld "26. Review Criteria for Hurnan Factors 

Aspects of Advanced Controls and Instrurnentation". 

I 
J 

SUMMARY 

1. Title 

Development of Human Factors Design Review Guidelines 

11. 0비ectives and Necessities of Pr이ect 

After the TMI accident, interests in human factors in nuclear power 
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engineering to the plant design and for human factors design reviews. 
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to the changes. 

In Korea, as a part of the project named "Development of Safety and 

Regulatory Requirements for Korean Next Generation Reactor", human 

factors safety regulation guides are under developed in Korea Institute of 

Nuclear Safety. The objective of this study is to develop human factors 
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III. Scope of Pr이ect 

For the development of human factors program review guidelines, 

we will make a Korean version of NUREG-0711 and add our comments 

by considering Korean regulatory situation and reviewing the reference 

documents of NUREG-0711. We also will computerize the Korean version 

of NUREG-0711, additional comments, and selected portion of the 

reference documents for the developer of safety regulation guides in 

Korea Institute of Nuclear Safety to see the contents comparatively at a 

glance and use them easily. In this year, we translated, made additional 

comments, and computerized the results for the first three elements 

among the ten human factors engineering review elements in 

NUREG-0711. 

For the development of alarm system review guidelines, we will 

make a Korean version of NUREGjCR-6105, which was published by 

NRC in 1994 as a guideline document for the human factors review of 

alarm systems. Then we will update the guidelines by reviewing the 

literature related to alarm design published after 1994. In this year we 

developed a Korean version of NUREGjCR-6105 and searched the 

literature. 

IV. Results 

A Korean version of the three elements in NUREG-0711, which are 

1) Human Factors Engineering Program Management, 2) Operating 
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Experience Review, and 3) Functional Requirements Analysis and 

Function Allocation, was developed. Additional comments on the Korean 

version were proposed. A computerized hypertext system with HTML 

documents of the Korean version review guidelines, additional comments, 

and selected portion of reference document for the three elements was 

developed. With this system, the safety guide developer in KINS can see 

and compare the contents of different documents by using a web 

brouser. In addition, a Korean version of NUREGjCR-6105 was 

developed as a basis for our alarm system review guidelines, and a list 

of the literature searched for the update of the guidelines was made. 

v. Proposal for Application 

The results from this first-year study will be used to complete our 

human factors program review guidelines and it' s computerized system, 

and our alarm system review guidelines. Also, the results will provide 

input to the development of Korean human factors safety regulation 

guides. 
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제 1 장 서 론 

제 1 절 연구개 발의 목적 및 필요성 

1975년에 발표된 원자력발전소 안전성평가 보고서인 WASH-1400 [1]에 

”원전의 안전성을 위협하는 최대 요인은 인적요인”이라는 경고가 있었으나l 

발표 당시에는 원자력계의 관심을 끌지 못하였다. 그 이유는/ 원자력발전소 

의 안전성 향상을 위해 발전설비의 자동화/ 기계적 시스템의 기술개발 둥에 

보다 중점을 둔 나머지r 발전소 운영의 주체가 되는 인간에 대해서는 원자 

력계가 상대적으로 둥한시하고 있었기 때문이다. 그러나， 1979년 미국의 

TMI 원전 사고와 1986년 구소련의 체르노빌 원전 사고에 인적요인이 개업 

되었음이 밝혀짐에 따라/ 원자력 선진 각국은 원자력발전소의 인적요인에 

대해 높은 관심을 보이게 되었으며y 결과적으로 설계에 대한 인간공학의 체 

계적인 적용과 인간공학적 설계검토의 요구가 높아졌다. 

최근의 원자력발전소는 기술의 발전으로 단위용량의 증대I 안전성 강화 

를 위한 안전설비의 보강 등으로 더욱 복잡해지는 추세에 있다. 특히/ 원자 

력발전소 계측제어 기술과 관련해서는/ 통신/ 컴퓨터 및 디지털 기술이 급격 

히 발전하여 그 동안 적용되어 왔던 재래식 기술 및 기기의 낙후화를 가속 

시키고 있다. 낙후화를 피하기 위해I 발전된 기술을 설계에 적용하려는 노력 

이 원자력계에서 활발히 추진되고 있다. 계측제어 기능의 다양화 및 자동화 

의 증가와 첨단 인간-시스템 인터페이스(HSI: Human-System Interface) 기 

기의 사용이 시도되고 있으며， 이에 따른 운전원의 역할과 제어실 설계에 

많은 변화가 초래되고 있다. 따라서， 원자력 규제기관의 설계검토에도 언간 

공학 요건의 강화와 새로운 설계경향에 대응하는 검토방안의 수립이 필요하 
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다. 

미국의 NRC에서는 TMI 사고 이후 원자력발전소 제어실 설계검토를 

위한 NUREG-0700을 1981년에 발표하였다. 그러나/ 이는 재래식 나열형 제 

어반을 대상으로 한 것이라 최근의 자동화가 증가되고 첨단 HSI 기기를 사 

용한 설계에는 부족함을 인식하고， 1990년대에 들어서 NUREG-0711 [2], 

NUREG-0700 Rev. 1[3], Standard Review Plan 18.0 개정판[4]을 잇달아 개 

발하였다. 이러한 인간공학 규제요건들을 규제체제 및 여건이 다른 우리나 

라에 그대로 적용하는 데에는 문제가 예상된다. 또한/ 우리나라 전력생산의 

원자력 의폰도와 원자력발전소 건설 현황을 고려 해 볼 때 우리나라 자체적 

인 인간공학 설계검토 지침이 필요하다. 

우리나라에서는/ 기존 원전의 안전규제요건의 체계적인 정립과 더불어/ 

향상된 안전성 확보를 위한 주요 안전현안들의 반영을 통하여 향후 개발될 

차세대원자로의 안전규제에 적용할 수 있는 완전한 우리나라 안전규제요건 

을 정립하기 위해 차세대원자로 안전규제요건 개발이 진행 중에 있다 [5]. 

안전원칙/ 일반안전요건/ 상세안전요건/ 안전규제지침y 안전심사지침으로 구 

성된 규제요건체계에서I 현재 안전원칙， 일반안전요건/ 상세안전요건이 완성 

된 상황이다. 

본 연구에서는/ 차세대원자로 안전규제요건 개발에서 핵심기술현안으로 

정의된 “ 25. 인간공학프로그램 검토모델“의 해결을 위해 인간공학 업무 검 

토지침을 개발하며I “ 26. 개량형 제어 및 계측설비의 인간공학적 검토기준 

”과 관련하여 경보계통 설계검토지침을 개발하여， 현재 한국원자력안전기술 

원에서 진행중인 안전규제지침의 개발을 지원하고자 한다. 
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제 2 절 연구개발의 범위 

1. 연구개발의 범위 

본 연구에서는 인간공학 업무 검토지침 개발 및 전산화y 경보계통 설계 

검토지침의 개발을 수행한다. 먼저r 인간공학 업무 검토지침 개발에서는 

NUREG-0711 Human Factors Engineering Program Review Model [2]을 

한글화한다. 미국에서 앞으로의 원자력발전소 설계에 대한 인간공학 업무를 

검토하기 위한 체계로 개발된 NUREG-0711은 다음과 같은 107}지 인간공학 

업무에 대한 배경/ 목적/ 검토기준/ 둥을 기술하고 있다. 

1) 인간공학 업무 관리 (Human Factors Engineering Program 

Management) 

2) 운 전 경 험 검 토(Operating Experience Review) 

3) 기능요건분석 및 기능할당(Functional Requirements Analysis 

and Function Allocation) 

4) 직 무분석 (Task Analysis) 

5) 운전요원 구성 (Staffing) 

6) 인 적 신 뢰 도 분석 (Human Reliabi1iη Analysis) 

7) 인간-시스템 인터페이스 설계 (Human-System Interface Design) 

8) 절 차서 개 발(Procedure Development) 

9) 훈 련 프로그 램 개 발(Training Program Development) 

10) 인간공학 확인 및 검증(Human Factors Verification and 

Validation) 

NUREG-0711의 한글화와 아울러/ 우리나라의 규제여건과 NUREG-0711 
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의 참고문헌을 참조하여 우리나라 안전규제지칩의 개발시 고려되어야 할 추 

가적인 의견을 도출한다. 그리고l 이러한 한글화된 NUREG-0711과 추가의 

견/ 참조 문헌내용들을 일목요연하게 확인하고 안전규제지침 개발에 쉽게 

활용할 수 있도록 전산화한다. 그리고I 경보계통 설계검토지침 개발에서는/ 

1994년에 첨단 경보계통의 검토지침으로 발간된 NUREGjCR-6105[6]를 기 

반으로 한글화 작업을 수행하고， 1994년 이후에 발표된 경보계통설계 관련 

문헌을 조사 · 검토하여 보완한다. 

2. 제 1차년도 연구내용 요약 

본 연구의 제 1차년도인 당해년도에는 인간공학 업무 검토지침 개발을 

위해， NUREG-0711의 참고문헌을 수집하고， NUREG-0711의 107}지 인간공 

학 업무항목 중， 1) 인간공학 업무 관리， 2) 운전경험검토， 3) 기능요건분석 

및 기능할당의 세 항목에 대한 한글화 작업과 국내 안전규제지침 개발시 추 

가적으로 고려되어야 할 의견을 도출하였다. 그리고/ 한글화된 

NUREG-0711, 추가의견/ 참고 문헌의 관련 내용을 제공하는 전산화 체계를 

개발하고I 세 가지 인간공학 업무항목에 대해 해당 내용을 입력하였다. 

경보계통 설계검토지침 개발에서는， NUREGjCR-6105의 한글화 작업을 

수행하고， 1994년 이후에 발표된 경보계통설계 관련 문헌을 조사하여 검토 

대상 문헌들을 선정하였다. 
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제 2 장 연구개발 내용 및 결과 

제 1 절 인간공학 업무 검토지침 개발 

1. 지침개발방안 

미국 원자력 규제위원회(NRC)에서는 1994년에 신규원전 개발에 인간공 

학의 체계적인 반영여부를 검토하기 위한 NUREG-0711을 발표하였다. 

NUREG-0711을 통하여 NRC가 표명한 입장은 크게 다음과 같이 2가지로 대 

별될 수 있다. 

첫째， 전 설계과정을 통하여 인간공학의 현안사항에 대한 지속적인 추 

적 및 현안사항 반영검토. 

둘째， 체계적인 절차에 의한 시스템의 설계 및 평가. 

그리고 1996년에 인간-시스템 인터페이스(HSI) 설계 검토 지침으로 

NUREG-0700 Rev. 1[3]을 발표하였다. 이 두가지 문서들은 1996년 개정된 

Standard Review Plan 18.0 [4] 에 언급되어 앞으로 NRC가 수행할 인간공학적 

설계 검토의 기반을 이루게 되었다. 

우리나라의 경우， 한국원자력안전기술원은 차세대원자로 안전규제요건 

개발[5]에서 향후 인간공학 관련 안전규제지침의 개발방향올 표 2-1과 같이 

제시하였다. 표 2-1에서와 같이 대부분의 인간공학 관련 안전규제지침항목 

이 NUREG-0711 및 NUREG-0700 Rev.l을 토대로 하여 개발될 것이다. 

따라서， 본 연구에서는 다음과 같은 인간공학 업무 검토지침 개발 전략을 따르 

기로 하였다. 
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표 2-1. 우리나라의 인간공학 관련 안전규제지침 개발방향 

안전규제지침 

항목번호 

15.1* 인간공학프로그램 운영 

개발방향 

NUREG-0700 Rev .l 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임 

15.2* 운전경험 검토 I NUREG-0700 Rev.1 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임. 

15.3* 기능요건 분석 및 할당 I NUREG-0700 Rev.1 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임. 

15.4* 직무 분석 

15.5* 인간 계통 연계설계 

15.6* 절차서 및 훈련 

프로그램 개발 

15.7* 인간공학 확인 및 검증 

15.8* 안전관련 운전원의 

조치기준 

NUREG-0700 Rev.l 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임 

NUREG-0700 Rev.l 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임. 

운전 관련 안전규제지침으로 통합하여 조정 

될 예정임. 

NUREG-0700 Rev.l 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임. 

현 재 NRC가 개 발중 인 Draft Reg. Guide 

DG-1040에 기초하고， ANSl/ANS-52.2 및 

58.4를 참고하여 개발할 것임. 
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여 신규로 안전규제지침을 개발할 것임. 

15.6* 절차서 및 훈련 j 운전 관련 안전규제지침으로 통합하여 조정 

프로그램 개발 j 될 예정임 

15.7* 인간공학 확인 및 검증 I NUREG-0700 Rev .l 및 0711 내용에 기초하 

여 신규로 안전규제지침을 개발할 것임. 

15.8* 안전관련 운전원의 

조치기준 

현재 NRC가 개발중인 Draft Reg. Guide 

DG-1040에 기초하고， ANSl/ANS-52.2 및 

58.4를 참고하여 개발할 것임. 
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- 우선 NU뾰G-0711을 한글화한다. 

- NUREG-0700 Rev.l 및 NUREG-0711 에 언급된 참고문헌을 참조하 

고 국내 규제여건을 고려하여 추가의견을 도출한다. 

- 한국원자력안전기술원의 안전규제지침 개발을 지원하기 위해， 한 

글화된 NUREG-0711 , 추가의견， 참고문헌 원문， 동을 전산화하여 

관심 사항을 쉽게 찾고 또한 인용하여 사용할 수 있도록 한다. 

본 연구 수행 초기에는 자료수집 기간을 감안하여 NUREG-0711의 참고 

문헌을 조사하고 문헌의 종류 및 발표 기관별로 분류하여 수집하였다. 일부 

문헌을 제외하고 대부분의 문헌이 수집되었으며， 이러한 수집목록을 “부록 

1. NUREG-0711 참고문헌 수집 현황”에 수록하였다. 

NUREG-0711 의 한글화 작업시， 처음에는 원문의 내용을 직역하였고， 이 

후 여러 차례의 연구진 자체 검토를 통해 원문의 의미를 왜곡하지 않는 범 

위 내에서 의역을 수행하였다. 이 한글화의 결과는 본 보고서의 “부록 2. 인 

간공학 업무 검토지침”에 수록되어 있다. 한글화 작업시 용어사용의 일관성 

과 추후 한국원자력안전기술원에서의 사용 편의성을 높이기 위해 용어의 

영.한 대조표를 정리하여 한글화 작업에 이용하였다. 이는 “부록 3. 인간공 

학 업무 검토지침 판련 영.한 용어 정리”에 수록되어 었다. 그리고， 전문용 

어를 표준화하기 위해， 1996년 한국원자력산업회의에서 발간한 원자력용어 

사전[7] ， 한국연구개발정보센터에서 인터넷상으로 운영하는 과학기술정보서 

비스의 과학용어 사전[8] ， 문서작성 프로그램인 한글에서 제공하는 동아프라 

임 영한사전[9] 및 전자사전 Cyberdic 2.0[10]을 이용하였다. 
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2. 추가의견 도출 및 참고문헌 발훼 

NUREG-0700 Rev. 1[3]에서 언급된 바와 같이 미국의 인허가는 lO C태 

Part 50[1 1]와 10 CFR Part 52[12]의 이원적인 제도를 유지하고 있다. 특히， 

10 CFR Part 52하에서는， 사업자의 표준설계의 SSAR(Standard Safety 

Analysis Report) 제출에 대해 NRC에서는 Standard Design Certificate를 발행g 

한다. 또한， 건설 인허가 승인을 위해 사업자는 DAC(Design Acceptance 

Crite다a)와 IT AAC(Inspections, Tests, Analyses, and Acceptance Criteria)을 NRC 

에 제 출한다. 이 후 NRC는 이 들 문서 에 대 한 COL(Combined Operating 

Licence)을 발행 한다. 또한， NUREG-0700 Rev. 1 에 서 는 NUREG-0711 이 10 

CFR Part 52하에서의 신형원자로에 적용되는 것으로 언급하고 있다. 미국에 

서의 10 CFR Part 52 체제는 우리나라의 규제체제와는 다르다. 

따라서， 본 연구에서는， 10 CFR Part 52 체제와 2단계의 단계를 가지는 

국내의 인허가 체제와의 차이점을 고려하고 국내의 실정에 적합하도록 인간 

공학 업무 검토지침을 개발하기 위해， 다음과 같은 6가지 검토 기준을 설정 

하여 NUREG-0711의 내용을 검토하고 추가적인 의견을 도출하기로 하였다. 

(1) 국내 인허가 체재에 대한 적합성 

(2) 인간공학 검토 목적 달성을 위한 중요도 

(3) 검토 적용시의 구체성 및 보완사항 

(4) 수행결과에 대한 검토방안 및 평가척도 

(5) 관련 인간공학 업무항목 또는 활동의 구체화 및 그들간의 순 

서와 전후관계의 명확성 

(6) 인간공학 업무항목별 추구할 활동과 이를 수행함으로써 생산 

하고 제출해야 할 문건의 구체성 

그러나， NUREG-0711 내용 검토와 추가의견 도출을 진행하는 과정에서， 
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(4), (5) , (6)항은 (3)항의 기준에 포함시 켜 간주하였다. 배 경， 목적， 사업자 제 

출문건， 검토기준으로 구성된 NUREG-0711의 각 인간공학 업무 항목별 내용 

중， 검토기준 항에 대해 중접적으로 추가의견을 도출하였다. 그리고， 

NUREG-0700 Rev.l의 Part 1 에서 NUREG-0711의 해당 검토기준 기술 내용과 

차이가 있는 부분을 언급하고 이에 대한 의견을 정리하여 포함시켰다. 이렇 

게 도출된 추가의견은 “부록 4. 인간공학 업무 검토지침의 추가의견”에 자 

세히 기술되어 있다. 

NUREG-0711의 내용 중， 각 인간공학 업무항목의 검토기준 항에 안내서 

(guidance)로 제시된 문헌을 검토하고 해당 업무항목의 검토기준파 관련이 

있는 부분만을 발훼하여 안전규제지침 개발시 참조할 수 있도록 하였다. 기 

타 본문 중에 언급된 참고문헌들에 대해서는， 그 내용이 일부 인용되어 기 

술되어 있는 것은 제외하고 그렇지 않은 참고문헌은 관련 부분을 발훼하였 

다. NUREG-0700 Rev. 1 의 내용 중， NUREG-0711의 검토기준으로 기술된 바 

와 차이가 있는 부분도 원문을 발훼하였다. 이와 같이 발훼된 참고문헌 내 

용은 “부록 5. 인간공학 업무 겸토지침의 참고문헌 원문 발춰l 내용”에 수록 

되어 있다. 발훼 문헌의 양이 많은 것은 인간공학 업무 검토지침의 전산화 

에는 반영하였으나， 부록 5에서는 생략하였다. 

- 25 -

(4), (5), (6)항은 (3)항의 기준에 포함시 켜 간주하였다. 배 경， 목적， 사업자 제 

출문건， 검토기준으로 구성된 NUREG-0711의 각 인간공학 업무 항목별 내용 

중， 검토기준 항에 대해 중접적으로 추가의견을 도출하였다. 그리고， 

NUREG-0700 Rev.l의 Part 1 에서 NUREG-0711의 해당 검토기준 기술 내용과 

차이가 있는 부분을 언급하고 이에 대한 의견을 정리하여 포함시켰다. 이렇 

게 도출된 추가의견은 “부록 4. 인간공학 업무 검토지침의 추가의견”에 자 

세히 기술되어 있다. 

NUREG-0711의 내용 중， 각 인간공학 업무항목의 검토기준 항에 안내서 

(guidance)로 제시된 문헌을 검토하고 해당 업무항목의 검토기준과 관련이 

있는 부분만을 발훼하여 안전규제지침 개발시 참조할 수 있도록 하였다. 기 

타 본문 중에 언급된 참고문헌들에 대해서는， 그 내용이 일부 인용되어 기 

술되어 있는 것은 제외하고 그렇지 않은 참고문헌은 관련 부분을 발춰l하였 

다. NUREG-0700 Rev. 1 의 내용 중， NUREG-0711의 검토기준으로 기술된 바 

와 차이가 있는 부분도 원문을 발훼하였다. 이와 같이 발훼된 참고문헌 내 

용은 “부록 5. 인간공학 업무 검토지침의 참고문헌 원문 발춰l 내용”에 수록 

되어 있다. 발웨 문헌의 양이 많은 것은 인간공학 업무 검토지침의 전산화 

에는 반영하였으나， 부록 5에서는 생략하였다. 

- 25 -



제 2 절 인간공학 업무 검토지침 전산화 

1. 전산화 방안 

가. 전산화 대상 문건 및 요건 

인간공학 업무 검토지침의 전산화 목적은/ 각 지침항목의 주요 내용에 

대한 참고문헌과 국내 규제여건상 고려되어야 할 추가적인 의견을 용이하게 

온라인으로 참조할 수 있도록 하여I 안전규제지침의 개발시 효과적으로 이 

용할 수 있도록 하는 데 있다. 이러한 목적을 달성하기 위한 전산화의 상위 

요건으로 다음의 세 가지를 고려하였다. 

1) 사용이 편리해야 함. 

2) 개발이 용이해야 함. 

3) 개발 후/ 체제 및 내용의 수정이 용이해야 함. 

위 3)항은 현재 1차년도 연구인만큼 차후의 변경을 수용한다는 측면에서 고 

려되었다. 그리고/ 인간공학 업무 검토지침 전산화의 대상 내용을 크게 4가 

지로 설정하였다. 즉， NUREG-0711을 한글화한 인간공학 업무 검토지침 본 

문/ 이에 대한 추가의견y 본문 또는 추가의견과 관련한 참고문헌 발훼 내용/ 

그리고 NUREG-0711의 각 인간공학 업무항목별 검토기준(Review Criteria) 

원문y 둥이다. 앞의 상위요건 1)항과 전산화 대상 내용을 고려하여 다음과 

같은 사용상의 기능요건을 도출하였다. 

관심있는 검토지침 본문을 신속히 볼 수 있도록 함. 

• 검토지침 본문을 보는 중/ 본문에 나타난 참고문헌 발웨 내용을 
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인간공학 업무 검토지침의 전산화 목적은/ 각 지침항목의 주요 내용에 

대한 참고문헌과 국내 규제여건상 고려되어야 할 추가적인 의견을 용이하게 

온라인으로 참조할 수 있도록 하여/ 안전규제지침의 개발시 효과적으로 이 

용할 수 있도록 하는 데 있다. 이러한 목적을 달성하기 위한 전산화의 상위 

요건으로 다음의 세 가지를 고려하였다. 

1) 사용이 편리해야 함. 

2) 개발이 용이해야 함. 

3) 개발 후/ 체제 및 내용의 수정이 용이해야 함. 

위 3)항은 현재 1차년도 연구인만큼 차후의 변경을 수용한다는 측면에서 고 

려되었다. 그리고/ 인간공학 업무 검토지침 전산화의 대상 내용을 크게 4가 

지로 설정하였다. 즉， NUREG-0711을 한글화한 인간공학 업무 검토지침 본 

문/ 이에 대한 추가의견/ 본문 또는 추가의견과 관련한 참고문헌 발훼 내용/ 

그리고 NUREG-0711의 각 인간공학 업무항목별 검토기준(Review Criteria) 

원문I 둥이다. 앞의 상위요건 1)항과 전산화 대상 내용을 고려하여 다음과 

같은 사용상의 기능요건을 도출하였다. 

관심있는 검토지침 본문을 신속히 볼 수 있도록 함. 

검토지침 본문을 보는 중/ 본문에 나타난 참고문헌 발춰1 내용을 
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볼 수 있도록 함. 

검토지침 본문을 보는 중， 해당 추가의견을 볼 수 있도록 함. 

• 추가의견을 보는 중/ 추가의견에서 언급된 참고문헌의 발혜 내용 

을 볼 수 있도록 함. 

검토지침 본문의 검토기준(Review Criteria)을 보는 즈
 
。

NUREG-0711의 해당 검토기준(Review Criteria) 원문을 볼 수 있 

도록 함. 

전산화된 내용의 일부 또는 전부를 안전규제지침 개발과 관련한 

타 문서작성시에 복사하여 이용할 수 있도록 함. 

다음 그림 2-1은 이와 같은 사용상의 기능을 도식화하여 보여준다. 

그림 2-1. 인간공학 업무 검토지침의 내용 구조 
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나. 전산화 개발 전략 

앞절에서 언급한 전산화의 목적과 기능요건을 만족하기 위한 개발도구 

로는 C 언어 또는 Visua1 Basic과 같은 전산프로그램 언어/ 도움말 저작도 

구 interactive presentation 저 작도구l 데 이 터 베 이 스 개 발도구， HTML 

(Hypertext Markup Language)를 이용한 HTML 문서 저작도구/ 등이 가능 

하다. 본 연구에서는 앞에서 언급한 전산화의 세 가지 상위요건을 고려하여 

HTML 문서 저작도구가 가장 적합하다고 판단하였다. 

HTML은 텍스트 문서의 내용을 웹 브라우저를 이용하여 검색할 수 있 

는 형식으로 작성하기 위해 추가되는 명령어의 집합이다. 이들 명령어 중 

“ <A Href=''http://IP-address/directory/document.html''> 검 토 기 준</ A>" 명 령 은 

웹 브라우저상에서는 “걸돋긴줍”과 같이 밑줄이 추가된 형태로 보이며/ 

Hypertext Link 기능을 수행한다. 이는 그림 2-1에서 보인 바와 같은 전산 

화된 내용간의 이동을 쉽게 해준다. HTML 문서는 텍스트에 직접 명령어를 

삽입하므로 일반적인 텍스트 에디터로는 작성하기가 쉽지 않다. 그러나/ 

HTML 문서를 편리하게 작성할 수 있도록 도와주는 웹 저작도구 (Web 

Authoring To01)가 많이 발표되어 구체적인 HTML 명령을 모르더라도 텍스 

트 file을 이용하여 손쉽게 HTML 문서를 작성할 수 있다. 따라서/ 전산화 

대상 내용에 대한 텍스트 file로부터 손쉽게 HTML 문서를 작성할 수 있다. 

HTML을 이용하여 문서를 작성하였을 때 얻을 수 있는 또 다른 이점은 우 

리가 일반적으로 접할 수 있는 Netscape나 MS Explorer를 이용하여 검색할 

수 있으므로 전산화된 지침의 활용도 및 경제성을 높일 수 있다는 것이다. 

본 연구에서는 Netscape Communicator 4.0을 이용하여 인간공학 업무 검토 

지침의 전산화를 수행하기로 하였다. 
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2. 전산화 개발 

가. 초기화변 및 본문 제공화면 

초기화면은 그림 2-2와 같고 Netscape Communicator 4.0에 의해 열린 

상태를 보여주고 있다. 

밝메 톰국영자의'11정기*앵 
""'" ‘ .......... ‘ .. -‘“'" 

그림 2-2. 인간공학업무 검토지침의 초기화면 

이 초기화면에서 제목 “인간공학업무 검토지침“ 부분은 검토지침 본문 

을 담고 있는 file인 “frame.htm"과 링크되어 있어 click하면 검토지침 본문 

제공화면으로 넘어가게 된다. 초기화면 및 본문 제공화면 관련 파일은 

"file:j j jHFEPP망üde"에 위치하고 있으며I 초기화면을 구현한 문서는 
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"HFE-prm.htrn"이다. 본문 제공화면은 그림 2-3과 같으며/ 이 화변에 대한 

프레임의 구축은 표 2-2와 같다. 본문 제공화면은 메뉴제시 영역， 제목영역y 

본문제시 영역의 3개 영역으로 분할되어 있다. 

￥ 검토었xF염증 A명g가 g늄}용확$ 뻔빠쩔야 4있훌。구성원않 잭 

熟a戀웰꽤혈짧뚫랜뚫뚫樹g짧f설칭鐵탤 
앙욕톨 기 vtl여야 안다 

1. 3 사업자 체훌문건 (app( icant 8ut. ittals)흐캔뢰 

:떻갔획 설정실확:상훌짧꺼앨뚱잠짧 휩힐 캡훌 셜훌한업앙풍짧성§쉽공얻펴동， 껴$훌 
업푸가 당성뭘 후 있도톨 w 후 잉는 관리 밀 조직 쩨져 , 퉁에 대얘 기@하여야 한다 
검토지는 아해의 1. 4.4앙에 따라 연안 후쩍시스엠도 감사톨 앙 수 있다 

1.4 검토 기준 

인간용익 엉푸 앙혹 l의 겉토 사앙은 다음을 포앙안다 

• 일반격인 인간끔학 업무 옥g 잉 엉위 
• 인간용언 당 및 조직 
• 인간공학 g정 및 엄차 
• 인간공학 언인 추쩍 
• 기@쩍 엉무 

1. 4.1 잉안찍 인간용억 엉푸 혹E 및 엉껴 

그림 2-3. 인간공학업무 검토지침의 프레임 구축 

표 2-2. 인간공학업무 검토지침의 프레임 구축 

<FRAMESET COLS="190,*" frameborder=yes border=l framespacing=O> 

<FRAME SRC="menuroothtm" NAME="mainmenu" SCROLLING=no noresize> 

<FRAMESET ROWS="40,*'’ frameborder=no border=O framespacing=l> 

<FRAME SRC="eleblankj eletitle.htm" NAME="eletitle" SCROLLING=no> 

<FRAME SRC="eleblankj e1eblankhtm" NAME="element" SCROLRIGHT=yes> 

<jFRAMESET> 

<jFRAMESET> 
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그림 2-3의 좌측 영역은 메뉴제시 영역으로/ 검토지침 본문의 목차 메뉴에 

해당하는 " menuroot.htm" 문서와 연결되어 있으며 크기가 고정되어 있다. 

제목영역인 그림 2-3의 우측 상단 영역은l 단순히 본 전산 시스템의 명칭을 

표현하기 위한 것으로 “ eletitle.htm" 문서와 연결되어 있으며/ 고정된 크기 

를 갖도록 하였다. 우측 중앙 영역은 검토지침의 본문이 제시되는 영역이며 

좌우/ 상하 스크롤 바(scroll bar)를 가지고 있다. 초기화면에서 본문제공화변 

으로 넘어오면/ 이 본문제시 영역은 비어 있게 되며(“eleblank.htm" 011 연결 

되어 있음)， 메뉴제시 영역의 메뉴 선택에 따라 해당 본문을 표시하게 된다. 

검토지침 본문의 목차를 제시하는 메뉴문서는 인간공학 업무항목만 제 

시하는 “ menuroot.htm" 문서와/ 업무항목의 세부 절/ 즉/ 배경l 목적/ 사업 

자 제출문건/ 검토기준의 하위메뉴를 각 인간공학 업무항목별로 포함하고 

있는 HTML 문서로 구성되어 었다. 현재 세 가지 업무항목에 대한 전산화 

가 이루어졌으므로y 하위메뉴를 포함한 HTML 문서는 세 개가 만들어져 있 

다. “menuroot.htm"의 각 인간공학 업무항목 메뉴버튼은 해당 하위메뉴를 

포함하는 HTML 문서에 링크되어 있다. 그림 2-4는 메뉴화면과 작동과정을 

보여 주고 있다. 

i 1흩~Jløokm.!i엔.:，，&，L，oCá‘ 

1 댐빠\8tj~빠*생!'i~톨F뻐.rs 

그림 2-4. 인간공학업무 검토지침의 메뉴 
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그림 2-3의 좌측 영역은 메뉴제시 영역으로/ 검토지침 본문의 목차 메뉴에 

해당하는 11 menuroot.htm" 문서와 연결되어 있으며 크기가 고정되어 었다. 

제목영역인 그림 2-3의 우측 상단 영역은y 단순히 본 전산 시스템의 명칭을 

표현하기 위한 것으로 “ eleti t1e.htm" 문서와 연결되어 있으며/ 고정된 크기 

를 갖도록 하였다. 우측 중앙 영역은 검토지침의 본문이 제시되는 영역이며 

좌우/ 상하 스크롤 바(scroll bar)를 가지고 있다. 초기화면에서 본문제공화면 

으로 넘어오면/ 이 본문제시 영역은 비어 있게 되며(“eleblank.htm" 011 연결 

되어 있음)， 메뉴제시 영역의 메뉴 선택에 따라 해당 본문을 표시하게 된다. 

검토지침 본문의 목차를 제시하는 메뉴문서는 인간공학 업무항목만 제 

시하는 “ menuroo t.htm" 문서와/ 업무항목의 세부 절/ 즉/ 배경/ 목적/ 사업 

자 제출문건， 검토기준의 하위메뉴를 각 인간공학 업무항목별로 포함하고 

있는 HTML 문서로 구성되어 었다. 현재 세 가지 업무항목에 대한 전산화 

가 이루어졌으므로/ 하위메뉴를 포함한 HTML 문서는 세 개가 만들어져 있 

다. “menuroot.htm"의 각 인간공학 업무항목 메뉴버튼은 해당 하위메뉴를 

포함하는 HTML 문서에 링크되어 있다. 그림 2-4는 메뉴화면과 작동과정을 

보여 주고 있다. 

i 1흩~Jløokm.!i엔.:，，&，L，oCá‘ 

1 댐빠\8tj~빠*생!'i~톨F뻐.rs 

그림 2-4. 인간공학업무 검토지침의 메뉴 
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그림 2-4의 왼쪽과 같은 초기 본문제공 화면의 메뉴제시 영역에서 “1. 

인간공학 업무관리“ 메뉴를 선택하면/ 통일한 본문제공 화변의 메뉴제시 영 

역에 그림 2-4의 오른쪽과 같이 “ 1. 인간공학 업무관리“의 하위메뉴인 “배 

경“l “목적“l “사업자 제출문건“/ “검토기준“이 나타난다. 이 하위 메뉴 중 

하나를 클릭하면 그림 2-3의 우측 중앙에 보이는 바와 같이 해당 절이 본문 

제시 영역의 상단에 맞추어져서 나타난다. 이를 위해y 인간공학업무 검토지 

침의 각 항목별로 HTML 문서를 작성하였으며l 하위메뉴에 해당하는 본문 

의 절 제목 부분에 Name 태그를 “ <A NAME="l-l "><j A>l.인간공학 업무 

관리와 같이 달았다. 

나. 기타 내용 제시화면 

그림 2-1에서 보여주는 사용상의 기능과 같이/ 사용자는 검토지침 본문 

으로부터/ 추가의 견/ 참고문헌 발춰} 내용/ 또는 검토기준(Review Criteria) 

원문을 제시하는 화변으로 이동 가능해야 하고/ 이들을 참조한 후r 역으로 

검토지침 본문으로 이동할 수 있어야 한다. 또한/ 추가의견으로부터 추가의 

견의 참고문헌 발춰}내용으로 왕래할 수 있어야 한다. 

따라서/ 본 전산 시스댐에서는 검토지침 본문 또는 추가의견에 

hypertext linkL.} icon button에 의 한 link를 사용하고 참조하고자 하는 문서 

가 새로운 창에 제시되도록 하였다. 

검토지침 본문에서 참고문헌 발훼 내용을 참조하고자 할 때/ 또는 추가 

의견에서 추가의견에 대한 참고문헌 발훼내용을 참조하고자 할 때는 다음과 

같은 hypertext link 기능을 사용하였다. 먼저l 이러한 기능을 구현하기 위해 

서 “ Java Script Language"를 이용하여 “<HEAD><jhead>"내에 다음과 같 

은 함수를 정의하였다. 
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그림 2-4의 왼쪽과 같은 초기 본문제공 화면의 메뉴제시 영역에서 “1. 

인간공학 업무관리“ 메뉴를 선택하면/ 동일한 본문제공 화면의 메뉴제시 영 

역에 그림 2-4의 오른쪽과 같이 “1. 인간공학 업무관리“의 하위메뉴인 “배 

경 11 목적“l “사업자 제출문건 “검토기준“이 나타난다. 이 하위 메뉴 중 

하나를 클릭하면 그림 2-3의 우측 중앙에 보이는 바와 같이 해당 절이 본문 

제시 영역의 상단에 맞추어져서 나타난다. 이를 위해/ 인간공학업무 검토지 

침의 각 항목별로 HTML 문서를 작성하였으며 l 하위메뉴에 해당하는 본문 

의 절 제목 부분에 Name 태그를 “ <A NAME="l-l "><j A>l.인간공학 업무 

관리와 같이 달았다. 

나. 기타 내용 제시화면 

그림 2-1에서 보여주는 사용상의 기능과 같이/ 사용자는 검토지침 본문 

으로부터/ 추가의 견/ 참고문헌 발춰1 내용/ 또는 검토기준(Review Criteria) 

원문을 제시하는 화변으로 이동 가능해야 하고/ 이들을 참조한 후/ 역으로 

검토지침 본문으로 이동할 수 있어야 한다. 또한/ 추가의견으로부터 추가의 

견의 참고문헌 발춰}내용으로 왕래할 수 있어야 한다. 

따라서/ 본 전산 시스댐에서는 검토지침 본문 또는 추가의견에 

hypertext linky.. icon button에 의 한 link를 사용하고 참조하고자 하는 문서 

가 새로운 창에 제시되도록 하였다. 

검토지침 본문에서 참고문헌 발춰1 내용을 참조하고자 할 때/ 또는 추가 

의견에서 추가의견에 대한 참고문헌 발춰1내용을 참조하고자 할 때는 다음과 

같은 hypertext link 기능을 사용하였다. 먼저/ 이러한 기능을 구현하기 위해 

서 “ Java Script Language"를 이용하여 " <HEAD><jhead>"내에 다음과 같 

은 함수를 정의하였다. 
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function RrntWin야en(url) { 

var rvcrnt = window.open(url,uRvCrnt",'’width=600,height=300, 

toolbar=yes,resizable=yes,scrollbars=yes "); 

if(rvcrnt.focus != null) rvcrnt.focusO; 

참조하고자 하는 문서를 새로운 창에서 열고자 할 때는 이 함수를 사 

용하여 해당 문서와 링크시켜야 한다. 만일， HTML 문서에 다음과 같이 표 

현되어 었다면/ 

. 인간공학 업무와 결과물이 

<A HREF="javascript:RrntWinOpen(' cfr5247a1ii.htrrν)">10 

CFR 52.47(a) (l)(ii) <j A>에 의 해 요구된 .... 

이것은 “ ... 인간공학 업무와 결과물이 1o CFR 52.47(a) (1 )(ii)에 의해 요구 

된와 같이 화면상에 보이고/ 이 밑줄친 부분을 클릭할 경우I 그림 2-5와 

같은 형태로 참조하고자 하는 문서가 새로운 창에 나타난다. 새로운 화면은 

웹 브라우저의 Toolbar가 제시되도록 함수를 정의하였기 때문에 이 창에 나 

타난 문서의 복사 및 인쇄가 가능하다. 또 창의 크기를 동적으로 조정할 수 

있도록 정의하여 창의 크기를 사용자가 원하는 대로 조절할 수 있도록 하였 

으며/ 크기가 큰 문서의 경우 창 우측에 스크롤바가 자동으로 생성되도록 

하였다. 

검토지침의 본문에서 추가의견/ 또는 검토기준(Review Criteria) 원문을 

사용자가 참조하고자 할 때는/ 본문에 icon buUon을 삽입하고 여기에 참조 

하고자 하는 문서를 link하여 새로운 창에 제시되도록 하였다. 검토지침의 

본문에서 추가의견을 참조하고자 할 때는 I댈판훌콸， icon을 사용토록 하였 
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function RrntWin야en(url) { 

var rvcrnt = window.open(urV'RvCrnt" ,'’wid th=600 ,height=300, 
toolbar=yes,resizable=yes,scrollbars=yes"); 

if(rvcrnt.focus != null) rvcrnt.focusO; 

참조하고자 하는 문서를 새로운 창에서 열고자 할 때는 이 함수를 사 

용하여 해당 문서와 링크시켜야 한다. 만일， HTML 문서에 다음과 같이 표 

현되어 있다면I 

. 인간공학 업무와 결과물이 

<A HREF=ljavascript:RrntWinOpen('cfr5247alii.htrn')">10 

CFR 52.47(a) (l)(ii) <j A>에 의 해 요구된 .... 

이것은 인간공학 업무와 결과물이 1o CFR 52.47(a) (1 )(ii)에 의해 요구 

된와 같이 화면상에 보이고I 이 밑줄친 부분을 클릭할 경우y 그림 2-5와 

같은 형태로 참조하고자 하는 문서가 새로운 창에 나타난다. 새로운 화면은 

웹 브라우저의 Toolbar가 제시되도록 함수를 정의하였기 때문에 이 창에 나 

타난 문서의 복사 및 인쇄가 가능하다. 또 창의 크기를 통적으로 조정할 수 

있도록 정의하여 창의 크기를 사용자가 원하는 대로 조절할 수 있도록 하였 

으며/ 크기가 큰 문서의 경우 창 우측에 스크롤바가 자동으로 생성되도록 

하였다. 

검토지침의 본문에서 추가의견y 또는 검토기준(Review Criteria) 원문을 

사용자가 참조하고자 할 때는I 본문에 icon button을 삽입하고 여기에 참조 

하고자 하는 문서를 link하여 새로운 창에 제시되도록 하였다. 검토지침의 

본문에서 추가의견을 참조하고자 할 때는 “흩판훌콸， icon을 사용토록 하였 
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고/ 검토기준(Review Criteria) 원문을 참조하고자 할 때는 “댈E훌]'， icon을 

사용토록 하였다. 이 icon button에 대한 문서 link와 새로 열릴 창은 앞서 

의 hypertext link와 같은 방법 을 사용하였다. 

Demonstrauon of comp‘ance 뻐.th any techrucally relevant poroons ofthe Three "Mde Is녀nd 
1 •• 1 rcquarements setforthin 10 CFR 50 34(f), 

1. 1 

인간; 

• 사엉자(ApPll cant)가 ‘선소 깨'1/， 성져， 영기에 인간공학흩 반영하였는가7 

• 흥짧횡꿇k양합F 잉싫싫§훌.λ갱F웰상패% 
찌용하었는가? 

• 앓뽑윤뚫션調OL끓닮옳織싫굉랴않-윌헌h짧학aiF6떻 
prlnClP!es). 반영하였으여 10 CFR에 언급된 모든 특정 큐제요건률을 만용하영는가? 

鍵짧;f홉원證:힐폈경원옮휩鐵웹%했편풍찮풍:zt헬혔렐촬쩍$; 
의미힌다 

• 전문가 검토과정 (peer-reVI9V Pfocess)을 거힌 요종 또는 지칭서 엄위 내에서 
인간공학 문언으토 를서화된 것 

• 과학적 연구 밍/또는 산업셰 원헤 (practlces)톨 륭해 정당와월 수 있는 것 

일행훌 윌흉흉펠홍홍입 歸획훌성펠얽업챔&웹훨결원z첼&f실摩힘웰 의해 
휠%찮。1똥광훈웬윈낭k융훌몇뚫。않 혔z뚫{갖짧휩}뿔생뚫협환평정i 루X: 
월는다 

1.2 목적 흐간프프j 

그림 2-5. 새로운 창에 HTML 문서 제시 
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고/ 검토기준(Review Criteria) 원문을 참조하고자 할 때는 “댈E훌J" icon을 

사용토록 하였다. 이 icon button에 대 한 문서 link와 새로 열 릴 창은 앞서 

의 hypertext link와 같은 방법 을 사용하였다. 

Demonstrauon of compli.ance 삐'" any 야chmc때y relevant poroons ofthe Three "MLIe Is녀nd 
1 •• 1 requarcments setfc어th in 10 CFR 50 34(1), 

1. 1 

인간; 

• 사엉자(Appll cant)가 ‘전소 깨‘， 성제， 영기에 인간공악흩 반영하였는가7 

• 흥횡k복f 잉실I'Án당싱7쐐킨훌윌 쉴웹{월;!.，월F흙선。없성F훌연%설 
져용하었는가? 

• 앓품윤뚫원4임휠~O~끓닮옳織싫굉남않-옆헌h짧럭aiFiS￡￡ 
prlnClP!es). 반영하잉으여 10 CFR에 언급흰 모든 톨정 큐제요건률을 만용하영는가? 

뿔많;f월원앓:혈폈￡원앓휩鐵웰￡떻형편풍찮픔:5t헬뽕렐홀행팩$; 
의미힌다 

• 전문카 검토과정 (peer-rSVI9V Pfocess) 를 거힌 요용 또는 지칩서 엄위 내에서 
인간공악 운언으토 를서화믿 것 

• lI tt적 연구 밍/또는 산업셰 판에 (practlces). '*해 정당와tI 수 있는 것 

엉행§ 월쩔흉정§홍웹 歸휠훌성펠업임챔:웹A흉결흉뿜협엉갤웰힘웰 의해 
짧A찮。1똥송후영뿔k융훌Z뺨。넓 혔g펀”펴짧폈r평:생뚫휠환평원 루옆 
않는다 

1.2 욕객 흐간므프j 

그림 2-5. 새로운 창에 HTML 문서 제시 
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제 3 절 경보계통설계 검토지침 개발 

1. 개발방안 

전통적인 경보계통에 관련된 인간공학적 결함은 80년대 초부터 자주 

지적되어왔다. 이러한 경보계통을 개선하기 위해서 단일센서-단일경보(one 

sensor to one alarm) 구조를 탈피한 다양한 경보처리방법을 적용한 진보된 

경보계통을 각국에서 개발하고 있다. 

USNRC에서는 원자력발전소의 인간공학적인 결함을 발견해내기 위해 

서 1981년에 개발된 NUREG-0700을 사용하여 왔다. 그러나 NUREG-0700은 

현재의 HSI(Human System Interfaces)기술을 반영하지 못하고 있어서 진보 

된 HSI에 대한 인간공학적인 설계겸토를 위해 사용될 수 있는 지침이 필요 

하게 되었다. 이에 따라 BNL에 의해 연구가 수행되었고 궁극적으로는 

NUREG-0700 Rev. 1 이 1996년 에 개 발되 기 에 이 르렀다. 

r\JUREG-0700 Rev. 1에는 HSI에 관련된 인간공학 검토지침과 더불어 

경보계통에 대한 검토지침도 포함되어 있다. 이 검토지침은 

NUREGj CR-6105를 그대로 수용하고 있다. 따라서 NUREG-0700 Rev.1의 

경보계통 검토지침과 NUREG j CR-6105간에는 내용상 큰 차이가 존재하지 

않는다. 그 이유는 1994년에 개발된 NUREGj CR-61057} NUREG-0700 

Rev.1의 개발을 위해 f‘JUREG j CR-5908의 Volume 1의 지침개발방법론 

(guideline development methodology)을 사용하여 작성되었기 때문이다. 

NUREGj CR-6105는 USNRC에서 활용하기 위해서 작성되었고 또한 잘 

정리된 검토지침이므로 본 연구에서는 이를 지침개발의 기반으로 활용하였 

다. NUREG-0700 Rev.1이 보다 유효한 지침이나 NUREGjCR-6105에 비해 
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제 3 절 경보계통설계 검토지침 개발 

1. 개발방안 

전통적인 경보계통에 관련된 인간공학적 결함은 80년대 초부터 자주 

지적되어왔다. 이러한 경보계통을 개선하기 위해서 단일센서-단일경보(one 

sensor to one alarm) 구조를 탈피 한 다양한 경 보처 리 방법 을 적 용한 진보된 

경보계통을 각국에서 개발하고 있다. 

USNRC에서는 원자력발전소의 인간공학적인 결함을 발견해내기 위해 

서 1981년에 개발된 NUREG-0700을 사용하여 왔다. 그러나 NUREG-0700은 

현재의 HSI(Hum뻐 System Interfaces)기술을 반영하지 못하고 있어서 진보 

된 HSI에 대한 인간공학적인 설계검토를 위해 사용될 수 있는 지침이 필요 

하게 되었다. 이에 따라 BNL에 의해 연구가 수행되었고 궁극적으로는 

NUREG-0700 Rev. 1 이 1996년 에 개 발되 기 에 이 르렀다. 

r\JUREG-0700 Rev. 1에는 HSI에 관련된 인간공학 검토지침과 더불어 

경보계통에 대한 검토지침도 포함되어 있다. 이 검토지침은 

NUREGjCR-6105를 그대로 수용하고 있다. 따라서 NUREG-0700 Rev.1의 

경보계통 검토지침과 NUREGjCR-6105간에는 내용상 큰 차이가 존재하지 

않는다. 그 이 유는 1994년 에 개 발된 NUREG j CR-6105가 NUREG-0700 

Rev.1의 개발을 위해 F“JUREGj CR-5908의 Volume 1의 지침개발방법론 

(guideline development methodology)을 사용하여 작성되었기 때문이다. 

NUREGjCR-6105는 USNRC에 서 활용하기 위 해 서 작성 되 었고 또한 잘 

정리된 검토지침이므로 본 연구에서는 이를 지침개발의 기반으로 활용하였 

다. NUREG-0700 Rev.1이 보다 유효한 지침이나 NUREG j CR-6105에 비해 
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서 상세한 정보가 부족하여-예를 들면y “토의사항”이 NUREG-0700 Rev. 1에 

는 없다- NUREGjCR-6105를 활용하기로 하였다. 

그러나 경보계통에 대한 연구가 계속해서 활발히 진행되고 있는 현실 

을 감안하여 1994년 이후y 즉 NUREGj CR-61057} 발간된 이후의 기술변화 

를 반영하기 위해서 경보계통과 관련된 문헌을 조사하여 이를 본 지침에 추 

가하는 전략을 수립하였다. 또한 조사의 대상이 되는 문헌은 보다 인증된 

문헌만을 고려하기 위해서 학술지(Joumals)나 NRζ DOE, DoD 등의 유관 

기관의 보고서로 한정하였다. 따라서 학회 (Conferences)나 세미나 자료는 본 

지침의 개발에 참조되지 않는다. 

2. NUREGjCR-6105 한글화 

7}. NUREGjCR-6105 

NUREGj CR-6105는 지침의 개발/ 경보검토절차/ 경보검토지침 동으로 

구성되어 있는데 실질적인 경보계통의 검토지침은 4절에 정리되어 있다. 

진보된 컴퓨터기반 경보계통 뿐만 아니라 전통적인 타일타입의 경보계 

통 동의 모든 유형의 경보계통에 적용할 수 있도록 개발된 이 지침은 검토 

자가 사용할 승인기준(acceptance criteria)과 지침이 구현된 기술적인 근거 

(technical basis) 동을 포함하는 표준화된 형 태 (standardized forrnat)로 개 발 

되어있다. 

표준화된 형태는 다음과 같다 . 

• 지침 번호(Guideline Nurnber) 각 지침은 고유의 변호를 가지고 

있으며 적절한 범주 내에서 대쉬 (dash)에 의해 세분화된다. 예를 들 
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서 상세한 정보가 부족하여-예를 들면y “토의사항”이 r、JUREG-0700 Rev. 1에 

는 없다- NUREGjCR-6105를 활용하기로 하였다. 

그러나 경보계통에 대한 연구가 계속해서 활발히 진행되고 있는 현실 

을 감안하여 1994년 이후y 즉 NUREGjCR-61057} 발간된 이후의 기술변화 

를 반영하기 위해서 경보계통과 관련된 문헌을 조사하여 이를 본 지침에 추 

가하는 전략을 수립하였다. 또한 조사의 대상이 되는 문헌은 보다 인증된 

문헌만을 고려하기 위해서 학술지(Joumals)나 NRζ DOE, 000 등의 유관 

기관의 보고서로 한정하였다. 따라서 학회 (Conferences)나 세미나 자료는 본 

지침의 개발에 참조되지 않는다. 

2. NUREGjCR-6105 한글화 

기-. NUREGjCR-6105 

NUREG j CR-6105는 지침의 개발/ 경보검토절차y 경보검토지침 동으로 

구성되어 있는데 실질적인 경보계통의 검토지침은 4절에 정리되어 있다. 

진보된 컴퓨터기반 경보계통 뿐만 아니라 전통적인 타일타입의 경보계 

통 동의 모든 유형의 경보계통에 적용할 수 있도록 개발된 이 지침은 검토 

자가 사용할 승인기준(acceptance criteria)과 지침이 구현된 기술적인 근거 

(technical basis) 동을 포함하는 표준화된 형 태 (standardized forrnat)로 개 발 

되어있다. 

표준화된 형태는 다음과 같다 . 

• 지침 번호(Guideline Nurnber) 각 지침은 고유의 변호를 가지고 

있으며 척절한 범주 내에서 대쉬 (dash)에 의해 세분화된다. 예를 들 
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면I 4.4 경보 우선순위화 및 가용성 I 4.4-1 우선순위화의 기준/ 퉁 . 

• 지침 제목(Guideline Title) 지침의 내용에 대한 간략하고 유일한 

명명을 갖는다 . 

• 지침 내용(Guideline Staternent) HSI가 포함하여야 하는 기준이 

나 특징 그리고 검토해야하는 HSI의 측면에 대한 기술로서I 간략하 

게 표현되어 있다. 부가적인 정보는 다음의 “부가정보”에 기술된다 . 

• 부가정보(Additional Inforrnation) 대부분의 지침에 대해서 기술 

적인 근거 등 지침을 보다 명확히 하기 위해서 필요한 부가적인 정 

보가 제공된다. 이 정보는 지침의 해석 혹은 응용을 지원하기 위해 

서 제공되는 것이다. 부가정보는 또한 “토의사항”을 포함할 수 있 

다. 토의사항은 지침을 개발하는데 활용된 연구나 기술적인 근거를 

포함한다. 토의사항은 NUREGjCR-6105에서만 제공되고 

NUREG-0700 Rev. 1에는 포함되어 있지 않다 . 

• 출처 (Source) 지침을 개발하는데 참조된 주요 문건으로 다수의 

문건이 포함될 수 있다. NUREGjCR-6105의 저자들에 의해 새로이 

개발되었거나 “부가정보”에서 기술한 기술적인 근거에 대한 토의에 

기초하여 형성된 지침은 출처로서 “저자(Author)"를 사용한다. 

“부가정보”나 “토의사항”은 반드시 포함되어야 하는 것은 아니다. 몇 

몇의 지침은 “부가정보”가 없고 “토의사항”만 기술되어 있으며I 또한 “부가 

정보”만 기술되어 있기도 하다. 심지어는 둘다 기술되어 있지 않은 지침도 
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변， 4.4 경보 우선순위화 및 가용성， 4.4-1 우선순위화의 기준， 퉁 . 

• 지침 제목(Guideline Title) 지침의 내용에 대한 간략하고 유일한 

명명을 갖는다 . 

• 지침 내용(Guideline Staternent) HSI가 포함하여야 하는 기준이 

나 특징 그리고 검토해야하는 HSI의 측면에 대한 기술로서I 간략하 

게 표현되어 있다. 부가적인 정보는 다음의 “부가정보”에 기술된다 . 

• 부가정보(Additional Inforrnation) 대부분의 지침에 대해서 기술 

적인 근거 등 지침을 보다 명확히 하기 위해서 펼요한 부가적인 정 

보가 제공된다. 이 정보는 지침의 해석 혹은 응용을 지원하기 위해 

서 제공되는 것이다. 부가정보는 또한 “토의사항”을 포함할 수 있 

다. 토의사항은 지침을 개발하는데 활용된 연구나 기술적인 근거를 

포함한다. 토의사항은 NUREGjCR-6105에서만 제공되고 

NUREG-0700 Rev. 1에는 포함되어 있지 않다 . 

• 출처 (Source) 지침을 개발하는데 참조된 주요 문건으로 다수의 

문건이 포함될 수 있다. NUREGjCR-6105의 저자들에 의해 새로이 

개발되었거나 “부가정보”에서 기술한 기술적인 근거에 대한 토의에 

기초하여 형성된 지침은 출처로서 ”저자(Author)"를 사용한다. 

“부가정보”나 “토의사항”은 반드시 포함되어야 하는 것은 아니다. 몇 

몇의 지침은 “부가정보”가 없고 “토의사항”만 기술되어 있으며y 또한 “부가 

정보”만 기술되어 있기도 하다. 심지어는 둘다 기술되어 있지 않은 지침도 
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존재한다. 그러나 지침 번호， 제목/ 내용l 그리고 출처는 반드시 포함되어 있 

다. 

NUREG / CR-5908의 Volume 1 에 기술되어 있는 지침개발방법론을 기 

반으로 개발된 이 지침은 NUREG-0700 Rev.1에 기술되어 있는 

“ Human-System Interface Design Review Guideline“과 연계하여 사용하여 

야 한다. 이 지침에는 경보계통의 검토를 위한 절차를 기술하고 있는데/ 경 

보시스템 검토 지침은 NUREG-0700 Rev. 1과 연계하여 사용하여야 하므로 

NUREG-0700 Rev.1의 검토절차가 기반이 된다. 완전한 검토를 위한 단계는 

다음과 같다. 

1. Assemble NRC Review Team 

2. Assemble Supporting Information 

3. Identify Human Functions and Tasks 

4. Sample Human Tasks Used in the Evaluation 

5. Characterize Tasks Used in the Evaluation 

6. Characterize the HSI 

7. Select the Guidelines to be Used in the Evaluation 

8. Conduct Evaluation 

9. Interpret the Findings 

경보계통의 검토는 특별한 정보요건 및 고려사항(special information 

requirements and consideration)을 포함하게 되므로/ 사실상 

NUREG/ CR-6105는 6번째 단계 이후부터 활용될 수 있을 것이다. 
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다. 

NUREG / CR-5908의 Volurne 1 에 기술되어 있는 지침개발방법론을 기 

반으로 개발된 이 지침은 NUREG-0700 Rev.1에 기술되어 있는 

"Hurnan-Systern Interface Design Review Guideline“과 연계하여 사용하여 

야 한다. 이 지침에는 경보계통의 검토를 위한 절차를 기술하고 있는데， 경 

보시스템 검토 지칩은 NUREG-0700 Rev. 1과 연계하여 사용하여야 하므로 

NUREG-0700 Rev.1의 검토절차가 기반이 된다. 완전한 검토를 위한 단계는 

다음과 같다. 

1. Assernble NRC Review Tearn 

2. Assernble Supporting Inforrnation 

3. Identify Hurnan Functions and Tasks 

4. Sarnple Hurnan Tasks Used in the Evaluation 

5. Characterize Tasks Used in the Evaluation 

6. Characterize the HSI 

7. Select the Guidelines to be Used in the Evaluation 

8. Conduct Evaluation 

9. Interpret the Findings 

경보계통의 검토는 특별한 정보요건 및 고려사항(special inforrnation 

requirernents and consideration)을 포함하게 되므로/ 사실상 

NUREG/ CR-6105는 6번째 단계 이후부터 활용될 수 있을 것이다. 
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나.한글화 

본 연구에서는 NUREGj CR-6105의 4절인 경보계통 검토지침을 실질적 

인 사용자인 한국인 검토자가 활용하기 쉽도록 한글화하였다. 이 결과는 

“부록 6. 경보계통 설계검토지침 draft"에 수록하였다. 이 결과는 

NUREGj CR-6105의 11토의사항”을 포함하고 있으며， NUREGjCR-6105에서 

는 “저자(Authors)"로 표기하고 있고 NUREG-0700 Rev. 1에서는 

NUREGj CR-6105로 표기하고 있는 출처에 대해서는 지침의 출처를 보다 명 

확히 밝혀주기 위해서 NUREG j CR-6105로 표기하였다. 한글화 작업시 명확 

한 의미전달을 위해서 용어를 통일시키고자 하였다. 이를 위해 인간공학 업 

무 검토지침에서 정의된 용어정리를 우선 기반으로 하였고 경보계통과 관련 

되는 어휘들에 대해서는 별도의 용어를 정리하였다(부록 7 참조). 따라서 인 

간공학 업무 검토지침의 용어집에 나타난 어휘는 본 지침에서도 동일하게 

적용되었다. 또한 지침의 한글화 도중 그 의미전달을 보다 명확히 하기 위 

해서 NUREG j CR-6105에 대한 직역보다는 의역을 하거나 풀어쓰기도 하였 

다. 이러한 한글화 작업은 수차례의 검토를 거쳐 의미전달에 애로가 없음을 

확인하였다. 

3. 문헌조사 

NUREGj CR-61057} 발간된 1994년 이후에 학회지나 연구보고서 둥으 

로 발간된 문건을 대상으로 “경보(alarm)"를 주제어(keyword)로 사용하여 

문헌검색을 실시하였다. 문헌검색에는 DOE, INIS, NTIS둥의 원자력 관련 3 

대 데이터베이스를 사용하였다. 

문헌검색의 결과 1994년 이후에 발간된 경보관련 문헌은 총 647건으로 
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나.한글화 
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DOE 문헌이 446건， INIS 문헌이 163건 그리고 NTIS 문헌이 38건으로 나타 

났다. 그러나 경보계통에 대한 지침으로 활용될 수 있는 문헌의 수는 각 문 

헌에 대한 요약을 검토하여 보아야 구체화될 수 있을 것이다. 

현재 이 문헌에 요약을 검토 중에 있다. 지침으로 활용될 수 있는 문 

헌이 최종적으로 선정되면 이 지침은 한글화되어 NUREG / CR-6105의 구조 

혹은 범주 및 형태에 맞추어 2차년도부터 단계적으로 추가될 것이다. 
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제 3 장 켜
 르 

료르 
L-

본 연구는I 우리나라 안전규제요건을 정립하기 위한 차세대원자로 안전 

규제요건 개발의 인간공학 관련 안전규제지침 개발과 관련하여l 핵심기술현 

안으로 정의된 “ 25. 인간공학프로그램 검토모델“과 “ 26. 개량형 제어 및 계 

측설비의 인간공학적 검토기준“을 해결하는 인간공학 업무 검토지침과 경보 

계통 설계검토지침을 개발하여 I 인간공학 안전규제지침의 개발을 지원하는 

연구이다. 

제 1차년도 연구인 당해년도에는l 인간공학 업무 검토지침 개발과 관련 

하여/ 미국 NRC에서 원자력발전소 설계의 인간공학 업무 검토 체계로 발표 

된 NUREG-0711의 107}지 검토대상 인간공학 업무항목 중， "1) 인간공학 업 

무 관리“y “ 2) 운전경 험 검토“r “ 3) 기능요건분석 및 기능할당“의 세 가지 업 

무항목에 대한 한글화 작업을 수행하여 인간공학 업무 검토지침의 본문을 

작성하였다. 아울러/ 우리나라의 규제여건을 고려하고， NUREG-0711 이후 

인간-시스템 인터페이스(HSI) 설계검토를 위해 발표된 f“JUREG-0700 Rev. 1, 

그리고 NUREG-0711의 참고문헌을 참조하여， (1) 국내 인허가 체재에 대한 

적합성， (2) 인간공학 검토 목적 달성을 위한 중요도， (3) 검토 적용시의 구 

체성 및 보완사항과 같은 세 가지 관점에서 우리나라의 인간공학 관련 안전 

규제지침 개발시 고려되어야 할 추가적인 의견을 도출하였다. 이와 같이 작 

성된 검토지침 본문과 추가의견I 그리고 참조된 참고문헌의 관련 부분 발훼 

내용， NUREG-0711 상의 Review Criteria 원문을 HTML 문서로 작성하고 

Web Brouser로 볼 수 있는 전산화 시스템을 개발하였다. 

그리고/ 경보계통 설계검토지침 개발과 관련하여I 미국 NRC에서 체계 

적인 지침개발 방법론을 적용하여 새로운 경보계통설계 검토지침으로 개발 
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한 NUREG/ CR-6105를 기본 지침으로 활용하기로 하고 이를 한글화하였다. 

그러나/ 경보계통에 대한 연구가 계속해서 활발히 진행되고 있는 현실을 감 

안하여 NUREG/ CR-61057} 발간된 1994년 이후의 기술변화를 반영하기 위 

해서/ 경보계통과 관련된 학술지(Joumals)나 NRζ DOE, DOD 동의 유관기 

관의 보고서를 “경보(alarm)"를 주제어 (keyword)로 사용하여 DOE, INIS, 

NTIS 둥의 원자력 관련 3대 데이터베이스에 대한 문헌검색을 실시하였다. 

이 결과로 DOE 문헌이 446건， INIS 문헌이 163건， NTIS 문헌이 38건으로 

총 647건이 조사되었다. 

당해년도 연구와 동일한 방법론을 가지고 지속적인 연구를 수행하여 

총 107}지 인간공학 검토항목에 대한 검토지침을 개발할 것이다. 따라서/ 

NUREG-0711을 한글화한 인간공학 업무 검토지침의 본문이 작성되고 이를 

보완하는 추가의견이 도출됨으로써/ 우리나라 인간공학 관련 안전규제지침 

의 정립에 활용 가능한 토대가 마련될 것이다. 또한/ 검토지침의 본문/ 추가 

의견/ 참고 문헌 중 관련 부분의 발훼 내용/ 등을 Web brouser를 통해 활용 

할 수 있도록 개발된 전산화 체계는/ 안전규제지침 개발자가 각 내용을 동 

시에 참조하고 인용하는 것이 가능하여 본 연구의 결과물에 대한 안전규제 

지침 개발시 활용성을 극대화할 것이다. 

경보계통 설계검토지침 개발에 있어서는， NUREGjCR-6105를 한글화함 

으로써 본 연구에서 개발할 경보계통설계 검토지침의 토대가 마련되었다. 

계속적인 연구로 당해년도에 조사된 경보 관련 문헌 내용의 검토결과를 반 

영하여 보완함으로써/ 본 연구에서 목표하는 경보계통설계 검토지침이 완성 

될 것이다. 
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부록 2. 인간공학업무 검토지침 

1. 인간공학 업무 관리 

1.1 배경 

인간공학 업무 검토의 전반적인 목적은 다음과 같은 사항을 확인하기 위 

함이다. 

• 사업자(Applicant)가 발전소 개발/ 설계/ 평가에 인간공학을 반영하였는 

가? 

• 운전/ 보수y 시험/ 검사/ 감시/ 동의 작업을 안전하고 효율적이며 신뢰성 

있게 수행할 수 있도록 사업자가 인간공학 결과물(예를 들면， HSI, 절차 

서/ 훈련)을 제공하였는가? 

• 인간공학 업무와 결과물이 1Ü CFR 52.47(a) (1 )(ii)에 의해 요구된 꼬도FR 

5ü.34(f) (2)(iiiL 최신 인간공학 원리 (state-of-the-art human factors 

principles)를 반영하였으며 lι도FR에 언급된 모든 특정 규제요건들을 

만족하였는가? 

최신 인간공학 원리란 인간공학 실무자들에 의해 현재 인정된(accepted) 

원리로 정의한다. “현재 (current)11는 인간공학 업무 관리 또는 수행 계획이 

준비되는 시점을 기준으로 정의한다. “인정된(accepted)11 원리란 다음과 같 

이 정의된 관례 (practice) , 방법/ 지침을 의미한다 

@ 전문가 검 토과정 (peer-review process)을 거 친 표준 또는 지 침 서 범 위 

내에서 인간공학 문헌으로 문서화된 것. 

? 
‘ 로

 
「

닙
 
T 

부록 2. 인간공학업무 검토지침 

1. 인간공학 업무 관리 

1.1 배경 

인간공학 업무 검토의 전반적인 목적은 다음과 같은 사항을 확인하기 위 

함이다. 

• 사업자(Applicant)가 발전소 개발/ 설계/ 평가에 인간공학을 반영하였는 

가? 

• 운전/ 보수y 시험/ 검사/ 감시/ 둥의 작업을 안전하고 효율적이며 신뢰성 

있게 수행할 수 있도록 사업자가 인간공학 결과물(예를 들면， HSI, 절차 

서/ 훈련)을 제공하였는가? 

• 인간공학 업무와 결과물이 1o CFR 52.47(a) (1)(ii)에 의해 요구된 파도FR 

5O.34(f) (2HiiiL 최신 인간공학 원~ (state-of-the-art human factors 

principles)를 반영하였으며 lι도FR에 언급된 모든 특정 규제요건들을 

만족하였는가? 

최신 인간공학 원리란 인간공학 실무자들에 의해 현재 인정된(accepted) 

원리로 정의한다. “현재 (current)11는 인간공학 업무 관리 또는 수행 계획이 

준비되는 시점을 기준으로 정의한다. “인정된(accepted)11 원리란 다음과 같 

이 정의된 관례 (practice ), 방법/ 지침을 의미한다 

φ 전문가 검토과정 (peer-review process)을 거친 표준 또는 지침서 범위 

내에서 인간공학 문헌으로 문서화된 것. 

1 
4 로

 
「

닙
 
T 



@ 과학적 연구 및/또는 산업체 관례 (practices)를 통해 정당화될 

것. 

까‘ 。1 느; 
T λ)，'-

이러한 인간공학 업무의 목적을 달성하기 위해서는 자격을 갖춘 인간공 

학 설계팀에 의해 수행될 적절한 인간공학 업무 계획이 필요하다. 본서에서 

의 “인간공학 설계팀“이란 인간공학 업무 검토 체계 (HFE PRM)의 범위 안 

에서 인간공학에 대한 책임을 지는 일차적 조직 또는 그 조직내의 기능을 

이른다. 하지만l 인간공학 업무가 단일 조직의 책임사항이라거나 인간공학 

설계팀이라 칭하는 조직단위가 있어야한다는 전제를 두지는 않는다. 

1.2 목적 

본 검토의 목적은 사업자가 인간공학적 설계룰 수행할 수 있는 구성원과 

책임/ 권한 및 조직상의 위치를 가진 인간공학 설계팀을 보유하였는지를 확 

인하고자 함이다. 또한， 인간공학 설계팀은 인간공학 업무의 올바른 개발/ 

수행/ 감독/ 그리고 문서화를 위해 인간공학 업무 계획에 따라야 한다. 이 

계획은l 인정된 인간공학 원리를 사용한 체계적인 하향적 시스댐분석 

(structured top-down systems analysis) 에 토 대 를 두고 HSI의 모든 면 을 개 

발/ 설계/ 평가함을 보장하는 기술적인 업무 항목을 기술하여야 한다. 

1.3 사업자 제출문건(applicant submittals) 

사업자는 규제기관의 검토를 위해 인간공학 업무 계획을 제출하여야 한 

다. 인간공학 업무 계획은 사업자의 인간공학 목표/목적/ 목적 달성을 위한 

기술적 업무/ 인간공학 설계팀/ 그리고/ 기술적 업무가 달성될 수 있도록 할 
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수 있는 관리 및 조직 체계I 둥에 대해 기술하여야 한다. 

검토자는 아래의 1 .4.4항에 따라 현안 추적시스댐도 감사를 할 수 있다. 

1 .4 검토 기준 

인간공학 업무 항목 1의 검토 사항은 다음을 포함한다 . 

• 일반적인 인간공학 업무 목표 및 범위 

• 인간공학 팀 및 조직 

• 인간공학 공정 및 절차 

• 인간공학 현안 추적 

• 기술적 업무 

1.4.1 일반적 인간공학 업무 목표 및 범위 

(1) 인간공학 업무 목표 

인간공학 업무의 일반 목적은 인간 중심의 관점에서 기술되어야 한다. 

이는/ HFE 업무가 수행될 때 l 인간공학적 시험 및 평가의 기준으로 정의되 

고 사용되어야 함을 의미한다. 일반적인 인간 중심 관점에서의 인간공학 설 

계 목표는 다음을 포함한다. 

• 작업자의 직무가 시간 및 수행도 기준에 적합하게 완수될 수 있어야 한 

다./ 

• HSI는 운전조에게 고도의 상황파악도(situation awareness)를 지원해야 

한다. 

• 경계수준(vigilance)과 작업과 부하간의 균형을 이루도록 수용할 만한 작 
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업부하 수준으로 발전소 설계와 기능할당이 이루어져야 한다 . 

• HSI는 오류를 최소화하여야 하고 오류 검출 및 교정에 대비한 기능이 

마련되어야 한다. 

(2) 가정 및 제약 

설계 가정(또는 제약)이 분명하게 규명되어 있어야 한다. 여기서 가정 또 

는 제약이란 설계의 한 양상으로l 예를 들면y 특정 운전요원 구성 (staffing) 

계획/ 또는 특정 HSI 기술의 사용과 같은 것으로， 인간공학 분석 및 평가의 

결과이기보다는 인간공학 업무에 대한 입력을 말한다. 

(3) 적용 대상 설비 

인간공학 업무는 주제어실/ 원격 정지설비 (remote shutdown facility) , 기 

술지원센터 (technical support center: TSC), 비상운전 설비 (emergency 

operations facility: EOF), 현 장 제 어 반(local control stations: LCSs), 등 에 대 

해서 수행되어야 한다. 

(4) 적용 대상 HSI 

인간공학 업무가 적용되는 HSI는 모든 운전I 사고 관리/ 보수/ 시험/ 검사y 

감시 인터페이스(절차서를 포함하여)를 포함하여야 한다. 

(5) 적용 발전소 종사자 

인간공학 업무에 언급되어야 할 발전소 종사자는 10 CFR 55에 정의된 

면허를 가진 제어실 운전원과 10 CFR 50.120에 정의된 다음 범주의 종사자 

를 포함한다 - 면허 불필요 운전원/ 교대감독자/ 교대 기술지원자(shift 

technical advisor), 계측제어기술자r 전기보수요원， 기계보수요원/ 방사선 방 

부록 2- 4 
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면허를 가진 제어실 운전원과 10 CFR 50.120에 정의된 다음 범주의 종사자 

를 포함한다 - 면허 불필요 운전원/ 교대감독자/ 교대 기술지원자(shift 

technical advisor), 계측제어기술자r 전기보수요원/ 기계보수요원/ 방사선 방 
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호기술자/ 화학 기술자/ 기술지원요원(en밍neering support personnel). 그리 

고l 발전소 안전과 직접 관련이 있는 직무를 수행하는 여타의 발전소 종사 

자가 언급되어야 한다. 

(6) 기 술 적 근 거 (technical basis) 

다음 문헌들이 안내서로 사용될 수 있다. 

U.S. Code of Federal Regulations, Part 50, "Domestic Licensing of 

Production and Utilization Facilities," Title 10, "Energy." 

U.S. Code of Federal Regulations, Part 52, "Early Site Permits; Standard 

Design Certifications; and Combined Licenses for Nuclear Power Plants," 

Title 10, "Energy." 

U.5. Code of Federal Regulations, Part 55, "Operator’s Licenses,'’ Title 10, 

”EnergI.” 

IEEE Std. 1023-1988: IEEE Guide to the Application of Human Factors 

Engineering to Systems, Equipment, and Facilities of Nuclear Power Generating 

Stations, 1988 (Institute of Electrical and Electronics Engineers). 

MIL-H-46855B: Human Engineering Requirements for Military Systems, 

Equipment, and Facilities, 1979 (Department of Defense). 

AR 602-1: Human Factors Engineering Program, 1983 (Department of 

Defense). 

DI-HFAC-80740: Human Engineering Program Plan, 1989 (Department of 

Defense) 

AR 602-2: Manpower and Personnel Integration (MANPRINT) in the λ1ateηial 

Acquisition Process, 1990 (Department of Defense). 
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DOD-HDBK-763: Human Engineering Procedures Guide, 1991 (Departrnent of 

Defense). 

1.4.2 인간공학 업무 팀 및 조직 

(1) 책임 

인간공학 팀은 (인간공학 업무 영역에 대해) (a) 모든 인간공학 업무 계 

획 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 팀 권고 

사항의 이행 확인， (e) 모든 인간공학 업무들이 인간공학 계획 및 절차에 부 

합되는가에 대한 확인， (f) 업무 일정 및 이정표 수립/ 등에 대한 책임을 져 

야한다. 

(2) 조직상의 위상 및 권한 

업무의 전체 조직 내에서의 일차적인 인간공학 조직 또는 기능이 규명되 

고 기술되며 예시(예를 들면/ 조직상 및 기능상의 관계/ 보고 체계/ 연락 체 

계/ 등을 나타내는 도표)되어야 한다. 하나 이상의 조직이 인간공학에 책임 

이 있는 경우/ 인간공학 업무 계획을 책임질 주 조직 단위가 명시되어야 한 

다. 인간공학 팀은/ 모든 책임분야가 달성되었음을 보장하고 HSI 설계 구현 

상의 문제점을 규명할 수 있도록 권한과 조직상의 위상을 가져야 한다. 인 

간공학 팀은 불일치I 결함y 또는 불만족스런 상태가 처리될 때까지 인간공학 

/HSI 결과물들의 후속적인 처리y 인도/ 설치/ 또는 사용을 통제할 수 있는 

권한이 있어야 한다. 
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Defense). 
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이 있는 경우/ 인간공학 업무 계획을 책임질 주 조직 단위가 명시되어야 한 

다. 인간공학 팀은/ 모든 책임분야가 달성되었음을 보장하고 HSI 설계 구현 

상의 문제점을 규명할 수 있도록 권한과 조직상의 위상을 가져야 한다. 인 

간공학 팀은 불일치/ 결함/ 또는 불만족스런 상태가 처리될 때까지 인간공학 

/HSI 결과불들의 후속적인 처리/ 인도/ 설치/ 또는 사용을 통제할 수 있는 

권한이 있어야 한다. 
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(3) 구성 

인간공학 설계팀은 Appendix A에 기술된 전문가를 포함하여야 한다. 

(4) 팀원 배치 

팀원 배치에 있어서는 팀원의 직무와 할당에 대해 기술하여야 한다. 

1.4.3 인간공학 공정 및 절차 

(1) 일반 공정 절차 

인간공학 팀이 그 책무를 수행하는 공정이 명시되어야 한다. 이 공정은 
다음과 같은 절차를 포함한다. 

• 개별 팀원에 대한 인간공학 업무의 할당 

• 인간공학 팀 내부 관리 

• 인간공학 업무 관련 관리적 의사결정 

• 인간공학 설계 의사결정 

• 장비 설계 변경 통제 

• 인간공학 결과물의 설계팀 검토 

(2) 공정관리 도구 

인간공학 팀이 그 책임을 완수하기 위해 사용할 도구 및 기법(예를 들 

면/ 검토 양식)이 명시되어야 한다. 

(3) 인간공학 업무와 타 발전소 설계업무의 통합 

설계업무의 통합/ 즉/ 타 발전소 설계 업무로부터 인간공학 업무로의 입 

력과 인간공학 업무로부터 타 발전소 설계 업무로의 출력이 명시되어야 한 
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다. 인간공학 설계 공정의 반복성이 언급되어야 한다. 

(4) 인간공학 업무 이정표 

인간공학 이정표는 인간공학 업무의 유효성을 주요 확인 시점에 검토할 

수 있도록 명시되어야 하며， 그리고 전체 발전소 설계업무와의 관계를 보여 

줄 수 있어야 한다. 인간공학 업무항목 및 활동/ 결과물/ 그리고 검토업무 

등의 상호관계를 보여주는 인간공학 업무의 상대적 일정이 검토를 위해 제 

출되어야 한다. 

(5) 인간공학 문건작성 

인간공학 문건 항목이 명시되어야 하고l 유지 및 이용에 대한 절차와 함 

께 기술되어야 한다. 

(6) 하청업무에서의 인간공학 

인간공학 요건은 각 하청계약에 포함되어야 하고 하청업자의 인간공학 

요건의 준수여부는 주기적으로 확인되어야 한다. 

1.4.4 인간공학 현안 추적(HFE issue tracking) 

(1) 가용성 

(a) 산업계에 알려진(2. 운전경험검토 참조) 인간공학 현안I (b) 인간공학 

업무 및 HSI의 설계y 개발/ 평가의 전체 단계중 규명된 인간공학 현안을 다 

루는 추적시스템이 있어야 한다. 현안이란/ 추후 다루어져야 할 필요성이 있 

어서 간과되지 않도록 주적되어야 할 필요성이 있는 사항들이다. 기존 추적 

시스템이 이러한 목적에 적합하도록 변경하여 사용할 수 있다. 

Q 
U 

1 
4 록

 
닙
 
T 

다. 인간공학 설계 공정의 반복성이 언급되어야 한다. 

(4) 인간공학 업무 이정표 

인간공학 이정표는 인간공학 업무의 유효성을 주요 확인 시점에 검토할 

수 있도록 명시되어야 하며， 그리고 전체 발전소 설계업무와의 관계를 보여 

줄 수 있어야 한다. 인간공학 업무항목 및 활동/ 결과물/ 그리고 검토업무 

동의 상호관계를 보여주는 인간공학 업무의 상대적 일정이 검토를 위해 제 

출되어야 한다. 

(5) 인간공학 문건작성 

인간공학 문건 항목이 명시되어야 하고/ 유지 및 이용에 대한 절차와 함 

께 기술되어야 한다. 

(6) 하청업무에서의 인간공학 

인간공학 요건은 각 하청계약에 포함되어야 하고 하청업자의 인간공학 

요건의 준수여부는 주기적으로 확인되어야 한다. 

1.4.4 인간공학 현안 추적(HFE issue tracking) 

(1) 가용성 

(a) 산업계에 알려진(2. 운전경험검토 참조) 인간공학 현안， (b) 인간공학 

업무 및 HSI의 설계/ 개발/ 평가의 전체 단계중 규명된 인간공학 현안을 다 

루는 추적시스템이 있어야 한다. 현안이란/ 추후 다루어져야 할 필요성이 있 

어서 간과되지 않도록 주적되어야 할 필요성이 있는 사항들이다. 기존 추적 

시스템이 이러한 목적에 적합하도록 변경하여 사용할 수 있다. 

Q 
U 

1 
4 록

 
닙
 
T 



(2) 방법 

인간공학 현안이 발견되고 나서부터 해소되거나 또는 수용할 만한 수준 

으로 만들기까지 문서화하고 추적하여야 한다. 

(3) 문서화 

인간공학 설계팀이 설정한 역치 (threshold)에 해당하거나 초과하는 각 현 

안 또는 관심사는 처음 발견되는 대로 추적 시스댐에 업력되어야 하고/ 현 

안 또는 관심사를 해소하거나 저감하기 위해 취한 모든 조치가 충실히 문서 

화되어야 한다. 현안에 대한 최종 해결책은 설계팀의 승인에 관한 정보와 

함께 상세하게 문서화되어야 한다. 

(4) 책임 

어떤 현안이 발견되면I 현안 추적 절차서에 현안의 기입/ 추적 및 해결/ 

그리고 해결 승인에 대한 각 담당자별 책임을 명시하여야 한다. 

1.4.5 기술적 업무(Technical Program) 

(1) 다음 사항들의 수행계획/ 분석 및 평가에 대해 개괄적으로 기술하여야 

한다. 

운전경험검토 

직무분석 

운전요원 구성 

• 인적신뢰도분석 

• HSI 설계 
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(2) 방법 

인간공학 현안이 발견되고 나서부터 해소되거나 또는 수용할 만한 수준 

으로 만들기까지 문서화하고 추적하여야 한다. 

(3) 문서화 

인간공학 설계팀이 설정한 역치 (threshold)에 해당하거나 초과하는 각 현 

안 또는 관심사는 처음 발견되는 대로 추적 시스템에 입력되어야 하고/ 현 

안 또는 관심사를 해소하거나 저감하기 위해 취한 모든 조치가 충실히 문서 

화되어야 한다. 현안에 대한 최종 해결책은 설계팀의 승인에 관한 정보와 

함께 상세하게 문서화되어야 한다. 

(4) 책임 

어떤 현안이 발견되면I 현안 추적 절차서에 현안의 기업/ 추적 및 해결/ 

그리고 해결 승인에 대한 각 담당자별 책임을 명시하여야 한다. 

1.4.5 기술적 업무(Technical Program) 

(1) 다음 사항들의 수행계획/ 분석 및 평가에 대해 개괄적으로 기술하여야 

한다. 

운전경험검토 

• 직무분석 

운전요원 구성 

인적신뢰도분석 

• HSI 설계 
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• 절차서 개발 

• 훈련 업무 개발 

• 인간공학적 확인 및 검증 

(2) 설계 공정 상에 부과된 인간공학 요건이 명시되어야 한다. 인간공학 요 

건의 출처가 되는 표준 및 사양들이 기입되어야 한다. 

(3) 인간공학 업무에서 사용될 인간공학 시설/ 장비 y 도구y 기법(실험실/ 시율 

레이터 I rapid prototyping 소프트웨어와 같은)들이 명시되어야 한다. 

2. 운전 경 혐 검 토(Operating Experience Review) 

2.1 배경 

1979년의 TMI 사고와 기타 원자력발전소 사건들은 원자력발전소 HSI의 

설계 및 설계 철학에 중대한 문제가 있음을 드러내었다. 이러한 사고 및 사 

건의 결과로 많은 권고사항이 제기되었으며/ 사업자는 NRC가 지시한 변경 

외에 자발적으로 추가적인 개선을 수행해왔다. 그러나/ 이러한 설계변경은 

1980년대 초기의 기술을 사용하여y 기존 제어실의 사후교정 (backfit)과 같은 

제한적인 것에 머불렀다. 1980년대 초기의 기술로는 고려될만한 교정조치의 

범위가 제한되었으나/ 첨단 제어실에 적용되는 전형적인 최신 기술로 새로 

운 제어실을 설계한다면 좀더 효과적인 수정이 이루어질 수 있다. 

운전경험검토의 주목적은 인간공학 관련 안전 현안을 규명하는 것이다. 

운전경험검토는/ 전규모 검증시험 (full-mission validation tests)과 유사하게 

선행 발전소 성능에 관한 정보를 제공해 준다. 여기서/ 전규모 검증시험은 
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• 절차서 개발 

• 훈련 업무 개발 

인간공학적 확인 및 검증 

(2) 설계 공정 상에 부과된 인간공학 요건이 명시되어야 한다. 인간공학 요 

건의 출처가 되는 표준 및 사양들이 기입되어야 한다. 

(3) 인간공학 업무에서 사용될 인간공학 시설/ 장비/ 도구y 기법(실험실/ 시율 

레이터 I rapid prototyping 소프트웨어와 같은)들이 명시되어야 한다. 

2. 운전 경 혐 검 토(Operating Experience Review) 

2.1 배경 

1979년의 TMI 사고와 기타 원자력발전소 사건들은 원자력발전소 HSI의 

설계 및 설계 철학에 중대한 문제가 있음을 드러내었다. 이러한 사고 및 사 

건의 결과로 많은 권고사항이 제기되었으며/ 사업자는 NRC가 지시한 변경 

외에 자발적으로 추가적인 개선을 수행해왔다. 그러나/ 이러한 설계변경은 

1980년대 초기의 기술을 사용하여/ 기존 제어실의 사후교정 (backfit)과 같은 

제한적인 것에 머불렀다. 1980년대 초기의 기술로는 고려될만한 교정조치의 

범위가 제한되었으나/ 첨단 제어실에 적용되는 전형적인 최신 기술로 새로 

운 제어실을 설계한다면 좀더 효과적인 수정이 이루어질 수 있다. 

운전경험검토의 주목적은 인간공학 관련 안전 현안을 규명하는 것이다. 

운전경험검토는/ 전규모 검증시험 (full-mission validation tests)과 유사하게 

선행 발전소 성능에 관한 정보를 제공해 준다. 여기서/ 전규모 검증시험은 
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검토중인 통합 계통에 대한 안전 운전을 지원하는 인간공학 설계목표의 달 

성에 관한 정보를 제공한다. 운전경험에 관한 현안과 교훈은 적시에I 즉y 설 

계 공정의 초기에/ 발전소 설계 개선을 위한 토대를 마련해 준다. 

운전경험검토 현안의 해결책으로/ 기능할당y 자동화의 수정 I HSI 장비 설 

계 r 절차서/ 훈련y 둥이 포함될 수 있다. 따라서y 이전 설계 (previous design) 

에서의 문제점 및 현안들이 규명되고 분석됨으로써 현재 시스댐의 개발에서 

피할 수 있으며/ 반면/ 긍정적인 변에 대해서는 보존을 확실히 할 수 있다. 

따라서/ 운전경험검토 정보는 타 인간공학 업무 검토체계 항목들에 기여 

한다. 이 사항은 표 2.1에 요약되어 있다 표 2.1에서와 같이/ 운전경험검토 

는 시스댐 설계뿐 아니라 검토 및 평가에도 기여한다. 예를 들면/ 운전경험 

검토는 검증 시험에서의 특정 고장 시나리오의 선정에 사용될 수 있고/ 평 

가를 위한 특정 수행도 척도의 선정에 근거로 사용될 수 었다(예/ 운전경험 

검토에서 문제시된 인간수행도(human performance)를 측정하기 위한). 

인간공학 업무 검토체계에 운전경험검토의 포함에 대한 기술적 근거는 

원자력 산업의 규제/ 표준 및 권고된 관례 (recommended practices)에 두고 

있다. 10 CFR 50.34 (f)(3)(i) 에 언급된바와 같이/ “운전I 설계/ 건설 경 험 의 

평가를 위해/ 발전소 설계자와 건설자에게 적시에 적용할 만한 중요한 산업 

체 경험을 확실히 하기 위한” 절차가 있어야 한다고 NRC는 요구한다. 
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검토중인 통합 계통에 대한 안전 운전을 지원하는 인간공학 설계목표의 달 

성에 관한 정보를 제공한다. 운전경험에 관한 현안과 교훈은 적시에l 즉l 설 

계 공정의 초기에 l 발전소 셜계 개선을 위한 토대를 마련해 준다. 

운전경험검토 현안의 해결책으로/ 기능할당l 자동화의 수정， HSI 장비 설 

계/ 절차서 l 훈련/ 둥이 포함될 수 있다. 따라서 l 이전 설계 (previous design) 

에서의 문제점 및 현안들이 규명되고 분석됨으로써 현재 시스템의 개발에서 

피할 수 있으며/ 반면/ 긍정적인 면에 대해서는 보존을 확실히 할 수 있다. 

따라서/ 운전경험검토 정보는 타 인간공학 업무 검토체계 항목들에 기여 

한다. 이 사항은 표 2.1에 요약되어 있다 표 2.1에서와 같이 l 운전경험검토 

는 시스템 설계뿐 아니라 검토 및 평가에도 기여한다. 예를 들면/ 운전경험 

검토는 검증 시험에서의 특정 고장 시나리오의 선정에 사용될 수 있고/ 평 

가를 위한 특정 수행도 척도의 선정에 근거로 사용될 수 있다(예 l 운전경험 

검토에서 문제시된 인간수행도(human performance)를 측정하기 위한). 

인간공학 업무 검토체계에 운전경험검토의 포함에 대한 기술적 근거는 

원자력 산업의 규제/ 표준 및 권고된 관례 (recommended practices)에 두고 

있다. 10 CFR 50.34 (f)(3)(i)에 언급된바와 같이운전l 설계/ 건설 경험의 

평가를 위해/ 발전소 설계자와 건설자에게 적시에 적용할 만한 중요한 산업 

체 경험을 확실히 하기 위한” 절차가 있어야 한다고 NRC는 요구한다. 
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표 2.1 인간공학 업무에서 운전경험검토의 역할 

인간공학 업무항목 기여 

인간공학 효로그램 관리 인간공학 현안추적 시스댐 

초기요건에 대한 근거 

기능요건분석 및 기능할당 • 초기할당에 대한 근거 

• 수정 필요성의 규명 

직무분석， 인적신뢰도 분석， 운전요원 
• 중요한 작업자의 조치 및 오류 

구성 
문제시되는 운전작업 및 직무 

운전요원 구성상의 결함 

대안선택에 대한 평가 

H밍/ 절차서 및 훈련 개발 잠재적인 설계 해결책 

잠재적인 설계 현안 

평가될 직무 

확인 및 검증 
사건 및 시나리오 선정 

• 수행 도 척 도(performance measure) 선 정 
현안 해결 확인 

NUREG-0700은 운전경험검토를 HSI의 평가에 중요하다고 규정하고 있으며/ 

가용한 문서(1icensee event reports(LER), 발전정지 분석보고서 (outage 

analysis reports) , 기 술사양의 수정 I 발전 소 내 부 메 모(licensee intemal 

memoranda) 및 보고서와 같은)의 검토(examine)와 운전원 조사 및 면담을 

포함하고 었 다. IAEA는 “ Basic Safety Principles for Nuclear Power 

Plants"(IAEA, 1988)에서 ”관련 기관은 운전 경험 및 안전 관련 연구결과가 

교환/ 검토/ 분석되는 것을 보장하고 얻어진 교훈이 사용되도록 보장하여야 

한다"(p22)라고 언급하고 있다. 운전경험검토는 IEEE에 의해 원자력발전소 

설 계 (!EEE Std. 1023-1988, section 6.J) 와 평 가(IEEE Std. 845-1988, Section 
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표 2.1 인간공학 업무에서 운전경험검토의 역할 
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• 중요한 작업자의 조치 및 오류 

구성 
문제시되는 운전작업 및 직무 

운전요원 구성상의 결함 
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잠재적인 설계 현안 

평가될 직무 

확인 및 검증 
사건 및 시나리오 선정 

• 수 행 도 척 도(performance measure) 선 정 
현안 해결 확인 

NUREG-0700은 운전경험검토를 HSI의 평가에 중요하다고 규정하고 있으며， 

가용한 문서(1icensee event reports(LER), 발전정지 분석보고서 (outage 

analysis reports) , 기술사양의 수정/ 발전소 내부 메모(1icensee intemal 

memoranda) 및 보고서와 같은)의 검토(examine)와 운전원 조사 및 면담을 

포함하고 었다. IAEA는 “ Basic Safety Principles for Nuclear Power 

Plants" (IAEA, 1988)에서 ”관련 기관은 운전 경 험 및 안전 관련 연구결과가 

교환/ 검토/ 분석되는 것을 보장하고 얻어진 교훈이 사용되도록 보장하여야 

한다“(p22)라고 언급하고 있다. 운전경험검토는 IEEE에 의해 원자력발전소 
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6.1.2) 에 중요한 항목(element)으로 규정되고 있다. 

EPRI는 ALWR URD 요컨 3.1 .3.1 “ Resolution of Past Problems”에 서 첨 

단 원자력발전소의 설계에 운전경험검토가 공식적으로 통합되어야 한다고 

요구하였다. 이와 같이/ 운전경험검토는 안전하고 효율적인 발전소의 설계에 

중요한 업무로 널리 인정받고 있다. 그러므로y 검토를 받아야 하는 공식적인 

항목으로 인간공학 업무 검토체계에 포함되었다. 

2.2 목적 

이 검토의 목적은/ 사업자가 검토중인 현 설계와 유사한 이전 설계에서 

의 인간공학 관련 문제점 및 현안들을 규명하고 분석하여 현 설계에서는 피 

하였으며 I 긍정적인 면은 유지되도록 했는가를 확인하기 위함이다. 

2.3 사 업 자 제 출문 건 (Applicant Submittals) 

사업자는 수행계획/ 분석결과보고서l 인간공학 설계팀 평가 보고서를 규 

제기관의 검토를 위해 제출하여야 한다. 검토자는 운전경험검토 현안 처리 

를 조사하기 위해 현안추적시스템 (issue tracking system)을 감사할 수 있다. 

2.4 검토 기준 

2.4 .1 범위 

(1) 선행 발전소 및 계통 - 선행 발전소/ 또는 매우 유사한 발전소 및 발전 

소 계통과 관계된 인간공학 현안 정보가 포함되어야 한다. 
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흐1.2) 에 중요한 항목(element)으로 규정되고 있다. 

EPRI는 ALWR URD 요컨 3.1.3.1 “ Resolution of Past Problems”에 서 첨 

단 원자력발전소의 설계에 운전경험검토가 공식적으로 통합되어야 한다고 

요구하였다. 이와 같이/ 운전경험검토는 안전하고 효율적인 발전소의 설계에 

중요한 업무로 널리 인정받고 있다. 그러므로y 검토를 받아야 하는 공식적인 

항목으로 인간공학 업무 검토체계에 포함되었다. 

2.2 목적 

이 검토의 목적은/ 사업자가 검토중인 현 설계와 유사한 이전 설계에서 

의 인간공학 관련 문제접 및 현안들을 규명하고 분석하여 현 설계에서는 피 

하였으며 y 긍정적인 면은 유지되도록 했는가를 확인하기 위함이다. 

2.3 사 업 자 제 출문 건 (Applicant Submittals) 

사업자는 수행계획y 분석결과보고서/ 인간공학 설계팀 평가 보고서를 규 

제기관의 검토를 위해 제출하여야 한다. 검토자는 운전경험검토 현안 처리 

를 조사하기 위해 현안추적시스템 (issue tracking system)을 감사할 수 있다. 

2.4 검토 기준 

2.4 .1 범위 

(1) 선행 발전소 및 계통 - 선행 발전소/ 또는 매우 유사한 발전소 및 발전 

소 계통과 관계된 인간공학 현안 정보가 포함되어야 한다. 
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(2) 원자력 산업계에서 인식된 인간공학 현안 - 다음과 같은 범주로 구성된 

Appendix B의 원자력 산업계 현안 참조. 

• 미 해 겸 아천 혀 안/ 임 바얀저 혀 안(Unresolved 

Safetv Issue) 

• TMI 후속조치 사핫(TMI Issues) 

Safety 

• NRC Generic Letters and Information Notices 

Issue I Generic 

• Office for Analvsis and Evaluation of Operational Data Studies 

• 저 춤 력 및 적 지 관련 사한(Low Power and Shutdown Issues) 

• 적용가늑하 가못중 밤천소 사꺼 보고서 (Applicable Operating Plant 

Event Reports) 

(3) 관련된 HSI 기술 - 운전경험검토는 관련된 HSI 기술을 포함하여야 한 

다. 예를 들면/ 접촉식 화면(touch screen)이 사용될 경우/ 그 사용과 관 

련된 인간공학 현안들이 검토되어야 한다. 

(4) 운전원 면담 - 선행 발전소 또는 계통과 관련된 운전경험을 수집하기 위 

해 운전원 면담이 수행되어야 한다. 최소한 다음의 주제가 운전원 면담 

에 포함되어야 한다. 

• 발전소 운전 

- 정 상 발전소 운전(예/ 기동(startup)， 전출력/ 정 지) 

- 계 기 고장[예/ 안전 관련 계통 논리 및 제어 기 기 (safety-related 

system logic and control unit), 고 장 허 용 제 어 기 (fault tolerant 

controller)(증기공급계통)， 다중신호처리시스템을 위한 현장 계기 
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(2) 원자력 산업계에서 인식된 인간공학 현안 - 다음과 같은 범주로 구성된 

Appendix B의 원자력 산업계 현안 참조. 

• 미 해 겸 얀치 혀 얀/ 임 바안저 혀 얀(Unresolved 

Safetv Issue) 

• TMI 후속조치 사학(TMI Issues) 

Safety 

• NRC Generic Letters and Inforrnation Notices 

Issue I Generic 

• Office for Analvsis and Evaluation of Operational Data Studies 

• 저 춤 력 및 적 지 관련 사한(Low Power and Shutdown Issues) 

• 적용가늑하 가못중 밤천소 사꺼 보고서 (Applicable Operating Plant 

Event Reports) 

(3) 관련된 HSI 기술 - 운전경험검토는 관련된 HSI 기술을 포함하여야 한 

다. 예를 들면/ 접촉식 화면(touch screen)이 사용될 경우/ 그 사용과 관 

련된 인간공학 현안들이 검토되어야 한다. 

(4) 운전원 면담 - 선행 발전소 또는 계통과 관련된 운전경험을 수집하기 위 

해 운전원 면담이 수행되어야 한다. 최소한 다음의 주제가 운천원 면담 

에 포함되어야 한다. 

발전소 운전 

- 정 상 발전소 운전(예/ 기동(startup)， 전출력/ 정 지) 

- 계 가 고장[예/ 안전 관련 계통 논리 및 제어 가 기 (safety-related 

systern logic and control unit), 고 장 허 용 제 어 기 (fault tolerant 

controller) (증기공급계통)， 다중선호처리시스템을 위한 현장 계가 
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(10ca1 "fie1d unit" for multip1exer(MUX) system), 다중신호처 리 제 어 

기 (MUX contro11er(ba1ance of p1ant)), 다중신호제어선의 파단(break 

in MUX line)] 

- HSI 장비 및 자료처 리 기 능 고장(예， VDU 기 기 고장(10ss of video 

disp1ay units), 자료처 리 기 능 상실(10ss of data processing), 대 형 개 

요화변의 상실(loss of 1arge overview disp1ay) 

- 과도상태 (transients) [예/ 터빈 정지 (turbine trip) , 소외전력 상실(10ss 

of off-site power), 소내 전원상실(station b1ackout), 모든 급수의 상실 

(loss of a11 feedwater) , 일부 버스 또는 제어실 전원공급 장치에 대 

한 전 원 상실 (10ss of power to se1ected buses or CR power 

supplies), 안전/방출 밸브 과도상태 (safety /relief va1ve transients)] 

사고[예/ 주증기관 파열(main steam 1ine break), 정반응도첨가 

(positive reactivity addition), 출 력 운 전중 제 어 봉 삽 입 (contr01 rod 

insertion at power), 제 어 봉 이 탈(contr01 rod ejection), 

ATWS(anticipated transient without scram), 다양한 규모의 냉 각재 

상실 사고(various-sized loss- of coolant accidents)] 

- 원격 정지계통을 사용한 원자로 정지 및 냉각(reactor shutdown and 

co01down using remote shutdown system) 

인간공학/HSI 설계 항목 

-경보 

-정보표시 

- 제어 및 자동화 

- 자료처리 및 작업지원도구 

- 발전소 작업자 및 타 조직과의 실시간 통신 
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(local "field unit" for multiplexer(MUX) system), 다중신호처 리 제 어 

기 (MUX controller(balance of plant)), 다중신호제어션의 파단(break 

in MUX 1ine)] 

- HSI 장비 및 자료처리 기능 고장(예， VDU 기기 고장(loss of video 

display units) , 자료처 리 기 능 상실(loss of data processing), 대 형 개 

요화면의 상실(loss of large overview display) 

- 과도상 태 (transients) [예 / 터 빈 정 지 (turbine trip) , 소외 전 력 상실 (loss 

of off-site power), 소내 전원상실(station blackout), 모든 급수의 상실 

(loss of a l1 feedwater) , 일부 버스 또는 제어실 전원공급 장치에 대 

한 전원 상실(loss of power to selected buses or CR power 

supp1ies), 안전/방출 밸브 과도상태 (safety jrelief valve transients)] 

사고[예/ 주증기관 파열(main steam line break), 정반응도첨가 

(positive reactivity addition), 출 력 운 전 중 제 어 봉 삽 입 (control rod 

insertion at power), 제 어 봉 이 탈(control rod ejection), 

ATWS(anticipated transient without scram), 다양한 규모의 냉 각재 

상실 사고(various-sized loss- of coolant accidents)] 

- 원격 정지계통을 사용한 원자로 정지 및 냉각(reactor shutdown and 

cooldown using remote shutdown system) 

인간공학jHSI 설계 항목 

-경보 

-정보표시 

- 제어 및 자동화 

- 자료처리 및 작업지원도구 

- 발전소 작업자 및 타 조직과의 실시간 통신 
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- 절차서y 훈련/ 운전요원 구성 (staffing) ， 작업 설겨11 Gob design) 

2.4.2 현안 분석/ 추적 및 검토 

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

인간수행도 현안l 문제점 및 인적오류의 원인(sources of human 

error) 

• 인간수행도를 지원하고 강화해주는 설계 요소 

(2) 문서화 - 운전경험의 분석은 평가보고서에 기술되어야 한다. 

(3) 현안 추적시스댐과의 결합 - 설계에 반영하는 것이 적합한 것으로 결정 

된(하지만 아직 설계에 반영되지 않은) 각 운전경험 현안은 인간공학 현 

안추적시스템에 기술되어야 한다. 

3. 기능요건 분석 및 기능할당 

3.1 배경 

본 항목은 기능 요건 분석과 기능 할당의 두 가지 구분되는 검토 업무로 

되어있다. 기능 요건 분석은 발전소 안전성 목표들을 달성하기 위해 수행되 

어야 할l 즉/ 공공의 안전과 건강에 부당한 위험을 초래할 수 있는 가정된 

사고의 영향을 예방하거나 완화시키기 위한y 기능들을 규명하는 젓이다. (1) 
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- 절차서 y 훈련/ 운전요원 구성 (staffing) ， 작업 설계 Gob design) 

2.4.2 현안 분석/ 추적 및 검토 

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

인간수행도 현안/ 문제점 및 인적오류의 원인(sources of human 

eπor) 

• 인간수행도를 지원하고 강화해주는 설계 요소 

(2) 문서화 - 운전경험의 분석은 평가보고서에 기술되어야 한다. 

(3) 현안 추적시스댐과의 결합 - 설계에 반영하는 것이 적합한 것으로 결정 

된(하지만 아직 설계에 반영되지 않은) 각 운전경험 현안은 인간공학 현 

안추적시스댐에 기술되어야 한다. 

3. 기능요건 분석 및 기능할당 

3.1 배경 

본 항목은 기능 요건 분석과 기능 할당의 두 가지 구분되는 검토 업무로 

되어있다. 기능 요건 분석은 발전소 안전성 목표들을 달성하기 위해 수행되 

어야 할y 즉/ 공공의 안전과 건강에 부당한 위험을 초래할 수 있는 가정된 

사고의 영향을 예방하거나 완화시키기 위한/ 기능들을 규명하는 것이다. (1) 
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설계의 목표/ 성능요건y 제약사항의 결정， (2)설계목표 및 요구되는 성능을 

만족하기 위해 달성해야 할 기능의 정의， (3)기능과 기능을 담당하는 발전소 

공정(예를 들면I 발전소 구성 (plant configurations) 또는 성공경로(success 

paths))간의 상관관계의 정의， (4)발전소 공정을 제어하기 위한 제어기(작업 

자 또는 계통)의 역할을 이해하기 위한 구조(framework)의 준비l 둥이 수행 

된다. 

기능할당은 발전소 제어를 위한 요건의 분석과， (1)작업자(예를 들면， 수 

동조작)， (2) 계통요소(예를 들면y 자동제어 및 피동적I 자가제어 현상)， (3)작 

업자와 계통요소의 조합(예를 들면I 공유제어 (shared control)와 수통 백업 

(backup)이 있는 자동계통)， 둥에 대한 제어기능의 할당이다. 기능할당은 작 

업자와 계통요소의 강점을 활용한 전반적인 발전소 안전과 신뢰성의 향상을 

추구하며/ 여기에 중복적이고 잉여적 (overlapping and redundant)으로 제어 

기능을 할당함으로써 달성될 수 있는 향상이 포함된다. 기능할당은I 논리적 

이고 이해할 수 있으며 의미 있는 작업을 작업자에게 부여하기 위해 구조적 

이고 잘 문서화된 방법론을 사용한 인간공학적 원리에 근거하여야 한다. 설 

계자가 자동화시킬 수 없는 모든 것을 작업자에게 할당하는 기술적인 측면 

만을 고려한 것에 근거를 두지 않아야 한다. 이런 방식은 작업자의 수행도 

에 나쁜 영향을 미칠 우려가 있는 무계획한 업무로 끝나고 만다. 

NRC의 기능할당 검토는 발전소 안전의 보장에 중요한 일이다. 첨단 설 

계의 주요 경향 중 하나는/ 전통적으로 운전원이 수행하던 일에 대한 자동 

화의 증가이다. 자동화의 증가는 운전원의 역할을 직접 수동 조작하는 일에 

서 감독제어 및 계통감시로 바꾸게 된다. 운전원이 전체 시스템에서 예측하 

기 힘든 부분으로 간주되는 이유로， 이러한 역할 변화는 신뢰도 측면에서는 
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설계의 목표I 성능요건I 제약사항의 결정， (2)설계목표 및 요구되는 성능을 

만족하기 위해 달성해야 할 기능의 정의， (3)기능과 기능을 담당하는 발전소 

공정(예를 들면I 발전소 구성 (plant configurations) 또는 성공경로(success 

paths))간의 상관관계의 정의， (4)발전소 공정을 제어하기 위한 제어기(작업 

자 또는 계통)의 역할을 이해하기 위한 구조(framework)의 준비I 둥이 수행 

된다. 

기능할당은 발전소 제어를 위한 요건의 분석과， (1)작업자(예를 들면l 수 

동조작)， (2) 계통요소(예를 들면l 자동제어 및 피동적I 자가제어 현상)， (3)작 

업자와 계통요소의 조합(예를 들면l 공유제 어 (shared control)와 수통 백 업 

(backup)이 있는 자동계통)， 둥에 대한 제어기능의 할당이다. 기능할당은 작 

업자와 계통요소의 강점을 활용한 전반적인 발전소 안전과 신뢰성의 향상을 

추구하며l 여 기 에 중복적 이 고 잉 여 적 (overlapping and redundant)으로 제 어 

기능을 할당함으로써 달성될 수 있는 향상이 포함된다. 기능할당은l 논리적 

이고 이해할 수 있으며 의미 있는 작업을 작업자에게 부여하기 위해 구조적 

이고 잘 문서화된 방법론을 사용한 인간공학적 원리에 근거하여야 한다. 설 

계자가 자동화시킬 수 없는 모든 것을 작업자에게 할당하는 기술적인 측면 

만을 고려한 것에 근거를 두지 않아야 한다. 이런 방식은 작업자의 수행도 

에 나쁜 영향을 미칠 우려가 있는 무계획한 업무로 끝나고 만다. 

NRC의 기능할당 검토는 발전소 안전의 보장에 중요한 일이다. 첨단 설 

계의 주요 경향 중 하나는l 전통적으로 운전원이 수행하던 일에 대한 자동 

화의 증가이다. 자동화의 증가는 운전원의 역할을 직접 수동 조작하는 일에 

서 감독제어 및 계통감시로 바꾸게 된다. 운전원이 전체 시스템에서 예측하 

기 힘든 부분으로 간주되는 이유로I 이러한 역할 변화는 신뢰도 측면에서는 
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긍정적일 수 있다. 자통화는 인간의 행위를 줄임으로써 전체 시스템의 신뢰 

도를 향상시키는 것으로 보통 간주된다. 그러나/ 전체 시스템의 통합될 부분 

으로서의 운전원 수행도를 고려하기보다는 가용한 기술력에 주로 의폰하여 

기능이 자동화된다면 문제가 생긴다. Bastl은 “과거 및 현재의 설계공정 검 

토와 더불어 사고 및 중대사건(accidents and significant events) 보고자료로 

부터/ 사람과 기계에 대한 기능을 할당하는/ 즉 자동화의 범위와 역할을 설 

정하는/ 펼수적인 일련의 중요한 의사결정시 체계적 방법의 사용을 발전소 

설계자가 종종 증명하지 못함을 알 수 있다”고 언급하였다 (Bastl et al. 

1991). 

자동화된 시스댐과 인간의 상호작용상의 문제점은 낮은 상황파악도 

(situation awareness)에 기인한다 (Kibble, 1988) . 운전원이 제어 작업으로부 

터 많이 이완되어 있을 때/ 즉 운전원의 역할이 수동조작으로부터 감독 및 

감시자로 변경되었을 때/ 상황파악도(situation awareness)를 유지하는 것이 

어 렵 다 (Wickens and KesseL 1981; Ephrath and Young, 1981) . 민간항공에 

서의 자동화와 관련해서， Sexton은 만일 “조종사에게 이유를 주지 않고 의 

사결정이 자동적으로 내려진다면/ 비행기의 앞을 내다보는 능력을 잃게 된 

다. 자기 만족(complacency)과 시간에 맞춘 적절한 조치를 취하지 못하는 

무능력이 초래된다11 (Sexton, 1988). 자동화의 증가는 운전원의 경계수준 

(vigilance)과 상황파악도(situation awareness)의 상실을 수반하고 경계수준 

관련(vigilance-associa ted) 인적오류의 증가를 빈도 높게 초래한다 l땐완파

and Parasuraman, 198η. 덧붙여서/ 자동화 시스템의 설정 (setup) ， 감시 1 상 

호작용과 관련한 새로운 유형의 인적오류가 나타난다 (Wiener and Curry I 

객웬1. 
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자동화는 작업자의 수행도에 또다른 영향을 미친다. 즉I 기대된 전반적인 

작업부하의 경감보다는 높은 신체적 작업부하로부터 높은 인지적 작업부하 

로의 변천l 작업부하 변화시의 곤란(즉I 이상상태의 초기에는 낮은 활동의 

감시작업 기간에서 높은 활동이 요구되지만 불확실한 시기로 옮겨 감)， 자 

동계통이 고장난 사건에서 직무수행 능력의 잠재적 저하/ 둥과 같은. 아직 

은/ 많은 첨단 원자력발전소 설계가/ 운전원이 어떤 상황하에서는 제어조작 

을 수행하고 최후의 방어선 역할을 하도록 하고 있으므로/ 발전소 설계에서 

충분치 못한 운전원의 통합 결과는 매우 심각하다고 할 수 있다. 

피동 계통은 펌프와 같은 기계적인 힘 대신 중력과 같은 자연의 힘에 의 

존한다. 발전소 작업자의 역할 측면에서는/ 피동 기능의 작동과 제어는 흔히 

작업자의 조작을 필요로 하지 않기 때문에 피동 계통은 특수한 형태의 자동 

계통으로 간주될 수 있다. 타 자동 계통과 마찬가지로I 작업자는 피동 계통 

의 가용성과 작동상태를 감시하는 책임을 맡을 수 있다. 그러나/ 감시될 현 

상의 피동적 특성 때문에/ 특수한 부담이 발전소 작업자에게 지워 질 수 있 

다 더불어/ 한 피동 계통의 작동은 발전소의 가동률 또는 생산성 목표에 중 

요한 결과를 초래할 수도 있다. 따라서/ 작업자의 역할은 피동 계통의 작동 

을 방지하거나 늦추는 결정과 조치를 포함할 수 있다. 이러한 결정과 조치 

는 기능 요건 분석에서 언급되어야 한다. 

많은 발전소 설계에서f 새로운 설계의 기능 요건 분석과 기능 할당은 많 

은 부분이 이전 설계에 기본을 둘 수 었다. 새로운 설계에서 상당수의 기능 

요건과 기능할당 결과는 기존 것과 통일할 수 있다. 특히 복잡하고 고신뢰 

도 시스템에 적용될 때/ 이는 기술개발의 진화적인 특성을 나타낸다. 이와 

같은 경우/ 운전경험검토는 기능요건 및 기능할당에 대한 기술적 기준과 근 
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거의 주요 부분을 차지하게 된다. 현 인간공학 업무 검토체계의 검토 방법 

론은 선행 발전소 설계에 밀접하지 않은 신형 발전소 설계뿐 아니라r 이전 

설계에 밀접한 연관이 있는 설계에 대해서도 수용하고 있다. 

그림 4.1은 기능요건분석과 기능할당의 현안 및 업무의 개요를 나타내고 

있다. 이 그림은/ 기능의 특성과 또한 어떻게 작업자 및 계통요소에 대해 할 

당되었는 지가 이전 설계와 비교 관점에서 “수정된 것”으로 고려될 수 있음 

을 보여준다. 

3.2 목적 

이 검토의 목적은 사업자가 발전소의 안전 기능요건을 정의하고 인간의 

강점을 살리고 인간의 한계에 의해 부정적으로 영향을 받을 기능의 할당을 

피하도록 기능할당이 되었는가를 확인하는 것이다. 

3.3 사업자 제출문건 

사업자는 다음 문건을 규제기관 검토자에게 제출하여야 한다; 수행계획/ 

분석결과 보고서/ 인간공학 설계팀 평가 보고서 

3.4 검토 기준 

3.4.1 일반 기준 

(1) 기능요건 분석과 기능할당은 인간공학 원리를 반영하여 구조적이고/ 문 
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서화된 공정 (process)에 따라 수행되어야 한다. 

(2) 다음 문서들이 안내서 (guidance)로 사용될 수 있다. 

IAEA-TECDOC-668: 돼e Role of Automation and Humans in Nuclear Power 

Plants, 1992 (Intemationa1 Atornic Energy Agency - Intemationa1 Working 

Group on NPP Contro1 and Instrurnentation). 

NUREGj CR-2623: 돼e Allocation of Functions in Man-Machine Systems: A 

Perspective and Li terature Revieuι 1982 (NRC - H. Price). 

NUREGj CR-3331: A Methodology for Allocation of Nuclear Power Plant 

Control Functions to Human and Automated Control, 1983 (NRC - R. 

Pulliarn et a1.). 

IEC 964: Design for Control Rooms of Nuclear Power Plants, 1989 

[Intemationa1 E1ectrochernica1 Cornrnission (Bureau Centra1 de 1a 

Cornrnission E1ectrotechnique Intemationa1e)]. 

MIL-H-46855B: Human Engineering Requirements for Military Systems, 

Equipηzent and Facilities, 1979 (Departrnent of Defense). 

ADj A223 168: Systems Engineering Management Guide, 1990 (Departrnent of 

Defense - Defense Systerns Managernent College - F. Kock1er et a1.). 
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3.4.2 기능요건분석 

(1) 안전 기능들(예를 들면 반응도 제어)이 정의되어야 한다. 이 기능들은 

공공의 안전과 건강에 부당한 위험을 초래할 수 있는 가정된 사고의 영 

향을 예방하거나 완화시키기 위해 필요한 기능들을 포함한다. 각 안전 

기능에 대해/ 그 기능을 수행할 책임이 있거나 능력이 있는 발전소 공정 

들의 집 합(발전소 계 통 구성 또는 성 공 경 로)(plant systern 

configurations or success paths)이 분명하게 정의되어야 한다 (그림 3.1 

의 (1)번 사각형). 

(2) 새로운 발전소의 안전 기능과 공정은I 해당된다면/ 선행 발전소의 것과 

비교하여 (1)새로운I (2)변경된I (3)삭제된 기능 및 공정들로 기술되어야 

한다. 이들은 “수정된” 공정들로 기술되어야 한다. 변경되지 않은 안전 

공정들은 “수정되지 않은” 것으로 기술되어야 한다 (그림 3.1의 (2)번 사 

각형). 

(3) 수정된 공정들에 대한 기술적 근거가 문서화되어야 한다(예를 들면/ 피 

동 냉각 계통에 대한 근거)(그림 3.1의 (3)번 사각형) . 

(4) 다음을 포함하는 각 발전소 공정(변경되지 않았거나 수정된)에 대해 요 

약이 기술되어야 한다. 

• 공정의 목적 

• 공정이 요구됨을 나타내는 조건 

• 공정이 가용함을 나타내는 변수 
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3.4.2 기능요건분석 

(1) 안전 기능들(예를 들면 반응도 제어)이 정의되어야 한다. 이 기능들은 
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신규 및 선행 설계의 기능정의 (1)‘ Key 

ζ웰::> 신규와 선행 설계의 기능비교 (2) 

* 사각형내의 변호늑 
본문내 검토시준 항 

언호등 의 "1 한 

수정된 기능에 대한 기술적 

근거 기술 (3) 

수정된 기능 

기능요건 분석 수행 (4) 

기능할당 분석 수행 (6) 

한
 @ 

1r 

대
 가
 

향
 에 평
 

r 

a
”
。

할
 할
 여
。
 

여
「
 。-
←
”
1

원
 않
 망
 

전
 지
 할
 

운
 챔
 
。τ

수
 싸
 

결과 문서화 (9) 

기능할당 및 기능요건분석 
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그림 3.1. 

신규 및 선행 설계의 기능정의 (1)‘ Key 

ζ웰::> 신규와 선행 설계의 기능비교 (2) 
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기능요건 분석 수행 (4) 

기능할당 분석 수행 (6) 

운전원 역할 평가 
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• 공정이 작동중임을 나타내는 변수(예를 들면/ 유량 지시) 

• 공정이 그 목적을 달성하고 있음을 나타내는 변수(예를 들면/ 원자로 

용기 레벨이 정상 복귀중) 

• 공정의 작동이 중지될 수 있거나 중지되어야 함을 나타내는 변수들 

위 변수들은 정성적으로(예/ 높음 또는 낮음) 기술될 수 있음에 유의할 것. 

특정 값이나 설정치 (setpoints)는 이 단계에서 필요하지 않다. 

(5) 안전기능은 초기에 도식 형태(예/ 기능흐름 블록 다이어그램 (functional 

f10w block diagram))로 묘사하여 야 한다. 기 능도(functional 

diagramming)는 몇 가지 수준으로 그려져야 한다. 주요 기능들의 개괄 

적인 도식을 묘사한 최상위 수준에서 시작해서 발전소 공정 수준까지/ 

그리고 특정적이고 결정적인 종결 요건(예/ 장비의 일부/ 소프트웨어/ 또 

는 운전원)이 나타날 때까지 하위 수준으로 진행하여야 한다. 기능 분할 

(functional decomposition)은 다음의 수준틀을 다루어야 한다 (그림 3.1 

의 (4)번 사각형). 

• 상위수준의 기능 (예I 원자로 냉각재 계통(RCS) 건전성) 및 펼수 안전 

기능 (예， RCS 압력 제 어 유지) 

• 발전소 개별 공정 

• 발전소 특정 계통 및 부품 

(6) 각 변경된 공정과 전체 발전소 구조 설계의 관계에 대해 상세한 서술이 

이루어져야 한다. 상기 4번 기준에 따른 요약 기술에 제시된 정보는 더 

상세하게 기술되어야 한다. 
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• 공정이 작동중임을 나타내는 변수(예를 들면/ 유량 지시) 

• 공정이 그 목적을 달성하고 있음을 나타내는 변수(예를 들면/ 원자로 

용기 레벨이 정상 복귀중) 

• 공정의 작동이 중지될 수 있거나 중지되어야 함을 나타내는 변수들 

위 변수들은 정성적으로(예/ 높음 또는 낮음) 기술될 수 있음에 유의할 것. 

특정 값이나 설정치 (setpoints)는 이 단계에서 필요하지 않다. 

(5) 안전기능은 초기에 도식 형태(예/ 기능흐름 블록 다이어그램 (functional 

flow block diagram))로 묘사하여 야 한다. 기 능도( functional 

diagramming)는 몇 가지 수준으로 그려져야 한다. 주요 기능들의 개괄 

적인 도식을 묘사한 최상위 수준에서 시작해서 발전소 공정 수준까지/ 

그리고 특정적이고 결정적인 종결 요건(예/ 장비의 일부/ 소프트웨어/ 또 

는 운전원)이 나타날 때까지 하위 수준으로 진행하여야 한다. 기능 분할 

(functional decom posi tion)은 다음의 수준들을 다루어야 한다 (그림 3.1 

의 (4)번 사각형). 

• 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 

(6) 각 변경된 공정과 전체 발전소 구조 설계의 관계에 대해 상세한 서술이 

이루어져야 한다. 상기 4번 기준에 따른 요약 기술에 제시된 정보는 더 

상세하게 기술되어야 한다. 
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(7) 기능요건분석은 설계개발의 전 기간 동안 최신으로 유지되어야 하고 폐 

로시까지 유지되어 설계변경이 고려될 때 사용될 수 있어야 한다. 

(8) 다음 사항이 확인되어야 한다. 

• 안전 운전을 달성하기 위해 필요한 모든 공정이 명시됨 

• 각 공정의 모든 요건이 명시됨 

3.4.3 기능할당 분석 

(1) 변경되지 않은 것으로 구분된 공정은 (a) 그 제어기능이 작업자와 계통 

요소간 할당이 변경되지 않은 것인지， (b) 기능할당이 변경된 것인지(예/ 

자동화의 사용증가를 통한)를 결정하기 위해 검토되어야 한다. 후자는 

수정된 기능할당으로 기술하여야 한다(그림 3.1의 (5)번 사각형). 자동화 

의 수준은 기능할당이 변경되지 않은 각 불변 기능에 대해 간략히 기술 

되어야 한다(예/ 완전 자동/ 완전 수동I 수동 백업(backup)이 있는 자동). 

(2) 기능할당이 수정된 불변 공정은 예상 사용자 집단을 기준으로 인적수행 

도 요건의 관점에서 분석되어야 한다. 할당결과에 대한 근거가 제시되어 

야 한다. 이 분석은/ 현 설계 단계에서 가능한 한 많이 다음 사항을 반 

영해야 한다(그림 3.1의 (6)번 사각형). (a)민감도(sensitivity) ， 정확도 

(precision), 시간(time) ， 안전 관련 요건， (b)요구되는 신뢰도， (c)계통을 

운전하고 유지하는 데 필요한 작업자의 수와 기술 수준. 
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도 요건의 관점에서 분석되어야 한다. 할당결과에 대한 근거가 제시되어 

야 한다. 이 분석은/ 현 설계 단계에서 가능한 한 많이 다음 사항을 반 

영해야 한다(그림 3.1의 (6)번 사각형). (a)민감도(sensitivity) ， 정확도 
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(3) 수정된 공정 또한 예상 사용자 집단을 기준으로 인적수행도 요건의 관 

점에서 분석되어야 한다. 할당결과에 대한 근거가 제시되어야 한다. 이 

분석 또한l 현 설계 단계에서 가능한 한 많이 다음 사향을 반영해야 한 

다(그림3.1의 (6)번 사각형). (a)민감도(sensitivity)， 정 확도(precision)， 시 

간(time)， 안전 관련 요건， (b)요구되는 신뢰도， (c)계통을 운전하고 유지 

하는 데 필요한 작업자의 수와 기술 수준. 

(4) 기능할당 분석에 사용된 할당 기준l 근거 y 분석내용/ 그리고 규칙들은 문 

서화되어야 한다(그림3.1의 (6)번 사각형). 

(5) 기능할당 분석 및 대안선택 연구(tradeoff study) 결과는 작업자 및 계통 

에 의한 제어기능의 적절한 구성을 뒷받침할 수 있어야 한다. 작업자가 

상황파악도(situation awareness), 작업 부하(workload)， 경 계 수준 

(vigilance)을 유지하면서 할당된 작업을 적절히 수행할 수 있음을 분석 

을 통해 확인하여야 한다. 제시된 기능할당은 인간과 기계/ 어느 한쪽에 

도 바람직하지 않은 요구사항을 부과하지 않고/ 인간과 기계의 능력이 

가지는 최대의 장점을 살려야 한다(그림 3.1의 (6)번 사각형). 

(6) 운전경험검토는 수정된 공정 사례의 기술에 이용되어야 한다. 문제가 된 

운전경험검토 현안들이 수정된 기능에 대한 기능 할당 분석시에 고려되 

어 야 한다(그림 3.1의 box (6)번 사각형). 

(꺼 운전경험검토는 제어 기능의 할당이 변화 받지 않은 불변 공정 사례의 

기술에 이용되어야 한다. 문제가 된 운전경험검토 현안이 판명된 경우y 

(a)기폰 기능 분석의 정당화， (b)기존 인간-기계 할당의 정당화， (c)운전경 
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(vigilance)을 유지하면서 할당된 작업을 적절히 수행할 수 있음을 분석 

을 통해 확인하여야 한다. 제시된 기능할당은 인간과 기계y 어느 한쪽에 

도 바람직하지 않은 요구사항을 부과하지 않고l 인간과 기계의 능력이 

가지는 최대의 장점을 살려야 한다(그림 3.1의 (6)번 사각형). 

(6) 운전경험검토는 수정된 공정 사례의 기술에 이용되어야 한다. 문제가 된 

운전경험검토 현안들이 수정된 기능에 대한 기능 할당 분석시에 고려되 

어야 한다(그림 3.1의 box (6)번 사각형). 

(꺼 운전경험검토는 제어 기능의 할당이 변화 받지 않은 불변 공정 사례의 

기술에 이용되어야 한다. 문제가 된 운전경험검토 현안이 판명된 경우l 

(a)기폰 기능 분석의 정당화， (b)기존 인간-기계 할당의 정당화， (c)운전경 
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험검토 현안을 처리하도록 수행될 훈련/ 작업자 선발(personnel 

selection), 절차서 설계와 같은 해결책의 명시r 동을 위해 분석이 수행되 

어야 한다 (그림 3.1의 box 끼. 

(8) 모든 기능할당은 새로운 제어기능 할당이 변경되지 않은 제어기능할당 

에 대한 영향을 평가하도록 검토되어야 한다(그림 3.1의 box 8). 

(9) 제어기능들은 설계의 상세사항 개발r 운전경험， 진행중인 분석 및 대안 

선택 연구에 맞추어 반복적으로 다시 할당되어야 한다. 

(10) 제어기능할당 분석에 대한 기술적 근거 (technical basis)는 문서화되어야 

한다. 
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부록 3. 인간공학 업무 검토지침 관련 영.한 용어 정리 

1. 인간공학 업무 관리 

영어원문 번역용어 

accepted 인정된 

applicant 사업자 

chemistry technician 화학기술요원 

electrical maintenance personnel 전기보수요원 

emergency operation facility 비상운전 설비 

engineering support personnel 기술지원 요원 

guidance 안내서 

guidance document 지침서 

guide 지침 

HFE design team 인간공학설계팀 

HFE PRM 인간공학업무 검토 체계 

HFE process 인간공학업무공정 

HFE product 인간공학결과물 

HFE Program 인간공학 업무 

HFE Program Plan 인간공학 업무 계획 

HFE team 인간공학팀 

HSI HIS 

human-centπtered 인간중심적 관점의 

mspect lOn 검사 

instrument and control technician 계측제어 기술요원 

mtegrate 통합하다 

interface 인터페이 λ 

issue tracking system 현안 추적 시 A 템 

local control stations 현장제어반 

mamtenance 보수 
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management and orgazational structure 관리 및 조직 체계 

mechnical maintenance personnel 기계보수요원 

nonlicensed operator 면허 불필요운전원 

objectives 도--L1 까 -1} 

peer-revlew process 전문가검토과정 

personnel task 작업자직무 

plant personnel 발전소종사자 

practlce 관례 

practltlOner 실무자 

program element 업무항목 

radiological protection technician 방사선 방호 기술요원 

rapid prototyping rapid prototyping 

remote shlltdown facility 원격정지 설비 

shift supervisor 교대 감독자 

shift technical advisor 교대 기술지원자 

sltuatlOn awareness 상황파악도 

staff review 규제기관 검토 

staffing 운전요원 구성 

state-of-the-art hllman factors 
최신 인간공학 원리 

principles 

structured top-down systems approach 체계적인 하향적 시 A 템 분석 

submittals 제출문건 

sllrveillance 감시 

task 작업 

technical basis 기술적 끈거 

technical program 기술적 업무 

technical support center 기술지원 센터 

test 시험 

vigilance 경계수준 
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2. 운전경험검토 

영어원문 번역용어 

anticipated trasient without scram ATWS 

applicable operating plant event reports 해당 운전중 발전소 사건 보고서 

backfit 사후교정 

break in MUX line 다중신호제어선의 파단 

constramts 제한적인 것 

control rod ejection. 제어봉인출 

control rod insertion at power , 출력운전중 제어봉 삽입 

design philosophy 설계 철학 

ensure 확실히하다 

examme 검토 

fault tolerlant contro11er 고장 허용 제어기 

fu11-mission validation tests 전규모 검증시험 

fu11y integrated predecessor systems 전규모의 이전 발전소 

human performance 인간수행도 

licensee event reports licensee event reports 

licensee internal memoranda 발전소내부 메모 

local "field unit" for multiplexer( MUX) 
다중신호처리시 A템을 위한 현장 계기 

system 

loss of a11 feedwater 모E 급수의 상실 

loss of data processing 자료처리의 손실 

loss of large overview display 대형 개요화면의 상실 

loss of off-site power 소외전력 상실 

loss of power to selected buses or CR 일부 bus 또는 제어실 전원공급 장치 
power supplies 에 대한전원 상실 

loss of video display units VDU 기기 고장 

main steam line break 주증기관파열 

MUX contro11erC balance of plant) 다중신호제어처리기 

OER 운전경험검토 

operator surveys and interviews 운전원조사및 면담 
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outage analysis reports 발전정지 분석보고서 

performance measure 수행도척도 

positive reactivity addition 정반응도 첨가 

potential 잠재적인 

predecessor plant 선행발전소 

previous design 이전설계 

reactor incidents 원자로사건 

reactor shutdown and cooldown using 원격 정지계통을 사용한 원자로 정지 
remote shutdown system 및 냉각 

recognized 인지된 

retent lOn 보존 

safety/relief valve transients 안전/방출 밸브 과도상태 

safety-related system logic and control 
안전 관련 계통논리 및 제어 기기 

umt 

sources of human error 인적오류의 원인 

staffing shortfalls 운전요원 구성상의 결함 

station blackout 소내전원상실 

touch screen 접촉식 화면 

trade study evaluation 대안선택에 대한 평가 

translents 과도상태 

turbine trip 터빈 정지 

various-sized loss-of-coolant accidents 여러 규모의 냉각재 상실 사고 

3. 기능요건분석 및 기능할당 

영어원문 번역용어 

ad hoc set of activities 무계획한 업무 

backup 백엽 

coherent 이해할 수 있는 

complacency 자가 만족 

critical safety functions 주요안전 기능 

부록 3- 4 

outage analysis reports 발전정지 분석보고서 

performance measure 수행도척도 

positive reactivity addition 정반응도 첨가 

potential 잠재적인 

predecessor plant 선행발전소 

previous design 이천설계 

reactor incidents 원자로사건 

reactor shutdown and cooldown using 원격 정지계통을 사용한 원자로 정지 
remote shutdown system 및 냉각 

recognized 인지된 

retent lOn 보존 

safety/relief valve transients 안전/방출 밸브 과도상태 

safety-related system logic and control 
안전관련 계통논리 및 제어 기기 

umt 

sources of human error 인적오류의 원인 

staffing shortfalls 운전요원 구성상의 결함 

station blackout 소내전원상실 

touch screen 접촉식 화면 

trade study evaluation 대안선택에 대한 평가 

translents 과도상태 

turbine trip 터빈 정지 

various-sized loss-of-coolant accidents 여러 규모의 냉각재 상실 사고 

3. 기능요건분석 및 기능할당 

영어원문 번역용어 

ad hoc set of activities 무계획한 업무 

backup 백엽 

coherent 이해할 수 있는 

complacency 자가 만족 

critical safety functions 주요안전 기능 

부록 3- 4 



decommissioning 폐로 

functional decomposition 기능분할 

functional diagramming 기능도 

functional flow block diagram 기능송름 블록 다이어그램 

modified 수점된 

overlapping and redundant 중복적이고 잉여적 1 

personnel selection 작업자선발 

plant configurations 발전소구성 

postulated accidents 추정사고 

preClS lOn 정확도 

rationale 근거 

RCS integrity 원자로 냉각재 계통 건전성 

sensl tJVlty 민감도 

setup 설정 

sltuat lOn awareness 상황파악도 

success paths 성공경로 

supervisory controller and system 
감시제어 및 계통감시 

momtor 

technical basis and rationale 기술적 기준과 근거 

tradeoff studies 대안선택 연구 
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부록 4. 인간공학 업무 검토지침의 추가의견 

1. 인간공학 업무관리 

1.1 배경 

• 본문의 “하지만/ 인간공학 업무가 단일 조직의 책임사항이라거나 인 

간공학 설계팀이라 칭하는 조직단위가 있어야한다는 전제를 두지는 

않는다는 1.2 목적에서 언급한 인간공학 설계팀 보유의 확인 부분 

과 상충되는 해석을 낳을 수 있으므로I 1.2 목적을 보다 명확히 하기 

위해 삭제함이 타당함.(3) 

1.2 목적 

(추가의견 없음) 

1.3 사업자 제출문건 

• PSAR와 FSAR에 따라 제출 문건의 내용상 차이를 두는 것이 바람직 

함.(1) 

PSAR 제출시점에 인간공학 업무의 일부가 이미 진행돼 있을 것이므 

로l 인간공학 업무 계획 또는 관리에 대한 규제기관의 검토 후 불만 

족스런 사항에 대해 사업자에 요구하는 시정조치가 이미 진행된 업 

무에는 별 영향을 미치지 않게 되는 경우가 많을 것임. 따라서/ 인간 

공학 업무의 효과적인 수행을 위해서는 중요한 항목이나 시정조치의 

주 (1) 국내 인허가 체재에 대한 적합성I (2) 중요도 및 배경 I (3) 구체성 및 보완사항 
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본문의 “하지만/ 인간공학 업무가 단일 조직의 책임사항이라거나 인 

간공학 설계팀이라 칭하는 조직단위가 있어야한다는 전제를 두지는 

않는다는 1.2 목적에서 언급한 인간공학 설계팀 보유의 확인 부
 

과 상충되는 해석을 낳을 수 있으므로f 1.2 목적을 보다 명확히 하기 

위 해 삭제 함이 타당함.(3) 

1.2 목적 

(추가의견 없음) 

1.3 사업자 제출문건 

PSAR와 FSAR에 따라 제출 문건의 내용상 차이를 두는 것이 바람직 

함.(1) 

PSAR 제출시점에 인간공학 업무의 일부가 이미 진행돼 있을 것이므 

로l 인간공학 업무 계획 또는 관리에 대한 규제기관의 검토 후 불만 

족스런 사항에 대해 사업자에 요구하는 시정조치가 이미 진행된 업 

무에는 별 영향을 미치지 않게 되는 경우가 많을 것임. 따라서l 인간 

공학 업무의 효과적인 수행을 위해서는 중요한 항목이나 시정조치의 

주 (1) 국내 인허가 체재에 대한 적합성， (2) 중요도 및 배경， (3) 구체성 및 보완λ}항 
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효과가 불분명하므로 타 인간공학 업무항목보다 비중을 높게 두기 

힘듬.(1 ， 2) 

본문의 “검토자는 아래의 1.4.4항에 따라 현안 추적시스템도 감사를 

할 수 있다.“라는 문장은 현안추적시스댐에 대한 기술 자체에 대한 

것도 요구시 제출하는 것으로 해석되기 쉬우므로 “검토자는 아래의 

1.4.4항에 따라 현안 추적시스템의 구성체제 및 현안 관리 절차에 대 

한 기술을 포함하여야 한다.“로 수정함이 바람직함.(3) 

1.4 검토기준 

1.4.1 일반적 인간공학 업무 목표 및 범위 

(1) 인간공학 업무 목표 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(PSAR 및 FSAR 모두에 관련 내용이 포함되어야 하나I 특히 PSAR 

에 포함되어야 함을 강조하기 위해 위와 같은 의견을 적었음. 이하 

마찬가지 임.) 

(2) 가정 및 제약 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(3) 적용 대상 설비 

• PSAR에 관련 내용이 포함되어야 함.(1) 

.NUREG-0700 Rev. 1의 2.2 Review Topics, (1) HSI Design Review 
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효과가 불분명하므로 타 인간공학 업무항목보다 비중을 높게 두기 

힘듬.(1 ， 2) 

본문의 “검토자는 아래의 1.4.4항에 따라 현안 추적시스템도 감사를 

할 수 있다.“라는 문장은 현안추적시스템에 대한 기술 자체에 대한 

것도 요구시 제출하는 것으로 해석되기 쉬우므로 “검토자는 아래의 

1.4.4항에 따라 현안 추적시스템의 구성체제 및 현안 관리 절차에 대 

한 기술을 포함하여야 한다.“로 수정함이 바람직함.(3) 

1.4 검토기준 

1.4.1 일반적 인간공학 업무 목표 및 범위 

(1) 인간공학 업무 목표 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(PSAR 및 FSAR 모두에 관련 내용이 포함되어야 하나I 특히 PSAR 

에 포함되어야 함을 강조하기 위해 위와 같은 의견을 적었음. 이하 

마찬가지 임.) 

(2) 가정 및 제약 

• PSAR에 관련 내용이 포함되어야 함 (1) 

(3) 적용 대상 설비 

• PSAR에 관련 내용이 포함되어야 함.(1) 

.NUREG-0700 Rev. 1의 2.2 Review Topics, (1) HSI Design Review 
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Goals and Scope에는 HSI 설계 검토와 관련된 발전소 계통 및 관련 

기능들이 HSI 설계검토의 목적에 부합되도록 폭과 깊이를 지니고 기 

술되어야 한다고 하고 있으나/ 이는 기존 HSI의 개량에만 국한하거 

나/ 또는 인간공학 업무항목 중 기능요건 분석 및 기능할당에 언급될 

것이므로 생략하는 것이 타당함.(3) 

(4) 적용 대상 HSI 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(5) 적용 발전소 종사자 

• PSAR에 관련 내용이 포함되 어 야 함.(1) 

(6) 기술적 근거 

• PSAR에 관련 내 용이 포함되 어 야 함.(1) 

1.4.2 인간공학 업무 팀 및 조직 

(1) 책임 

• PSAR에 관련 내용이 포함되 어 야 함.(1) 

(2) 조직상의 위상 및 권한 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(3) 구성 

부록 4- 3 

Goals and Scope에는 HSI 설계검토와 관련된 발전소 계통 및 관련 

기능들이 HSI 설계검토의 목적에 부합되도록 폭과 깊이를 지니고 기 

술되어야 한다고 하고 있으나/ 이는 기존 HSI의 개량에만 국한하거 

나/ 또는 인간공학 업무항목 중 기능요건 분석 및 기능할당에 언급될 

것이므로 생략하는 것이 타당함.(3) 

(4) 적용 대상 HSI 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(5) 적용 발전소 종사자 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(6) 기술적 근거 

• PSAR에 관련 내용이 포함되어야 함.(1) 

1.4.2 인간공학 업무 팀 및 조직 

(1) 책임 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(2) 조직상의 위상 및 권한 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(3) 구성 
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• PSAR에 관련 내용이 포함되어야 함.(1) 

(4) 팀원 배치 

• PSAR에 관련 내용이 포함되 어 야 함.(1) 

1.4.3 인간공학 공정 및 절차 

(1) 일반 공정 절차 

• PSAR에 관련 내용이 포함되어야 함.(1) 

1.4.2 (1)항 “책임”에 언급된 업무내용/ 즉/ “ (a) 모든 인간공학 업무 

계획 및 절차의 개발， (b) 모든 인간공학 설계/ 개발/ 시험/ 평가 활동 

에 대한 감독 및 검토， (c) 인간공학 업무 수행을 통하여 판명된 문 

제점들에 대하여 정해진 경로를 통한 문제점 제기/ 권고/ 해결책 제 

시， (d) 인간공학 팀 권고사항의 이 행 확인， (e) 모든 인간공학 업무 

들이 인간공학 계획 및 절차에 부합되는가에 대한 확인， (f) 업무 일 

정 및 이정표 수립“/ 등에 관한 공정절차가 구체적으로 명시되어야 

할 것임 (3) 

(2) 공정관리 도구 

• PSAR에 관련 내용이 포함되어야 함 (1) 

r\JUREG-0700 Rev. 1 의 2.2 Review Topics, (3) Review Management 

Process and Procedures에는 포함되어야 할 자료수집 양식 및 절차 

의 예로써 다음과 같은 항목을 열거하였음. 

- 발전소 종사자에 대한 설문서/면담 양식 

부록 4- 4 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(4) 팀원 배치 

• PSAR에 관련 내용이 포함되어야 함.(1) 

1.4.3 인간공학 공정 및 절차 

(1) 일반 공정 절차 

• PSAR에 관련 내용이 포함되어야 함.(1) 

1.4.2 (1)항 “책 임”에 언급된 업무내용/ 즉/ “ (a) 모든 인간공학 업무 

계획 및 절차의 개발， (b) 모든 인간공학 설계/ 개발/ 시험/ 평가 활동 

에 대한 감독 및 검토， (c) 인간공학 업무 수행을 통하여 판명된 문 

제점들에 대하여 정해진 경로를 통한 문제점 제기/ 권고/ 해결책 제 

시， (d) 인간공학 팀 권고사항의 이 행 확인， (e) 모든 인간공학 업무 

들이 인간공학 계획 및 절차에 부합되는가에 대한 확인， (f) 업무 일 

정 및 이정표 수립“/ 동에 관한 공정절차가 구체적으로 명시되어야 

할 것임 (3) 

(2) 공정관리 도구 

• PSAR에 관련 내용이 포함되어야 함 (1) 

r\JUREG-0700 Rev. 1 의 2.2 Review Topics, (3) Review Management 

Process and Procedures에는 포함되어야 할 자료수집 양식 및 절차 

의 예로써 다음과 같은 항목을 열거하였음. 

- 발전소 종사자에 대한 설문서/면담 양식 
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- 제어실 내의 기기를 기록하는 양식 

- HSI 부품에 대해 모든 관련 지침이 체계적으로 다루어졌 

는 지를 확인하는 검토목록( checklist) 

- 사진 기록(photographic logs)과 같은 문서통제양식 

- 특수 측정 양식/ 예를 들면/ 소음l 주위조명/ 표시기 조명/ 

환경조건y 등 

- 인간공학적으로 부적합 사항이 속한 위치와 그 사항을 명 

확히 기술하기 위한 인간공학적 부적합 사항(HED) 기록 

양식 

이들을 포함하도록 하는 것이 타당하나 이들에 대한 검토는 사전검 

토일 경우에만 의미가 있음. 사후 검토일 경우에는I 시정이 필요하다 

면 사업자가 이미 수행한 업무를 재시행하여야 한다는 단점이 있게 

됨 또한/ 반드시 인간공학 업무 계획에 포함할 필요는 없으며/ 각 인 

간공학 업무의 시행계획에 기술되어도 될 것임 .(3) 

인간공학 결과물에 대한 질을 높이는 데 인간공학 업무계획에 언급 

된 타 검토기준보다 상대적으로 중요한 위치를 차지함.(2) 

(3) 인간공학 업무와 타 발전소설계 업무의 통합 

• PSAR에 관련 내용이 포함되어야 함.(1) 

• 아래 “ (4) 인간공학 업무 이정표“와 연계하여 기술되어야 함.(3) 

(4) 인간공학 업무 이정표 

• PSAR에 관련 내용이 포함되어야 함.(1) 

인간공학 업무범위 내에서의 업무상호간 관계가 구체적으로 명시되 
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- 제어실 내의 기기를 기록하는 양식 

- HSI 부품에 대해 모든 관련 지침이 체계적으로 다루어졌 

는 지를 확인하는 검토목록( checklist) 

- 사진 기록(photographic logs)과 같은 문서통제양식 

- 특수 측정 양식/ 예를 들면/ 소음/ 주위조명/ 표시 기 조명/ 

환경조건/등 

- 인간공학적으로 부적합 사항이 속한 위치와 그 사향을 명 

확히 기술하기 위한 인간공학적 부적합 사항(HED) 기록 

양식 

이들을 포함하도록 하는 것이 타당하나 이들에 대한 검토는 사전검 

토일 경우에만 의미가 있음. 사후 검토일 경우에는I 시정이 필요하다 

면 사업자가 이미 수행한 업무를 재시행하여야 한다는 단점이 있게 

됨 또한/ 반드시 인간공학 업무 계획에 포함할 필요는 없으며/ 각 인 

간공학 업무의 시행계획에 기술되어도 될 것임 .(3) 

인간공학 결과물에 대한 질을 높이는 데 인간공학 업무계획에 언급 

된 타 검토기준보다 상대적으로 중요한 위치를 차지함.(2) 

(3) 인간공학 업무와 타 발전소설계 업무의 통합 

• PSAR에 관련 내용이 포함되어야 함.(1) 

• 아래 “ (4) 인간공학 업무 이정표“와 연계하여 기술되어야 함.(3) 

(4) 인간공학 업무 이정표 

• PSAR에 관련 내용이 포함되어야 함.(1) 

인간공학 업무범위 내에서의 업무상호간 관계가 구체적으로 명시되 
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어야 하고/ 각 인간공학 업무 항목별 기술에도 이를 확인할 수 있도 

록 언급되 어 야 함.(3) 

(5) 인간공학 문서작성 

앞으로 작성될 문건들에 대한 것이므로， 이미 업무가 진행된 후에는 

검토의 의미가 없고 검토를 위해 제출된 문건의 목록에 불과함. 

PSAR 시점에 제출하면 그 이후에 제출할 문건에 대한 검토가 이루 

어 질 수 있음.(1) 

• 타 검토항목에 비해 중요도가 낮읍.(1) 

(6) 하청업무의 인간공학 

• PSAR에 관련 내용이 포함되어야 함.(1) 

“인간공학 요건”을 “사업자가 적용해야 할 인간공학 요건“으로 명확 

히 하는 것이 바람직 함.(3) 

적용대상을 인간공학 업무관련 하청계약으로 국한하는 것이 타당 

함.(3) 

1.4.4 인간공학 현안 추적 (HFE issue tracking) 

(1) 가용성 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(2) 방법 

• PSAR에 관련 내용이 포함되어야 함.(1) 

부록 4- 6 

어야 하고/ 각 인간공학 업무 항목별 기술에도 이를 확인할 수 있도 

록 언급되어야 함.(3) 

(5) 인간공학 문서작성 

• 앞으로 작성될 문건들에 대한 것이므로/ 이미 업무가 진행된 후에는 

검토의 의미가 없고 검토를 위해 제출된 문건의 목록에 불과함. 

PSAR 시점에 제출하면 그 이후에 제출할 문건에 대한 검토가 이루 

어 질 수 있음.(1) 

• 타 검토항목에 비해 중요도가 낮음.(1) 

(6) 하청업무의 인간공학 

• PSAR에 관련 내용이 포함되어야 함 (1) 

“인간공학 요건”을 “사업자가 적용해야 할 인간공학 요건“으로 명확 

히 하는 것 이 바람직 함.(3) 

적용대상을 인간공학 업무관련 하청계약으로 국한하는 것이 타당 

함.(3) 

1.4.4 인간공학 현안 추적 (HFE issue tracking) 

(1) 가용성 

• PSAR에 관련 내용이 포함되어야 함.(1) 

(2) 방법 

• PSAR에 관련 내용이 포함되어야 함.(1) 
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현안에 대한 기준l 현안의 관리 및 처리에 대한 절차l 현안 분석 

(side-effect 포함) 및 해결에 대한 방법론I 퉁이 포함되어야 함.(3) 

• 인간공학 결과물의 질을 높이는 데 비중이 높음.(2) 

(3) 문서화 

• PSAR에는 적어도 “운전경험검토“로부터 밝혀진 현안이 문서화되어 

야 함.(1， 3) 

(4) 책임 

• PSAR에 관련 내용이 포함되어야 함 (1) 

1.4.5 기 술적 업 무 (Technical Program) 

(1) 

• PSAR에 관련 내 용이 포함되 어 야 함.(1) 

• 계획과 기 수행분이 분명하게 구별하여 기술되어야 하고 또한 검토 

되어야 할 것임 .(3) 

• 개별 인간공학 업무 항목에서 기술될 것과 구별되어야 함.(3) 

개 괄적 인 기 술을 요구하고 있으나 NUREG-0700 Rev.1의 2.2 Review 

Topics, (4) Technical Program Development에 밝힌 바와 같이 범위l 

절차y 결과물/ 일정을 기술하는 것이 바람직 함.(3) 

참고로 NUREG-0711과 NUREG-0700 Rev.1에서 요구하는 기술 항목 

을 비교해 보면/ 다음의 표와 같다. 
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(2) 

(3) 

표. NUREG-0711과 NUREG-0700 Rev.1의 기술적 업무항목 비 교 

NUREG-0711 NUREG-0700 Rev.l 

• 운전경험검토 운전경험검토 

직무분석 • 기능 및 직무분석 

• 운전요원 구성 HSI 목록 및 특성화 

인적신뢰도분석 HSI 직무 지원성 확인 

• HSI 설계 • HFE 설계 확인 

절차서 개발 통합 시스템 검증 

훈련 엽무 개발 • HED 평가 

인간공학적 확인 및 검증 설계 개선 규명 

설계 개선 확인 

NUREG-0711은 운전요원 구성r 인적신뢰도분석/ 절차서 개발/ 훈련업 

무개발과 같이 전반적인 인간공학 업무를 다루고 있는 반면/ 

NUREG-0700 Rev.1은 HSI의 확인 및 검증I HED의 평가 및 해결을 

자세히 다루고 있다. 그러나I NUREG-0700 Rev.1에서의 HSI의 확인 

및 검증I HED의 평가 및 해결은 NUREG-0711의 인간공학적 확인 

및 검증에 포함시킬 수 있으므로l 인간공학 규제지침으로는 

NUREG-0711의 범위를 따름이 맞다고 봄.(3) 

• PSAR에 관련 내용이 포함되어야 함.(1) 

• PSAR에 관련 내용이 포함되어야 함.(1) 

2. 운전경험검토 
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(2) 

(3) 

표. NUREG-0711과 NUREG-0700 Rev.1의 기술적 업무항목 비교 

NUREG-0711 NUREG-0700 Rev .l 

운전경험검토 운전경험검토 

직무분석 기능 및 직무분석 

• 운전요원 구성 • HSI 목록 및 특성화 

인적신뢰도분석 HSI 직무 지원성 확인 

• HSI 설계 • HFE 설계 확인 

절차서 개발 통합 시스템 검증 

훈련 엽무 개발 • HED 평가 

인간공학적 확인 및 검증 설계 개선 규명 

설계 개선 확인 

NUREG-0711은 운전요원 구성 r 인적신뢰도분석/ 절차서 개발/ 훈련업 

무개발과 같이 전반적인 인간공학 업무를 다루고 있는 반면/ 

NUREG-0700 Rev.1은 HSI의 확인 및 검증I HED의 평가 및 해결을 

자세히 다루고 있다. 그러나I NUREG-0700 Rev.1에서의 HSI의 확인 

및 검증I HED의 평가 및 해결은 NUREG-0711의 인간공학적 확인 

및 검증에 포함시킬 수 있으므로l 인간공학 규제지침으로는 

NUREG-0711의 범위를 따름이 맞다고 봄.(3) 

• PSAR에 관련 내용이 포함되어야 함.(1) 

• PSAR에 관련 내용이 포함되어야 함.(1) 

2. 운전경험검토 
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2.1 배경 

• 차세대원자로 안전원칙 중l “일반안전원칙 6: 운전경험의 반영”에 언 

급된 바와 같이/ 기존의 문제점을 규명하고 현 설계에서는 해결하였 

음을 확인토록하는 것은 인간공학적으로 중요도가 높은 업무항목이 

라 할 수 있다.(2) 

2.2 목적 

(추가의견 없음) 

2.3 사업자 제출문건 

대부분의 운전경험검토 내용이 PSAR 제출시기에 제출되어야 함.(1， 

3) 

2.4 검토기준 

2.4 .1 범위 

(1) 선행 발전소 및 계통 

• PSAR에 관련 내용이 포함되어야 함.(1) 

”국내를 포함한“이라는 문구를 추가하여 국내 선행발전소 및 유사발 

전소에 대한 운전경험검토를 누락하지 않도록 함.(3) 

(2)항의 마지막 사항y “적용가능한 가동중 발전소 사건 보고서 

(applicable operating plant event reports)"는 여 기 에/ 즉， (1)항에 해 
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당됨 .(3) 

NUREG-0700 Rev. 1의 3.1.2 Review Topics, (1) Documentation 

Review, “ Plant-sepcific HFE issues"에 다음과 같은 검토대상 문건들 

을 자세히 언급하고 있다. 

- LER(Licensee Event Reports) 및 다른 형 태 의 사건보고서 

- 정지분석 보고서 (Outage Analysis Reports) 

- 안전성분석보고서 (SARs) 및 안전성평가보고서 (SERs) 

- PRA 및 HRA 

- 운전을 위한 기술사양(Technical Specifications) 의- 수정 

- 내부 메모/보고서 (Int앙nal memoranda/ reports) 

따라서， NUREG-0700 Rev. 1에 언급된 사항을 안전규제지침에 적 용 

함이 타당함 (3) 

아차사례 (near miss) 또한 사건사례와 마찬가지로 중요한 정보를 제 

공하고 더욱이 사례수가 많다는 장점이 있으므로/ 가용한 범위 내에 

서 아차사례 (near miss)를 운전경험검토에 포함시키는 것이 바람직 

함.(3) 

(2) 인지된(recognized) 원자력산업계 인간공학 현안 

• PSAR에 관련 내용이 포함되어야 함.(1) 

위에서 언급한 대로r “적용 가능한 가동중 발전소 사건 보고서 

(applicable operating plant event reports)"는 (1)항에 서 다루는 것 이 

타당함.β) 

(3) 관련된 HSI 기술 
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당됨 .(3) 

NUREG-0700 Rev. 1의 3.1.2 Review Topics, (1) Documentation 

Review, “ Plant-sepcific HFE issues"에 다음과 같은 검토대상 문건들 

을 자세히 언급하고 있다. 

- LER(Licensee Event Reports) 및 다른 형태의 사건보고서 

- 정지분석 보고서 (Outage Analysis Reports) 

- 안전성분석보고서 (SARs) 및 안전성평가보고서 (SERs) 

- PRA 및 HRA 

- 운전을 위한 기술사양(Technical Specifications) 의- 수정 

- 내부 메모/보고서(Int앙nal memorandajreports) 

따라서， NUREG-0700 Rev. 1에 언급된 사항을 안전규제지침에 적 용 

함이 타당함 (3) 

아차사례 (near miss) 또한 사건사례와 마찬가지로 중요한 정보를 제 

공하고 더욱이 사례수가 많다는 장점이 있으므로/ 가용한 범위 내에 

서 아차사례 (near miss)를 운전경험검토에 포함시키는 것이 바람직 

함.(3) 

(2) 인지된(recognized) 원자력산업계 인간공학 현안 

• PSAR에 관련 내용이 포함되어야 함.(1) 

위에서 언급한 대로l “적용 가능한 가동중 발전소 사건 보고서 

(applicable operating plant event reports)"는 (1)항에 서 다루는 것 이 

타당함.β) 

(3) 관련된 HSI 기술 
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• PSAR에 관련 내용이 포함되어야 함.(1) 

• 타 운전경험분석에 포함되지 않은 HSI 설계에 반영될 신기술로 국한 

하고r 이에 대한 적용 타당성을 확보하기 위한 차원에서 다루는 것이 

바람직함.(3) 

차세대원자로 안전원칙 중 11설계안전원칙 2: 입증기술의 사용”에 부 

합되도록 신기술에 대한 입증을 요구해야 함.(3) 

F-JUREG-0700 Rev. 1의 3.1.2 Review Topics, (1) Documentation 

Re、앤W에 “ Advanced HSI Technology Issues"를 언급하여/ 

documentation review로 국한된 검토를 요구하고 있으나/ 이에 더하 

여 신기술의 검토 및 입증 방법론의 제시도 포함토록 하고/ 이에 대 

한 규제기관의 검토가 필요함.(3) 

(4) 운전원 면담 

• PSAR에 관련 내용이 포함되어야 함.(1) 

.NUREG-0700 요쁘J의 3.1.2 Review Topics, (2) Personnel Survey에 

기술된 바와 같이I 대상 발전소 종사자의 범위를 보조운전원 

(auxiliary operators), 원자로 운전원(reactor operators), 선임 원자로 

운전원(senior reactor operators), 교대 기술 자문가( shift technical 

advisors), 교대 감독자(shift supervisors), 발전과장( operations 

managers), 현장 운전원(LCS opera tors), 보수요원(maintenance 

personnel)을 포함하여 HSI를 다룬 경 험 이 있는 종사자로 규정 함이 

타당함.(3) 

변담 또는 질문서의 주제에 있어서 NUREG-0711과 NUREG-0700 

Rev. 1 이 차이를 보이고 있다. NUREG-0711은 “발전소 운전”으로 구 

부록 4- 11 

• PSAR에 관련 내용이 포함되어야 함.(1) 

• 타 운전경험분석에 포함되지 않은 HSI 설계에 반영될 신기술로 국한 

하고I 이에 대한 적용 타당성을 확보하기 위한 차원에서 다루는 것이 

바람직함.(3) 

차세대원자로 안전원칙 중 11설계안전원칙 2: 입증기술의 사용”에 부 

합되도록 신기술에 대한 입증을 요구해야 함.(3) 

F-JUREG-0700 Rev. 1의 3.1.2 Review Topics, (1) Docurnentation 

Review에 “ Advanced HSI Technology Issues"를 언급하여I 

docurnentation review로 국한된 검토를 요구하고 있으나I 이에 더하 

여 신기술의 검토 및 입증 방법론의 제시도 포함토록 하고/ 이에 대 

한 규제기관의 검토가 필요함.(3) 

(4) 운전원 면담 

• PSAR에 관련 내용이 포함되어야 함.(1) 

.NUREG-0700 표쁘」의 3.1.2 Review Topics, (2) Personnel Survey에 

기술된 바와 같이I 대상 발전소 종사자의 범위를 보조운전원 

(auxiliary operators), 원자로 운전원(reactor operators), 선임 원자로 

운전원(senior reactor operators), 교대 기술 자문가(shift technical 

advisors), 교대 감독자(shift supervisors), 발전과장(operations 
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분한 주제는 발전소 사건I 사고y 기기고장， 둥을 언급하고 있어 실제 

발전소 운전에서 많이 접하지 않는 주제를 다루고 있다. 반변 

NUREG-0700 Rev.1에서는 다음과 같은 사항을 언급하였다. 

- 정상 운전y 과도상태 및 사고 상황시에 발전소 안전성에 중대한 

또는 잠재적으로 중대한 종사자의 의사결정이나 조치 

- HSI에 대한 일반적인 관찰 및 비평 

- 3.1 .2 Review Topics, (1) Documentation Review에 서 규명 된 현 

안에 대한 개인적인 경험 또는 지식 

NUREG-0700 Rev.1을 따르는 것 이 바람직 함.(3) 

• “인간공학IHSI 설계주제“에 관한 NUREG-0711과 NUREG-0700 Rev. 

1의 비교는 다음 표와 같다. 

NUREG-0711 NUREG-0700 Rev. 1 
- 경보 I - 정보표시 
- 정 보표시 I - 사용자-시 스댐 상호작용 
- 제 어 및 자동화 I - 공정 제 어 및 입 력 기 기 
- 자료처리 및 작업지원도구 I - 경보시스템 
- 발전소 작업자 및 타 조직과의 실 I - 작업자간 통신 
시간 통신 I - 작업공간 설계 

절차서/ 훈련/ 운전요원 구성 I - 현장 제어반 

(staffing), 작 업 설 겨1 (job design) HSI의 교정 및 예방보수 

(corrective and preventive 
maintenance) 

- 절차서/ 훈련/ 운전요원 구성/ 삭 

업설계 --.J 

따라서/ 두 문서의 항목에서 의미가 중복되는 것을 제외하고 다음과 

같이 정리하여 적용함이 바람직 함.(3) 

-정보표시 

- 공정제어 및 입력 기기 
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시간 통신 

절차서， 훈련/ 운전요원 구성 
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F.JUREG-0700 Rev. 1 
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- 사용자-시 스댐 상호작용 

- 공정제어 및 입력 기기 

-경보시스템 

- 작업자간 통신 

- 작업공간 설계 

- 현장 제어반 

HSI의 교정 및 예방보수 

(corrective and preventive 
maintenance) 

- 절차서l 훈련l 운전요원 구성/ 삭 

업설계 --.J 

따라서/ 두 문서의 항목에서 의미가 중복되는 것을 제외하고 다음과 
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- 자동화 수준 

-경보계통 

- 작업공간 및 작업환경 설계 

- 작업지원도구 

- 작업자간의 실시간 통신 

- 현장 제어반 

- HSI의 교정 및 예방보수(corrective and preventive 

maintenance) 

- 절차서/ 훈련/ 운전요원 구성I 작업설계 

2.4.2 현안 분석/ 추적 및 검토 

• 운전경험검토로부터의 현안임을 명시 .(3) 

(1) 분석 내용 

• PSAR에 관련 내용이 포함되어야 함.(1) 

• r\JUREG-0700 Rev. 1의 3.1.2 Review Topics, (3) Issue Analysis가 좀 

더 구체적으로 기술하고 있음. 따라서， NUREG-0711과 종합하여 다 

음과 같은 사항을 분석하도록 요구함이 타당함.(3) 

- 규명된 현안의 인간수행도/인적오류에 대한 영향 

- HSI 설계에 의해 인간수행도/인적오류가 영향 받는 정도 

- 문제점에 대한 배경 원인 

- 발전소 상태 및 운전 조건에 따른 문제의 심각성 

- 인간수행도를 강화해주는 설계요소 
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(2) 문서화 

• PSAR에 관련 내용이 포함되어야 함.(1) 

FJUREG-0700 Rev. 1의 3.1 .2 Review Topics, (4) Issue 

Documentation이 구체적임. NUREG-0700 Rev. 1을 따라/ 다음과 같 

은 정보를 포함토록 함. 

- 문제 이전의 상황 및 사건(예를 들면I 시험중이라거나 보 

수작업중) 

- 문제가 발생했을 때의 상황 및 사건(예를 들면/ 기동l 출력 

증발I 출력운전/ 과도상태/비정상 운전/ 등) 

- 문제의 본질(예를 들면/ 관련된 HSI 기기 및 인간수행도) 

- 문제의 결과 

- 수행된 교정조치 

- 교정조치의 영향(과거에 특별히 효과가 있던 해결책에 주 

의할 것. 왜냐하면， HSI 설계검토 동안 규명된 다른 문제 

에 유사한 방법을 적용할 수도 있음) 

또한 NUREG-0700 Rev. 1에서 요구한 대로l 면담 또는 설문조사 관 

련 질문서/ 조사방법/ 조사결과/ 응답의 통계치y 둥을 문서화함이 타 

당함.(3) 

(3) 현안 추적시스랩과의 결합 

• PSAR에 관련 내용이 포함되 어 야 함.(1) 

인간공학 업무 검토지침 본문의 “표 2.1 인간공학 업무에서 운전경 

험검토의 역할“과 관련하여r 운전경험검토로부터의 현안이 어느 인간 

공학 업무항목 또는 설계활동과 관계를 맺고 추적되어야 하는 지를 
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명시하도록(PSAR 수준에서) 함이 바람직 함.(3) 

• 나중에는(FSAR 시점에서) 해당 인간공학 업무항목 또는 설계활동에 

서 어떻게 해결되었는 지가 추적 가능해야 함.(3) 

3. 기능요건 분석 및 기능할당 

3.1 배경 

(추가의견 없음) 

3.2 목적 

(추가의견 없음) 

3.3 사업자 제출문건 

• PSAR 및 FSAR에 상세성의 수준을 달리한 내용이 포함되어야 함.(1) 

• PSAR에는 FSAR로 제출될 업무의 계획 및 방법론이 포함되어야 

함.(3) 

3.4 검토 기준 

3.4.1 일반 기준 

(추가의견 없음) 

3.4.2 기능요건분석 

• NUREG-0711은 안전기능 및 공정의 규명/ 선행 발전소에서 수정된 
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공정 및 기능의 규명/ 수정된 공정에 대한 기술적 근거 문서화/ 발전 

소 공정에 대한 요약 기술/ 수정된 공정에 대한 상세기술을 언급하고 

있으며1MUREG-0700 Rev. 1에서는 발전소 안전기능 및 공정의 규 

명 I Operational Event의 규명 및 선정/ 기능 기술을 언급하고 있어 

차이가 있다. 두 문서 공히 안전기능 및 공정을 규명토록 요구하고 

있고 NUREG-0711에서는 수정된 공정에 대한 기술적 근거도 마련하 

도록 되어있다. 그러나l 이러한 안전기능 및 공정의 설계는 타 설계 

팀의 몫이므로/ 인간공학 설계팀이 기능분석을 수행하여 문서화하고 

검토를 받도록 하기에는 비합리적인 면이 있다. 특히 I NUREG-0711 

에서 요구하는 수정된 공정에 대한 기술적 근거의 마련이 인간공학 

업무에 포함되어야 하는 지는 의문스럽다 따라서 I NUREG-0711 및 

NUREG-0700 Rev. 1 이 요구하는 대부분의 기능분석 요건과 문서화 

를 타 설계팀 또는 안전해석 업무로서 수행하여 제출토록 하고/ 인간 

공학 업무에서의 기능분석 범위를 발전소 공정과 연계된 감시 및 제 

어기능으로 국한하여 이의 효과적인 할당을 검토하는 방안이 타당함. 

(3) 

3.4.3 기능할당 분석 

(추가의견 없음) 
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제 1 장 인간공학 업무 관리 

1. U s. Code of Federal Regulations, Part 50, "Domestic Licensing of 
Production and Utilization Facilities," Title 10 "Ener.양." [1 0 CFR 
50. 34(f) (2)끼ii)j 

Provide, for Commission review, a control room design that reflects state-of-the-art 
human factor principles prior to committing to fabrication or revision of fabricated 
control room panels and layouts. (I.D.l) 

2. U s. Code of Federal Regulations, Part 52, "Early Site Permits; 
Standard Design Certifications; and Combined Licenses for Nuclear 
Power Plants," Title 10, 'Energy." [1 0 CFR 52.4 7ω(1)띠l 

Demonstration of compliance with any technically relevant portions of the Three Mile 
Island requirements set forth in 10 CFR 50 .34(f); 

3. 10 CFR 50.120 Training and qualification of nuclear power plant 
personne l. 

(a) Applicability. The requirements of this section apply to each applicant for 
(applicant) and each holder of an operating license (Iicensee) for a nuclear power 
plant of the type specified in g 50.21(b) or g 50.22. 
(b) Requirements. (1) Each nucIear power plant applicant, by November 22, 1993 or 
18 months prior to fuel load, whichever is later, and each nucIear power plant 
licensee, by November 22, 1993 shall establish, implement, and maintain a training 
program derived from a systems approach to training as defined in 10 CFR 55 .4. The 
training program must provide for the training and qualification of the following 
categories of nucIear power plant personnel: 

(i) Non-Iicensed operator. 
(i i) Shift supervisor. 
(iii) Shift technical advisor. 
(iv) Instrument and control technician. 
(v) Electrical maintenance personnel. 
(vi) Mechanical maintenance personnel. 
(vii) Radiological protection technician. 
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(viii) Chemistry technician. 
(ix) Engineering support personnel. 

(2) The training program must incorporate the instructional requirements necessaη to 
provide qualified personnel to operate and maintain the facility in a safe manner in all 
modes of operation. 

The training program must be developed so as to be in compliance with the facility 
license, including all technical specifications and applicable regulations. The training 
program must be periodically evaluated and revised as appropriate to reflect industry 
experience as well as changes to the facility, procedures, regulations, and quality 
assurance requirements. The training program must bε periodically reviewed by licensee 
management for effectiveness. Sufficient records must be maintained by the licensee to 
maintain program integrity and kept available for NRC inspection to veri fY the 
adequacy of the program. 

[58 FR 21912, Apr. 26, 1993; 68 FR 39092, July 21 , 1993] 

4. u.s. Code of Federal Regulations, Part 55, "Operator's Licenses," 
Title 10, "Energy." 

Subpart A-General Provision. 
~ 55.1 Purpose. 

The .regulations in this part: 
(a) Establish procedures and criteria for the issuance of licenses to operators and 
senior operators of utilization facilities licensed pursuant to the Atomic Energy Act of 
1954, as amended, or section 202 of the Energy Reorganization Act of 1974, as 
amended, and Part 50 of this chapter, 
(b) Provide for the terms and conditions upon which the Commission wil\ issue or 
modify these licenses, and 
(c) Provide for the terms and conditions to maintain and renew these licenses. 

~ 55 .2 Scope. 
The regulations in this part apply to-
(a) Any individual who manipulates the controls of any utilization facility licensed 
pursuant to Part 50 of this chapter, and 
(b) Any individual designated by a facility licensee to be responsible for directing any 
licensed activity of a licensed operator. 

~ 55 .3 License requirements. 
A person must be authorized by a license issued by the Commission to perform the 
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function of an operator or a senior operator as defined in this part. 

~ 55 .4 Definitions. 
As used in this part: 
"Act" means the Atomic Energy Act of 1954, including any amendments to the Act. 
"Actively performing the functions of an operator or senior operator" means that an 
individual has a position on the shift crew that requires the individual to be licensed 
as defined in the facility’s technical specifications, and that the individual carries out 
and is responsible for the duties covered by that position. 
"Commission" means the Nuclear Regulatory Commission or its duly authorized 
representatlves. 
"Controls" when used with respect to a nuclear reactor means apparatus and 
mechanisms the manipulation of which directly affects the reactivity or power level of 
the reactor 
"Facility" means any utilization facility as defined in Part 50 of- this chapter. In cases 
for which a license is issued for operation of two or more facilities, "facility" means 
all facilities identified in the license. 
、‘ Facility licensee" means an applicant for or holder of a license for a facility. 
"Licensee" means an individual licensed operator or senior operator. 
"Operator" means any individual licensed under this paπ to manipulate a control of a 
facility. 
"Performance testing" means testing conducted to verify a simulation facility’s 
performance as compared to actual or predicted reference plant performance. 
"Physician" means an individual licensed by a State or territory of the United States, 
the District of Columbia or the Commonwealth of Puerto Rico to dispense drugs in 
the practice of medicine. 
"Plant-referenced simulator" means a simulator modeling the systems of the reference 
plant with which the operator interfaces in the control room, including operating 
consoles, and which permits use of the reference plant’s procedures. A pl뻐t-referenced 

simulator demonstrates expected plant response to operator input, and to normal, 
transient, and accident conditions to which the simulator has been designed to respond. 
"Reference plant" means the specific nuclear power plant from which a simulation 
facility ’s control room configuration, system control arrangement, and design data are 
derived. 
"Senior operator" means any individual licensed under this part to manipulate the 
controls of a facility and to direct the licensed activities of licensed operators. 
"Simulation facility" means one or more of the following components, alone or in 
combination, used for the partial conduct 0 

(1) The plant, 
(2) A plant-referenced simulator, - (3) Another simulation device. 
"System approach to training" means a training program that includes the following 
five elements: 
(1) Systematic analysis of the jobs to be performed 
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(2) Leaming objectives derived from the analysis which describe desired perfonnance 
after training. 
(3) Training design and implementation based on the leaming objectives 
(4) Evaluation of σainee mastery of the objectives during training. 
(5) Evaluation and revision of the training based on the perfonnance of trained 
personnel in the job setting. 
"United States," when used in a geographical sense, includes Puerto Rico and all 
teπitories and possessions of the United States. 

~ 55.5 Communications. 

(a) Except as provided under a regional licensing program identified in paragraph (b) 
of this section, an applicant or licensee or facility licensee shall submit any 
communication or report conceming the regulations in this part and shall submit any 
application filed under these regulations to the Commission as follows: 
(1) By mail addressed to-Director of Nuclear Reactor Regulation, U.S. Nuclear 
Regulatory Commission, Washington, DC 20555, or 
(2) By delivery in person to the Commission’s offices-at 2120 L Street NW. , 
Washington, DC, or at 11555 Rockville Pike, Rockville, Maryland. 
(b)(I) The Director of Nuclear Reactor Regulation has delegated to the Regional 
Administrators of Regions 1, 11, III, IV, and V authority and responsibility pursuant to 
the regulations in this part for the issuance and renewal of licenses for operators and 
senior operators of nuclear reactors licensed under 10 CFR Part 50 and located in 
these regions. 
(2) Any application for a license or license renewal fi!ed under the regulations in this 
P하t involving a nuclear reactor licensed under 10 CFR Part 50 and any related 
inquiry, communication, infonnation, or report must be submitted by mail or in person 
to the Regional Administrator. The Regional Administrator or the Administrator's 
designee will transmit to the Director of Nuclear Reactor Regulation any matter that is 
not within the scope of the Regional Administrator's delegated authority 
(i) If the nuclear reactor is located in Region 1, submission must be made to the 
Regional Administrator, Region 1, U.S. Nuclear Regulatory Commission, 475 Allendale 
Road, King of Prussia, Pennsylvania 19406. 
(i i) If the nuclear reactor is located in Region 11, submission must be made to the 
Regional Administrator, Region 11, U.S. Nuclear Regulatory Commission, 101 Marietta 
Street, Suite 2900, Atlanta, Georgia 30303. 
(iii) If the nuclear reactor is located in Region III, submission must be made to the 
Regional Administrator, Region III, U.S. Nuclear Regulatory Commission, 799 
Roosevelt Road, Glen Ellyn, Illinois 60137. 
(iv) If the nuclear reactor is located in Region IV, submission must be made to the 
Regional Administrator, Region IV, U.S. Nuclear Regulatory Commission, 611 Ryan 
Plaza Drive, Suite 1000, Arlington, Texas 76011. 
(v) If the nuclear reactor is located in Region V, submission must be made to the 
Regional Administrator, Region V, U.S. Nuclear Regulatory Commissi 
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[52 FR 9460, Mar. 25 , 1987, as amended at 53 FR 3862, Feb. 10, 1988; 53 FR 
6139 , Mar. 1. 1988; 53 FR 43421 , Oct. 27, 1988] 

9 55.6 interpretations. 

Except as specifically authorized by the Commission in writing, no interpretation of 
the meaning of the regulations in this part by any officer or employee of the 
Commission other than a written interpretation by the General Counsel will be 
recognized to be binding upon the Commission. 

9 55.7 Additional requirements. 

The Commission-may, by rule, regulation, or order, impose upon 뻐y licensee such 
requirements, in addition to those established in the regulations in this part, as it 
deems appropriate or necessary to protect health and to minimize danger to life or 
property. 

955.8 Information collection requirements: OMB approval 

(a) The Nuclear Regulatory Commission has submitted the information collection 
requirements contained in this part to the Office of Management and Budget (OMB) 
for approval as required by the Paperwork Reduction Act of 1980 (44 U.S.c. 3501 et 
seq.). OMB has approved the information collection requirements contained in this paπ 
under control number 31500018 
(b) The approved information collection requirements contained in this part appear in 
9 9 55 .45, 55.53 , and 9 55.59. 

(c) This part contains information collection requirements in addition to thosε approved 
under the control number specified in paragraph (a) of this section. These information 
collection requirements and the control numbers under which they are approved are as 
follows: 
(1) In 9 9 55.23, 55.25 , 55.27, 55 .3 1, Form NRC-396 is approved under control 
number 3150-0024. 
(2) In 9 9 55.31 , 55 .35, 55 .47, and 55.57, Form NRC-398 is approved under control 
number 3150-0090. 
(3) In 9 55 .45, Form NRC-474 is approved under control number 31500138. 

9 55.9 Completeness and accuracy of information 
Information provided to the Commission by an applicant for a Iicense or by a 
licensee or information required by statute or by the Commission’s regulations, orders, 
or license conditions to be maintained by the applicant or the licensee shall be 
complete and accurate in all material respects. 

[52 FR 49372, Dec. 31 , 1987] 
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5. IEEE Std. 1023-1988. IEEE Guide to the Application oJ Human 
Factors Engineering to Systems, Equψment， and Facilities 01 Nuclem‘ 

Power Generating Stations, 1988 (Institute 01 Electrical and 
Electronics Engineers). 

1. Scope 

This document provides guidelines for applying human factors engineering (HFE) to 
the systems, equipment, and facilities that have significant human interfaces in nucIear 
power generatmg statlOns. 

2. Definitions 

human factors engineering (HFE). An interdisciplinary science and technology 
concemed with the process of designing for human use. 

man-machine interface (MMI). The devices through which personnel receive information 
from the system or process and thε devices through which personnel exercise their 
control of the system or process. 

significant human interface. An interface between personnel and equipment, facilities , 
software, or documentation, where the resulting human performance is a determinant in 
the achievement of system performance. 

3. Planning for Human Factors Engineering 

Human factors engineering (HFE) should be considered an integral part of the design, 
operation, testing, and maintenance process. HFE is best implemented with a 
coordinated plan. Multiple discipline functions (for example, HFE instruments and 
controls, nuclear engineering, operations, testing, and maintenance) may be needed in 
the process as required by the scope of the task 

Some of the activities which may be necessary are: 
(1) Determine the relevance of various HFE studies, repoπs ， and other pertinent 
documents. 
(2) Conduct HFE reviews. 
(3) Investigate current design practices to identity HFE concems. 
(4) Establish trade-offs of HFE considerations with design, operation, testing, or 
maintenance considerations. 

HFE should be considered an ongoing activity with respect to any future design, 
modification to existing designs, or evaluation of existing designs. Since the application 
of HFE affects all aspects of plant design, operation, testing, and maintenance, HFE 
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should be applied as early as possible. Follow-up reviews should also be established 
to confinn effectiveness of resulting HFE decisions (see 6.3). 

4. Fundamental Considerations of Human Factors Engineering 

Implementation of an effective HFE process should consider the following aspects 
which are described separately in 4.1 through 4.6.5. 

(1) Tasks 
(2) Environment 
(3) Equipment 
(4) Personnel 
(5) Nuclear operations 
(6) Documentation 

4.1 Task Considerations 

4.1.1 Function Allocation. Function allocation refers to the conscious design decisions 
which detennine the extent to which a given job, task, function, or responsibility is to 
be automated or assigned to human perfonnance. Such decisions should be based upon 
aspects such as relative capabilities and limitations of humans versus machines in 
tenns of reliability, speed, accuracy, strength and flexibility of response, cost, and the 
importance of successful and timely task or function accomplishment to successful and 
safe operations. A wide variety of allocations is possible, ranging from totally 
automated functions with personnel merely overseeing and monitoring machine 
perfonnance, through totally human dominated manual tasks. At the finest level of 
refinement, function allocation also includes detennining specific roles and 
responsibilities of various personnel operating as a team to accomplish the function. 

4.1.2 Task Loading. The extent to which the demands of any given task or group of 
tasks tax the attention, capacities, and capabilities of personnel (individually and as a 
crew) in the system and thus affect perfonnance should be considered. The human’s 
responsibilities in the whole should be designed to provide adequate loading. 

At the extremes, perfonnance will suffer when humans are overloaded or 
underloaded. Overloading can 때<e the fonn of requiring personnel to keep track of, 
and attend to, too many factors at the same time (sometimes referred to as channel 
stress) or requiring response at a rate beyond the human capability (speed stress). 
Perfonnance will degrade under nontaxing, nonarousing, nonstimulating, underloading 
conditions, all of which lead to boredom and inattention 

The fonnat of and rate at which data are presented to the human is a task loading 
consideration. Also, the physiological limitations of the human body, such as strength, 
endurance, range of motion, and the capability to apply force or torque can be 
challenged by the design and requirements of a given task. 

4.1.3 Precision Requirements. Jobs, tasks, and functions should be designed to be 
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compatible with human capabilities with respect to accuracy and precision. Concepts 
such as the manipulatory abilities (for example, dexterity) and discriminatory abilities 
in applicable sensory modes (for example, vision, audition) should be considered. Both 
abs이ute one-time precision and permitted variability over repeated or sustained efforts 
should be considered. 

4. 1.3.1 Task Feedback. The effect of task feedback on accuracy should be considered 
Task feedback should be provided by direct variable measurement wherever practical. 
When precision or accuracy of performance is required, immediate meaningful feedback 
on the adequacy of performance should be provided. Performance will be affected by 
such factors as the delay of feedback response and the format and precision of the 
feedback information. 

4. 1.3.2 Error Tolerance. The consequences of and tolerance to human errors in 
performance should be considered. The system should be designed to permit recovering 
from those errors which do occur. Should error consequences be unacceptable, 
interlocks should be provided, where practical, to reduce the possibility of the errors. 

4.1 .4 Training. Training should be considered to the extent that it affects the 
implementation and utilization of the equipment and procedures. Design conventions 
such as color codes, configuration coding, and standardized directions of motion are 
seldom self evident and will only facilitate operator action if such conventions havε 

been explicit1y provided to personnel as part of their training. Hardware and 
documentation can be effectively utilized and maintained only by properly trained 
personne l. 

4.2 Environment Considerations. 

4 .2 .1 Temperature , Airtlow , and Humidity . 
There are certain limits in temperature, airflow, and humidity which define a comfort 
zone preferred by personne l. Exact limits vary with the nature of thε activities being 
performed. When conditions exceed these limits, decrements in human performance 
may occur, either from a lack of concentration induced by discomfort or, as the limits 
are greatly exceeded, limitations due to either additional clothing or actual 
physiological effects. The three factors interact and should not be investigated 
separately. Trade-off decisions should consider environmental conditions for the plant 
equipment as well as the comfort requirements of plant personne l. 

4.2.2 Illumination and Acoustics. As with other aspects of the environment, there are 
certain ranges to the ambient light and sound which are best suited for a particular 
human activity. When light levels are inadequate for the task, persons may not be 
able to perform safely or reliably, especially when they can no longer see the details 
of what they are doing. Similarly, ambient illumination can be excessive for a given 
task, literally being too bright for a person to see or recognize detai l. Usually, 
problems are not encountered with overall ambient levels as much as with localized 
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variations resulting in contrast or glare problems. Interactions in the use of colors in 
the environment can have several effects on performance and should be considered. 
The overall level and spectral composition of ambient sound can affect human 
performance, either from direct physiological e아ffec다t， 0야r through d비i잉sruψpt디ion of 
commu ll1cat \Ons. 

4.2.3 Workplace Size, Geometry, and Layout. Human performance can be affected by 
the size, geometry, and layout of the workplace, when considered in relation to the 
tasks to be performed and the number of personnel performing the tasks. Adequate 
space is needed to accommodate the number of personnel expected to be in the 
workspace, allowing for normal movement, (inc1uding when special bulky c10thing is 
used). Expected traffic patterns should be accommodated. The workstation should be 
configured such that personnel can see or reach the displays and controls, and 
communicate with other personnel if requirεd. 

4.2 .4 Nuc1ear Radiation and Other Environmental Hazards. There are a number of 
environmental considerations related to health-threatening agents, toxins, substances, and 
energies. From the earliest stages of design development, every effort should be made 
to design the workplace, allocate the functions , and design the personnel tasks to 
minimize the exposure to such elements. When exposure is probable, consideration 
should bε given to the effects the hazards may have, and the effects of any 
countermeasures required, such as respirators ‘ protective c1othing, and control of 
exposures. 

4.3 Equipment Considerations. 

4.3.1 User Operability. There are certain types of equipment (for example, displays 
and controls) within the system which require paπicular attention from the aspect of 
human factors engineering. The displays should be usable by the personnel who must 
use and respond to them. This inc1udes concepts such as visibility, readability or 
legibility, ability to access information, the attention attracting capability of the display, 
the meaningfulness of the display format (that is, its understandability without 
interpretation) and the precision to which the output can be read. All controls should 
be examined, considering aspects such as how much force or torque is required for 
operation, the precision required, response time, and ease of operability. lnherent to 
such considerations is the physical location of the control or display with respect to 
the human operator 

4.3.2 Application. Human engineering evaluation of equipment should also inc1ude 
consideration of the actual application. lt is entirely possible for a given piece of 
equipment to have an outstanding design from a human engineering viewpoint in one 
application yet be unacceptable for another. For some applications, digital readouts are 
required for high-accuracy readings but may be inappropriate for check-status readings 
or when rapidly comparing several separate readings, observing trend information or 
rapidly changing data. The suitability of a given display is determined by the type of 
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the meaningfulness of the display format (that is, its understandability without 
interpretation) and the precision to which the output can be read. All controls should 
be examined, considering aspects such as how much force or torque is required for 
operation, the precision required, response time, and ease of operability. lnherent to 
such considerations is the physical location of the control or display with respect to 
the human operator 

4.3.2 Application. Human engineering evaluation of equipment should also include 
consideration of the actual application. lt is entirely possible for a given piece of 
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information needed from the display (for example, accuracy, quantitative versus 
qualitative, history or trend, simple status-onloff) and how the operator must use the 
information. This determines which display formats are suitable to the application. 
Similar evaluations should be made of controls in terms of expected use, considering 
aspects such as limb used (hand, foot, or finger operated), continuous versus discrεte 

outputs, required feedback, time, frequency , and strength needed. 

4 .3.3 Maintenance. A human factors evaluation of equipment should consider the 
interface with personnel engaged in maintenance or repair of the items. Considerations 
incIude the ease with which the equipment can be assembled or disassembled, tools 
required, interchangeability of parts, features necessary to prevent incorrεct assembly, 
and level of training and skill requirεd to maintain the item correctly. 

4 .3.4 Accessibility. Equipment should be designed and located such that it is readily 
accessible for operation or for maintenance action. Implementation of this concept 
usually requires some trade-off, and prioritization should be based on task demands 
(for example, expected frequency of use, special tools. local environmental conditions , 
time constraints) when access is required. Under some circumstances, it may be 
prudent to deliberately impair the accessibility of an item. This may be desirable, for 
example, when inadvertent actuation of a control could produce a major plant 
transient. Under those circumstances, dεvices such as guardrails and cover plates, or 
two-hand or two-step operations should be considered. 

4.3.5 Testability. Equipment should be testable to the extent feasible ‘ to verify proper 
operation or need for maintenance. Test results should be unambiguous. The 
requirements for testing equipment should bε considered during the design. Adequatε 

space required for test personnel to perform their tasks should also be provided. 

4.3.6 Dependability. The dependability of equipment, especially in terms of how it will 
influence personnel actions, should be considered. The operator interface equipment 
should be as dependable as possible in order to ensure operator confidence. A 
universal initial reaction in any transient is to assume that the indicators are 
malfunctioning. It is therefore necessary to consider two problems when designing 
equipment; 1) how to determine when a piece of equipment is malfunctioning, and 2) 
what is the appropriate response(s) when the equipment does malfunction. This may 
incIude using redundant, diverse, altemate equipment, or positive indication of 
equipment malfunction. 

4.3.7 Standardized Conventions and NomencIature. To minimize potential for errors and 
facilitate training and actual operations, man-machine interface equipment should be 
standardized as much as is practical. Design conventions sho비d be established and 
should be consistently followed. Some conventions involve the coding or meaning 
associated with features such as size, shape , color, or orientation. Other conventions 
may relate to the relative locations of components (for example, "A" above or to left 
of "B"; display above associated control ,). Another convention is the direction of 
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information needed from the display (for example, accuracy , quantitative versus 
qualitative, history or trend, simple status-onloff) and how the operator must use the 
information. This determines which display formats are suitable to the application. 
Similar evaluations should be made of controls in terms of expected use, considering 
aspects such as limb used (hand , foot, or finger operated), continuous versus discrete 
outputs, required feedback , time, frequency , and strength needed. 

4 .3.3 Maintenance. A human factors evaluation of equipment should consider the 
interface with personnel engaged in maintenance or repair of the items. Considerations 
include the ease with which the equipment can be assembled or disassembled, tools 
required, interchangeability of parts, features necessary to prevent incorrect assembly, 
and level of training and skill required to maintain the item correctly. 

4.3 .4 Accessibility. Equipment should be designed and located such that it is readily 
accessible for operation or for maintenance action. Implementation of this concept 
usually requires some trade-off, and prioritization should be based on task demands 
(for example, expected frequency of use, special tools. local environmental conditions, 
time constraints) when access is required. Under some circumstances, it may be 
prudent to deliberately impair the accessibility of an item. This may be desirable, for 
example, when inadvertent actuation of a control could produce a major plant 
transient. Under those circumstances, devices such as guardrails and cover plates, or 
two-hand or two-step operations should be considered. 

4.3.5 Testability. Equipment should be testable to the extent feasible ‘ to verify proper 
operation or need for maintenance. Test results should be unambiguous. The 
requirements for testing equipment should be considered during the design. Adequate 
space required for test personnel to perform their tasks should also be provided. 

4.3.6 Dependability. The dependability of equipment, especially in terms of how it will 
influence personnel actions, sho비d be considered. The operator interface equipment 
should be as dependable as possible in order to ensure operator confidence. A 
universal initial reaction in any transient is to assume that the indicators are 
malfunctioning. It is therefore necessary to consider two problems when designing 
equipment; 1) how to determine when a piece of equipment is malfunctioning, and 2) 
what is the appropriate response(s) when the equipment does malfunction. This may 
include using redundant, diverse, altemate equipment, or positive indication of 
equipment malfunction. 

4 .3 .7 Standardized Conventions and Nomenclature. To minimize potential for errors and 
facilitate training and actual operations, man-machine interface equipment should be 
standardized as much as is practical. Design conventions should be established and 
should be consistently followed. Some conventions involve the coding or meaning 
associated with features such as size, shape, color, or orientation. Other conventions 
may relate to the relative locations of components (for example, "A" above or to left 
of "B"; display above associated control ,). Another convention is the direction of 
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motion of control or display pointers 
In many cases there are preestablished conventions based on historical usage. These 

may vary from culture to culture or industry to industry. A preestablished convention 
unique to a given group of people is referred to as a "population stereotype". Where 
such stereotypes are known to exist, it will be necessary to determine the existing 
conventions of the expected population of users and ensure that they are consistent 
with the stereotyped conventions and expectations 

Standardized nomenclature and abbreviations should be used for equipment in all text, 
labels, and drawings. 

4.4 Personnel Considerations 

4 .4 .1 Physiological Limitations. The limits of the human body, in terms of strength 
and range of motion of various limbs and joints, to1erance to temperature and other 
environmental stressors, and other limits in terms of physiologica1 fatigue and 
impairment should be considered. 

4 .4 .2 Anthropometry. The workp1ace layout should be consistent with the body 
dimensions of the personnel interfacing with it, in terms of reach distances, seating 
height, lines of sight, and physical clearances. The relevant popu1ation of users and 
maintainers should be identified, and the appropriate sources of anthropometric data 
(which vary by age ‘ sex, and ethnic groups) should be used in the HFE design 
process. 

4 .4 .3 Sensory Limitations. The capabilities and limitations of human sensory pεrception 

should be considered. Display signa1s must exceed the minimum threshold levels in 
order to be pεrceived ， without grossly exceeding tolerance levels and saturating the 
sensory mode. The minimum levels of difference required to discem signals, 
discriminate betweεn colors, and thus attract attention or permit detection, should be 
considered 

4.4.4 Memory. The nature and limitations of both short- and long-term human memory 
should be considered. This becomes important in the design of display formats , 
preparation of instructions, and the development of procedures. The use of memory 
aids designed into interfaces should be considered to assist humans in the recall and 
use of knowledge. 

4 .4 .6 Decision Making. The capabilities and limitations of humans to make and 
implement decisions should be considered. Relevant system elements and interfaces 
should be designed to facilitate the decision-making process. Accuracy in decision 
performance decreases when people are required to respond too rapidly (speed stress) 
or are subjected to too many different stimuli (load stress). 

In the allocation of functional requirements, the risks of making an incorrect decision 
should be considered for each altemative being evaluated. Designs should be simplified 
or enhanced to prevent or minimize situations where human decisions are made under 
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uncertamty . 

4 .4.6 Experience and Education level The inherent task requirements should be 
matched to the capabilities and knowledge level of the applicable personnel. Procedures 
and other documentation should not exceed the reading and comprehension abilities of 
the users. The design should reflect the competence, level of technical expertise, and 
the training of the personne l. There are frequent needs for tradeoffs in these arεas. If 
machine and system elements are designed to put minimal demands on operating 
personnel, the system may become complex, thus requiring highly trained maintenance 
personne l. 

4 .4.7 Human Adaptability. Humans have a wide range of adaptability. Even in 
illconceived designs, with time or training, humans are sometimes sufficiently adaptable 
to offset the design deficiencies. This should be recognized when evaluating existing 
designs or drawing on past experience and practices to develop a new design. A 
conscious effort should be made to ensure that there are no underlying design 
deficiencies which can be masked by adaptable human performance under normal 
conditions. Under stressed conditions, the human may have exhausted this adaptability 
and may no longer be able to control the situation or compensate for the inherent 
design deficiency. 

4 .4 .8 User Acceptance. User acceptance of system design can severely affect system 
performance and should be considered in system design. When users accept a design , 
they may adapt and compensate for deficiencies. However, if the users find the system 
unacceptable for any reason, they may not attempt to compεnsate for design 
deficiencies , and may therefore not use the system properly. System performance could 
thus be degraded. 

The acceptance factors may be independent of the spεcific design features but relate 
to matters such as prestige, economics, perceived safety, or a reluctance to change. 

4.5 Nuclear Operations Considerations 

4.5.1 Operational Safety. Operational safety of nuclear power-generating stations 
involves many major concems such as maintaining reactor coolant inventory, preventing 
radioactive releases, and removing decay heat during shutdowns. These unique concems 
place major emphasis on error-free operation. Human factors engineering applies 
structured analysis of operating modes and activities to improve operational safety by 
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4 .5 .2 Long Continuous Operation. Good work space design, good environmental design, 
and good man-machine interfaces can reduce stresses often noted with shift operation 
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4.5.3 Shift Rotation. Operating shifts are rotated periodicaI1y to aI1eviate social and 
physical concems of personnel. Shift rotation affects human circadian rhythms, posing 
stress concems; some of these concems can be aI1eviated with good work space 
design and good environmental design. 

4.5 .4 Shift Tumover. Proper work space design should accommodate two shifts during 
tumover. Proper tumover methods are important in assuring that the next shift has 
received and understands current operating status of aI1 plant systems and equipment. 

4.5.5 Norrnal , Startup, Shutdown, and Emergency Operation. Operation of nuc1ear 
power plants involves long periods of norrnal operation, short periods of 
startup/shutdown operations , and very short infrequent periods of abnorrnal and 
emergency operations. The use of HFE to improve human response should consider 
the effects of operator practice and experience related to the frequency of perforrning 
emergency operat lOns vεrsus norrnal operations. Also, task loading imposed during 
design basis events should be considered. 

4.5.6 Total Plant Operation. Operating staffs generally operate most or aI1 plant 
equipment. Man-machine interfaces for a I1 plant equipment should be standardized to 
the extent practical, in order to reduce confusion and possible errors. 

4.5.7 Remote Operation. Plant equipment and systems are generally operated from 
man-machine interfaces that are remote from the equipment. Remote operation places 
greater importance on this interface. Feedback of operational inforrnation improves 
these man-machine interfaces by providing associative cues through techniques such as 
functional groupings, static mimics, live mimics, video display terrninals, and good 
lab리s. 

4.6 Documentation Considerations. The required documents and their content should be 
deterrnined and prepared during the design of the system and should be maintained to 
re f1ect the current status. Special considerations for some specific types of 
documentation are covered in 4.6.1 through 4.6.5. 

4.6.1 Plant Procedures. Plant procedures should be both, technicaI1y correct, and 
presented for ease of reading and comprehension. Plant procedures should inc1ude an 
explanation of the purpose of the procedure and the expected plant response. 
Procedure development should be based on analyzing the task to be perforrned and 
deterrnining how it is to be accomplished. Task analysis sho비d inc1ude such details 
as, expected outcome of the task, which person is to perforrn each step, and that the 
control and displays required to perforrn the step are available and suitable to perforrn 
the task steps. 

Plant procedures should be appropriately presented. This entails deterrnining the most 
appropriate forrnat (for example, flowchart, diagram) and media for display (for 
example, written page, video display) as we I1 as specific details of inforrnation display 
such as, selection of language, reading ability of users, typography (font and size of 
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lettering) color, and the consistency of procedures with other available documentation 
(for example, nomenclature). 

4.6.2 Equipment Manuals. HFE should be considered in developing documentation (for 
example, manuals, handbooks, parts lists, and others) which accompanies each piecε of 
equipment. Some considerations include (1) the thoroughness and technical accuracy of 
the documentation (does it explain in sufficient detail how to use and maintain the 
equipment), (2) the format of the documentation (can it be used rεadily) ， and (3) the 
reading level and technical sophistication required to understand the documentation and 
its clarity, including quality of illustrations. 

4.6.3 Computer Software. HFE should be considerεd in software development, use, and 
maintenance, wherever people must interface with computers or computer input and 
output controls and displays 

4.6.4 Specifications. The human performance requirements should be included in the 
functional requirements contained in the system , facilities , and component specifications. 
All constraints on the use of people in the system should be considered within the 
conceptual and development specifications so that they may be considered early in the 
design process. 

4.6.5 Engineering Drawings. Human factors engineering principles should be used for 
developing engineering drawings. Engineering drawings should rεflect the needs of all 
users. 

6. MIL-H-46855B: Human Engineering Requirements for Military 
Systems Equψment and Facilities, 1979 (Department of D짜nse) 

4. GENERAL REQUlREMENTS 

4.2 Human engineering program planning - Human engineering program planning in 
accordance with the requirements of this standard and the equipment specification, shell 
include the tasks to be performed, human engineering milestones, level of effort, 
methods to be used, design concepts to be utilized, and the test and evaluation 
program, in terms of an integrated effort within the total project. 
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7. AR 602-1: Human Factors Eηgineering Program, 1983 (Department 01 
D야ns잉. 

Chapter 3 HFE Program in Life Cyc\e System Management of Army Materiel 

3-1. Introduction 

a. The HFE Program begins prior to Milestone 0 by providing HFE information and 
analyses to TRADOC. HFE support continues throughout alI phases of the life cyc\e 
regardless of the acquisition strategy selected. 
b. The focus of the HFE Program is to ensure operational effectiveness of 
soldier-materiel systems by integrating into materiel development and materiel 
acquisition alI relevant information conceming 
(1) Human characteristics. 
(2) Ski lI capabilities. 
(3) Human performance 
(4) Anthropometric data. 
(5) System interface requirements. 
(6) Biomedical factors. 
(7) Safety factors. 
c. Human factors engineering assessments , conducted to determine compliance with 
operator, maintainer, and supporter capability requirements, are used as inputs to 
milestone decision reviews. 
d. Adequacy of system HFE is evaluated during both technical, operational, and user 
testmg. 

3-2. HFE In the prεconcept exploration phase 

a. HFE information and analyses wilI be incorporated into the fo lIowing: 
(1) HFE input to the Branch Planning Process for inc\usion in CBRS products (that 
is, Battlefield development plan (BDP) and Army Modemization Memorandum). 
(2) Special studies under AR 5-5. 
(3) Early comparability analysis (ECA) support. 
(4) Safety mishap assessments. 
(5) STF and SSG. (See AR 71-9.) 
(6) HFE input to concepts and doctrine studies. 
(7) HFE support for Force Development Test. 

(8) Concept Evaluation Programs (CEPs). 
(9) HFE input to preliminary requirements documents 
b. HFE input to the SMMP wi lI inc\ude the following: 
(1) HFE information and data from predecessor systems. 
(2) Identification of HFE issues, objectives, areas of concem, and questions to be 
resolved during system development. 
(3) HFE significant tasks to be accomplished from research and exploratory 
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development through the first unit equipped. 
c. HFE inputs to the system requirements documents; for example, 0&0 Plan or 
Mission Need Statement (MNS) will include 
(1) Description of key soldier-materiel interface (SMI) requirements that may limit 
solutions to meet the need. 
(2) Description of key SMI characteristics that must be achieved to satisfy the need. 
These inputs become part of the ’System Constraints" paragraph of both documents. 
d. HFE and human performance requirements and constraints identified in the 0&0 
Plan will be included in the TEMP and described in terms of human performance 
standards and design requirements when developing test issues and criteria. 
e. HFE and human performance test issues and criteria will be coordinated among 
members of the TIWG. 
f. HFE investigations will be conducted to establish human performance SMI 
information needed in the preconcept exploration phase. 

3-3. HFE in the concept exploration phase 

a. HFE data development and HFE application arc critical to provide the basis for 
establishing system design and evaluation requirements. 
b. HFE data wil\ be developed and applied during the concept exploration phase to-
(1) Determine human performance and critical operator. maintainer, or suppoπer 

mission tasks. 
(2) Provide requisite HFE input to the requirements documents. 
(3) Provide requisite HFE input to the four Concept Formulation Package (CFP) 
analyses; for example, Cost and Operational Effectiveness Analysis (COEA). HFE input 
use should include-
(a) Identiηing inconsistenciεs between system performance requirements and human 
performance capabilities. 
(b) Recommending soldier-materiel interface characteristics necessary to correct 
inconsistencies identified in (a) above. 
(c) Providing results of HFE technical analyses and trade-offs. 
(4) Provide HFE input to solicitation packages, which will include 
(a) Developing REP requirements for hardwarε or software prototypes, testbeds 
conducting demonstrations. and experimentation. 
(b) Tailoring HFE human performance and detail design requirements to the concepts 
being explored. 
(c) Defining the human performance and detail design requirements for the SOW. 
(d) Defining the human performance and detail desígn requírements for the system 
specifications. 
(e) Identifying the required data items for the contract data requirements list (CDRL). 
(f) Providing contractor responsiveness to the HFE human performance REP 
requirements criteria for the source selection (SS) process. 
c. HFE input to Market Analysis or Market Investigation will be tossed to 
(l) Define HFE human performance and detail design issues and criteria that must be 
addressed during these activities. 
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(2) Identify specific features required in the candidate system or item to correct 
known HFE human performance problems in its predecessor (that is, lessons le없l1ed). 

(3) Provide HFE human performance and detail design test issues and evaluation 
criteria to the TEMP and coordinate with the TIWG. 
d. HFE data wi l1 be integrated into technical and management plans to 
(1) Provide requisite HFE input to the Acquisition strategy (AS) of the system concept 
paper (SCP), to include-
(a) Discussing HFE human performance and detail design lessons leamed from 
predecessor systems. 
(b) Summarizing plans to ensure that HFE human performance capabilities, limitations, 
and detail design criteria are considered throughout the design process. 
(2) Provide requisite HFE Technical Data Package (TDP) input to tailor military 
specifications, standards. and contract data items 
(3) Provide requisite HFE input to the ILSP. 
e. HFE SMMP inputs wi l1 be updated 
f. An HFEA wiU be conducted in support of the Milestone 1 Decision Review. 

3-4. HFE in the concept demonstration and validation phase 

a. During this phase, HFE focuses on optimizing the SMI aspects of equipment or 
design 
b. HFE equipment or design process inputs are 
(1) Conducting trade-offs among those system characteristics that impact operator or 
maintainer performance parameters. 
(2) Including human performance, work, design, and data requirements in solicitation 
packages. 
(3) Participating in the SSEB 
(4) Participating in post-contract award meetings to resolve any ambiguities remaining 
from the SSEB 
(5) Reviewing engineering change proposals (ECPs) for HFE human perform뻐ce 

implications. 
(6) Participating in contractor or Govemment design and program e-process reviews 
(IPRs) to ensure that HFE human performance requirements are addressed. 
(7) Reviewing contractor's HFE data item deliverables to identify unresolved HFE 
human performance or SMI issues and concems requiring management attention. 
c. HFE input to TT includes providing input to TT planning to update the HFE 
human performance and detail design issues and criteria, and monitoring TT. 
d. HFE UT input updates HFE human performance issues. 
e. HFE inputs to the AS, ROC, TDP, ILSP, TEMP, and SMMP will be updated. 
f. An HFEA addressing each altemative proposed for full scale development (FSD) 
will be the HFE input to the Milestone 11 Decision Review. 
g. Monitoring contractor HFE activities will ensure that mission requirements are met 
with the soldier in the loop. 
h. Monitoring and reviewing contractor-design activities and HFE deliverables will 
ensure compliance to human performance and resign criteria. 
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i. HFE representatives will participate in MJWG and SMMP update activities 
j. HFE representatives will conduct investigations to c이lect perfonnance data. 

3-5. HFE in the full scale development phase 

a. During the full scale development phase, the system is fully developed, engineered, 
fabricated , tested, and documented. HFE emphasis focuses on optimizing the SMI 
aspects of equipment or system design. 
b. HFE equipment or system design process inputs are-
(1) Including human perfonnance, work, design, and data requirements in the 
solicitation package. 
(2) Participating in the SSEB 
(3) Participating in the post-contract award meeting to resolve any ambiguities 
remaining from the SSEB 
(4) Monitoring the contractor's HFE activities to ensure perfonnance of 
contract-specified tasks. 
(5) Participating in technical interchanges between Govemment ad contractor HFE 
specialists. 
(6) Reviewing ECPs for HFE human perfonnance implications 
(7) Participating in contractor or Govemment design and program IPRs to ensure that 
HFE human perfonnance requirements arc addressed. 
(8) Reviewing contractor’s HFE data item deliverables to identify unresolved HFE 
human perfonnance or SMI issues and concems requiring management attention 
c. HFE input to TT includes providing input to TT planning to update the HFE 
human perfonnance and detail design issues and criteria and monitoring TT. 
d. HFE UT input updates HFE human performance issues and criteria for UT 
planning and UT monitoring 
e. HFE inputs to the As, TDP, ILSP, TEMP. and SMMP will be updated. 
f. A system HFEA will be prepared for input to the Milestone 111 Oecision Review. 
g. HFE representatives will participate in MJWG and SMMP update activities. 
h. HFE representatives will conduct investigations to collect perfonnance data. 

3-6. HFE in the full-rate production and initial deployment phase 

a. HFE program inputs will include 
(1) Human pe바onnance， detail design requirements, and qualiη assurance provisions in 
the systems specification of the RFP. 
(2) Participating in the SSEB. 
b. FOT &E will assess HFE implications of any implemented materiel change 
proposals. 
c. HFE representatives will conduct HFE reviews of fielded systems to identify any 
HFE shortfalls or problems that impact effective system operation, maintenance, safety. 
or soldiers' health and resolve. 
d. HFE representatives will review engineering change proposals to ensure operational 
and HFE criteria are incorporated in design changes. 
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f. A system HFEA will be prepared for input to the Milestone 111 Oecision Review. 
g. HFE representatives will participate in MJWG and SMMP update activities. 
h. HFE representatives will conduct investigations to collect perforrnance data. 

3-6. HFE in the full-rate production and initial deployment phase 

a. HFE program inputs will incIude 
(1) Human perforrnance, detail design requirements, and quality assurance provisions in 
the systems specification of the RFP. 
(2) Participating in the SSEB. 
b. FOT &E will assess HFE implications of any implemented materiel change 
proposals. 
c. HFE representatives wiII conduct HFE reviews of fielded systems to identify any 
HFE shortfalIs or problems that impact effective system operation, maintenance, safety. 
or soldiers' health and resolve. 
d. HFE representatives w iII review engineering change proposals to ensure operational 
and HFE criteria are incorporated in design changes. 
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3-7. HFE in NDIs acquisition 

a. HFE human perfonnance and detail design considerations influence NDI prior to 
program initiation. Market surveillance activities will gather HFE-relevant data for 
detennining strategy and preparing solicitation documentation. HFE infonnation will be 
a critical factor in the decision whether or not to pursue an NDI strategy. 
b. HFE inputs to the NDI acquisition strategy include 
(1) Defining HFE human perfonnance and detail design issues and criteria. 
(2) Summarizing plans to ensure that HFE is considered throughout the NDI 
acqU\sltlon process. 
c. Given an approved NDI strategy, HFE issues are inserted into the independent 
evaluation plan (lEP) for the Market Investigation. Critical HFE issues, questions, and 
concems must be answered in the Independent Evaluation Report (See AR 70-10, pare 
3-4b for guidance on completing this report.) before a decision to continue an NDI 
program can be made. 
d. HFE will be a primary factor in selecting a specific NDI acquisition candidate. 

3-8. HFE in materiel change management 

a. HFE is critical to all system materiel changes (both production and retrofit). 
Changes implemented through the life cycle management process will include HFE 
program activities outlined in paragraphs 3-4, 5-5 , 'and 3-6. Changes implemented in 
other ways will εnsure HFE is a primary factor 
b. HFE field data will be collected during the sample data collection (SDC) effort. 
c. Discovered HFE human perfonnance and detail design problems will be documented 
in a materiel change proposal (MCP). All MCPs affecting the SMI will be evaluated 
to detennine if the proposed configuration change (hardware or software) adversely 
impacts existing operator or maintainer perfonnance. 
d. HFE human perfonnance data and HFE guidelines and criteria will be developed to 
support materiel change programs. Contractor's HFE activities will be monitored, HFE 
deliverables wiU be reviewed, and in-process design reviews will be attended. HFE 
human perfonnance issues and areas of concem will be assessed during the FOT &E. 
e. HFE issues are inserted into the IEP for the evaluation of the operational 
effectiveness and suitability of the materiel change. Critical HFE issues, questions, and 
concems must be answered in the Independent Evaluation Report before a decision to 
continue a materiel change can be made. 
f. The System Improvement Plan (SIP) supporting documentation will include HFE 
considerations. 
g. Materiel change proposals will be evaluated for resulting HFE impact. 
h. An HFEA will be prepared to support milestone decision reviews. 

3-9. HFE in the ILS process 

a. HFE implications are considered in ILS management plans and procedures to 
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integrate and acquire ILS elements. 
b. Logistics support analysis (LSA) documentation that supports ILS should provide 
data to HFE analyses and use results from them. 
c. DA Integrated Logistics Support Reviews (lLSR) will review and assess the status 
of each ILS elements' HFE implications. 
The director for MANPRINT will represent ODCSPER at major system and 
Designated Acquisition Program (DAP) system ILSRs. The appropriate Personnel 
Systems Staff Officer (PERSSO) will substitute for the director for IPR systems. 

8. Dl-HFAC-80740: Human Engineering Program Plan, 1989 (DoE) 

(not collected) 

9. AR 602-2: Manpower and Personnel Jntegration (MANPRJNT) in the 
Materiel Acquisition Process, 1990 (Department 01 D양nse) 

Chapter 1 introduction 

1-1. Purpose 
This regulation-

a. Establishes responsibilities. and documentation for implementing and supporting 
Manpower and Personnel lntegration (MANPRINT) which implements DOD Directives 
5000.1 , 8120.1; DOD lnsπuctions 5000.2. 8120 .2. and DOD Manual 5000.2M. 

b. Emphasizes front-end planning of soldier-system design for optimum total system 
performance as pan of the Arm v Acquisition P이icy (AR 70-1); Army Life Cycle 
Management of lnformation Systems (AR 25-3); and Life Cycle Management of 
Clothing and lndividual Equipment (AR 700-86) which are referred to collectively as 
"system acquisition." 

1-2. References 
Required and related publications and prescribed and referenced forms are listed in 
Appendix A. 

1~3. Explanation of abbreviations and terms 
Abbreviations and special terms used in this regulation are explained in the glossary. 

1-4. The MANPRINT Program 
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a. MANPRINT is the Anny’s program to ensure that the "human" is fully and 
continuously considered as pan of the total system in the development and/or 
acquisition of all systems and that human perfonnance is always considered as part of 
"total system perfonnance." 
b. MANPRINT integrates and facilitates trade-offs among the following domains but 
does not replace individual domain activities, responsibilities, or reporting channels: 

(1) MANPOWER (MP) 
(2) PERSONNEL (PER) 
(3) TRAINING (η.JG) 

(4) HUMAN ENGINEERING(HE) 
(5) SYSTEM SAFETY(SS) 
(6) HEAL TH HAZARDS(HH) 
(7) SOLDIER SURVIVABILITY(SSv) 

c. To ensure MANPRINT is embedded in the system acquisition process, analytical 
tools must be applied when they can provide the greatest influence to the total 
system. MANPRINT Assessments will be conducted prior to Milestone Decision 
Reviews (MDR) 1, 11, III and IV for each system (Acquisition Category (ACA T) 1 
thru IV and Major Automated Infonnation System Review Council (MAISRC) systems) 
to ensure MANPRINT has been properly applied and to identify the impacts thereof. 
d. The MANPRINT loins Working Group (MJWG) is the body of expeπise fonned to 
assist the functional proponent in ensuring MANPRINT principles are applied to the 
system. The plan for execution to resolve identified issues and risks is the "System 
MANPRINT Management Plan (SMMP)." 

e. MANPRINT program requirements will be communicated to industry through the 
Request for Proposal (RFP) process. 

1-5. Filing and Records Keeping 
A MANPRINT case file by system (MARKS No. 602-2a) will be established by all 
Anny organizations involved in MANPRINT activities (See AR 25-400-2). 

Chapter 2 Responsibilities 

Section 1 
Anny Acquisition Executive (AAE), Program Executive Officer (PEO), and 
Program/Project/Product Manager (PM) 

2-1. Anny Acquisition Executive (AAE) 
The AAE will include MANPRINT as appropriate in directive and policy statements 
concemmg system acqmsltlOn 

2-2. Program Executive Officer (PEO) 
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The PEO will hold the PMs responsible for properly funding an executing the 
MANPRINT Program. 

2-3. Program/Pr이ectlProduct Manager (PM) 
The PM will-
a. Execute the MANPRI1‘T Program for all systems including Nondevelopmental Items 
(NDI) and separately managed modification efforts. 
b. Include MANPRINT as a separate major area. and integer into other appropriate 
areas, in the source selection process. R. quest personnel qualified in specific 
MANPRINT domains from proponent and support agencies to participate as membεrs 

of the Source Selection Evaluation Board (SSEB). 
c. Participate in the MJWGs. For Materiel Systems assume lead chair the MJWG post 
Milestone 1, and with the Combat Develop (CD) jointly approve the SMMPs prior to 
each MDR. For MAISRC systems assume lead, chair the MJWG post Milestone and 
with the Functional Proponent (FP) jointly approve the SMMPs prior to each MDR 
d. Provide resources and proper funding for effective MANPRINT Program 
implementation and maintenance. 
e. Provide. in appropriate sections of the Integrated Logistic Support Plan (ILSP), for 
the use of a common task data base in the ILS and MANPRINT programs (especially 
at the point of linkage between Logistic Support Analysis (LSA) Report 018 and the 
process of task performance analysis, 
f. Resolve MANPRINT issues and concems as a prerequisite for type classification 
before production. 
g. Monitor system prime contractor's and subcontractors' accomplishment of 
MANPRINT objectives and requirements as specified in the Statement of Work 
(SOW). 
h. Ensure that the MANPRINT status and issues are brief during the Army Systems 
Acquisition Review Council (ASARC anψor the Major Automated Information Systems 
Review Council (MAISRC) 
i. Ensure MANPRINT domain representatives participate Advance Technology 
Demonstrations (ATDs) and Top Level Demonstrations (TLDs). 
j. Ensure MANPRINT considerations, as referenced in the SMMP, are addressed in the 
Test and Evaluation Master PIE (TEMP) 

Section II HQDA Elements 

2-4. Assistant Secretary of the Army (Manpower and Reserve Affairs) (ASA(MRA)) 
까le ASA(MRA) will-
a. Exercise primary Secretariat responsibility for the MANPRINT Program. 
b. Coordinate with Deputy Chief of Staff for Operations and Plans (DCSOPS); Deputy 
Chief of Staff for Personnel (DCSPEP) Deputy Chief of Staff for Logistics 
(DCSLOG), and Director of formation Systems for Command, Control, 
Communications, a’ Computers (DISC4) to ensure that the manpower, personnel, and 
training requirements to support systems are integrated into the Army long range 
planning processes, including the Total Army Analysis, to ensure that systems, when 
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fielded, should be adequate manned and supported. 
c. Review the Anny Soldier-Oriented Research and Development (SORD) program and 
human perfonnance Research, Development, Test and Evaluation (RDT &E) efforts. 
d. Review the Manpower Estimate Report (MER) required by section 2434. Title 10. 
U.S. Code, and the Manpower Bill Payer Plan, both of which arc provided by 
ODCSOPS. Transmit the approved MER to the Office of the Assistant Secretary of 
Defense ( Personnel and Readiness) 

2-5. Assistant Secretary of the Anny (Research, 
Development, and Acquisition) (ASA(RDA)) 
The ASA(RDA) will-
a. Establish Anny policy and guidance for integrating MANPRINT within the research. 
development, and acquisition community. 
b. Fund contracted MANPRINT studies and development of methodologies. 
c. Inc\ude Research. Development, Test, and Evaluation (RDT &E) funds for 
MANPRINT in the annual submission for the Program 6 budget. 

2-6. Director of infonnation Systems for Command, Control, Communications, and 
Computers (DISC4) 
The D\SC4 will-
a. Integrate MANPRINT considerations into requirements documents for acquisition of 
infonnation management systems. 
b. Sponsor RDT &E activities to develop technology for measuring the effectiveness of 
Automated Infonnation Systems (AIS) and for estimating the effectiveness of 
components and design concepts. Ensure application of MANPRINT methodologies to 
hardware and software development. modification, and acquisition programs that come 
under the responsibility of the Infonnation Mission Area (IMA). 

2-7 Director of Anny Safety (DASAF) 
The DASAF will-

a. Develop, coordinate, and disseminate system safety policies defining the interface 
with the other MANPRINT domains. 
b. Provide System Safety domain reports. 
c. Provide the ODCSPER (MANPRINT Directorate) a CO" of the independent safety 
assessment provided to the ASARC Secretary for ASARC systems and a copy of 
independent safety assessment for MAISRC systems. 
d. Make the Anny automated safety infonnation data base accessible to MANPRINT 
practlt lOners 

2-8 Deputy chief of staff for Personnel (DCSPER) 
The DCSPER will-

a. Exercise primary Department of the Anny (DA) staff responsibility for the 
MANPRINT Program to include but not limited to: 
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(1) preparing the MANPRINT Assessment for the ASARC and MAISRC reviews; 
(2) encouraging the establishment of civilian programs and policies to are sufficient 
numbers of MANPRINT qualified professionals are available in the work force to 
support the implementation of the MANPRINT programs; 
(3) providing career progression paths within the Army to ensure that enough 
MANPRll‘T practitioners with proper knowledge, skills, and abilities are available to 
meet program requirements; and 
(4) supporting efforts to incorporate MANPRINT management concepts in educational 
curricula of government and private institutions. 
b. Establish, coordinate, and disseminate DA MANPRINT program policy, guidance, 
procedures, and documentation formats to my army and agencies. 
c. Establish policy, in coordination with ODCSLOG , on how MANPRINT and ILS 
programs win interface. 
d. Oversee, in coordination with PERSCOM (DCSPLANS) and TRADOC, the contest 
and quality of MANPRINT training courses. 
e. Oversee the application of MANPRINT in Army combat models and analyses. 
f. Serve as the proponent for the MANPRINT technical base research and development 
program and identity and prioritize research needs. Coordinate the MANPRINT 
technical base program with the SORD program under AR 7~8. Encourage industry to 
initiate Independent Research and Development (IR&D) pr이ects which support and 
improve MANPRINT technology. 
g. Serve as Army focal point for MANPRINT Program interface with other services , 
government agencies, and intemational programs as pertains to policy, standards, and 
research and development. Sponsor an annual MANPRINT Practitioners Conference to 
further professional coordination and collaboration among manpower, personnel, training, 
hurnan engineering, system safety, health hazards and soldier survivability specialists in 
government, industry, and the academic community in both the U.S. and allied nations. 

2-9. Deputy Chief of Staff for Logistics (DCSLOG) 

The DCSLOG will-
a. Establish policy, in coordination with the ODCSPER, on how the ILS and 
MANPRINT programs will interface. 
b. Provide ODCSPER with a copy of the ILS Assessment for all ASARC and 
MAISRC systems. 

2-10. Deputy Chief of Staff for Operations and Pans (DCSOPS) 
The DCSOPS wiII-
a. Establish Army p이icy and guidance for ensuring the integration of MANPRll‘T 
into the Army training program in coordination with ODCSPER. 
b. Establish and publish Army training p이icy and guidance for new and improved 
systems in AR 350-35 Army Modemization Training. 
c. Assure MANPRINT is appropriately addressed during approval of critical operational 
issues and criteria for ACA T 1 and 11 materiel systems. 
d. Ensure MANPRINT requirements are included during the preparation of 
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requirements documents for systems and non-systems training devices/simulations and 
simulators. 
e. Ensure that MANPRINT is considered in Basis of Issue Plan (BOIP) and 
Qualitative and Quantitative Personnel Requirements Information (QQPRI) p이icy (See 
AR 71-2). 
f. Integrate the results of MAMPRINT analyses and models into force development 
modeling for mature systems 
g. Ensure that MANPRINT is considered in p이icy regarding formulation of materiel 
objectives and requirements (AR 71-9). 

2-11. Deputy Chief of Staff for Intelligence (OCSINT) 

The DCSINT will establish p이icy and guidance to integrate MANPRn애T principles 
into the development and acquisition of intelligence and security systems. 
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a. Exercise primary Department of the Army (DA) staff responsibility for the health 
hazard assessment program. 
b. Through the U.S. Army Medical Command (Provisional) (MEDCOM): 
(1) provide consultation and advice on medical aspects of MANPRINT. (See AR 40 
10 and AR 40 5). 
(2) establish and issuε all medical p이icies that relate to exposure of personnel to 
actual or potential hazards throughout the life cycIe in support of the MANPRINT 
program. 
(3) develop the physiological, medical and health standards data bases needed to 
support the MANPRINT program. 

2-13. Center of Engineers (CE) 

The CE will-
a. Establish MANPRlNT programs that incorporate the provisions of this regulation in 
their systems acquisitions. 
b. Ensure research findings relating to or affecting human performance are reported to 
ODCSPER (DAPE-MR). 

2-14. Functional Proponent (FP) The FP for MAISRC level systems wi\l-
a Ensure the implementation of the MANPRINT program in all MAISRC level 
systems which use Information Mission Area (IMA) resources. 
b. Prepare the MPT Domain Report, in conjunction with the Total Army Personnel 
Command (PERSCOM) (DCSPLANS), for incIusion in the MANPRINT Integration 
Report prior to κ1DR 1, 11, and III. 
c. Initiate and chair the MJWG pre-milestone 0 to develop MANPRlNT goals and 
constraints for the κ1NS. Serve as a member of all subsequent MJWGs. 
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d. In concert with the MAISRC level system PM, jointly approve the SMMP prior to 
each MDR 

Section III Commanders of M에or Army Commands 

2-15. Commanding General , U.S. Army Training and Doctrine Command (CG , 
TRADOC) 
The CG, TRADOC will-
a. Establish and chair the MJWG and initiate SMMP development in conjunction with 
identification of the most promising materiel concepts 
b. Provide support for each MJWG 
c. Approve, along with Program Sponsor, the SMMPs for materiel acquisitions. 
d. Conduct MANPRINT training for the Army in accordance with guidance from the 
proponent, PERSCOM DCSPLANS). 
e. Ensure TRADOC System Managers (TSMs) receive MANPRINT training 
f. lnclude MANPRINT responsibilities in TSM charters; 
g. IdentifY the total proposed system training burden (in time and cost) of operations, 
maintenance and suppoπ personnel, to include training aids and devices , and how 
that training Iinks with their projected aptitudes and total system performance (both 
effectiveness and availability). 
h. Describe the operational and maintenancε concept (pipeline, training devices, 
embedded training/onboard training, me intεractive course ware). Identi fY manpower, 
personnel,_ and training constraints. Establish objectives and thresholds if applicable for 
training. Speci fY the manpower and training methodologies to be used 
i. Include MANPRINT considerations in Cost and Operational Effectiveness Analyses 
(COEA), Mission Need Statements (MNS), Operational Requirements Documents 
(ORD), and Critical Operational Issues and Criteria (COIC). All other procurement and 
requirement documents should have MANPRINT issues and considerations cross walked 
through them. 
j. Ensure the timely consideration and development of MANPRINT requirements in 
systems and nonsystem training devices/ simulations and simulators for which HQ 
TRADOC is the proponent. 

k. Represent the user throughout the system acquisition process 
1. Based on input from the materiel developer, produce MPT domain reports for all 
materiel systems for which TRADOC is proponent 
m. Ensure that system safety engineers are assigned to support materiel acquisition 
programs. 

2-16. Commanding General, U.S. Army Materiel Command (CG, AMC) 

The CG, AMC will-
a. Through Army Research Laboratory (ARL) provide technical assistance on 
integration of the MANPRINT Program (including inputs from manpower, personnel, 
training, human engineering system safety, health hazards and soldier survivability) into 
the m materiel research. A TDs and TLDs, developmental, nondevelopmental, and 

부록 5- 26 

d. In concert with the MAISRC level system PM , jointly approve the SMMP prior to 
each MDR 

Section III Commanders of M매or Army Commands 

2-15. Commanding General , U.S. Army Training and Doctrine Command (CG , 
TRADOC) 
The CG , TRADOC will-
a. Establish and chair the MJWG and initiate SMMP development in conjunction with 
identification of the most promising materiel concepts 
b. Provide support for each MJWG 
c. Approve, along with Program Sponsor, the SMMPs for materiel acquisitions. 
d. Conduct MANPRINT training for the Army in accordance with guidance from the 
proponent, PERSCOM DCSPLANS). 
e. Ensure TRADOC System Managers (TSMs) receive MANPRINT training 
f. lnclude MANPRINT responsibilities in TSM charters; 
g. Identi fY the total proposed system training burden (in time and cost) of operations, 
maintenance and support personnel, to include training aids and devices , and how 
that training links with their projected aptitudes and total system performance (both 
effectiveness and availability). 
h. Describe the operational and maintenance concept (pipeline, training devices, 
embedded training/onboard training, me interactive course ware). Identi fY manpower, 
personnel ,_ and training constraints. Establish objectives and thresholds if applicable for 
training. Speci fY the manpower and training methodologies to be used 
i. Include MANPRINT considerations in Cost and Operational Effectiveness Analyses 
(COEA), Mission Need Statements (MNS), Operational Requirements Documents 
(ORD), and Critical Operational Issues and Criteria (COIC). All other procurement and 
requirement documents should have MANPRINT issues and considerations cross walked 
through them. 
j. Ensure the timely consideration and development of MANPRINT requirements in 
systems and nonsystem training devices/ simulations and simulators for which HQ 
TRADOC is the proponent. 

k. Represent the user throughout the system acquisition process 
1. Based on input from the materiel developer, produce MPT domain reports for all 
materiel systems for which TRADOC is proponent 
m. Ensure that system safety engineers are assigned to support materiel acquisition 
programs. 

2-16. Commanding General, U.S. Army Materiel Command (CG, AMC) 

The CG, AMC will-
a. Through Army Research Laboratory (ARL) provide technical assistance on 
integration of the MANPRINT Program (including inputs from manpower, personnel, 
training, human engineering system safety, health hazards and soldier survivability) into 
the m materiel research. A TDs and TLDs, developmental, nondevelopmental, and 

부록 5- 26 



systems modifications acquisition programs 
b. Through Army Research Laboratory-Human Research and Engineering Directorate 
(ARL-HRED): 
(1) Conduct exploratory development of MANPRINT tools are technology and research 
into soldier capabilities in emerging technologies. 
(2) Provide MANPRINT support on the development of materiel and information 
system technology bases and Advanced Technology Transition Demonstrations (ATTDs). 
(3) Provide support to Battle Labs Advanced Warfighting Experimentation. 
(4) Produce MANPRINT Integration Reports for materiel systems. 
(5) Provide Human Engineering domain reports for materiel and MAISRC systems. 
(6) Provide technical advisory assistance to combat developers developing the MPT 
analyses and domain report for a system. 
(7) Support developmental and operational test and evaluation through review of plans 
and perform specialized data collection at and as requested, in conjunction with 
MJWGs and Test lntegration Working Groups (TIWGs) 
(8) Support MJWGs. 
(9) Support Program Sponsors. 
(10) lnclude MANPRINT technology in DOD standards. 
(1 1) Review MANPRINT portions of JR&D proposals submited by industry. 
(12) Provide MANPRINT input to the Program Risk Assessments. 
(13) Provide HE support to the Combat and Training Developers during development 
of concepts , studies , analyses , system requirements, and user tests and evaluations. 

c. Through Army Research Laboratory-Survivability and Lethality Analysis Directorate 
(ARL-SLAD): 
(1) Provide Soldier Survivability domain reports 
(2) Support MIWGs. 
(3) Support Program Sponsors 

d. Design, develop, and produce systems which meet MANPRINT requirements. 
e. Provide resources, including funding, for effective MANPRINT program 
implementation and maintenance. 
f. Provide a MA MANPRINT m manager for all AM C-developed material systems. 
g. Provide representation to all Special Tasks Force (STFs) are Special Study Groups 
(SSGs) to ensure that MANPRINT is considered early and throughout the system 
acquisition process (See A 71-9.) 
h. Ensure that relevant MANPRINT material contained in the SMMP and ORD are 
contained in the appropriate sections of ILSP and RFPs for which AMC is 
responsible. 
i. Include MANPRINT as a separate major area, and integral into other appropriate 
areas, in the source selection process. Request personnel qualified in specific 
MANPRINT domains fro proponent and support agencies to participate as members of 
the SSEB. 
j. Chair the MIWG , post milestone 1, for AMC managed systems. 
k. Ensure technical trade-off analyses include human performance reliability 
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considerations. 
1. Include MANPRINT in developmental tests of systems measuring and reporting the 
performance of the manned system under controlled conditions. Ident따 and document 
MANPRINT problems and concems. 
m. Prepare System safety domain reports for materiel systems. 
n. Request a review of health hazards by Army Medical Department Center and 
School (AMEDDC&S) during each phase of the aquisition program Provide data 
required to identify potential health hazards 
o. Prepare MANPRINT Assessments to support MDRs for ACA T 111 & IV systems. 
p. Ensure MANPRINT training is provided to all scientists, engineers, logisticians and 
contract management personnel involved in the research and development process 
q. Approve or disapprove, based on recommendations submitted by ARL-HRED, JR&D 
proposals conceming MANPRINT submitted by industry. 

2-17. Commanding General, U.S. Army Medical Command (Provisional) (CG , 
MEDCOM) 
The CG, MEDCOM will-
a. Through the U.S. Army Environmental Hygiene Agency (HSHB-MO-A), Aberdeen 
Proving Ground, Maryland 210 1 0-5422, prepare system Health Hazard domain reports 
for inclusion in the MANPRINT Integration Report throughout the development and 
acquisition cycle. Provide technical assistance to medical personnel supporting 
MANPRINT Joint Working Groups and provide medical input to related system 
acquisition documents. Provide technical assistance to combat and materiel developers. 
b. Through the Preventive Medicine Activities at installations provide reviews of 
MANPRINT and requirements documents during the Concept Exploration and 
Definition Phase and subsequent phases to identify potential health hazards issues 
c. Through the U.S. Army Medical Department Center and School (HSMC-FCM) , Fort 
Sam Houston, Texas 78234-6100: 
(1) provide reviews of MANPRINT and requirements documents during Concept 
Exploration and Definition and subsequent phases to identify potential health hazards. 
(2) as medical combat developer, plan and execute a MANPRI1'‘T program for 
Medical (Class VIII) materiel development and acquisition. 
(3) provide representation at MJWGs as required for HHA. 

d. Through the Commanding General, U.S. Aπny Medical Research, Acquisition and 
Logistics Command (Provisional) ( USAMRDAL): 

(1) Establish MANPRINT programs that will incorporate the provisions of this 
regulation in their materiel acquisition and testing responsibilities. 
(2) Provide System Safety domain reports for their medical materiel acquisition 
systems for inclusion in the MANPRINT Integration Reports of their respective 
programs 
(3) Ensure research findings relating to, or affecting human performance reliability, and 
soldier survivability are reported to ODCSPER (DAPE-MR). 
(4) Maintain a research program to characterize the behavioral, physiological, and 
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toxicological responses to military unique exposures common to generic Army systems. 
Maintain an ongoing research program to elucidate the mechanism of action for 
behavioral exposures common to generic Army systems. Assist, on a reimburses 
basis, Combat and Materiel Developers in the design and exterior of developer 
sponsored studies, to obtain biomedical data Required for proper assessment of 
individual systems. 

2-18. Commanding General, US. Army information Systems Command (CG, ISC) 

The CG , ISC wi l1-
a. Develop implementing MANPRINT policy and procedures for non-major AIS and 
other IMA systems. 
b. Provide MANPRINT support to functional users, functional proponents, and PMs. 
c. Provide system safety support to the MJWGs for AIS. 
d. Provide System Safety domain reports on AIS systems. 
e. Provide resources, inc1uding funding, for effective MANPRINT Program 
implementation and maintenance. 

2-19. Commanding General, U.S. Army Inte l1 igence and Security Command (CG, 
I&SC). 

The CG, I&SC will-
a. Establish MANPRINT programs that incorporate the provisions of this regulation in 
their systems acquisitions 
b. Ensure research findings relating to or affecting human performance are reported to 
ODCSPER (DAPE-MR). 

2-20. Commanding General, U.S. Army Space and Strategic Defense Command (CG, 
SSDC) 

The CG, SSDC wi l1-
a. Establish MANPRINT programs that incorporate the provisions of this regulation in 
their systems acquisitions. 
b. Ensure research findings relating to or affecting human performance are reported to 
ODCSPER (DAPE-MR) 

Section IV Heads of Other Army Elements 

2-2 1. Commanding General, U.S. Army Operational Test and Eval뼈tion Command 
(CG, OPTEC) 

The CG, OPTEC wil\-
a. Analyze unresolved MANPRINT issues in the SMMP as pro potential Operational 
Test & Evaluation (OT&E) issues. 
b. Develop κ1ANPRINT Additional Operational Issues and Criteria (AOIC) as required. 
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c. Validate that operational test p없ticipants are representative of the user population in 
the Target Audience Description (TAD). 
d. Provide representation to the TIWG and MJWG. 
e. Ensure Test and Evaluation Plans (TEP) address co l1ection of time and accuracy 
data for critical tasks by performer and duty position. 
f. Ensure human resource expenditures during lnitial and Fo l1ow-on Operational Tests 
are consistent with personnel sections of proposed Table of Organization and 
Equipment (TOE) and Tables of Distribution and Al10wances (ADA). 
g. For Automated lnformation Systems, evaluate effectiveness and suitability of 
human-computer interfaces. 

2-22. Commanding General , U.S. Total Army Personnel Command (CG , PERSCOM) 

The CG , PERSCOM, specifically the Deputy Chiεf of Staff for Plans, Force 
lntegration and Analysis (DCSPLANS), will-

a. Develop, manage and institutionalize MANPRINT training within the Army. 
b. Review system’s objectives, requirements documents, SMMPs, acquisition strategy 
documents , and other pertinent acquisition related documents for ASARC and MAlSRC 
systems in development or modification 
c. Draft the DA ODCSPER MANPRINT Assessment for ASARC and MAlSRC 
systems 
d. Produce the MPT Force Level Assessments for ASARC and MAlSRC systems. 
e. Prepare, in conjunction with the FP, the MPT domain reports for input into the 
MANPRINT Integration Report for MAISRC systems 
f. Prepare MANPRINT Integration Reports for MAISRC systems. 
g. Support the MAlSRC systems MJWGs. 
h. Manage the FOOTPRINT relational data base for the Total Army 
i. Collect, catalog, review, and distribute technical information on MANPRINT, 
including methods, tools, and techniques. 

2-23 Director, U.S. Army Materiel Systems Analysis Activity (AIVISAA). 
The Director, AMSAA, as the logistician in the materiel acquisition process for other 
than medical equipment (AR 700 127), wi l1-

a. Review changes to requirements documents. SMMPs, ILSPs, materiel fielding 
documents, solicitation documents , other program management and LSA documentation 
for MANPRINT and ILS considerations. 
b. Participate in MJWG activities, when appropriate 
c. Ensure MANPRINT considerations and umesolved MAN PRINT issues in the 
SMMP are included in Test Design Plan TDP), Independent Evaluation Plan (IEP), 
lndependent Evaluation Report (IER) and TEMP 

Chapter 3 
MANPRll‘T in the Materiel Acquisition Process 
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3-1. lntroduction 

a. MANPRINT is intended to influence the design of developmental systems and the 
selection of nondevelopmental systems with thε primary goals of achieving maximum 
total system effectiveness at a reasonable cost of ownership. The implementation of 
MANPRINT impacts total system performance (both effectiveness and availability) 
making explicit the role that s이dier performance plays (and how that performance is 
shaped by design factors). MANPRINT also addresses the MPT resources needed to 
achieve the required performancε and, where possible, indicates more affordable 
configurations of MPT resources. 
b. The engineering design philosophy of MANPRINT is focused on optimum system 
performance on the battlefield, which includes consideration of both soldier and 
equipment capabilities and survivability. MANPRINT is an option-oriented process as 
opposed to an 。이ective-oriented process. The MANPRINT process will provide 
decision makers information upon which to make πade-offs in areas such as quality 
and numbers of people, training times, technology, conditions, standards, costs, 
survivability, safety, health hazards risks, design and interface features, and personnel 
assignment policy. 

3-2. MANPRINT in System Design and Development (Phases 0 through llV) 

a. MANPRINT technology base activities are concemed with increasing the body of 
knowledge relevant to actual or potential military human performance requirements. 
MANPRINT research and development produces information relevant to the design of 
systems, equipment, and facilities. MANPRINT focuses on defining the human-centered 
issues identified for any given developmental approach. In addition, MANPRINT 
research focuses on emerging technologies to identify soldier performance enhancements 
and limitations and to indicate the most effective use of technology to replace or 
supplement human activity. 
b. MANPRINT supports determination and definition of system or materiel needs by 
providing total system performance forecasts for various concepts and by estimating the 
MPT coats of altematives. Human performance reliability data should be collected 
and evaluated to determine whether the proposed system concept delivers the expected 
performance using personnel with no greater aptitudes and no more training than 
planned. 
c. MANPRINT supports the concept and studies activities through analyses focused on 
the human element impact on operational effectiveness and manpower resources. 
d. MANPRINT front-end analyses performed early in the development process should 
focus on predecessor systems and lessons leamed. 
e. MANPRINT products, requirements, and activities should be integrated into the 
system procurement documents and processes (specifically the RFP, SOW, and Work 
Breakdown Structure (WBS)). Preparation for contracting is made by tailoring of 
appropriate military specifications, standards, and contract data item descriptions, and 
by composing appropriate work statements, system specifications, and portions of 
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Section L and M of the solicitation package. 
f. MANPRn‘T should be integrated into the source selection process as a separate 
major area of evaluation 
g. The SMMP sho비d be prepared by the existing MJWG at the time the Mission 
Need Statement (MNS) is approved. The SMM should contain the Measures of 
Effectiveness (MOE) and Measure of Performance (MOP) for obtaining measures of 
soldier performance to be used in assessing total system performance as well as the 
MANPRINT exit criteria which the system must demonstration before transitioning to 
the next phase of development. The SMM should be reviewed and updated for each 
MDR. 
h. The MJWG will oversee and coordinate the MANPRINT activities. 
i. The MANPRINT domain experts for Manpower, Personnel and Training shall 
provide input to development of paragraph "Constraints" of the MNS. The 
MANPRINT domain experts shall provide input to development of the MANPRINT 
portions of the ORD, inc1uding critical system characteristics, any particular 
performance requirements, and the c10thing and individual equipment with which the 
system will ordinarily be expected to interface. 
j. As appropriate, MANPRINT data should be developed to support the COEA, BOIP, 
and QQPRI 
k. MANPRINT should be a topic to be covered in all design reviews. 
1. MANPRINT issues and criteria should be inc1uded in test and evaluations conducted 
based on the MOEs and MOPs stated the SMMP. 
m. Determination should be made as to whether or not 1) MANPRINT exit criteria 
were met. 

n. A MANPRINT Assessment shall be prepared for Milestone and updated for each 
subsequent ‘1DR. 
o. In preparation for fielding. MANPRINT actions should e sure new equipment 
training and institutional training arc beady prepare personnel to operate, maintain. and 
support the emerging materiel. and manpower spacεs are documented with sufficient 
lead time to ensure that personnel with the requisite skills and ability are available to 
fill these spaces. 
p. MANPRINT activities should continually assess the fields system for potential 
improvements that could enhance MAID PRINT aspects of the system or the potential 
follow애n system MANPRINT problems not resolved during materiel development 
should be addressed, resolved, or reconciled during the fielding the system 
MANPRINT analyses should validate total system performance and the level of MPT 
saved anψor consumed as a result of the deployment of the system. Lessons leamed 
d 

3-3. MANPRINT in Nondevelopmental Iteme (NDI) 

a. MANPRINT contributions to NDI acquisition are similar those tom for system 
development programs. 까le selection of NDI acquisition strategy does not dominate 
the requirement to apply MANPRINT to the program. 
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b. As with other acquisition strategies, the principal means of mugging the 
MANPRll‘T program in NDI procurement is wit the SMMP. 
c. MANPRINT portions of source selection plans should contain language highlighting 
the risks to the Army associated with ar. Offerors proposal whose total system 
performance cannot be for cast. 

d. MANPRlNT should be an evaluation factor in the Marks Survey. 
e. A MANPRINT Assessment sha l1 be prepared for Milestone and updated for each 
subsequent MDR 

3-4. MANPRINT In Systεms Modifications 

a. MANPRINT is critical to ail systems modifications. In general, the seine 
MANPRINT activities executed during the system development process should be part 
of the system modification process but at a levy appropriate to the magnitude of the 
change. Can should be taken to insure that configuration changes do not bring. fresh 
MANPRINT problems 
b. As In other acquisition strategies, the SMMP is the primary means of managing 
the MANPRlNT Program during the systems modification. 
c. A MANPRINT Assessment for the modified system shall be prepared for Milestone 
1 and updated for each subsequent MDR. 

Chapter 4 

MANPRINT in the Major Automated information System Acquisition Process 

4-1. MANPRINT [n the System Design and Development (Phase 0 through IV) 
a. Thε Functional Proponent (FP) for the system sho비d initiate the MJWG, appoint a 
chairperson, and invite participation from organizations and agencies invo1ved in the 
related domains and technologies. The MJWG shall develop the MPT constraints for 
incIusion in the MNS based on lessons learned from the current system anψor 

process. The MJWG shall oversee and coordinate all MANPRlNT activities 
b. After approval Milestone 0 (Concept Studies Decision) the Program Manager (PM) 
assumes the chair of the MJWG and the lead for the MANPRINT effort 
c. The SMMP should be developed upon approval of a MNS in accordance with this 
regulation, and should be reviewed, updated, and approved prior to each MDR. Joint 
approval by the FP, PM, and CD (if applicable) is required. 
d. [f the system is being developed under the accelerated software development 
process and there are incremental blocks or modules, an Annex to the SMMP should 
be developed for each block or module. The annex should contain issues and T ADs 
relevant to that block or module 
e. MANPRINT products, requirements, and activities should be integrated into the 
system procurement documents and processess pacifically the PFP, SOW, and the 
source selection evaluation criteria. 
f. A MANPRINT Assessment shall be prepared and submitted prior to each MDR (1 
through III). 
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g. In preparation for deployment, emphasis should be placed to ensure that all 
MANPRINT issues have been resolved. Specific responsibilities for post-fielding 
MANPRINT analyses should be identified and in place. At the end of the deployment 
phase the responsibility for MANPRINT will transfer to the AIS Operations Manager. 
h. MANPRINT activities shall continually assess the deployed system for potential 
improvements by analyzing the collected data according to the schedule in the revised 
SMMP. The gathering of "Lessons Leamed" data conceming problems that were not 
defected during design and development should be used to ensure that MANPRINT 
procedures for the current or future systems can be improved. 

4-2. MANPRll이T for Tailored or Compressed Acquisition 

a. The total system performance concept (which incIudes the human as a m멍or paπ 

of the system) allows accelerated acquisition, especially when there is improved 
front-end planning and analyse. This concept incIudes acquisition of commercial 
off-the-shelf hardware and software. The SMMP is still developed and, as a living 
management tool, should be continually updated. 
b. Continued MANPRINT application can reduce or eliminate and potentially adverse 
impacts of an accelerated acquisition. A Impact Board may be appointed to oversee 
the development of the increments. or modules for accelerated software development 
programs. If there is a significant MANPRINT risk on any or all of the increments 
or modules, the Project Board should have an ODCSPER member to assess that risk. 

Chapter 5 PRINT in the Acquisition of Clothing and Individual Equipment (CIE) 

5-1. Introduction 

a. CIE refers to materiel wam or caπied by the soldier during mission performance 
These items normally serve to protect the soldier and increase survivability These 
items range from body armor to boots and socks An extensive list of CIE items is 
given in Common Table of Allowances 50-900 
b. The κ1ANPRINT interest in CIE lies in the form , fit, function and body or skin 
compatibility of these items CIE items must be compatible with other military systems 
to optimize total system performance 
c. CIE is acquired by both developmental and nondevelopmental acquisition. 
Historically. the acquisition of CIE has been govemed by AR 700 86 (not AR 70-1 
or AR 25-3), and falls into the category of "non-m에or systems," thus the Materiel 
Developer plays a greater role in the preparation of CIE item requirements and 
documentation 

5-2. MANPRINT in CIE Development 
a. Concept Exploration and Definition. The Combat Developer prepares the Mission 
Need Statement (MNS) which documents operational capability needs in broad terms. 
An AMC Research, Development and Engineering Center (RDEC) (usually Natick) 
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provides a technical review of the MNS for feasibility of meeting this need The 
Operational Requirements Document (ORD) should specify critical operational issues 
within each MANPRINT domain. The ORD is written by the Combat Developer, and 
an AMCRDEC (usually Natick) provides technical review. User schools and test 
agencies may also provide a review of the ORD. 
b. Demonstration and Validation (Phase 1 of Development). The organization charged 
with applying MANPRINT during this phase should paπicipate in writing the detailed 
functional specification of the item and the appropriate portions of the acquisition 뻐d 

procurement documents Any contractual efforts for research , design or prototyping of 
CIE should include MANPRINT in the RFP, SOW and in the evaluation criteria. 
c. Engineering and Manufacturing Development (Phase 11 of Development). 
Organizational functions are the same as noted in paragraph b above 
d. Production (Phase 111 of Development) Contractual efforts for production of CIE 
items should include MANPRI1'• T in the RFP Statement of Work and in the 
evaluation criteria. 

5-3. 1 MANPRINT In Testing of CIE 
a. Critical MANPRINT issues and criteria should be included in all test plans and 
reports. During testing of the item, particular attention should be paid to issues of 
compatibility with other equipment with which the items must be used. Where 
appropriate, actual performance measures should be made to confirm the absence of 
design characteristics which negatively affect required performance. 
b. The organization charged with applying MANPRINT during the acquisition of the 
CIE item should participate in the writing of the TEMP and other test plans. 

5-4. CIE MANPRINT Documentation 

a. The Sκ1MP should be prepared for Milestone 1 and updated for each subsequent 
MDR. 
b. A MANPRINT Assessment shall be prepared for Milestone 1 and updated for each 
subsequent MDR 

Chapter 6 
System MANPRINT Management Plan (SMMP) 

6-1. Introduction to the SMMP 
a. The SMMP is a planning and management tool that out1ines and documents the 
MANPRINT management approach, approach, decision and planning efforts, user 
concems, and resolution of MANPRINT issues during system acquisition. Identification 
and documentation of these issues early in the acquisition cycle increases the 
probability of their resolution thereby enhancing total system performance, affectability, 
supportability and conservation of the Army’s resources. 
b. The SMMP is the comerstone of the MANPRINT effoπ to ensure human 
considerations are effectively integrated into the development and acquisition of Army 
systems. 
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(1) 까le SMMP enhances and documents the Army’s effort to focus on total system 
performance. Consequently, goals to optimize total system performance and reduce the 
cost of ownership must consider military and civilian personnel, constructing, operating, 
maintaining, training, supporting, and disposing of systems. 
(2) The SMMP serves as a record of the continuous evolution of a system. At a 
minimum, it provides a status update prior to each MDR. Specifically, objectives for 
the system's human element that are established at Milestone 1 and are traceable to 
readiness, force structure, affectability, and wartime operational objectives must be 
updated at successive milestone decision points. 
(3) The SMMP documents the MANPRHπ issues that arise during the acquisition of 
a system and contains the plans and schedule of MANPRll애T activities to resolve 
these issues and any subsequent issues identified during a system’s life cycle. The data 
bases and analyses that may provide answers for MANPRINT issues are also identified 
in the SMMP along with references to other MANPRINT data sources. 
(4) Information contained in the SMMP "feeds" other documents (e.g. , ORD, 
Functional Description (FD), TEMP, REP, STRAP). Likewise, new MANPRINT 
information contained in other documents will "feed ’ the SMMP. 

6-2 Preparation and Approval of the SMMP 
a. The MJWG shall prepare the SMMP upon approval of a MNS. 
b. The SMMP shall contain, at a minimum , the information identified in this 
regulation. 
c. A SMMP should be prepared for each developmental , nondevelopmental , system 
modification, non-major systems and non-system training device or simulator prior to 
Milestone 1 and updated for each subsequent MDR. 
d. For materiel systems, the SMMP should be jointly approved by the Combat 
Developer and the Materiel Developer or Program Sponsor. 
e. For MAISRC systems, the SMMP should be jointly approved by the Functional 
Proponent (Combat Developer, where applicable) and the PM. 
f. For medical systems, the SMMP should be jointly approved by the Combat 
Developer and the AMEDDC&S Materiel Developer 
g. Copies of the approved SMMP should be fumished to HQDA ODCSPER 
(DAPE-MR), HQ PERSCOM (TAPC-PLM), HQ TRADOC (ATCD-RM), HQ AMC 
(ARL-HRED), and AEHA (HSHB-MO-A) by the MJWG. 

Chapter 7 

7- 1. Treatment of MANPRINT 
a. MANPRINT should be a separate major area of the same visibility as performance, 
management, and cost and should be evaluated throughout all aspects of design, 
development, integrated logistic support, and program management. 
b. Treatment of MANPRll애T should be tailored to suit the nature and priorities of 
the program and contract effort. 
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7-2 Implementation 
a. The SOW should contain appropriate MANPRINT tasks for thε contractor to 
perform and provision for that work sho비d be made in the contract WBS. 
b. The specifications should describe how the system is to fool and act to the user 
and in the quality assurance paragraphs, how those requirements should be verified 
c. MANPRINT data (i.e. , program plans. reports. drawings) to be delivered under the 
contract should be inc\uded in the Contract Data Requirements List (CDRL). 
d. MANPRINT considerations should be inc\uded in Section L Instructions to Offerors, 
and Section M, Evaluation Factors for A ward. 
e. MANPRINT considerations should be inc\uded in the SSEP Plan. 
f. The SSEB should inc\ude expeπs from all of the operative MANPRINT domains. 

10. DOD-HDBK-763:Human Engineering Procedures Guide, 1991 (DoD). 

5.3.5 RFP preparation. HE inputs to the Request For Proposal (RFP) vary considerably 
depending on the size and nature of the procurement. This section provides 
information on both major and nonmajor acquisitions as well an traditional and. 
streamlined acquisitions. 

5.3.5.1 Traditional acquisitions. The REP preparation effort is by tar the most 
significant single factor in insuring an adequate BE program. A \l program requirements 
must be inc\uded in the RFP package initially. Based on all of the previously 
developed source data and allocation decisions, the HE manager is able to provide HE 
inputs to the RFP. These inputs should genera\ly be provided to four separate portions 
of the RFP. These are the preliminary system specification, the SOW, the Contract 
Data Requirements List (CDRL), and source selection criteria. Another possible section 
which may contain HE data are the proposal preparation instructions. 

5.3.5. 1.1 Preliminary system specification. The preliminary system specification should 
contain a paragraph (genera\ly paragraph 3.3.7) in accordance with MIL-STD-490 
which calls out the Human Performance/Human Engineering requirement inc\uding, for 
example, MIL-STD-1472. It is appropriate for HE to provide inputs to other 
specification sections. Specifications are presented in more detail in paragraph 7.2.2 .8 

5.3.5. 1.2 sow inputs. The major portion of the HE RFP effort may be described in 
the SOW, which should indicate the particular type of work the requiring organization 
HE manager feels must be performed. This may inc\ude, if Justified by need, 
trade-offs, and mockups or simulations. If there are any paπicular HE 。이ectives 

requiring emphasis, such as crew size or critical performance, these should be so 
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b. The specifications should describe how the system is to fool and act to the user 
and in the quality assurance paragraphs, how those requirements should be verified 
c. MANPRINT data (i .e., program plans. reports. drawings) to be delivered under the 
contract should be inc1uded in the Contract Data Requirements List (CDRL). 
d. MANPRINT considerations should be inc1uded in Section L Instructions to Offerors, 
and Section M, Evaluation Factors for Award. 
e. MANPRINT considerations should be inc1uded in the SSEP Plan. 
f. The SSEB should include expeπs from all of the operative MANPRINT domains. 

10. DOD-HDBK-763:Human Engineering Procedures Guide, 1991 (DoD). 

5.3.5 RFP preparation. HE inputs to the Request For Proposal (RFP) vary considerably 
depending on the size and nature of the procurement. This section provides 
information on both major and nonmajor acquisitions as well an traditional and. 
streamlined acquisitions. 

5.3.5.1 Traditional acquisitions. The REP preparation effort is by tar the most 
significant single factor in insuring an adequate BE program. All program requirements 
must be included in the RFP package initially. Based on all of the previously 
developed source data and allocation decisions, the HE manager is able to provide HE 
inputs to the RFP. These inputs should generally be provided to four separate portions 
of the RFP. These are the preliminary system specification, the SOW, the Contract 
Data Requirements List (CDRL), and source selection criteria. Another possible section 
which may contain HE data are the proposal preparation instructions. 

5.3.5.1.1 Preliminary system specification. The preliminary system specification should 
contain a paragraph (generally paragraph 3.3.7) in accordance with MIL-STD-490 
which calls out the Human Performance/Human Engineering requirement inc1uding, for 
example, MIL-STD-1472. It is appropriate for HE to provide inputs to other 
specification sections. Specifications are presented in more detail in paragraph 7.2.2.8 

5.3.5. 1.2 sow inputs. The major portion of the HE RFP effort may be described in 
the SOW, which should indicate the partic비ar type of work the requiring organization 
HE manager feels must be performed. This may inc1ude, if Justified by need, 
trade-offs, and mockups or simulations. If there are any paπic비ar HE objectives 
requiring emphasis, such as crew size or critical performance, these should be so 
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stated. It is generally bettor to inc1ude all the HE efforts for the program in a single 
section of the SOW rather than apportion them to each of the applicable subsystems 
The contractor should respond in the same manner so that the total HE program may 
thereby be prepared and reviewed with less effort. 

5 .3 .5.1.2.1 Selective application of κlIL-H-46855 The method of determining the 
general applicability of MIL-H-46855 to traditional programs is called out in paragraph 
30.0 of the MIL-H-46855 appendix, The HE manager is urged to carefully read these 
provisions before selecting MIL-H-46855 as a program requirement. It should bε 

further noted that if a customer organization HE manager has already been assigned to 
a program , the chances are high that MIL-H-46855 should also be required. 
Conversely, if MIL-H-46855 is not required, the need for the HE manager is 
questionable. 

5.3 .5.1.2.2 Tailoring. During the past few years, thε subject of tailoring has gained 
prominence, presumably because of 000 directives describing systεm aιquisition 

methods. The need for tailoring in based on the concept that the reason-many system 
acquisitions coot so much is that they are designed and built per specifications or 
constraints which in many canes arc not really ’useful’ or appropriate either to that 
particular program or for a particular design phase. Tailoring is an attempt to modify 
specifications to require only that which is useful to the planned system acquisition 
phase. 

5.3 .5 .1.2.2.1 Tailoring considerations. There is little question as to the short term 
cost-effectiveness of HE specification tailoring. Before tailoring is accomplished by 
either the requiring organization or contractor, a few extremely significant factors must 
be considered: 

a. The probability that the program will complete the full acquisition cyc1e 
b. The nature of the specification tailoring savings a. short tεrm only, long term only, 
or both shore and long term 
c. The amount of short term savings due to tailoring. 
d. The cost to change the system design to meet long term system performance 
requirements (e.g. , maintainability and operability) not necessary for the initial 
acquisition phases. 
e. Life-cyc1e costs associated with waiving the reliability, maintenance, and operability 
requirements normally specified. 
f. The comparison between items c), d), and e) above 

The answer to the first factor is "most probable". Very few programs ever fall to 
pass their milestone review meetings. Therefore, both long term Life Cyc1e Costs 
(LCC) and short term savings are significant. If the savings are short term only, they 
need to be balanced against possible increased life cyc1e costs that they could cause. 
These costs could be For Engineering Change Proposals (ECP’S), system design 
revisions, operator or maintainer errors resulting in costly failures , equipment 
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malfunctions, or safety hazards. 

5.3.5. 1.2.2.2 MIL-H-46855 tailoring. The recent concept of tailoring as app1ied to HE 
is somewhat ironic in that MIL-H-46855 has always clearly stated that it may be 
invoked on contracts either in its entirety or selectively. In their HE Plan, the 
contractor should always describe those HE tasks which they determine are moat cost 
effective to perform. In accordance with MIL-H-46855 and the HE Plan Data Item 
(DI-H-7051), the contractor provides-what they feel is a tailored version of the HE 
tasks to bε accomp1ished (or not to be accomplished) for the program. The customer 
HE manager should determine the general applicability of MIL-H-46855 to the 
particular program and the specific paragraph applicability. The method for doing this 
is included as a tailoring appendix to MIL-H-46855. 

5.3.5. 1.3 HE data items. Depending on the phase of the acquisition, the budget, the 
acquisition strategy, and with the approval of the Data Management Officer and the 
program manager, the HE program manager may include any of the HE Data Items. 
The HE program manager will use the contractor generated data, as appropriate, in 
support of thε decision making milestones. Each HE task may involve some form of 
contractor-prepared plan, 1ist, form , analysis, or data. If the customer requires 
preparation and delivery of any of these, they must be identified au a data item. Each 
separate HE data item must be included on a DD form 1423 , or contract data 
requirements list (see figure 5) which is the CDRL which must be included as part of 
the contract. Each DD form 1423 must refer to an authorized DID which can be 
found, listed by title, in DOD 5000.19-L Volume II, Acquisition Management System 
and Data Requirements Control List (AMSDL). An example of the Critical Task 
Analysis Report (CTAR) DID is given in figure 6. Tailoring of the DID’s to meet the 
requirements is authorized (block sixteen DD form 1423). DD form 1423 must also 
include a specific (e.g. , Sow, pare. X.X.X.X) that specifies and authorizes the work to 
be done for documentation in each data item. Also to be filled out are blocks 
establishing the dates , delivery and destinations, approval authority, and approval 
procedures 
The customer HE manager should check with the lead data manager and data 
deliverable instructions when calling out CDRL deliverables. Precise procedures for 
requiring data items from contractors may vary from one customer organization to 
another. In 1979, the following updated series of human engineering DIDs were 
published with ARMY/MlRADCOM as the office of primary responsibility: 

DI-H-7051 , "Human Engineering Program Plan" (HEPP) 
DI-H-7052, "Human Engineering Dynamic Simulation Plan" 
(HEDSP) 
DI-H-7053 , "Human Engineering Test Plan" (HETP) 
DI-H-7054, "Human Engineering System Analysis Report" 
(HASAR) 
DI-H-7055, "Critical Task Ana1ysis Report" (CT AR) 
DI-H-7056, "Human Engineering Design Approach 
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is somewhat ironic in that MIL-H-46855 has always clearly stated that it may be 
invoked on contracts either in its entirety or selectively. In their HE Plan, the 
contractor should always describe those HE tasks which they determine are moat cost 
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particular program and the specific paragraph applicability. The method for doing this 
is included as a tailoring appendix to MIL-H-46855. 

5.3.5. 1.3 HE data items. Depending on the phase of the acquisition , the budget, the 
acquisition strategy, and with the approval of the Data Management Officer and the 
program manager, the HE program manager may include any of the HE Data Items. 
The HE program manager will use the contractor generated data, as appropriate, in 
support of the decision making milestones. Each HE task may involve some form of 
contractor-prepared plan, list, form , analysis, or data. If the customer requires 
preparation and delivery of any of these, they must be identified au a data item. Each 
separate HE data item must be included on a DD form 1423 , or contract data 
req비rements list (see figure 5) which is the CDRL which must be included as p따t of 
the contract. Each DD form 1423 must refer to an authorized DID which can be 
found, listed by title, in DOD 5000.19-L Volume 11, Acquisition Management System 
and Data Requirements Control List (AMSDL). An example of the Critical Task 
Analysis Report (CT AR) DID is given in figure 6. Tailoring of the DID’s to meet the 
requirements is authorized (block sixteen DD form 1423). DD form 1423 must also 
include a specific (e.g. , Sow, pare. X.X.X.X) that specifies and authorizes the work to 
be done for documentation in each data item. AIso to be filled out are blocks 
establishing the dates , delivery and destinations, approval authority, and approval 
procedures 
The customer HE manager should check with the lead data manager and data 
deliverable instructions when calling out CDRL deliverables. Precise procedures for 
requiring data items from contractors may vary from one customer organization to 
another. In 1979, the following updated series of human engineering DIDs were 
published with ARMY/MlRADCOM as the office of primary responsibility: 

DI-H-7051 , "Human Engineering Program Plan" (HEPP) 
DI-H-7052, "Human Engineering Dynamic Simulation Plan" 
(HEDSP) 
DI-H-7053 , "Human Engineering Test Plan" (HETP) 
DI-H-7054, "Human Engineering System Analysis Report" 
(HASAR) 
DI-H-7055, "Critical Task Analysis Report" (CT AR) 
DI-H-7056, "Human Engineering Design Approach 
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Document-Operator" (HEDAD-O) 
DI-H-7057, "Human Engineering Design Approach 
Document-Maintainer" (HEDAD-M) 
DI-H-7058, "Human Engineering Test Report" (HETR) 
DI-H-7059, "Human Engineering Progress Reports (HEPR) 

Only minimum essential data items should be selected. The underlying objective of the 
DID’s is to provide the customer infonnation with which to verify that the system HE 
perfonnance, design, and program requirement are being met, and to support the 
decision making process. The contractor may also propose tailoring of HE tasking 
directly or as indicated in their HEPP (DI-H-7051) if one is required. Other data 
items may also be tailored. The tailoring of the data items must correspond to the 
tailoring of MIL-H-46855 as it applies to the procurement involved. The data items 
may be omitted if not necεssary or they nay be modified to delεte any ineffective or 
costly portions which do not apply to the particular program. 

5.3 .5. 1.3.1 HE program plan. The HEPP is one of the most commonly callεd out data 
requirements. By requiring the HEPP, the customer will be able to see how the 
contractor intends to perfonn all of the applicable and essential tasks of the program. 
For example, the contractor should show how their effort is to be productive in 
impacting the system and hardware design. To be effective the HEPP preparation and 
delivery should be scheduled in a way as to pennit recognition of foreseeable problem 
Areas, and identification of efforts required to investigate and correct these problems. 
Figure 7 is an example of a schedule for a HEPP in relation to the acquisition 
phases. A list of m멍or HE tasks and the HE DIDs are shown indicating their 
proposed relationship. The sample schedule proposes activity/event and deliverable 
sequences along with effort level (high or low). There must be an effective working 
relationship with design engineering established At the onset of the program and 
carried through to its concIusion. HEPP demonstration of such a relationship, as wεII 

as scheduling of BE assessment so as to cIearly impact system design should be a 
factor in the source selection process. A sample HEPP, for new ship construction is 
incIuded in appendix C. DI-H-7051 , Human Engineering Program Plan (HEAP), is the 
most inclusive HE Data Item and may be used alone. It may be noted that 
MIL-H-46855 requires HE Program Planning. However, the only reasonable way to 
specify a HE Program Plan is to list a requirement for (DI-H-7051) in the CDRL. 

If a Preliminary HE Plan is required as a part of the total program proposal, a 
detailed HE plan should be finalized for approval subsequent to the customer-contractor 
guidance meeting. When this plan is approved by the customer' it will be used by the 
contractor to direct their program efforts (see 6.3 .7) and should be used by the 
customer to maintain conversance with the program and anticipate HE needs. If any 
changes to these efforts (as described by the plan) occur, the contractor must report 
and Justify them to the customer. 

5 .3 .5. 1.3.2 HE dynamic simulation plan. The HEDSP should be called-out when the 
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items may also be tailored. The tailoring of the data items must correspond to the 
tailoring of MIL-H-46855 as it applies to the procurement involved. The data items 
may be omitted if not necessary or they nay be modified to delete any ineffective or 
costly portions which do not apply to the particular program. 

5.3 .5. 1.3.1 HE program plan. The HEPP is one of the most commonly called out data 
requirements. By requiring the HEPP, the customer will be able to see how the 
contractor intends to perform all of the applicable and essential tasks of the program. 
For example, the contractor should show how their effort is to be productive in 
impacting the system and hardware design. To be effective the HEPP preparation and 
delivery sho비d be scheduled in a way as to permit recognition of foreseeable problem 
Areas, and identificatÎon of efforts required to investigate and correct these problems. 
Figure 7 is an example of a schedule for a HEPP in relation to the acquisition 
phases. A list of m이or HE tasks and the HE DIDs are shown indicating their 
proposed relationship. The sample schedule proposes activity/event and deliverable 
sequences along with effort level (high or low). There must be an effective working 
reIationship with design engineering established At the onset of the program and 
carried through to its concIusion. HEPP demonstration of such a relationship, as well 
as scheduling of BE assessment so as to cIearly impact system design should be a 
factor in the source selection process. A sample HEPP, for new ship construction is 
incIuded in appendix C. DI-H-7051 , Human Engineering Program Plan (HEAP), is the 
most inclusive HE Data Item and may be used alone. It may be noted that 
MIL-H-46855 requires HE Program Planning. However, the only reasonable way to 
specify a HE Program Plan is to Iist a req비rement for (DI-H-7051) in the CDRL. 

If a Preliminary HE Plan is required as a paπ of the total program proposal, a 
detailed HE plan should be finalized for approval subsequent to the customer-contractor 
guidance meeting. When this plan is approved by the customer’ it will be used by the 
contractor to direct their program efforts (see 6.3.7) and should be used by the 
customer to maintain conversance with the program and anticipate HE needs. If any 
changes to these efforts (as described by the plan) occur, the contractor must report 
and Justify them to the customer. 

5 .3 .5.1 .3 .2 HE dynamic simulation plan. The HEDSP should be called-out when the 
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customer wants to insure that the contractor will obtain the best utilization of dynamic 
simulations, Dynamic simulation would normally take place early during Full Scale 
Development (FSD). It (they) could also take place as paπ of the demonstration and 
validation phase. The implication of requiring this plan, the HEPP, or the HE test 
plan is that the effort to prepare the plan is more than balanced by the more 
effective use of HE resources to perform the activities in accordance with more formal 
documented planning provided by thε deliverable cat. requirement. 

5.3.5. 1.3.3 HE teat plan. The HETP should be specified to insure that human 
performance requirements for operations and maintenance of a system are met and 
reported to the customer, It should identifY the types of tests to be conducted, test 
subjects, how they compare to user population, and data collection and reporting 
techniques This information sho비d enable the customer to determine the influences of 
the human operators and maintainers and their performance on total system 
effectiveness and reliability. It should indicate how the test program resu1ts will 
influence the design and apply to follow-on equipment or similar systems. Depending 
on the nature of the program, the plan may not be required. Rather, the HEPP should 
expand its presentation of T &E to inc1ude material otherwise covered in this HE test 
plan, More often than not, a total program plan is required for formal T&E. HIS 
testing should be inc1uded as a part of the total program T &E plans which are 
prepared by the customer and Contractor T&E. Neither the HETP or the HETR is 
generally required for informal developmental testing. When required, this plan is 
called for during acquisition phases in which the T&E provisions of MIL-H-46855 are 
invoked -- during demonstration and validation, full scale engineering development, or 
occasionally production and deployment 

5.3 .5.1 .3.4 HE system analysis report. The HESAR is useful for evaluating new 
systems or major elements in a system and to report rationale for function allocation 
trades. The customer uses this information to evaluate appropriateness and feasibility of 
system functions and roles allocated to operators and maintainers. This report may be 
a means to the end of requiring HE on the program early on, It should be required 
during the concept or validation program phases or not at all. 

5.3.5. 1.3.5 Critical task analysis report. The CTAR should provide a fiat of critical 
tasks to be reviewed and the rationale for their selection. Accordingly, the 
methodology, level of detail and format of the report should be identified. The 
customer uses this report to veri fY that HE technical risks have been minimized and 
that identified "critical task" problems have been resolved. If required the CT AR 
should be developed arid completed during the FSD portion of the program, 
specifically not later than the Critical Design Review (CAR). Prior to this time there 
is not sufficient data available on which the analysis may be based. After this time 
the information is too late to impact the system design. It the CT AR is required 
during the program demonstration and validation phase, the DID reference to 
MIL-H-46855 should be modified to indicate that not all 20 items under paragraph 
3.2.1.3 .2 "Analysis of Critical Tasks" need be identified. AlI 20 items are appropriate 
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for the FSD program phase. 

5.3 .5.1.3.6 HEDAD-O The customer uses those data to evaluate the operator interface 
to insure it meets the human performance and HE requirements. me HEDAD-O may 
be usefully required during the FSD, demonstration and validation, and even concept 
exploration program phases. It is. most appropriate for the full scale development 
phase. 

5.3.5. l.3.7 HEDAD-M. The customer uses these data to evaluate the maintainer 
interface to insure it meets the human performance and HE requirements. 

5.3 .5. l.3.8 HE test repoπ. The customer uses this report to determine the compatibility 
of the human performance requirements, personnel selection criteria, training program , 
and design of the personnel- equipment/software interfaces. This is one of the more 
important and more frequently used data item descriptions since it provides hard data 
to validate that human engineering requirements have been met ox to define the 
degree to which problems may exist. In addition to serving these purposes of 
acceptance and oversight insofar as compatibility with the user is concemed, such test 
data are also provided for feeding hack into the system design or into later, newer 
designs. Because the extent of the report, by And large, will be a function of the 
system itself, degree of user-system interface, and acquisition phase, careful tailoring is 
suggested. As with all other data item descriptions , thε tailoring of the HE Test report 
should be consistent with the tailoring of the tasking document--in this instance, 
MIL-H-46855. 

5.3.5.1.3.9 HE progress report. The customer uses this report to identify progress , 
technical problem areas' and plans for next reporting period. It enablεs the HE 
manager to determine how the program is progressing in relation to the schedule of 
activities. The value of the progress report axe limited to minimum essential 
information, the following should be considered. 

a. The HEPR should be required only as frequently as necessaη. 

b. It should only report data not available in other CDRLs or at design review 
meetmgs. 
c. If the HEDAD’s are required. , the progress report may not be necessary on small 
programs. 
d. The report should provide only updates to peat reports (reference DID). 

5.3 .5.1 .4 Source Selection Criteria. As p하t of the RFP preparation, a source selection 
plan will be developed to include evaluation criteria against which the proposal will 
be evaluated. Source selection criteria content must follow the instructions to offerors. 
Allocation of emphasis to HE should insure a best effort response to the HE aspects 
of the RFP. 

5.3 .5. 1.5 Draft RFP’s. Frequently, in order to create a better quality RFP, a draft RFP 
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technical problem areas' and plans for next reporting period. It enables the HE 
manager to determine how the program is progressing in relation to the schedule of 
activities. The value of the progress report axe limited to minimum essential 
information, the following should be considered. 

a. The HEPR should be required only as frequently as necessaηι 

b. It should only report data not available in other CDRLs or at design review 
meetmgs. 
c. If the HEDAD’s are required. , the progress report may not be necessary on small 
programs. 
d. The report should provide only updates to peat reports (reference DIO). 

5.3.5.1 .4 Source Selection Criteria. As p하t of the RFP preparation, a source selection 
plan will be developed to include evaluation criteria against which the proposal will 
be evaluated. Source selection criteria content must follow the instructions to offerors. 
AIlocation of emphasis to HE should insure a best effort response to the HE aspects 
of the RFP. 

5.3.5.1.5 Draft RFP’s. Frequently, in order to create a better quality RFP, a draft RFP 

부록 5- 42 



is issued to potential competitors for their review and comment. Such drafts have 
advantages in that the customer can try out requests for particular program tasks, 
provisions, ox methodologies. Industry feedback on draft RFPs has the potential for 
effecting substantial savings by pointing out unnecessary constraints. The contractor's 
responses to the final REP are generally of better quality since they have had more 
time to work-the requested proposal problem. The customer HE manager should 
participate in the draft review in order to suggest the kind of effort that he feels 
should be contained in the RFP. 

5.3.5.2 Nondevelopment Items (NDI). If the acquisition is for NDI, MIL-H-46855 
should generally not be called out. NDI refers to products that can be purchased 
off-the-shelf without. development time or development costs. This applies to products 
built to commercial standards as well as military standards, To procure NDI’s the 
govemment conducts a market investigation of user organizations of all candidates 
offered by industry. HE provides inputs to this investigation. Based. On the results of 
this investigation , and factors such as needed additional test data the NDI procurement 
is initiated. 

HE paπicipates in the preparation of the NDI specification by providing HE 
requirements the NDI must meet, While differing degrees of NDI may be encountered, 
the common thread through the approach is to use already available items. HE effort, 
therefore, is focused on specifying performance requirements , rather than tasking and 
cats provisions characterized by MIL-H-46855. If some development is involved, 
MIL-H-46855 can be applied judiciously; however, if the NDI contains no RDT&E 
authorization, MIL-H-46855 should not be specified. 

5.3.6 Proposal evaluation. The HE manager should play an active role in the proposal 
evaluation process. HE must participate as a member of the source selection team to 
insure that the proposed approach to dealing with the system man-machine interface 
meets the criteria described in section 6,3.6. The requiring organization HE manager 
must develop the facts upon which to base source selection. He must be able to 
determine whether the potential performing organization understands what needs to be 
done. This includes understanding of the HE requirements and scope and magnitude of 
the project, realism of approach, risk assessment, and life cycle cost implications. The 
HE performing organization must clearly show that the requirements are recognized, 
that a preliminary analysis was made in arriving at the approach, and that the 
requirements will be satisfied in a timely and cost-effective manner. The areas in 
which tradeoff decisions will need to be made should be identified with candidate 
altematives and the rationale and schedule for their selection. The requiring 
organization HE manager must check to insure intended compliance with HE 
provisions of the SOW, CDRL, and specification. 

5.3.6.1 HEPP evaluation. If a preliminary HE Program Plan is called for, a significant 
part of the HE management evaluation can be made by 8 thorough review of the 
plan and portions of the proposal to which the plan relates. Evaluation ratings and 
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rankings must be in accordance with the overalI source selection plan established for 
the system. 

5.3 .6 .2 Experience evaluation. The offerers’ directly applicable and related HE 
experience should be evaluated. They must clearly indicate the relevance of experience 
gained in similar programs of equal or treater complexity. They may wish to provide 
"lessons leamed and to show how their experience will benefit the paπlC비ar proposed 
program. 

5.3.6.3 Interorganization evaluation. The relation of HE to other disciplines must be 
indicated as wolf as the relation of HZ to program management, However, the latter 
relationship should not be evaluated as being right or wrong but is used by the 
customer for information. Consideration of design to cost or design to life cycle cost 
as it affects HE should also he evident in the proposal 

5.3 .7 Contractor monitoring, After the contract award is made, monitoring can be 
accomplished in a number of ways. These are the HEPP, conferences, design reviews , 
trade study reports, CDRL reports, BE data file review, baseline configuration review, 
and frequent use of the telephone or visits to the performing organization and test 
facilities. 

5.3 .7.1 Program planning review. If an HEPP is required, it must be reviewed and 
modified if necessary within a few weeks from the start of the contract.- A program 
kick-off meeting for just HE alone is a good idea to discuss any ambiguities in the 
plan and to make necessary changes. The meeting is also helpful in that the customer 
and contractor can meet face to face and go through the plan, section by section, 
prior to later important design reviews. The meeting should be at the contractor's 
facility in order that the facility itself and the work already performed can be shown 
to the customer {see 5.3 .7.6). Once approved by the customer, the HE Program Plan 
will be the basis for the HE contractual compliance. 

5.3.7.2 Data Requirements review. If progress reports are required, they must be 
reviewed and evaluated. The customer's HE cats review function may vary from 
complete responsibility in the case of data submitted in response to HE CDRL items, 
or to just "comment" or concurrence action data. The scope and purpose of the 
review is to assure that the contractor's efforts are of acceptable quality and in 
accordance with the contract specification and work statement. The customer HE 
manager must also attend major design reviews such as the Preliminary Design 
Review (PDR) and Critical Design Review (CDR). He must insure that his contractor 
counteφart is a significant participant in the presentation of program data. The 
increased attention and emphasis on evaluation during early design phases have led to 
the frequent use of mockups to assist in design evaluations. If early development of 
mockups is required in the full-scale development phase, then it helps to serve as a 
design configuration aid. The HE manager may also wish to attend certain test and 
evaluation events which are significant to the man-machine interface. He may initiate 
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design review reports and may paπicipate in review of ECP’s when required. 

5.3.7 .3 Baseline Monitoring. Frequently, the system design will progress by means of 
an evolving baseline configuration. 

The baseline will probably start as that indicated in Section 6.3.2 .2 Baseline 
Monitoring. In order to insure that all subsystems or elements of the WBS are 
directed toward the same configuration, a baseline with configuration control is 
maintained. It is modified only by agreement of all affected and the modifications are 
published for information and review to those organizations that should be involved' It 
is paπ of the HE manager's job to keep track of this baseline configuration and to 
insure that there are no potential existing Hz problems associated with the design. 

5.3.7 .4 Data file review. During the period or design reviews (or at any convenient 
time), while the customer Hz manager is visiting the contractor the contractor' s HE 
data file should be reviewed. This file should contain copies of correspondence, 
reports, analyses, specifications, sketches, drawings, checklists, and test data reflecting 
HE actions and decision rationale. This review time can be well spent to assess how 
well the contractor is doing his job. 

5.3.7.5 Contract monitoring limitations. Generally, during the period of program 
acquisition, the HE manager is available to answer performing organization questions, 
provide data, and give advice. However, in recent years, a few program acquisition 
phases have been competed. Hardware has been designed and prototypes constructed 
fox. a shoot-off. In this kind of a competition, it is not appropriate for the HE 
manager to provide help or information to one contractor without being very sure that 
the same help or information ’s provided to the other contractor In this situation, the 
total efforts of the customer's HE manager must necessarily be conducted! only 
through procurement officials, if at all, and than with much greater care than if there 
were no competltlon. 

5.3.7.6 Meetings. Within a few weeks after the contract award, a guidance meeting 
should be arranged between the customer and contractor to discuss what each of the 
two parties feels la the necessary HE (or HFE) effort for the program. The customer 
should toll the contractor his evaluation of the HE inputs to the proposal. If an HE 
Plan was submitted, this evaluation will be directed primarily to that item. The 
customer's HE monitor should provide the contractor with detailed guidance as to the 
problems and the needs the HE effort should address. The meeting may be used to 
discuss customer sources of analysis input data not previously known to the contractor. 
The contractor's choice of analysis, design, and test techniques may be reviewed. 
Significant human performance requirements should be defined to avoid later 
misunderstanding. HE will also participate in program design reviews such as the PDR 
and CDR. Results of HE efforts, including applicable trade studies and critical task 
analysis, will be reported. Derived HE design Criteria and applicable HE design 
requirements should be presented (see 6.3 .7.1). 
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11. NEREG-0700 Rev.1 Human-System Interface Design Review Guideline 

2. REVIEW OF PLANNING PHASE 

2.1 Review Objective 

The staff should ensure that the applicant’s HSI design review plan adεquately defines 

General Goals and Scope 
HSI Design Review Team 
Review Management Process and Procedures 
Technical Program Development 
HSI Design Review Reporting 

-----

The staff review can be accomplished using the HSI Design Review Plan ‘ for 
example, as described in Section 1.4.4. The aspects of the applicant’s plan that are 
addressed in the staffs evaluation are discussed below. 

2.2 Review Topics 

m tenns revlew design HSI of the 

(l) HSI Design Review Goals and Scope -

• The applicant should define the objectives 
specific to the context and intent of the review 

• For a major HSI upgrade or redesign , the applicant’s design assumptions anψor 

constraints should be clearly identified. An assumption or constraint is an aspect of 
the design, such as the use of touch screens, that is an input to the HSI design 
process rather than the result of HFE analyses. The HSI design review should seek to 
evaluate the validity of such assumptions for the implementing design under review. 

the review should be identified, e.g. , the 
and other facilities such as the TSC and 

• The HSI facilities to be addressed by 
main CR, remote shutdown facility, LCSs, 
EOF. 

• The plant systems and their associated functions that are to be covered by the 
HSI design review should be identified. The breadth and depth of these systems and 
the functions addressed should be consistent with the purpose of the HSI design 
review (e.g., upgrade to an existing HSI, or HSI design for a new plant). 

• The applicable HSI components to be assessed should be identified. All interfaces 
(including procedures) used for operations, accident management, maintenance, test, 
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inspection, and surveillance are within the scope of the HSI design review 
methodology. 

• The categories of plant personnel who wi\l be affected by the HSI design, or 
consulted for information during the review should be identified. In the case of an 
upgrade, personnel who will be affected by the upgrade, and its anticipated effects on 
their roles and tasks, should be identified. For example, if an automated control 
system is to replace an existing system, then changes in personnel monitoring and 
control functions which could result should be clearly identified. 

(2) HSl Design Review Team - The applicant’s HSI design review team should be 
multidisciplinary , and the determination of the specific technical expertise needed 
should be assessed case-by-case, depending on the type of review to be conducted. 
The term "HSI design review team" is generically used within this document to refer 
to thε individuals who arε responsible for conducting the applicant’s HSI design 
reVlew. 

(3) Review Management Process and Procedures 

• The process by which the team wil\ execute its responsibilities should define and 
include procedures for team operations, personnel assignments, and the design review’s 
milestones and products. 

• The team should identify process management tools, techniques, and documentation 
to ensure that it can fulfill its responsibilities. Data collection forms and procedures 
should be established, for example, 

- personnel questionnaire/interview forms 
- inventory forms to record the components present in the CR 
- checklists 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 lighting, display 
lighting, and environmental conditions 

- HED forms to identify the locations of discrepancies and clearly des띠be 

them 

• A system should be identified to document and track HEDs from identification 
through resolution. The tracking system should be described in terms of procedures 
and information requirements. 

(4) Technical Program Development 

• The scope, procedures, products, and schedule should be defined for the following: 

- Operating Experience Review 
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- Function and Task Analysis 
- HSI Inventory and Characterization 
- HSI Task Support Verification 
- HFE Design Vεrification 

- Integrated System Validation 
- HED Evaluation 
- Design Improvement Identification 
- Design Improvement Verification 

• The HFE requirements for designing upgrades or resolving HEDs should be 
identified, including the standards and specifications that are sources of HSI 
reqUlrements. 

• HFE facilities , equipment, tools , and techniques (such as laboratories, simulators, 
and rapid prototyping software) to be used in the HSI design review should be 
identifiεd. 

(5) HSI Design Review Reporting - Reports needed to complete the HSI design 
review should be identified, and their expected contents described. 
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제 2 장 운전경험검토 

1. 10CFR 50.34φ(3)ψ 

(3) To satisfy the following requirements, the application shall provide sufficient 
information to demonstrate that the requirement has been met. This information is of 
the type customarily required to satisfy paragraph (a)(1) of this section or to address 
the applicant’s technical qualifications and management structure and competence. 

(i) Provide administrative procedures for evaluating operating, design and construction 
experience and for ensuring that applicable important indusπy experiences will be 
provided in a timely manner to those designing and constructing the plant. (1.C.5) 

2. IEEE std 1023-1988(section 6.3) 

6. Implementation in the Design, Operations, Testing, and Maintenance Process 

The application of HFE to systems, equipment, and facilities having significant human 
interface in nuclear power generating stations should be based on an integrated 
systems approach to the design, operations, and maintenance process. The initial steps 
in this procεss will vary depending on whether a new design or modification to an 
existing design is being undertaken, but in either case the human should be considered 
as an integral part of the system being designed. HFE should be applied at the initial 
stages and throughout the design process to assure that the functions allocated in 
whole or in part to the human operator(s) and maintainer(s) can be successfully 
accomplished to meet the integrated system design goals. The organization(s) 
responsible for HFE should review the fundamental considerations which affect human 
performance and should develop a program plan for applying appropriate HFE 
methodologies to address those fundamental considerations that are peπinent to their 
specific application. The HFE methodologies used and the sequence in which they are 
applied may vary and should be determined by the organization(s) responsible for HFE 
to meet their specific applications. 

6.1 Program Plan. The f10wchart shown in Fig 1 illustrates a typical comprehensive 
plan for the application of HFE in the design, operations, and maintenance process. 
The f10wchart has a defined entry point for new designs and for modifications to 
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plan for the application of HFE in the design, operations, and maintenance process. 
The f10wchart has a defined entry point for new designs and for modifications to 
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existing designs. The intent of developing a program plan is to apply HFE early in 
the design process. This should reduce the need for design process iterations. An 
interpretation of the application tlowchart of HFE in the process is discussed in 6.1.1 
through 6. 1.2 .5. 

6.1.1 New Designs. New designs incIude the design of systems, equipment, or 
facilities for new nucIear generating stations or the design 

6.1.1.9 Environrnental Requirements. The effects of environmental conditions on the 
human operator(s) and maintainer(s) should be considered and the system, equipment, 
or facility designed to adequately accommodate the human operator(s) and 
maintainer(s). For existing designs this may require system, equipment, or facility 
design changes, where necessary , to accommodate the human operator(s) and 
maintainer(s) adequately. 

6.1.1.10 Functional Design. 8ased on the task analysis and equipment requirεments， 

functional hardware and software design altematives should be developed that meet the 
requirements and perform trade-off studies to select a prefeπed functional design. For 
modifications to existing designs, this may be limited by current constraints, but 
wherever possible, altemative functional designs should be developed and- the preferred 
design selected by trade-off analysis. 

6.1.1.11 Equipment Selection. HFE hardware related considerations should be applied in 
the selection of specific equipment to implement the functional design. 

6.1.1.12 Mockup. 8ased on the equipment selections and functional design , a mockup 
or model (if not previously developed) of the systems, equipment, or facility, should 
be used in order to evaluate human interface compatibility. lterate the design and 
equipment selection based on the results of these measures. For modifications to 
existing designs, it may be useful to construct a mockup or model and develop the 
altemate modifications. 

6. 1.1.13 Reliability and Maintainability. Reliability and maintainability should be 
evaluated to provide appropriate input prior to completion of final design. 

6. 1.1.14 Walk-Through and Talk-Through. The actions documented in the task analysis 
should be performed using the mockup(s) or model(s) and the documented sequences 
to evaluate the human interfaces and capability of function accomplishment. 

6. 1.1.1 5 Link Analysis. In parallel with walk-through and talk-through, the human 
operator(s) and maintainer(s) movements, communications, and interactions required to 
perform the tasks should be analyzed and documented. 

6. 1.1.16 Final Design. The system, equipment, or facility hardware and software design 
should be finalized. 
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6.1.1.17 Final Test and Evaluation. A final test and evaluation of the integrated 
system, inc1uding the human operator(s) and maintainer(s), should be conducted to 
verify that all previously determined HFE criteria and requirements are met and that 
the functional requirements are satisfied. Design deficiencies should be corrected. 

6.1.1.18 Simulation. A dynamic simulation capability for personnel training should be 
provided for systems, equipment, or facilities with significant human interfaces that 
involve complex and interactive processes. 

6.1.1.19 Installation. Installation at the site should be performed. 

6.1.1.20 Training. Operator and maintenance training on a simulation facility or the 
actual system , equipment, or facility should be performed. 

6.1.1.21 Preoperational Tests. Functional tests on the installed equipment should be 
performed to verify that functional requirements are satisfied using the as-installed 
equipment. As-installed deficiencies should be corrected. 

6.1.1.22 Control Configuration. Documented control of the design configuration and 
procedures, inc1uding an HFE evaluation of all subsequent design modifications 
throughout the design life cyc1e should be maintained. 

6.1.2 Modification to Existing Designs. Modification to existing designs inc1udes the 
design or modifications to existing systems, equipment, or facilities in nuc1ear 
generating stations. The determination of the depth of the HFE evaluation should 
consider design standardization, system complexity, consequences of human errors, and 
effect on safety. The application of HFE criteria to the modification of existing 
designs should be an integral part of a systems engineering process that typically 
includes an initial series of steps to collect data on the existing design functions , 
function allocations, and design constraints. These initial steps typically may inc1ude 
some or all of the following steps covered in 6. l.2.1 through 6. l.2.5. 

6. l.2.1 Observation. Operator(s) and maintainer(s) performance with the existing design 
should be observed 

6. l.2.2 Interviews. Operator(s) and maintainer(s) should be interviewed to determine the 
tasks they perform and the equipment and procedures they use to perform the tasks. 

6. l.2.3 Tests. The capability of existing man-machine interfaces to perform operations, 
testing, and maintenance functions should be tested and quantified where possible. 

6.1.2 .4 Task Description. The task that must be performed by the human operator(s) 
and maintainer(s) to accomplish each function should be described. 
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6.1.2.5 Determine Existing Constraints. Constraints imposed on the design modification 
due to the existing design and outside constraints, such as time and budget, should be 
determined 

At this point, the process of modifying an existing design typically follows the same 
path as for new designs beginning with task analysis, covered in 6.1.1.5. 

6.2 Documenting HFE in the Design, Operations, Testing, and Maintenance Process. 
Appropriate documentation should be produced and maintained currεnt to provide a 
traceable record of the use of HFE in the design, operations, testing, and maintenance 
process (see 6. 1.1.22). 

6.3 Operational Experience Review. The performance of the design, operation, testing, 
and maintenance of the nuclear power generating station should be monitored for 
human factors concems. Such documents as licensee event reports , maintenance, and 
surveillance experience reports, and reactor trip reports should be reviewed for any 
human factors aspects requiring design and procedure modifications. If required, 
resulting modifications to the design, operation, testing, and maintenance should be 
implemented in the manner described in 6.1. 

3. lEEE std 845-1988(6.1.2) 

6. 1.2 Historical Review. This technique involves the examination of historical records 
related to the performance of systems that are identical, or similar, to the system to 
be evaluated. In the nuclear setting, a historical review is likely to involve Licensee 
Event Reports (LERs), Significant Event Reports (SERs), plant trouble (or trip) reports, 
operational logs, interviews with operators ant maintainers, and maintenance logs. 

Historical review is most useful for evaluating issues related to system effectiveness in 
the real setting, although it can also be used to a lesser degree to evaluate 
compatibility and understandability. This technique can be applied during the design 
phase but it is most useful when evaluating system performance during operation -
both normal and off-normal. A historical review is straightforward, although time 
consuming and tedious. Although face validity is veη high , its predictive validity is 
dependent on the data available for review and the similarities Between historical 
system applications and the proposed (new) application. Likewise, any prediction of 
new system performance depends on 따 similarity to current ones. The technique of 
historical review is neither sensitive nor precise. Its output tends to be very qualitative 
and its cost moderate. 
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4. Document(ALWR URD) in Reqirement 3.1.3.1 

3.3 OPERA TING EXPERIENCE REVIEW 
A review of operating experiences is needed to make sure that problems encountered 
in plant operation or in preparations for operation are addressed. Two steps are 
recommended: examination of available documents, and a survεy of control room 
operating pεrsonne l. 

3.3.1 Examination of Available Documents 

3.3. 1.1 0벼ective. To identify conditions that may cause human performance problems 
and Could be alleviated by improved human engineering. 

3.3. 1.2 Approach. The review staff should read the available documentation of 
operating difficulties and incidents. This should inc1ude both industry-wide reports 
(particularly LER experiences with generic applicability) and plant-specific documents. 
The plant-specific review effoπ could be limited to material from the past five years 
if the plant has been operating longer. The effort also should be limited to problems 
that could impinge on control room operations or that reflect control room design 
deficiencies. Any such problems should be recorded for examination in other processes 
of the system review. In general, the reviewers should summarize the circumstances 
and events leading to the problem, the nature of the problem, and any steps that may 
have been taken to correct or alleviate it. The reasons for this are as follows. 
Problems that have been experienced in the past may not have been analyzed or 
resolved fully , or there may be similar problems that have not been identified or 
addressed. In addition, solutions that have been found effective in the past may be 
applicable to other problems identified during the system review. finally , there may be 
tradeoffs which are unfavorable to correcting certain kinds of problems; such 
determinations made in the past will need to be considered in the assessment and 
implementation phase of the design review. 

The items of inforrnation recorded should be as complete and consistent as possible, 
although the items will vary depending on the information sources and the type of 
problem indicated. Specific items that may be pertinent inc1ude: 

- Operating status (e.g. , start-up, power increase, full power norrnal operations) 
- Maintenance conditions as pertinent 
- Transients/anomalies that occurred 
- Sequence of events (system and operator; perforrnance eπors， if any, should be 
called out) 
- Control room instrumentation, controls, or other equipment involved 
- Outcome 
- Corrective measures undertaken, if any. 
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3.3. 1.3 Infonnation Sources. The following are suggested for review; the list is not 
intended to rule out other sources: 

- Licensee Event Reports (LERs)-industry-wide and plant-specific 
- Outage Analysis Reports 
- Final Safety Analysis Report 
- Modifications of the Technical Specifications for Operation 
- Intemal memorandaJreports as available. 

3.3. 1.4 Results A list of the sources reviewed and summaries of problems should be 
prepared for examination in other processes of the system review 

3.3. 1.5 Staffing. The reviewers need to be familiar with plant design and operation ‘ 

control room operations , control room instruments, and human factors engineering. A 
team review is recommended to bring the appropriate combination of expertise to bear. 

3.3 .2 Control Room Operating Personnel Survey 

3.3.2.1 Objective. The survey is intended to draw out thε special knowledge of control 
room operating personnel about the problems and positive system features that have 
been noted in the course of operations or preparation for operations. A rangε of 
operations staff should be involved, including ‘ for example, auxiliary operators, reactor 
operators, senior reactor operators , shift technical advisors , shift supervisors , and 
operat lOns managers. 

3.3.2 .2 Approach. An interview survey is recommended. Self-administered questionnaires 
might be used but they are generally not as effectivε as interviews for exploratory 
purposes; either the respondent has to write too much or infonnation is lost. AIso, 
there may be difficulty in interpreting respondents’ written, open-ended statements 
without follow-up interviewing. 

Survey content The topic areas of the human engineering guidelines presented in 
Section 6 provide a framework for definition of interview content. It is not 
recommended that questions address the individual guidelines given in Section 6; other 
system review processes w i1l make detailed comparisons of control room characteristics 
to the individual guidelines. However, the guideline topics and subtropics define 
aspects of control room design that should be examined with operating personne l. In 
addition, it is recommended that other kinds of human factors concems, including 
personnel organization factors, training, procedures, and maintenance be covered in the 
operator survey, since they may indicate design-related problems or solutions to 
design-related problems. 

The content areas that should be addressed in the survey of operating personnel are 
listed below. Major topics of the Section 6 human engineering guidelines have been 
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combined. The additional topics mentioned above are included: 

- Workspace layout and environment 
- Panel design 
- Annunciator waming system 
- Communications 
- Process computers 
- Corrective and preventive maintenance 
- Procedures 
- Staffing and job design Training 

Each topic area may be defined as a set of human performance factors that can 
facilitate or impede control room operations. The factors in a topic area may be 
evaluated differently with respect to different modes of reactor operation and different 
system events that may occur. For instance, control board layout may be adequate for 
one mode but not for another or may be adequate when all systems and equipment 
are operating within limits but cumbersome when it is necessary to operate with 
certain outages. The interviews should explore possible differences in human 
performance factors within the context of different modes and events. 

A structured, open-ended approach is recommended, by which personnel are asked to 
describe specific behavioral episodes that illustrate positive and negative performance 
factors in each area. This approach is along the lines of the critical incident technique 
(Flanagan, 1949; 1954). Critical incident studies attempt to identify essential 
performance factors (or accident factors , or other) by focusing on salient success, 
failure , and near-miss situations, as opposed to routine activities. For the control room 
design review , critical incidents in the strict sense are of particular interest, but the 
concept should be broadεr. Noncritical problems are also of interest. Examples of 
questionnaire items written with a critical incident orientation follow. A complete 
interview protocol is provided in Appendix C. 

"Describe at least three aspects of the control room workspace, fumiture, equipment 
layout, or environmental conditions that you find very useful or positive. Describe 
specific incidents or ways in which these have been helpful to effective job 
performance. " 

"Describe at least three aspects of the workspace, fumiture, equipment layout, or 
environmental conditions that you find particularly bothersome. Describe specific 
incidents or ways in which these have been ineffective and have interfered with job 
performance. " 

"What do you consider to be the easiest system to operate and why?" * 

’What do you consider to be the most confusing or difficult system to operate and 
why? Give an example of an incident in which there was difficulty in operating the 
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system." 

"Can you think of an occurrence when an operator activated the wrong control, 
activated a control inadvertently, or activated a control incorrectly? (Probes: Why did 
this happen? What system and panel were involved? How and when was the mistake 
discovered? What was the consequence? Have there been other such occurrences? If 
so, describe.)" 

"Describe characteristics of the control room preventive maintenance program, fault 
isolation capabilities, or corrective maintenance procedurεs that you consider highly 
effective. " 

"Can you think of an incident in which a defect of the maintenance program caused 
an operational problem? If so, please describe what happened and explain the problem 
with the maintenance program. Have there been other maintenance based operational 
problems? Is there potential for such problems? If so, please explain." 

"Describe at least three incidents in which your procedures were of insufficient detail 
or unc1ear and resu \ted in ineffective or erroneous pεrformance. " 

"Describe at least three characteristics of your c1 assroom training, simulator training, 
requalification training, or practice sessions that you feel have been most effective in 
contributing to your successful performance as a control room operator." 

"Describe at least three characteristics of your c1assroom training, simulator training, 
requalification training, or practice sessions that you feel were inadequate and 
ineffective in preparing you for your job responsibilities as a control room operator." 

* These questions were drawn from the BWR Owners Group Operator Survey, cited 
in subsection 3.32.3, Information Sources 

It should be realized that the reviewers are not tuming over responsibility to the 
interview respondents. Operators are not designers or human engineers. Preferences and 
problems experienced by individual operators and other staff may have as much to do 
with their backgrounds, work experience, and knowledge as with the objective merits 
of control room characteristics. The survey is intended only to acquaint the reviewers 
with the views of those immediately involved in operations. Their views may then be 
examined in light of principles and existing practices of design, personnel selection, 
training, manning, the maintenance program, etc. 

Survey procedure. Selection of personnel for interviewing should emphasize direct, 
day-to-day interfaces with the control room equipment. Ideally, all operating shift 
personnel should be among those interviewed. The survey objectives can, however, be 
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system." 

"C뻐 you think of an occurrence when an operator activated the wrong control, 
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"Describe at least three incidents in which your procedures were of insufficient detail 
or unclear and resulted in ineffective or erroneous performance." 

"Describe at least three characteristics of your c1assroom training, simulator training, 
requalification training, or practice sessions that you feel have been most effective in 
contributing to your successful performance as a control room operator." 

"Describe at least three characteristics of your classroom training, simulator training, 
requalification training, or practice sessions that you feel were inadequate and 
ineffective in preparing you for your job responsibilities as a control room operator." 

* These questions were drawn from the BWR Owners Group Operator Survey, cited 
in subsection 3.32.3 , Information Sources 

It should be realized that the reviewers are not tuming over responsibility to the 
interview respondents. Operators are not designers or human engineers. Preferences and 
problems experienced by individual operators and other staff may have as much to do 
with their backgrounds, work experience, and knowledge as with the objective merits 
of control room characteristics. The survey is intended only to acquaint the reviewers 
with the views of those immediately involved in operations. Their views may then be 
examined in light of principles and existing practices of design, personnel selection, 
training, manning, the maintenance program , etc. 

Survey procedure. Selection of personnel for interviewing should emphasize direct, 
day-to-day Ïnterfaces with the control room equipment. Ideally, all operating shift 
personnel should be among those interviewed. The survey objectives can, however, be 
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accomplished using only a sample of operating shift personnel. 

If sampling is used, at least half of the operating shift personnel should participate. 
The sampling objective should be to include the full range of operator experience. 
Exhibit 3-2 shows categories of experience which might give different perspectives on 
the control room. At least one person in each category should participate in the 
survey, if possible given the personnel backgrounds. 

Other concems of survey conduct are listed below: 

• Methods should be used to assure respondents that they may speak openly about 
problems. 

- Interviews should not be conducted by plant or other licensee personnel; it may be 
difficult for employees to speak freely to personnel above them in the organizational 
structure. 

- If group interviews are used, each group should include no more than three 
respondents. The groups should be formed on the basis of employee level-i.e. ,., 
supervisors in one group, operators in another. Those to be interviewed should be 
asked whether they would rather participate in a group session with peers or in 
individual interviews. 

• interviewers should have training!experience in intεrviewing; they should be familiar 
with the system and control room, and they should be knowledgeable of human 
factors engineering concems. 
• Interviews should also not be excessively long. It is more difficult to set a time 
limit for an exploratory interview, since respondents vary in interest and insight. As a 
guide, it appears that no more than an hour should be required for an individual 
interview. Group sessions may take longer. 

• If self-administered questionnaires are used, they sho비d be as short as possible. 
As a guideline, it should take no more than an hour to complete the questionnaire. 
Space should be provided for respondents to write in comments. 

3.3.2.3 Information Sources. An interview protoc이 is provided in Appendix C. Other 
questionnaires have been developed by industry and research groups in previous 
projects. References include: the BWR Owners Group (1 980); Mallory et al. (July 
1980); Seminars et al. (March 1977). 

The examination of operating history documentation (subsection 3.3 .1) may identi f)r 
questions that should be included in the survey of operating personne l. 

The literature on applications of critical incident methodology may be of interest. 
References include: American Institutes for Research (1 953); Chapanis (1 959); 
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Fitzpatrick, Dysinger, and Hansen (1968); Fogli, Hulin, and Blood (1 971); Krumm, 
Fitzpatrick, and Schwarz (1 959); Tarrants (1 963). 

3.3.2.4 Results. Responses should be examined for clustering and summary tables or 
charts prepared if appropriate. Positive control room features and problem areas 
identified by the respondents should be written up for further examination during 
subsequent system review processes. Completed interview protocols should be retained 
as backup materials which may need to be consulted later. A description of the 
survey procedure should also be retained as backup material (including survey 
mode-e.g., individual/group interview; survey procedure; number and propoπion of 
respondents; respondent years of experience by type, job category, educational 
background, and shift). 

3.3 .2 .5 Staffing. The interview protocol or questionnaire should be prepared by or 
reviewed by staff with human factors engineering expertise and experience in the 
development and use of Surveys. Staff with knowledge of the control room 
instrumentation, controls, and other equipment, operations, procedures, personnel 
organization, and training are needed to advise on contεnt. Those who perform the 
survey should participate in or be familiar with the results of the review of available 
documentation (see subsection 3.3.1). Interviewers should have appropriate experience 
or training and should be outside the plant/licensee/utility personnel structure ‘ 

5. NUREG/CR-6400: 2. UNRESOLVED SAFETY ISSUES/GENERIC 
SAFETY ISSUES 

This section discusses several unresolved safety issues (USIs) and generic safety issues 
(GSIs), which are described in NUREG-0933 , "A Prioritization of Generic Safety 
Issues." The issues shown below were selected based on their specific application to 
the HFE OER area. An overview of the relevant human factors aspects of the issues 
are provided here. More detail is available in NUREG-0933 and in documents specific 
to the USIIGSI that are referenced in NUREG-0933 for the particular issue. 

(1) A-44, Station blackout - This is a large and significant issue with many human 
factors-related aspects, including controls, displays, training, and procεdures 

(2) A-47, Safety implications of control systems - This issue relates to the 
implications of failures of non-safety-related control systems and their interaction with 
control room operators. 

(3) B-17, Criteria for safety-related operator actions - This issue involves the 
development of a time criterion for safety-related operator actions including a 
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detennination of whether automatic actuation is required. This issue also concems some 
current pressurized water reactor designs requiring manual operations to accomplish the 
switchover from the injection mode to the recirculation mode, after a loss-of-coolant 
accident (LOCA). 

(4) B-32, Ice effects on safety-related water supplies - The buildup of ice on service 
water intakes can occur gradually and can require improved instrumentation to allow 
operators to detect its occurrence before it causes system inoperability. 

(5) GI-2, Failure of protective devices on essential equipment - A large number of 
licεnsee event reports have noted the incapacitation of safety-related equipment because 
of the failure of protective devices such as fuses and circuit breakers. Operators are 
not always aware of the failure of the equipment because of the design of the 
mstrumentat lOn. 

(6) GI-23 , Reactor coolant pump seal failures - This is a multifaceted issue, which 
includes a number of proposed resolutions. One subissue is the provision of adequate 
seal instrumentation to allow the operators to take corrective actions to prevent 
catastrophic failure of seals (see Section 7.3.1 for more detail). 

(7) GI-51 , Improving the reliability of open cycle service water (SW) systems - The 
buildup of clams, mussels, and corrosion products can cause the degradation of open 
cycle SW systems. Added instrumentation is one means of providing operators with 
the capability to monitor this buildup and take corrective action before loss of system 
functionality occurs. 

(8) GI-57, Effects of fire protection system actuation on safety-related equipment -
This issue resulted from spurious and inadvertent actuations of fire protection systems, 
often caused by operator errors during testing or maintenance. Design of systems 
should prevent such errors to the extent possible 

(9) GI-75 , Generic implications of ATWS [anticipated transient without scram] events 
at the Salem Nuclear Power Plant - This issue has many subissues, several of which 
are related to human factors, for example, scram data for post-scram analysis, 
capability for post-maintenance testing of reactor protection system, and a specific 
subissue titled "Review of human factors issues." 

(1 0) GI-76, Instrumentation and control power interactions - This issue raises several 
concems, including control and instrumentation faults that could blind or partially blind 
the operators to the status of the plant. 

(1 1) GI-96, Residual heat removal (RHR) suction valve testing - The design of the 
RHR suction valves with respect to valve position indication and instrumentation to 
detect potential leakage from high-to-low pressure areas is important to the prevention 
of interfacing system loss-of-coolant accidents (lSLOCAs). This is important for nonnal 
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operations and for testing. 

(1 2) GI-I0l , Break plus single failure in boiling water reactor (BOOR) water level 
instrumentation -This issue attempts to ensure that robust information is available to 
the operators for both reactor water level and for plant status during the progression 
of an accident. 

(1 3) Gl-105, Interfacing system LOCA at B찌'Rs - This issue relates to pressure 
isolation valves for BWRs. Many failures in this area were due to personnel errors. 
The design should address human factors considerations to corrεct these potential 
errors. (NRC work in the ISLOCA area has generally shown that human factors is an 
area needing considerable attention and one that has contributed to a number of the 
ISLOCA precursor events.) 

(1 4) GI-l lO, Equipment protective devices of engineered safety features (ESFs) -
Failures and incapacitation of ESF equipment have occurred because of the failure or 
intentional bypass of protective devices. 80th the design of these protective devices 
and the appropriate indication to controI room operators are important. 

(15) GI-116, Accident management - This issue relates to improved operator training 
and procedures for managing accidents beyond the design basis of the plant. 

(1 6) GI-l17, Allowable equipment outage times for diverse, simultaneous equipment 
outages - A key aspect of this item is providing operators with needed assistance in 
identifying risk-significant combinations of equipment outages. The information needed 
would include valve alignments , switch settings , as well as components declared 
inoperable 

(1 7) GI-120, Online testability of protection systems - The designs for online 
testability should include appropriate human factors to ensure safe testing. 

(1 8) GI-125. I.3, Safety parameter display system (SPDS) availability - This issue 
addresses SPDS availability and the reliabiliη of the information it displays. This is 
similar to Item 7 of Section 3 of this report 

(1 9) GI-128, Electrical power reliability - This issue includes power to vital instrument 
buses, do power supplies, and electrical interlocks. All of these issues are strongly 
dependent on proper indication and operator action for high reliability. 

(20) GI-130, Essential service water pump failures at muItiplant sites - This issue 
relates to the arrangement of SW pumps and piping, including cross-ties at multiunit 
sites. Both the arrangement and the operators' ability to monitor the status of cross 
ties are important. This item mentions potential applicability to single-unit sites also. 
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6. NUREG/CR-6400: 3. THREE MILE ISLAND ISSUES 

The issues in this section come from two sources. Items 1-20 are from 10 CFR 
50.34(t) and are identified by the item numbers 잔om that source. The rest of the 
items are from NUREG-0933 (and its predecessor NUREG-0737) and are identified by 
the item numbers from the NUREG report. It should be noted that there is duplication 
in the content of some items; that is, a single OER item may address several of the 
TMI issues described below. The items are listed by number and not the technical 
issue that is addressed. The alphanumeric designations appearing in parentheses 
correspond to the related action plan items in NUREG-0660, "NRC Action Plan 
Developed as a Result of the TMI-2 Accident" and in NUREG-0933 

(1) 1 v, High-pressure coolant injection and reactor core isolation cooling separation -
The dεsign should consider control room alarm and indication of the initiation levels 
and low-level restart values. (II.K.3. 13) 

(2) 1vi, Reduction of challenges to safety/relief valves (SRVs) - The design should 
consider control room alarm and indication of SRV status and important parameters. 
(II.K.3. 16) 

(3) I vii , Automatic depersonalization system (ADS) study - Determination of the 
"optimum" ADS for elimination of manual activation should include consideration of 
the operator's need to monitor the system and an ana1ysis of the time required for 
operators to perform manual backup if required. (I1.K.3. 18) 

(4) 1 viii, Automatic restart of core spray and low-pressure coolant injection - This 
issue involves allocation-of-function considerations in terms of automatic restart of a 
system after manual stoppage by the operators. Considerations of whether automatic 
restart should be available, how it should be implemented, and what alarm and 
indications are needed in the control room are required. (1I.K .3.21 ) 

(5) 1xi, Depressurization by means other than ADS - Consideration of depressurization 
will involve the provision of alarms and indication in the control room. Some methods 
may also require operator actions that should be subject to the full design and 
implementation process. (II.K.3.45) 

(6) lxii, Altemate hydrogen control systems - The evaluation of design altematives for 
hydrogen control systems should include the information needs of the operators to 
assess the conditions that would require system initiation and the degree of automation 
of the systems. (II.B.8) 

(7) 2iv, SPDS - The selection and display of important safety parameters and their 
integration into the overalI design of the control room is a primary HFE issue. (I.D.2) 
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(8) 2v, Automatic indication of bypassed and inoperable systems - Providing operators 
with the. capability to monitor the status of automatic systems is an important function 
of the control room information display system and a component important to the 
maintenance of the operators’ situation awareness. (I.D.3) 

(9) 2vi, Venting of noncondensible gases - Operator monitoring of the status of 
noncondensible gases in the reactor coolant system and having clear, unambiguous 
indication of the conditions under which gas release must be initiated should be 
evaluated for HFE design implications. (II.B. 1) 

(1 0) 2xi, Direct indication of SRVs in control room - The alarming and indication of 
SRV status should be clear and unambiguous and should be εvaluated for HFE design 
implications. (1I.D.3) 

(11) 2xii, Auxiliary feedwater indication and initiation - The HFE aspects of providing 
indication and initiative for auxiliary feedwater should be evaluated. (I I.E. 1 2) 

(12) 2xvi, Number of actuation cycles for emergency core cooling system and reactor 
protection system As part of the specification - allowable actuation cycles , the method 
by which cycles will be defined, recorded, and tracked by the operating crew should 
be evaluated for HFE design implications. (I I.E.5. 1) 

(1 3) 2xvii , Control room instrumentation for various parameters - The selection and 
display of important parameters and their integration into the overall design of the 
control room is a primary HFE issue. (II.F. 1) 

(1 4) 2xviii, Control room instrumentation for inadequate core cooling - The selection 
and display of important parameters and their integration into the overall design of the 
control room is a primary HFE issue. (II.F.2) 

(1 5) 2xix, Instrumentation for postaccident monitoring - The selection and display of 
important parameters and their integration into the overall design of the control room 
is a primary HFE issue. (lI.F.3) 

(1 6) 2xxi, Auxiliary heat removal systems design to facilitate manua l/automatic actions 
- The specification and evaluation of manual and automatic actions should be subject 
to the function a \location analyses performed as part of the design and implementation 
process. (II.K. 1.22) 

(17) 2xxiv, Recording of reactor vessel level - The selection and display of important 
parameters and their integration into the overall design of the control room is a 
primary HFE issue. (lI.K .3 .23) 

(1 8) 2xxv, Technical support center (TSC), operational support center (OSC), and 
emergency offsite facility (EOF) The design of the TSC , OSC, and EOF should 
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- The specification and evaluation of manual and automatic actions should be su이ect 

to the function a \location analyses performed as part of the design and implementation 
process. (Il.K. 1.22) 

(17) 2xxiv, Recording of reactor vessel level - The selection and display of important 
parameters and their integration into the overa\l design of the control room is a 
primary HFE issue. (II.K.3.23) 

(1 8) 2xxv, Technical support center (TSC), operational support center (OSC), and 
emergency offsite facility (EOF) The design of the TSC , OSC, and EOF should 
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include HFE considerations to ensure that the personnel located in these facilities can 
most effectively perform their safety-related functions. Poor HFE design of these 
facilities may interfere with the performance of operators in a well-designed control 
room. (II I.A. 1.2) 

(19) 2xxvii, Monitoring of inplant and airbome radiation - The selection and display 
of important parameters and their integration into the overall design of the control 
room is a primary HFE issue. (III.D 3 3) 

(20) 2xxviii, Control room habitability - Wh ile potential pathways for radioactivity to 
affect control room habitability may be identified and design solutions to preclude 
such problems may be developed, the control room operating crew should be aware of 
potential pathways. If warranted, evaluations of methods to monitor in the control 
room the integrity of the design solutions and the presence of radiation in the 
pathways should be considered. (III.D.3 .4) 

(21) I.A. 1.4, Long-term upgrading of operating personnel and staffing - This issue 
concems shift staffing with licensed operators, and working hours of licensed operators. 
Updates to 10 CFR 50.54 were approved. 

(22) I.A .4.2 , Simulator capabilities - Th is issue involves the improvement of the use 
of simulators in the training of operators. 

(23) I.C. 1, Guidance for evaluation and development of procedures - This issue 
addresses normal, transient, and accident conditions to ensure that procedures are 
technically correct, explicit, and easily understood. 

(24) I.C.9 , Long-term program for upgrading procedures - This issue includes 
emergency operating procedures with particular emphasis on diagnostic aids for 
off-normal conditions. 

(25) I.D. 1, Control room design reviews - This issue addresses general control room 
design issues 

(26) I.D.2, Plant safety parameter display system console - This issue addresses the 
need for the provision of an SPDS that displays a minimum set of parameters that 
define the safety status of the plant. 

(27) I.D.4, Control room design standard - This issue addresses the need for guidance 
on the design of control rooms to incorporate human factors considerations. 

(28) I.D.5. 1, Control room design - improved instrumentation research alarms and 
displays - Th is issue involves the man-machine interface in the controI room with 
regard to the use of lights, alarms, and annunciators to reduce the potential for 
operator eπor， information overload, unwanted distractions, and insufficient organization 
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of information. 

(29) II.F. 1 and II.F.2 - These issues address detailed control room design issues 
related to instrumentation (II.F.l , "Additional accident monitoring instrumentation," and 
II.F .2, "Instrumentation for detection of inadequate corecooling"). 

(30) II.K. 1.5, Safety-related valve position description - This issue addresses direct 
indication of relief and safety valve position in the control room so that the alarming 
and indication valve status is clear and unambiguous should be evaluated for HFE 
design considerations 

(31) II.K. 1.1 0, Review and modity procedures for removing safety-related systems from 
service - This issue addresses procedures for ensuring that the operability status of 
safety-related systems is known. 

7. NUREG/CR-6400: 4. NRC GENERIC LETTERS AND INFORMA T10N 
NOT1CES 

This section contains a few selected NRC Generic Letters and Information Notices 
which contain human factors engineering aspects. 

(1) Generic Letter 91-06, Resolution of Generic Issue (G I) A-30, "Adequacy of 
Safety-Related DC Power Supplies," pursuant to 10 CFR 50.54(f). In this generic 
letter, NRC proposes certain monitoring, surveillance, and maintenance provlslons for 
safety-related do systems 

(2) Generic Letter 91-07, GI-23 , "Reactor Coolant Pump Seal Failures," and its 
possible effect on station blackout. This generic letter discusses the interaction between 
GI-23 and A-44, both of which have human factors aspects (see Section 7.3.1 for 
more detail). 

(3) Generic Letter 91-11 Resolution of Generic Issues 48 , "LCOs [Limiting Conditions 
for Operation] for Class lE Vital Instrument 8uses," and 49, "Interlocks and LCOs 
for Class lE Tie 8reakers," pursuant to 10 CFR 50.54(f). This generic letter addresses 
several issues related to electrical systems, including the reduction of human errors, 
control of equipment status, and testing. 

(4) Information Notice 9347: Unrecognized Loss of Control Room Annunciators. This 
information notice discusses a failure that could significantly impact the operators' 
ability to cope with other subsequent plant transients and failures. Other aspects of 
this issue are discussed below in Section 7. 1.2. 
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(5) Infonnation Notice 93-81: Implications of Engineering Expertise on Shift. This 
infonnation notice discusses a staffing issue identified by operating experience. 

8. NUREG/CR-6400: 5. OFFICE FOR ANALYSIS AND EVALUATION 
OF OPERATIONAL DATA (AEON) ISSUES 

The NRC’s Office for Analysis and Evaluation of Operational Data (AEOD) conducted 
a program to identify human factors and human perfonnance issues associated with 
operating events at nuclear power plants. The results of this program are summarized 
in 、IUREG- 1275 , Vo l. 8, "Operating Experience Feedback Report Human Perfonnance 
in Operating Events" (1. Kaufman, G. Lanik, R. Spence, and E. Trager, 1992’. The 
report describes the results of the program begun in 1990 to conduct onsite, in depth 
studies of human perfonnance that affected reactor safety during selected power reactor 
events. The purpose of the program was to identify the factors that have contributed 
to good operator perfonnance during events as well as the factors that hindered 
perfonnance, and to feed the infonnation back to the industry. The events studied 
include a wide variety of accident scenarios. The report provides infonnation on 
control room staffing and organization, the dual-role shift technical advisor, use of 
shift resources during emergencies, operator control of engineered safety features, 
simulator training, crew teamwork during stressful situations, task awareness, use of 
procedures, the human-machine interface, and licensee followup on events. The 
infonnation could be useful to Iicensees in efforts to upgrade existing programs to 
improve safiεty and should also be useful for designers working on human factors 
engineering aspects of new plants. 

9. NUREG/CR-6400: 6. LOW POWER AND SHUTDOWN OPERATIONS 

During the past decade the NRC and industry have become more aware of the need 
for maintaining the safety of operations during shutdown. Several events over this time 
period, as well as analytical studies, have highlighted the issues and the risks 
associated with shutdown conditions. This section addresses the HFE-related aspects of 
shutdown operations. The infonnation here is taken largely from NUREG-1449, 
"Shutdown and Low-Power Operation at Commercial Nuclear Power Plants in the 
United States." An effort was made to highlight those HFE areas which can be 
addressed at the design stage of a new NPP. This is particularly true for the areas of 
outage management, planning, training, and communications. Also, as noted earlier in 
this report, there is ongoing work in the NRC and industry in the areas of 
communications and procedures. Hence, these areas do not receive complete treatment 
here. 
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This section is one where the issues and the potential resolutions are merged into one 
discussion. 

6.1 Outage Management and Planning 

A well-planned outage is a major contributor to safety, while a poorly planned one 
could be a contributor to higher risk at shutdown. This aspect is primarily one for the 
operational phase of an NPP, however there are a few aspects that have pertinence to 
the design phase, which are included here. 

Due to the importance of outage management and planning to shutdown operations, 
consideration should be given to the development of scheduling tools (e.g .. 
computer-based outage planning and management aids , see Shore et al.) to assist in 
outage planning, scheduling, and management. Further, an interactive up-to-date PRA , 
which will allow a determination of the risk significance of removing selected pieces 
of equipment from service, would also serve to improve outage risk management 

6.2 Operator Training 

Operators are often confronted with unfamiliar situations during shutdown operations 
Training programs should be improved to appropriately consider the safety implications 
of these conditions. As an example, simulators should be able to model important 
shutdown operations to a greater extent than they currently do 

6.3 Procedures 

Procedures are well known to be an important aspεct of shutdown operations, as with 
'other plant conditions. Appropriate human factors εngineering in the control room and 
at local control stations that can assist in the implementation of such procedures 
should also be considered. Additionally, the effective integration of the various HSIs 
with the procedures is important. Particular areas of needing clear procedural coverage 
are: 

1. Loss of residual heat removal (RHR) capability, including altemate means of 
removing decay heat such as gravity drain from refueling water tanks, safety injection, 
accumulators , or core flood tanks. Procedures should also address operator-induced loss 
of RHR and restoration of RHR upon loss. 
2. lnadvertent draining of reactor vessel (RV): Procedures should contain adequate 
guidance for lowering RV level when operating in the RHR cooling mode. AIso, there 
should be precautions against inadvertently draining the RV or draining the RV via 
multiple pathways at the same time. An example of inadvertent draining is having the 
RHR isolation valves (from the primary) open at the same time as other RHR valves, 
which can drain water from the RHR system. (LERs 50-265/87-010, 50-341187-036, 
and 50-382/86-015). 
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3. Establishing and maintaining mid-loop (in PWRs) or other reduced inventory 
operatlOns. 
4. Use of temporary RCS boundaries such as freeze seals, nozzle dams, and thimble 
tube seals, including contingency plans in case of failure. 
5. LOCAs during shutdown, including intersystem LOCAs and operator-induced 
LOCAs. See also item 3 under 6.5 below 
6. Rapid boron dilution accidents, such as the staπup of an RCP in an idle loop that 
has a significantly lower boron concentration than the reactor. 
7. Control of containment integrity during shutdown, including expeditious closure of 
open hatchεs and penetrations on a loss of RHR. 
8. Fire protection during shutdown 
9. Loss of spent fuel pool cooling. 

6.4 Instrumentation 

Many current plants do not contain permanently-installed instrumentation to monitor the 
plant’s safety status during shutdown. For new plants, instrumentation that appropriately 
supports shutdown operations should be considered for installation, including the 
following examples: 

1. Two independent measurements of reactor coolant system level, including permanent 
instrumentation capable of measuring mid-loop conditions accurately. There should be 
adequate overlap between the RCS level instrument ranges to ensure complete coverage 
at all levels and to allow comparison between instruments as level changes ranges. 
Plants should avoid dependency on temporary, tygon tubing type level indicators, 
which have caused many problems in the past. Additionally, one should consider the 
potential inaccuracies of mid-loop level indicators that occur when one leg is vented 
to atmosphere and a slight prεssurization of the RCS occurs. Instances have also 
occurred where the RCS was under a slight vacuum, resulting in level measurement 
inaccuracies. Additionally, there should be available displays and/or alarms of water 
level information in the refueling area while the reactor vessel head is removed 
2. Two independent measurements of core exit temperature. 
3. Capability of continuously monitoring RHR system performance, including adequate 
alarm capability for out of specification temperatures, pressures, and flows. 
4. Instrumentation containing appropriate ranges and accuracy to monitor shutdown 
conditions as well as power operating conditions. 
5. Use of dedicated shutdown annunciators for special hazardous conditions that arise 
during shutdown (e.g. , refueling cavity low level alarm). Also consider the use of 
trend displays during shutdown, such as RV leve l. 

6.5 Equipment 

The following are specific examples of equipment upgrades that would improve 
shutdown safety. 
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1. A containment equipment hatch design that allows for expeditious cIosure by 
operators when needed during a shutdown abnormal event. Similar provisions should 
be made for other containment penetrations that may be open during shutdown 
evolutions. 
2. Improved human engineering of fuel handling equipment. Poorly-designed equipment, 
in the past, has led to fuel assembly drops and damage. 까1Îs equipment should also 
be addressed by the HFE program. 
3. Use valve interlocks to prevent over pressurization of low pressure piping and 
components, (LER34 1/86045). 
4. Appropriate use of backup onsite power sources, such as emergency diesel 
generators, and portable power units. 

6.6 Communications 

An important aspect of maintaining normal shutdown conditions is adequate 
communications between the main control room and the rest of the plant. This 
includes areas where the following activities may take place: maintenance, testing, local 
operations, and monitoring activities. Effective communications are also very important 
during any abnormal events that occur during the shutdown period. Thus, when 
designing plant communications systems, care should be taken to consider shutdown 
operations. As noted earlier, there are ongoing NRC studies into communications errors 
and appropriate corrective and preventive actions needed. 

References: 

Section 6, Shutdown Operations, was derived primarily from NUREG-1449, however a 
few items were added based on other references as noted below. 

NUREG-1449, Shutdown and Low-Power Operation at Commercial NucIear Power 
Plants in the United States, Final Report, September 1993 (all of Section 6). 

IN 91-54, Foreign Experience Regarding Boron Dilution (Section 6.3.6) 

E. Shore, et al., "Controlling Outage Scheduling: A Major Factor in Shutdown Risk 
Management," Nuclear Plant Joumal, p. 32, September-October 1994 (Section 6.1). 

LER 50-275/84-004 (Section 6.4.3) 
LER 50-368/84-023 (Section 6.4. 1). 
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10. NUREG/CR-64 00: 7. OPERATING PLANT EVENT REPORTS 

7.1 Main Control Room 

7.1.1 System Integration 

The issues noted in this section would likely all be addressed by a comprehensive 
HFE program as described in the HFE PRM. However, they are specifically noted 
here, in order to ensure that these somewhat global issues, which have created 
difficulties in the current generation of NPPs, are given appropriate attention. 

Issue 

1. Integration of Information 

Plant operations for routine transients (non steady-state plant evolutions), such as 
start-up, shutdown, and power changes, are sometimes difficult 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 presεnted to operators can be overwhelming. Some examples of individual 
tasks that contribute to the difficulty are: 

• Heat-up and cool down rate limitations (one operator is needed specifically to log 
and plot information) 
• Contro1 and verification of control element assembly (contro1 rod) position 
• Reactor coolant system letdown control 
• Throttling of high pressure safety injection (or high pressure coolant injection) 

system tlow during its emergency operation. 

Potential Resolution (Issue 1): 

Operators have noted that better display integration and increased automation may help 
them through these evolutions. 

Issue: 

2. Change in Control Modes 

In transient 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). This change in 
control modes by itself is a challenge to the operators, and when added in the middle 
of a significant transient with its information integration problems noted above, is even 
more demanding. 
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immediately presented to operators can be overwhelming. Some examples of individual 
tasks that contribute to the difficulty are: 

• Heat-up and cool down rate Iimitations (one operator is needed specifically to log 
and plot information) 
• Control and verification of control element assembly (control rod) position 
• Reactor coolant system letdown control 
• Throttling of high pressure safety injection (or high pressure coolant injection) 

system flow during its emergency operation. 

Potential Reso1ution (Issue 1): 

Operators have noted that better disp1ay integration and increased automation may help 
them through these evolutions. 

Issue: 

2. Change in Control Modes 

In transient situations operators often (especially after emergency actuation of systems) 
have to take manual control of many of the tasks that were automaticaJ1y controJled 
(such as maintaining pressurizer and steam generator water levels). This change in 
control modes by itself is a challenge to the operators, and when added in the middle 
of a significant transient with its information integration problems noted above, is even 
more demanding. 
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Issue: 

3. Memorization 

Operators have to remember (memorize) their initial actions after a reactor trip , and 
are expected to accomplish them prior to procedural checks. 

Potential Resolution (Issue 3). 

One possible solution to the memorization issue is the development of appropriate 
operator aids for this purpose. 

Issue: 

4. Processed Information 

Much information has to be calculated (sometimes mentally) by operators that could 
easily be provided directly with current technology 

Examples are: 

• Heat-up and cool-down rates , 
• Primary system leakage, and 
• CaIculation of the approach to criticality (" \1m" plots). 

Potential Resolution (Issue 4): 

Provide computer-processed and validated data and caIculated values needed by 
operators. This information should be provided in an integrated fashion with the full 
suite of controls and displays. 

Potential Resolution (Issues 1-4): 

Design of the main control room should be performed in an integrated fashion using 
a detailed process as described in NUREG-0711 , and should specifically consider and 
address the issues noted above. 

Issue. 

5. Test and κ1aintenance 

Test and maintenance activities have resulted in many LERs. In particular, survei Ilance 
testing can create problems as fo Ilows: 
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• There are a great many tests and the staffing required to perform them is large. 
• Many tests require auxiliary operator support for day-to-day surveillance. (Many of 

these should be capable of being performed from the control room). 
• Many tests produce spurious alarms that may confuse operators. Conversely, other 

tests deactivate alarms, making them temporarily unavailable to operators. 
• lnadvertent actuation and isolation can and has occurred during testing. 
• There is the potential to trip the plant and actuate emergency safety functions. 

Potential Resolution (lssue 5): 

Systems should be designed to be tested periodically without creating incidents. By 
appropriately considering test and inspection requirements in the design, some tests 
may be eliminated or automated, and other tests can be facilitated by the incorporation 
of test connections, switches, and installed instruments. 

Reference (Section 2.1): 

System 80 Operating Experience lssues Based upon lnterviews with System 80 
Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and Wil1iam Luckas, 
Jr., March 29, 1993. 

7. 1.2 Alarms 

This section relates to control room alarms. Considerable guidance relative to alarm 
systems has been incorporated into NUREG/CR-6105, Human Factors Engineering 
Guidelines for Review of Advanced Alarm Systems. The issues listed below are some 
of the main issues to arise consistently from operating experience 

lssues: 

1. Avalanchε of alarms 

Perhaps the single biggest issue in the design of advanced alarm systems is the need 
to reduce the avalanche of alarms during plant upsets. The best method for achieving 
this goal has not been c\early resolved by research in the field. A number of 
possibilities and related issues are discussed in the two references noted below. 

2. Prioritization of alarms 

Prioritization is one way of addressing the issue of the avalanche of alarms. A 
prioritization scheme presents all alarms to the operator but codes them into priorities. 
Thus operators know which alarms the system considers important. A key question is 
the development of alarm prioritization schemes, which can prioritize alarms 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 
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impact on the alann system’s characteristics and, in aIl likelihood, operator 
perfonnance. 

3. Loss of power to annunciator panels 

The loss of power to these panels could result in the loss of the operators' ability to 
respond to plant upsets, paπicularly if the operators are no! aware of the loss. This is 
especiaIly true with the emphasis on "black board" alann displays. 

4. Alann displays 

Alann system research has. identified multiple uses by operators of the alann systems , 

namely: for alerting, for status monitoring, and for situation awareness. The sεlection 

of a display technology and display methods for the alann system can significantly 
impact these multiple uses of alann systems by operators. 80th conventional 
fixed-location displays and the newer CRT-based displays have advantages and 
disadvantages. 

5. Alann controls 

The specification of alann system controls should also carefully consider the issues 
that surround them. For example, auditory features of alann systems have been 
problematical and separate silence, acknowledge, reset and test (SART) controls are 
recommended. Further, the controls for advanced , computer-based alann systems will 
become more complex and nεed attention 

Potential Resolution (Issues 1-5): 

Carefu lIy review the referenced documents with particular attention to the potential 
resolutions noted in the documents for the five key issues noted above. Others items 
from the cited reports may also be profitably considered. 

For issue 3, alann systems should have annunciation of loss of power to annunciator 
panels 

Regarding issue 4, the design of a virtual or CRT-based display for alanns should be 
certain to consider and address the possible disadvantages of this technique (e.g. , loss 
of rapid detection and, pattem recognition, decreased capability for situation awareness, 
unavailability to the entire crew, and added navigation workload.) 

References (Issues 1-5): 

NUREG/CR-6105, Human Factors Engineering Guidelines for Review of Advanced 
Alann Systems, J. 0 ’Hara, et al. 
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Issue: 

6. Operator selectable alanns 

In some instances , valves are routinely kept in a position so that they are ready for 
safety system actuation. An example is the HPCI and RCIC steam supply valves, 
which receive an automatic "open" signal on system actuation, but are nevertheless 
kept open. Inadvertent valve closure during nonnal operation has occuπed in the past 
from operator failure to restore the valves after test or maintenance. This can be 
problematic in that: 1) the steam lines are not kept sufficiently wann (thus avoiding 
water hammer on system startup), and 2) the reliability of system actuation is 
decreased. However, it may not be desirable to have a pennanent alann that signals 
when the valves are not open. 

Potεntial Resolution: 

Consider an alann for valves such as this in a "not open" state. Alternatively, the 
issue could be addressed by a low priority operator- selectable alann to call attention 
to a component that may be out of its nonnal position. Alann systems generally 
sho비d have the flexibility for the operators to easily add alanns to a screen (for 
example) when a potentially deviant situation is identified that they need called to 
their attention. 

Other obvious ways to help to address the concern are appropriate procedures and 
operator training related to valve positioning. 

Reference: 

LER 50-254/80-006. 

7. 1.3 Controls and Displays 

Issues: 

1. Displays sometimes use engineering units which mean little to operators, e.g. , 
"lbs-mass/hour" rather than percentage of full power flow. 
2. Push button lamp replacement is problematic because the removal and replacement 
of the lens or bulb can sometimes cause inadvertent actuation 
3. On CRT-based displays, the operators are often restricted to the use of 
"prepackaged" displays and do not have enough capability to select parameters for 
display and trending. 
4. Complex or poorly designed computer interfaces are supplied, as opposed to 
interfaces that are simple and "user-friendly." 
5. The difficulty of upgrading computer systems can be a problem, even for relatively 
minor plant modifications. 
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6. Delays in computer responses are often a source of frustration for operators. 
Response time should be as short as possible and conform to HFE guidelines. A 
common specification for maximum delay time between screens is two seconds. This 
may be acceptable for routine computer processing, however during NPP transients it 
is too long and causes unnecessary operator frustration and delays in information 
processmg. 
7. Ensure that computer-based data points have a provision to indicate to the operators 
when the data for that point is invalid (e.g. , point is out of scan.) This indication 
should appear on video displays and print-outs, as well as on the output of 
ca1culations where the data point is used. 

Potential Resolution (Issues 1-7): 

Ensure that the design process is thoroughly planned and utilizεs appropriate guidance 
documents, such as NUREG/CR-5908 and NUREG-0700. Ensure that the design 
process takes into consideration the above issues raised by operators 

References: 

Items 1-6: System 80 Operating Experience Issues Based upon Interviews with System 
80 Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and William 
Luckas, Jr., March 29, 1993. 

Item 7: LER 50-369/89-013 

Issue: 

8. Ensure that there is adequate indication in the control room for trip status of 
important local equipment such as RCIC , HPCI , and AFW pump turbines 

References (Item 8): 

LER 50-397/87-002, LER 50-306/80-013 , and LER 50-316/80-017 

7. 1.4 Communications 

NRC inspection reports and LERs from the late 1980s and early 1990s have 
highlighted many instances of communications errors and problems. There is current1y 
ongoing work to classify and ana1yze these errors. This work is only in its early 
stages and thus this section does not include much information that will later be 
available. A few issues are noted here that peπain to the design of the 
commulllcatlOns systems. 

Issues: 

부록 5- 74 

6. Delays in computer responses are often a source of frustration for operators. 
Response time should be as short as possible and conform to HFE guidelines. A 
common specification for maximum delay time between screens is two seconds. This 
may be acceptable for routine computer processing, however during NPP transients it 
is too long and causes unnecessary operator frustration and delays in information 
processmg. 
7. Ensure that computer-based data points have a provision to indicate to the operators 
when the data for that point is invalid (e.g. , point is out of scan.) This indication 
should appear on video displays and print-outs, as well as on the output of 
ca1culations where the data point is used. 

Potential Resolution (Issues 1-7): 

Ensure that the design process is thoroughly planned and utilizes appropriate guidance 
documents, such as NUREG/CR-5908 and NUREG-0700. Ensure that the design 
process takes into consideration the above issues raised by operators. 

References: 

Items 1-6: System 80 Operating Experience Issues Based upon Interviews with System 
80 Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and William 
Luckas, Jr., March 29, 1993. 

ltem 7: LER 50-369/89-013 

Issue: 

8. Ensure that there is adequate indication in the control room for trip status of 
important local equipment such as RCIC , HPCI, and AFW pump turbines 

References (Item 8): 

LER 50-397/87-002, LER 50-306/80-013, and LER 50-316/80-017 

7. 1.4 Communications 

NRC inspection reports and LERs from the late 1980s and early 1990s have 
highlighted many instances of communications errors and problems. There is current1y 
ongoing work to classify and analyze these errors. This work is only in its early 
stages and thus this section does not include much information that will later be 
available. A few issues are noted here that pertain to the design of the 
commUnICatIOns systems. 

Issues: 

부록 5- 74 



1. Communication Coverage 

Effective and reIiable communications between the control room operators and in-plant 
personnel is essential. Examples of some problems in this area follow: 

1.1 Auxiliary operators often cannot be contacted in the plant due to their inability to 
hear pages from the control room (CR) since there are many hard-to-hear or dεad 

spots in the plant. 

1.2 Radio Frequency (RF) interference with communications due to inadequate 
shielding. A related interference issue to consider is communication radios causing 
unintended actuation of equipment. 

1.3 Insufficient locations in the plant to "plug in" communications equipment. 

2. Noise Interference 

The noise level in the control room at some plants can be so high during transients 
that added stress for the operators is created and communication is difficult. Some 
examples of problems include 

• ESF actuated ventilation (especially 2 trains) is an additional annoyance 
• High-speed conventional printers 
• Alarms ringing constantly. 

Operators can become so overloaded during complicated events that they sometimes 
don’t silence or acknowledge the alarms. 

Potential Resolution (Issues 1-2). 

Ensure that communications requirements, above two issues, and past experience are 
considered at the design stage. 

Reference (ltems 1-2): 

System 80 Operating Experience Issues Based upon Interviews with System 80 
Operators, BNL Technical Report E2090-T2-4-3/93, John 0 ’Hara and William Luckas, 
Jr., March 29. 1993 

7. 1.5 Procedures 

As with the communications area above, procedure-related problems have often been 
identified in LERs and NRC inspection reports. The new area of computerized 
procedures is attempting to address some of he generic problems associated with 
current procedures. Both NRC 뻐d industry have ongoing projects related to 
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computerized procedures. Some of the current issues are noted here. 

Issues: 

The following issues have been observed to be a problem with paper-basεd 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 particularly difficult in the paper 
medium. For example, a design change in a single component can invalidatε 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 procedures 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. 

Reference (Issues 1-7): 

Valerie Bames, Pamela Desmond and Christopher Moore, "Preliminary Sεt of Review 
Criteria for Evaluating Computer-Based Procedures in Nuclear Power Plants ," 

Performance, Safety and Health Associates, March 18, 1994. 

Issue: 

8. The physical handling and following of procedures has become a problem for some 
plants, 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 
transient. There is no lay down area and portable carts have been used. 

b. Aids to follow procedures are needed. 

Reference: 

System 80 Operating Experience Issues Based upon lnterviews with System 80 
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Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and William Luckas, 
Jr., March 29, 1993. 

Potential Resolution 

(lssues 1-8) Procedures should be prepared with care utilizing an overall process that 
incorporates the features that are outlined in the HFE PRM (NUREG-0711) Element 8 
and that considers the above operating experience issues 

7. 1.6 BWR Shutdown 

Issue 

During a reactor shutdown 잠om an initial power of only 6%, that involved low decay 
heat levels due to a short operating history, operators allowed cooldown (due to small 
miscellaneous steam loads) to add excessive positive reactivity. Further, by not 
proper1y maintaining the power in the mid-range of the Intermediate Range Monitors 
(lRMs), a reactor trip occurred. Reviews of the event revealed that the transition from 
low power operation to hot shutdown conditions (via rod notch insertion) required the 
operator to monitor reactor pressure and cooldown rate and to maintain IRM levels on 
scale by adjusting the range switch settings, while simultaneously executing a 
prescribed and rather complex sequence of rod notch insertions 

The arrangement and number of controls and displays makes it difficult for a single 
operator to accomplish all of this. 

Potential Resolution: 

Consider means to simplify anψor automate the nuclear instrumentation monitoring 
during startup and shutdown sequences. Consider the various types of staπups and 
shutdowns when designing the controls and displays, in order to develop a panel that 
can support the operators in effectively accomplishing their function. Include special 
cases , such as noted above in procedures and operator training. 

Reference: 

US NRC AEOD Report: Memo from 1. Rosenthal to 1. Novak dated September 20, 
1991 with attached report, "Onsite Analysis of the Human Factors of an Event at 
Monticello on June 6, 1991 (Hi-Hi IRM Scram). " 

7.2 System-Related Insights 
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shutdowns when designing the controls and displays, in order to develop a panel that 
can support the operators in effectively accomplishing their function. IncIude special 
cases, such as noted above in procedures and operator training. 

Reference: 

US NRC AEOD Report: Memo from 1. Rosenthal to 1. Novak dated September 20, 
1991 with attached report, "Onsite Analysis of the Human Factors of an Event at 
Monticello on June 6, 1991 (Hi-Hi IRM Scram). " 

7.2 System-Related Insights 

7.2.1 Flooding Concem 
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Areas of NPPs, such as isolated rooms, often contain f1uid systems with the potential 
for leakage and f1ooding. 

Potential Resolution: 

These areas should contain adequate drainage or sump pumping capability. 
Additiona l1y, they should be provided with a high water level alarm in thε control 
room. 

Reference: 

LER 50-254/80-028. 

7.2 .2 Pressurizer 

lssue: 

A PWR pressurizer spray valve stuck open (unbeknownst to operators at the time ‘) 
causing a continued drop in RCS pressure to below that required by Technical 
Specifications. As a result, a plant shutdown was required in order to isolate the spray 
line. 

Potential Resolution: 

Ensure that there is sufficient information in the control room to dεtermine status of 
spray to pressurizer. Also consider incIuding a remote manuaIly-operated isolation valve 
for the spray line into the plant design 

Reference: 

LER 50-336/80-020. 

7.2 .3 Loss of DC Bus 

lssue: 

Depending on the plant design, there are a number of potential problems associated 
with the 1055 of DC busses. Examples of consequent problems on loss of a DC bus 
are: 

1. Partial loss of normal offsite power 
2. Loss of control room annunciator power 
3. Loss of power to indicators in control room 
4. Loss of control power to various circuit breakers 
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5. Loss of power to computers and video display screens 
6. Loss of some of the plant’s automatic features, such as πips and interlocks 
7. Trip of selected circuit breakers, such as reactor trip breakers 

Potential Resolution: 

The following considerations should be addressed: 

1. Prevention of Loss of DC bus: 

1. Ensure that DC power supplies are protected from inadvertent tripping or improper 
deenergization. Actions taken should include procedures for system breaker lineups, 
independεnt verification during certain maintenance activities , and control room 
indication of breaker position. 

2. Provide for control of maintenance during operation to ensure the reliability of 
busses is maintained and extra monitoring is specified when some components (e.g., 
batteries or battery chargers) are out of service. 

3. Provide annunciation for DC system ground faults. 

II. Mitigation of Effects of Loss of DC bus: 

1. Consider at the design stage the effects of a loss of a DC bus, giving particular 
attention to the effects that such a loss will have on the operators' ability to continue 
to effectively monitor and operate the plant (or shutdown the plant). 
2. Where possible and appropriate, design redundant power supplies so that the loss of 
a single bus will not have significant or multiple consequences, such as listed in 
through 7 in the Issue above. 
3. Ensure that important trips and interlocks are still operable on loss of a bus. 
4. Ensure that procedures adequately address the loss of a DC bus, recovery of lost 
busses, and the effects of re-energization of lost busses 

References: 

Report on the Millstone Unit 2 Loss of 125V DC Bus Event on January 2, 1981 , by 
the Office for Analysis and Evaluation of Operational Data, November 1981 , Report 
No. AEOD/C 104. 

LER 50-255/81 001 , LER 50-285/82-017, and LER 50-333/81-082. 

7.2 .4 Automatic Trip of Condensate and Condensate Booster Pumps 

Issue: 
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In BWRs during transient situations, vessel overfill can be a problem , causing main 
steam line flooding and possible damage. As a result, there exists a high reactor 
vessel (RV) level trip of injection systems such as HPCI, RCIC, Feedwater and 
HPCS. However, although the condensate and condensate booster pumps can also be 
used to feed the reactor vessel directly (at lower pressures), there currently is not an 
automatic trip of these pumps on high RV level 

Potential Resolution: 

Consider providing a high R V level trip of the condensate and condensate booster 
pumps. For situations when the operators may not want to trip these pumps, this trip 
should have an operator-initiated bypass feature 

Reference: 

LER 50-397/87-002. 

7.2.5 System Overpressurization 

Issue: 

During system restoration after maintenance during cold shutdown at a BOOR, an 
incorrect valving sequence resulted in overpressurization of piping and damage to the 
test retum line of the Condensate Storage Tank (CST) and Condensate Retum Tank 
This resulted in the spilling of about 275,000 gallons of slightly radioactive water 

Potential Resolution: 

The design of new plants should consider operator valving errors in the specification 
of pipe and component design pressures, and the location of relief valves. Valve 
interlocks may also be used to prevent the simultaneous opening or closing of valves 
which may lead to overpressurization. Procedures that specify the sequence of valving 
are important in addressing this issue, particularly when necessary to prevent such 
overpressure conditions. 

Reference: 

LER 50-341/86-045. 

7.2.6 Feedwater System Control 

Issue: 

The control of PWR Feedwater Systems during staπup and low power operations has 
been problematical. Operators have had difficulty in controlling the feedwater flowrate 
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Reference: 
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7.2.6 Feedwater System Control 

Issue: 
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as necessaη to maintain steam generator water levels. The problems are partially 
caused by the fact that the feedwater control valves and control systems are not 
designed to operate in the low flow regimes. Hence, operators are required to perform 
the difficult and sensitive operations manually with equipment that is not optimum. 
There has also been difficulty in the switchovers that occur in this time frame , 
namely: from manual to automatic control, from use of the auxiliary feedwater pumps 
to the main feedwater pumps, and from use of the small feedwater bypass valves to 
the main regulating valves. 

Potential Resolution: 

Consider provision of an automatic low flow or staπup feedwater control system. 

References: 

LER 50-344/83-02 Rev. 1, LER 50-368/84-004 , LER 50-298/84-003 , and LER 
50-282/84-001. 

7.2.7 Scram Discharge Volume 

Issue: 

On a BOOR, when the scram discharge volume fills with water, insertion of the 
control rods is inhibited. 

NUREG/CR-6400 

Potential Resolution: 

Ensure that there is sufficient instrumentation to rapidly and reliably detect the 
presence of water in the scram discharge volume. Also ensure that the scram 
discharge headers are properly vented as all of the water received from a scram is 
removed. 

References: 

NRC Bulletin 80-14, Degradation of BWR Scram Discharge Volume Capability. 

LER 50-296/80-024 

7.2.8 Interfacing Systems LOCA (ISLOCA) 

Issue: 

Overpressurization of low pressure systems due to reactor coolant system boundary 
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failures may result in rupture of low pressure piping. These sequences have the 
potential to lead to core damage with releases outside of containment. Some RCS 
boundary failures have occurred due to operator error. Important operator errors include 
valve alignment errors during transitions between operating modes. The operators also 
play an important mitigation role in these scenarios, pa띠cularly in break isolation. 
Section 3 of NUREG/CR-5102 provides a detailed historγ of ISLOCA events at 
PWRs. Also Section 3 of NUREG/CR5124 provides a similar history of the ISLOCA 
events at BWRs. 

Potential Resolution: 

Important areas to consider in the protection against and mitigation of ISLOCAs 
include:. the application of instrumentation to provide for the continuous monitoring of 
leaks. e.g. , with pressure indicators , appropriate leak testing of boundary valves, use of 
pressure relief valves on the low pressure side, application of interlocks for boundary 
certain valves, personnel training, and developmεnt of emergency procedures to respond 
to an ISLOCA. 

References: 

NUREG/CR-5102, Interfacing Systems LOCA: PWRs. 

NUREG/CR-5124, Interfacing Systems LOCA: BWRs. 

NUREG/CR-5928, ISLOCA Research Program Final Report. 

IN 92-36, Intersystem LOCA Outside Containment, original and supplement 1. 

NUREG-1463 , Regulatory Analysis for the Resolution of Generic Issue 105: Interfacing 
System LOCA in L WRs. 

7.2.9 Advanced Instrumentation and Control (I&C) 

Issue: 

Conventional I&C in NPPs has been associated with periodic failures , spurious reactor 
trips and plant transients, operator confusion on instrument failure and loss of power, 
extensive time and effort to accomplish testing, and difficulties in troubleshooting and 
repalr. 

Advanced I&C has the promise to address most, if not all, of the above issues, as 
well as to provide cheaper and more reliable equipment. Some of the positive features 
of advanced I&C currently available are digital technology, multiplexed and fiber optic 
transmission, integrated circuits, automatic test features/equipment, self calibration, added 
redundancy, distributed microprocessors, fault tolerant design, improved response to and 
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indication of individual instrument or circuit failures , ease of component repair via 
modular replacement, and automatic calculation of complex algorithms currently 
performed manually by operators (e.g., reactor power and heat bal뻐ce determinations, 
heatup and cooldown rates, etc.) An example of monitoring for circuit failures that 
may be beneficial is the emergency diesel generator field flash circuit. As a result of 
the ease of installation and the small size of advanced I&C, one is able to increase 
redundancy and provide selective logic that can improve both reliability and safety. 
The design of the advanced I&C also lends itself to easily providing backup power 
supplies to important I&C busses. Self-testing and fault tolerance allow for rapid 
detection and repair of failures. These features also provide for reduced operator 
burden and confusion due to failed instruments and displays, through the use of 
synthesized and validated parameter displays. 

The introduction of new technology naturally brings with it new problems and 
challenges. For example, although it is highly reliable, advanced I&C does have some 
pec비iar problems, such as sudden failure and recovery, due in p빠 to high 
susceptibility to electromagnetic interference. Also, because of the integrated nature of 
digital technology, the manual tracing of faults (even by trained technicians) can be 
physically difficult, time consuming, and cognitively demanding. Two difficult areas in 
digital I&C troubleshooting are symptom interpretation and test search (the selection of 
the proper tests to discriminate between many possibilities). Automatic test equipment 
has been developed and used to overcome the cognitive difficulties, the somewhat low 
reliability, and the time constraints associated with manual testing. In order to 
maximize the effectiveness of such new automatic equipment, careful attention must be 
given to the design of the operator interface for the equipment. 

The introduction of advanced digital technology has also brought to forefront the 
importance of software programming for the new equipment, both during initial 
operation and during any modification. An effective verification and validation (V&V) 
plan for software that performs a safety function can help ensure acceptable design 
and continued successful implementation of the new equipment. 

Potential Resolution: 

The use of advanced I&C in design can result in many obvious advantages and can 
address many of the problems experienced in current NPPs due to conventional I&C. 
However, as with any new technology, one must also be careful not to introduce new 
(and, in this case, potentially more insidious) problems. Additionally, the new issues 
(noted above) associated with the advanced I&C should be considered and addressed 
in the design of advanced NPP HSIs. 

References: 

Advanced Reactor SARs, Sections 7 and 18. 
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Crew System Ergonomics Information Analysis Center (CSERIAC) Report, Test and 
Maintenance of Digital Systems, CSERIAC-RA-93-015, by K. Klauer, et al. 

Information Notice 93-57, Software Problems Involving Digital Control Console 
Systems at Non-Power Reactors. 

LERs 50-346/85-008 and 50-440/91-009. 

7.3 Component-Related Insights 

7.3.1 Reactor Coolant Pumps 

7.3. 1.1 Seals 

Failure of RCP seals has been an NRC Generic Issue for over a decade. This issue 
has concentrated primarily on PWR RCPs and includes: leakage and failure during 
normal operations and failure due to loss of seal cooling. Problems have also been 
identified with failure of BWR recirculation pump seals, indicating that this issue is 
not exclusively a PWR problem. Seal degradation and failure events have been and 
may continue to be aggravated by less than adequate HFE. A number of aspects of 
this issue can be addressed by HFE, in particular procedures and improved 
mstrumentatlOn. 

Issues & Potential Resolutions: 

1 . Design Altematives 

This issue may be addressed by considering design altematives which mitigate the 
problem and that obviate the need for other extensive and complicated fixes (such as 
below). One example is the use of canned rotor pumps that do not have seals. 

2. Instrumentation 

Current instrumentation has generally been found to be inadequate for evaluating 
off-normal and emergency conditions related to seals. Another concem is the ability of 
operators to use monitored parameters to infer premature degradation and incipient 
failure in multi-stage seal arrangements while avoiding false alarms. Thus the following 
Potential Resolutions are offered. 

2.1 Ensure continuous monitoring capability of seal system data. Flow, temperature, 
and pressure data from the seal system should be continuously monitored and should 
be analyzed for seal performance πends. 

2.2 Provide increased ranges on f10w measuring devices so that off-normal values may 
be read as well as normal values. This may require the use of separate high and low 
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range mstruments. 

2.3 Provide increased ranges on temperature measuring devices up to reactor coolant 
system temperatures. 

2 .4 Provide added pressure and temperature measurements, e.g. , seal leakoff pressures, 
CCW retum line pressure, seal cavity temperatures, differential stage pressures, and 
radial bearing temperature 

2.5 Provide added f10w measurements, e.g., seal leakoff f1ows. 

Provide for better alarming of the need for operator action. 

3. Procedures and Operator Aids 

3.1 Operator aids should be provided that allow the operator to appropriately trend 
RCP related parameters relative to seal performance criteria. 

Emergency Procedure Guidelines, procedures, and training should be provided for a 
reasonable spectrum of seal failure events, such as: high seal leak-off f1ow, high seal 
temperature, high vibration, loss of seal injection, loss of seal cooling, station blackout, 
and RCP restart criteria. These procedures should incorporate the recommendations of 
RCP pump and seal vendors. 

4. Functional Allocation 

Isolation of seal leakoff lines on high f1ow, which has historically required operator 
action, should be evaluated as a candidate for automation since detection, recognition 
and action are time constrained. However, there are tradeoffs to automatic isolation 
which will need to be evaluated for each specific application. 

References: 

NUREG!CR-4544, Reactor Coolant Pump Seal Related Instrumentation and Operator 
Response, W. Luckas, et al., December 1986, Executive Summary, Section 6, and 
Section A- 1. 

NUREG!CR4948, Technical Findings Related to Generic Issue 23: Reactor Coolant 
Pump Seal Failure, C. Ruger and W. Luckas, March 1989, Section 4.3.2.2. 

7.3. 1.2 Pump Monitoring 

Issue: 
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When RCP pump or motor components degrade they caneventually result in 
catastrophic failure of the pump or seals, if the pump is not stopped in time. Due to 
the location of the RCPs inside containment, detection of degradation must be 
accomplished through appropriate instrumentation. Large failures of the pump or seals 
can potentially result in a primary system LOCA. 

Potential Resolution: 

RCPs should have high quality vibration monitoring systems that can be used in the 
control room to detect incipient failures. 

Reference: 

LER 50-255/84-021. 

7.3.2 Auxiliary Feedwater Pumps 

Issue: 

1. Trip Status 

In a case where the overspeed trip valve for the turbine-driven AFW pump turbine 
was inadvertently tripped and not properly reset, the control room operators were not 
aware of the inoperable status of the AFW pump. 

Potential Resolutions. 

Provide indication of latch resetltrip status for trip and throttle valve latching 
mechanism in the control room. Consider improved HFE at trip valve to identify and 
to prevent inadvertent tripping. 

References: 

LER 50-306/80-013 , LER 50-316/80-017, and LER 50-328/82-002. 

Issue: 

2. Steam Binding 

AFW pumps have experienced steam binding resulting in pump inoperability. This has 
typically been caused by feedwater back leakage through the AFW discharge check 
valves, but also by leakage through complex pathways, working its way back to the 
AFW pump suction sources. 

Potential Resolutions: 
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Provide temperature indicators anψor an alarms to monitor the temperature of the 
AFW piping. Ensure that procedures consider the possibility of back leakage and 
appropriately address it in their valve lineup sections. 

References: 

IN 80-23 , Loss of Suction to Emergency Feedwater Pumps. 

LERS 50-261/83-016 and 50-368/80-018. 

Issue: 

3. Pump Driver Trips 

80th turbine-driven and diesel-driven AFW pumps have experienced problems where 
the pump drivers have tripped due to sequencing type errors, making the pumps 
temporarily inoperable, when there was not a legitimate technical reason for the pumps 
to be inoperable. Examples follow: 

Diesel-driven pump: 

1. The diesel AFW pump had reached minimum operating speed (about 600 rpm) 
which closed the speed switch. 
2. The stop signal was momentarily generated by the operator and was released before 
the diesel had come to a full stop. 
3. When the control switch was allowed to go to "Auto After Stop, " an auto start 
signal was present from loss of the MFP. 
4. Due to the engine still being at greater than 40 rpm , the diesel starter motors were 
disabled and the diesel could not try to restart. 
5. Twenty-five seconds after receiving the second auto start, the low lube oil pressure 
switch trip was enabled. This caused the engine to lockout due to the low oil 
pressure associated with the engine shutdown. 

Turbine-driven pump: 

After an auto start, operators erroneously tripped the AFW pumps. The steam-driven 
AFW pump had been restarted from the control room using the start valve which 
opened rapidly (less than 5 seconds) and caused the turbine to overspeed and trip. 
The auto start signal opens the trip and throttle valve on the initial auto start over a 
period of 20 seconds (by design, slow stroke time prevents the turbine overspeed). 
Until reset locally, the trip and throttle valve remains open when the pump is 
shutdown from the control room by shutting the start valve. When the faster acting 
start valve was used to restart the steam-driven AFW pump, the pump tripped on 
overspeed since the trip and throttle valve was already open. 
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Potential Resolution: 

Consider providing AFW pump drivers and control systems such that operators can 
trip and restart the pumps in varying sequences without concem for spurious trips 

Altematively, provide for cIear procedures and training that outline the methods which 
operators must follow to ensure proper staπup， tripping, and operation of the AFW 
pumps. 

Reference: 

LER 50-344/83-02, Rev. 1 

7.3 .3 Inservice Testing of Pumps and Valves 

Issue: 

Current plants have had to devise complex test procedures that have often challenged 
operators and maintenance personnel due to designs that make testing very difficult, if 
possible at all 

Potential Resolutions. 

The design for systems arid components in new NPPs, should consider test 
requirements such as the inservice test requirements for pumps and valves per Section 
XI of the ASME Code. Specific Potential Resolutions in this area follow. 

7.3 .3 .1 Insta l1ation of Test Connections for Leak Rate Testing and Check Valve (CV) 
Testing 

1. When there are two CVs in series and both are required by safety analyses (e.g. , 
for redundancy and single failure purposes), test connections sho비d be installed 
between the CVs so that each can be tested separately. 
2. Category A valves (per Section XI) and all containment isolation valves (CIVs) 
should have adequate test connections such that the valves can be safely leak rate 
tested to the requirements of ASME, Section XI and lOCFR50 , Appendix 1. without 
excessive operator realignment of systems and valves, temporary setups, operator 
radiation exposure, or potential for contamination. 

7.3.3.2 Valve Position Indication 

1. Consider extemal disk position indication for check valves that are required to be 
fu l1 stroke tested per Section XI. 
2. Consider extemal position for other types of valves which may not have had such 
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indication in the past, e.g. , solenoid valves, and non-rising stem valves. AlI valves 
within certain categories should be considered for local VPI. See Section 5.3 for 
further discussion. 

7.3.3.3 Capability for Full Stroke Testing of Valves 

Ensure that single failure during stroke testing at power will not: 

1. Cause a loss of safety system function. 
2. Cause a loss of containment integrity. 
3. Subject a system to pressures in excess of their design pressure 

7.3.3 .4 Stroke Time Testing 

Provisions should be made in the design to facilitate stroke time testing of Section XI 
Category A valves while the plant is at power, including rapid acting valves and 
control valves. 

7.3.3.5 Pump Testing 

1. Ensure that system design has sufficient flexibility to allow pump testing during 
plant operation. The system should allow flow to be varied so that a reference value 
of flow or differential pressure can be established for the test without major system 
reconfiguration. There should also be adequate installed instrumentation to run the 
necessary tests, including suction and discharge pressure, differential pressure, and flow 
rate. One means of improving flow instrurnentation is to include flow rate instruments 
in the minimum flow recirculation line. 
2. There should be installed pump vibration monitoring instrumentation to allow for 
trending and inservice testing of pumps. 

References: 

NUREG-1482 , Guidelines for Inservice Testing at Nuclear Power Plants, P. Campbell, 
November 1993. 

American Society of Mechanical Engineers (ASME), Boiler and Pressure Vessel Code, 
Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components. 

lOCFR50 Appendix J. Primary Reactor Containment Leakage Testing for Water-Cooled 
Power Reactors 

LER 50-400/91-008, Rev. 2. 

7.3.4 Circuit Breakers 
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Issue: Breaker Lock-out 

Under various conditions large circuit breakers may become locked-out due to 
protection system actions. These lock-outs were not always alarmed or indicated to the 
operators. An example is the safety 매ection pump breaker, which had a lock-out 
when an attempt was made to close the breaker with the hand switch in the presence 
of a trip signal. In this case there was no indication of the lock-out and the only 
means of clearing the condition was to remove and reinstall the fuses at the breaker 
or manually change the state of the relays 

Potential Resolution: 

Circuit breaker lock-out conditions should be indicated and/or alarmed. 

Reference: 

LER 50-327/80-040. 

7.3.5 Spent Fuel Pool Seals 

Issue: 

Spent fuel pools have inflatable seals which are typically pressurizer! with instrument 
air. Loss of air pressure, among other items , can cause leakage or failure of these 
seals and subsequent draining of the fuel poo l. 

Potential Resolution: 

Consideration should be given to alarms that detect failure of the seals, prior to an 
actual low level being detected in the spent fuel poo l. Possibilities are low air 
pressure and water detected in areas outside of the fuel po이. This concem also 
applies to the refueling pool at PWRs and the reactor cavity during refueling at 
BWRs. 

References: 

NRC IE Bulletin 84-03 , Refueling Cavity Water Seal. 

LERs 50-368/81-019, 50-361/84-060, and 50-213/84-013. 

7.3 .6 Heat Exchangers 

Issue: 

There have been numerous instances of biofouling in NPP heat exchangers (HXs), 
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where various types of clams and musse\s have grown inside of piping and 
particularly HXs. This occurs in open cycle cooling water systems and has caused 
sufficient fouling so that pressure drops have increased and flows have decreased. This 
in tum limits the ability to adequately coo\ components. Heat exchangers that have 
been affected include those for Component Cooling Water (CCW), Residual Heat 
Removal (RHR) and Emergency Diesel Generators 

Potential Resolution: 

To ensure adequate cooling, sufficient instrumentation should be installed and test 
procedures established so that safety-related equipment, that depends on open cycle 
cooling water systems, can be adequately monitored for biofouling. This may include 
differential pressure and flow instruments on HXs and perhaps also on cooled 
components. 

References: 

NRC Generic Letter 89-13, "Service Water System Problems Affecting Safety-Related 
Equipment." 

NRC Generic Letter 91-13 , "Generic Issue 130, Essential Service Water System 
Failures at Multi-Unit Sites." 

LERs 50-325/81-032, 50-325/81-019, 50-311183-013 , and 50-296/84-00 1. 

7.3.7 Power Connectors 

Issue: 

Power connectors have become accidentally dislodged resulting in undesired transients. 
One example is power connectors for the feedwater control system, which led to a 
reactor scram. 

Potential Resolution: 

The design should ensure that connectors, whose disengagement could disable 
safety-related equipment or cause plant transients, cannot inadvertently be dislodged. 

References: 

LERs 50-361/82-136 and 50-361182-138. 

7.3.8 Neutron Monitors 

Issue: 
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A design flaw was identified in BWR Intennediate Range Monitors whereby the 
failure of a power supply fuse resulted in inoperability but was not annunciated nor 
did it create a trip situation from the detector output. 

Potential Resolution: 

Neutron monitoring system instruments should have supervisory monitoring circuits, so 
that either alanns are generated for internal component failure or the instruments are 
automatically placed in a safe (e.g., tripped) condition. 

Reference: 

LER 50-263/86-018. 

7.3 .9 Instrument Air Dηers 

Issue: 

Due to a failure in the Instrument Air (IA) system filter, the desiccant from the dryer 
assembly carried over into the IA system and caused a failure of solenoid valves. 
This in turn caused a containment isolation valve (CIV) to become inoperable 

Potential Resolution: 

Consider including in the design a means of detecting desiccant caπyover. This may 
include instrumentation or a means for visual inspection or sampling. 

Reference 

LER 50-206/80-003. 
7.4 Local Control Stations 

A local control station (LCS) is an operator interface related to nuclear power plant 
process control that is not located in the main control room. This includes 
multifunction panels, as well as single-function LCSs such as controls (e.g. , valves, 
switches, and breakers) and displays (e.g. , meters) that are operated or consulted 
during nonnal, abnonnal, or emergency operations. 

7.4.1 General Considerations 

Issue: 

1. Use of HFE Principles in LCS Design 

부록 5- 92 

A design f1aw was identified in BWR Intennediate Range Monitors whereby the 
failure of a power supply fuse resulted in inoperability but was not annunciated nor 
did it create a trip situation from the detector output. 

Potential Resolution: 

Neutron monitoring system instruments should have supervisory monitoring circuits, so 
that either alanns are generated for internal component failure or the instruments are 
automatically placed in a safe (e.g., tripped) condition. 

Reference: 

LER 50-263/86-018. 

7.3.9 Instrument Air Dryers 

Issue: 

Due to a failure in the Instrument Air (IA) system filter, the desiccant from the dryer 
assembly carried over into the IA system and caused a failure of solenoid valves. 
This in turn caused a containment isolation valve (CIV) to become inoperable 

Potential Resolution: 

Consider including in the design a means of detecting desiccant caπyover. This may 
include instrumentation or a means for visual inspection or sampling. 

Reference 

LER 50-206/80-003. 
7.4 Local Control Stations 

A local control station (LCS) is an operator interface related to nuclear power plant 
process control that is not located in the main control room. This includes 
multifunction panels, as well as single-미nction LCSs such as controls (e.g. , valves, 
switches, and breakers) and displays (e.g. , meters) that are operated or consulted 
during nonnal, abnonnal, or emergency operations. 

7.4.1 General Considerations 

Issue: 

1. Use of HFE Principles in LCS Design 

부록 5- 92 



NUREG/CR-3696 and NUREG/CR-6146 give examples of many human factors issues 
observed in current plants at local control stations. 

Potential Resolution: 

LCSs serve as interfaces between the operators and the plant, similar to the work 
stations in the control room. Hence, the approach to their design should reflect the 
same HFE considerations given to the main control room, i.e., they should be 
designed using the same methods, standards, guidelines, and principles. The design of 
LCSs should be guided by the function and task analyses used to analyze the human 
role in the plant. It should be determined that functions to be performed at local 
control stations will not be compromised by human limitations and that the design of 
the LCS meets the needs of the operator for process information, means of effecting 
control, feedback on control actions, and an adequate working environment. In 
addition, the design of each LCS should be consistent with that of other local control 
stations and with the control room and should conform to plant-wide conventions 
regarding coding, labeling, information display, and operation of controls. Labeling 
should be well engineered, consistent, thoroughly applied throughout the plant, and 
appropriately designed to avoid wrong-unit/wrong-train type errors. 

Issue: 

2. Functional Allocation Considerations 

In discussing problems that might be anticipated with future LCSs, Hartley et al. 

(1984) pointed to the a \location of an increasing number of local control functions to 
automatic or semiautomatic systems (as opposed to human operators). The difficulties 
they anticipated were the same as those that can arise from increasing automation in 
the control room, i.e. , the potential loss of operators’ situation awareness, and hands-on 
control skills (0’Hare, 1993) as their primary role becomes one of monitoring rather 
than controlling. A related observation was made during the plant visits undertaken for 
NUREG/CR-6146. 

Potential Reso\ution: 

Designers, procedure writers, and trainers must be aware of the potential problems 
inherent here and should take needed actions to minimize the development of such 
difficulties 

Issue: 

3. HSI Consistency with Main Control Room 

The reviews undertaken for NUREG/CR-6146 involved 11 site visits to observe LCSs. 
At all of the plants, operators in the contro\ room had access to computer-based 
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displays in addition to conventional displays. These displays provided high-lεvel 

infonnation, e.g. , indications that represented an integration of several parameters , or 
the value of a set of parameters plotted over time. However, in only one of the 
plants were such displays available at the remote shutdown pane l. This issue may 
become more significant in advanced plant designs , where control rooms are computer 
work station based, while LCSs (such as the remote shutdown panel) are based on 
conventional HSI. ln such a plant, operators at remote shutdown stations might be 
forced to gather infonnation about the status of the plant and the effectiveness of 
their actions by unaccustomed means 

Potential Resolution: 

The designs of new or upgraded remote shutdown stations (and the content of related 
procedures and training programs) should ensure that the operator interface provides a 
level of support for operator actions comparable to that available in the control room 
and that potential error-likely situations are not introduced by negative transfer from 
the main control room to the LCSs. 

References (Section 5.1!: 

NUREG/CR-6146, Local Control Stations: Human Engineεring Issues and Insights, 
Brown et al., March 1994 

NUREG/CR-3696, Potential Human Factors Deficiencies in the Design of Local 
Control Stations and Operator Interfaces in Nuclear Power Plants, Hartley et al., 1984. 

r‘JUREG-1192 , An Investigation of the Contributions to Wrong Unit or Wrong Train 
Events; D. Persinko and A. Ramey-Smith. 

7.4.2 Functional Centralization 

lssue: 

Functional Centralization' (FC) refers to the manner in which the safety functions of 
LCSs are distributed throughout the plant. This embodies many of the systems 
engineering characteristics of LCSs and their functional organization. A plant with low 
FC has a wide distribution of safety functions on many local panels throughout the 
plant. Such plants also heavily use local control of individual components. A plant 
with high FC has all safety functions integrated into a single panel which contains all 
necessary controls and displays. 

Functional Centralization affects human perfonnance through its impact on such factors 
as communication workload, crew coordination, time to actions, and requirements for 
procedural complexity. 
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References (Section 5.1!: 
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Brown et al., March 1994 

NUREG/CR-3696, Potential Human Factors Deficiencies in the Design of Local 
Control Stations and Operator Interfaces in Nuclear Power Plants, Hartley et al., 1984. 

NUREG-1192 , An Investigation of the Contributions to Wrong Unit or Wrong Train 
Events; D. Persinko and A. Ramey-Smith. 
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ln NUREG/CR-5572, it was shown that centralization of functions at multifunction 
control panels was associated with large potential reductions in risk. The cost of 
backfitting this attribute into existing NPPs was found to be quite high, and the value/ 
impact of the upgrade was therεfore reduced. However, when considering such features 
at the design stage, it was noted that the values or risk reduction benefit would 
remain high while the costs would be much reduced 

Potential Resolution: 

Consider providing the maximum reasonable amount of functional centralization for 
LCSs, particularly the remote shutdown pane l. 

References: 

r“lU REG/CR-5572, An Evaluation of the Effects of Local Control Station Design 
Configurations on Human Performance and Nuclear Power Plant Risk, 0 ’Hara, et al., 
July 1990. 

NUREG/CR-6146, Local Control Stations: Human Engineering lssues and lnsights, 
Brown et al., March 1994. 

System 80 Operating Experience lssues Based upon lnterviews with System 80 
Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and William Luckas, 
Jr., κ1arch 29, 1993. 

7.4 .3 Valve Position lndication (VPl) 

Issue: 

NUREG/CR-6146 found that many manual valves, even those found to be the most 
risk significant manual valves, lacked local position indication. Without such explicit 
indication, the position of the valve is inferred from stem position (for rising stem 
valves) or determined by checking the valve in the closed direction. Both methods 
have potential problems, as discussed in the NUREG/CR. Operating experience review 
(OER) also identified incidents that were caused by poor or missing local VPI. 

Valve manufacturers reported that the cost of providing a position indicator on a new 
valve was relatively small, whereas the costs of backfitting such indication on in-place 
valves would vary considerably and could be prohibitive. Thus, while adding position 
indication in an existing plant might only be feasible for a selected set of valves, it 
could be specified for many (or all) valves in the design of a new Plant for 
relatively low cost. It should be noted that the nature of the position indication should 
be appropriate to the use of the valve. 

Potential Resolution: 
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Incorporate local VPI into the design for valves in the design of a new plant. VPI 
should be inc1uded for all power operated valves, and most, if not all manual valves. 
If not all valves are provided with VPI , then there should be some c1ear criteria 
established to ensure that the more risk significant valves do get VPI. 

References: 

NUREG/CR-6146, Local Control Stations Human Engineering Issues and Insights, 
Brown et al., March 1994. 

Special Report No. 87-10, Salem Generating Station, Dockεt No. 50-272, dated 
4113/88. 

LER 50-397/87-002. 

7.4.4 Miscellaneous Items 

Issue: 

1. Space at LCSs 

Often there is not enough room for operators to work at the remote shutdown panel 
In particular sufficient space for handling procedures is needed at the remote shutdown 
panel as well as at many other local panels. 

Potential Resolution: 

In task analyses and design of LCSs consider all activities that may take place at the 
LCS, including the need of the operatòrs for adequate space and facilities. 

Reference: 

System 80 Operating Experience Issues Based upon Interviews with System 80 
Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and William Luckas, 
Jr. , March 29, 1993. 

Issue: 

2. Steam Generator Dump Valves 

Manual operation of PWR steam generator atmospheric dump valves is often very 
difficu!t because of complicated manual arrangements, very high noise levels, high heat 
loads, and sometimes inconsistent valve operation with valves in c10se proximity to 
each other. 
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Potential Resolution: 

Ensure that manual operation of the steam generator atmospheric dump valves is a 
design consideration and that the HFE issues noted above are addressed. 

References: 

System 80 Operating Experience Issues Based upon Interviews with System 80 
Operators, BNL Technical Report E2090-T2-4-3/93 , John 0 ’Hara and William Luckas, 
l r., March 29, 1993. 

f‘~UREG/CR-6146， Local Control Stations: Human Engineering Issues and Insights, 
Brown et al., March 1994. 

Issue: 

Personnel Overexposure 

Various areas of the plant have the potential for high radiation fields that could lead 
to personnel overexposure, therefore all plants have installed radiation detectors and 
alarms. Additionally, however, the malfunction of certain equipment can lead to very 
high radiation levels. This equipment includes incore instrument thimbles and traveling 
incore probes (TIP) 

Potential Resolution: 

There should be appropriate local waming devices (and perhaps also control room 
alarms) to alert personnel when equipment, such as TIPs and incore thimbles are not 
shielded and the potential exists for high radiation fields. 

References: 

Events at Pilgrim Station on June 3, 1982 and August 18, 1984. 

Information N otice 82-51 , "Overexposures in PWR Cavities. 

Information N otice 84-19, "Two Events Involving Unauthorized Entries into PWR 
Reactor Cavities." 

LER 50-271184-007 and LER 50-295/82-014. 

Issue: 

4. Emergency Lighting 
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Emergency lighting is required in the plant for personnel safety and for nuclear safety 
reasons. The two key nuclear safety areas requiring emergency lighting are the 
scenarios of lOCFR50 , Appendix R. Section II l.1 and Station Blackout (SBO.) 
Operating experience has shown that NPPs have tended to pay less attention to the 
lighting requirements during an SBO scenario. A common practice is to depend on 
auxiliary operator use of flashlights. This can be a problem due to the potential 
unavailability of flashlights in an emergency and also because the physical use of one 
while operating equipment and communicating with the control room may be 
cumbersome. 

Potential Resolution: 

Ensure that the design incorporates fixed emergency Iighting in all locations required 
by lOCFR50, Appendix R and wherever operations are needed during the plant’s 
station blackout procedures. 

Reference: 
NUREGICR-6146, Local Control Stations: Human Engineering Issues and Insights, 
Brown et al., March 1994. 

11. NEREG-0700 Rev.1 Human-System 1nterfaι:e Design Rev’iew Guideline 

3. REVIEW OF PREPARA TORY ANAL YSIS PHASE 

The purpose of the staffs review of the preparatory analysis phase is to ensure that 
the applicant has adequately completed the fo Ilowing: 

• identified HSI-related human performance issuεs through a review of operating 
expenence 

• identified task-performance criteria and HSI requirements through analyses of 
personnel function and tasks , including functions and tasks for normal plant operation 
through to the prevention and mitigation of design basis accidents (DBAs). It also 
would address risk significant scenarios defined in the probabilistic risk assessment 
(PRA). 

• established an accurate description of HSls by developing an HSI inventory and 
characterization 

The staffs review can be accomplished using the Preparatory Analysis Phase Report, 
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for example, as described in Section 1.4.4. Each of the applicant’s activities that are 
part of this planning phase is described below. 

3.1 Operating Experience 

3. 1.1 Review 0비εctJve 

The staff should ensure that the applicant’s review of operating experience identifies 
conditions that could contribute to, or alleviate, human performance problems. The 
aspects of the applicant’s review of operating experience review addressed in the staffs 
evaluation are discussed below. 

3.1.2 Review Topics 

The applicant should obtain operating experience related to HSI issues by reviewing 
documentation and surveying personne l. 

(1) Documentation Review-The applicant’s document reviεw should incIude: 
plant-specific HFE issues, general HFE issues recognized by the nuclear industry, and 
related advanced HSI technology issues. The review should focus on issues that could 
affect personnel performance or that reflect deficiencies in HSI design. The following 
are sources of HFE issues related to the design of HSIs: 

• Plant-specific HFE Issues - HFE issues that are specific to a particular plant 
design should be obtained by examining the following documentation for both the 
plant under review and other plants with a similar design: 

- Licensee Event Reports (LERs) and other types of event reports 
- Outage Analysis Reports 
- Safety Analysis Reports (SARs) and Safety Evaluation Reports 
- PRAs and Human Reliability Assessments (HRAs) 
- Modifications of the Technical Specifications for Operation 
- intemal memoranda/reports 

• General HFE Issues - General HFE issues documented in the nucIear industJγ 

should be evaluated to identify HFE concems that are applicable to the plant. The 
following sources may incIude such issues as follows: 

- unresolved safety issues/generic safety issues 
- TMI issues 
- NRC Generic Letters and Information Notices 
- low power and shutdown issues 
- study findings from the Office for Analysis and Evaluation of Operational 

Data(AEOD) 
- NUREG-0711 (NRC, 1994) 
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• Advanced HSI Technology Issues - HFE issues related to the specific advanced 
HSI technologies (e.g. , touch screen interfaces) that are, or will be, implemented in 
the HSI design should be evaluated 

(2) Personnel Survey - The survey should include plant personnel covering the full 
range of experience levels in operating the HSI, for example, auxiliary operators, 
reactor operators, senior reactor operators, shift technical advisors , shift supervisors ‘ 

operations managers, LCS operators, and maintenance personne l. 

A structured, open-ended approach, consistent with the critical incident tεchnique 

(Flanagan, 1954; Shattuck and Woods, 1994), can best identi fY εssential performance 
factors by focusing on particularly notable success, failure , and near-miss situations, as 
opposed to routine activities. Personnel should be asked to describe specific episodes 
that illustrate positive and negative performance factors for each topic. 

Personnel surveys can be conducted using an interview format; this provides the 
opportunity to solicit detailed responses for topics of particular interest, such as 
identified problem areas. Respondents should be informed of measures that will be 
taken to protect their confidentiality including the degree to which specific responses 
will be identified by individual. The interviewers should have training and experiεnce 

in interviewing techniques, and also should be familiar with major plant systems, the 
design of the control room, and should be knowledgeable of HFE concerns. In 
general, individual interviews should be limited to a maximum of one hour 

Self-administered questionnaires may also be used, which should be concisely and 
clearly written. The critical incident approach could be followed by open-ended 
questions with space provided for respondent’s general comments. Respondents should 
be informed of measures that will be taken to protect their confidentiality. However, 
questionnaires are generally not as effective as interviews for exploratory purposes. 
Their shortcomings include the reluctance of personnel to put negative comments in 
writing, and the lack of clarity and restricted scope of rεsponses that could result 
from a predetermined set of questions. 

The survey should obtain information related to the problems and positive features 
associated with the HSI, as identified by plant personne l. The survey should address 
the following points: 

• critical incidents, including episodes where personnel’s decisions and actions were 
significant or potentially significant to plant safety during normal plant evolutions , 
transients, and accident conditions 

• general observations and critiques of the HSI 

• personal experience and knowledge about the issues identified during the 
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documentation review 

The survey should investigate how specific design features of the HSI supported or 
impaired personnels performance, especially those related to transient and accident 
conditions including failures of the plant’s sensors, processors, and HSI components, as 
well as other equipment. The following topics should be addressed: 

information display 
user-system mteractlon 
process control and input devices 
alarm systems 
inter-personnel communication 
workplace design 
LCSs 
corrective and preventive maintenance of the HSI 
procedures, training, staffing, and job design 

• --------

(3) Issue Analysis - After completing the documentation review and survey, the effect 
of identified HFE issues on human performance깨1Uman error should be evaluated, and 
also the degree to which this is in f1uenced by the design of the HS I. If a problem 
area was idεntified， the underlying causes should be established. The effect of the 
plant’s condition and operational event on the severity of particular problem areas 
should be considered. For example, the organization of information in a set of display 
screens could tee adequate for one mode but not for another, or could be adequate 
when all systems and equipment are operating within limits, but cumbersome when 
portions of certain plant systems are not in operation. 

HFE issue should be for each The following information (4) Issue Documentation 
documented: 

or test a (e.g. , problem the before existed that events • circumstances and 
maintenance activity) 

• circumstances and events that existed at the time of the problem (e.g., operating 
status such as start-up, power increase, steady-state operations, and transients/anomalies) 

human the and involved cαom찌1샤ψponents HSI • the nature of the problem (e.g. , 
performance problems that occurred) 

outcome or consequences of problem • 
corrective measures undertaken 

• impact of the corrective actions; resolutions that were especially effective in the 
past should be noted since similar approaches could be appJicabJe to other probJems 

• 
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identified during the HSI design review 

In addition, the completed interview protocols and questionnaires should be 
documented, along with descriptions of the survey's procedure ‘ and results , and 
respondent demographics. 
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제 3 장 기능요건분석 및 기능할당 

1. INFORMATION TRANSFER FROM INTELLIGENT EW DISPLAYS 

Marion P. Kibbe 
Naval Weapons Center 
China Lake, Califomia 

ABSTRACT 

Dual-task perforrnance and recalled inforrnation data were used to compare levels of 
situational awareness from manual and automated threat recognition tasks. Dual-task 
perforrnance retlected the effects of monitoring an automated system while tracking. 
There were no differences in inforrnation transfer as a function of automation. 

INTRODUCTION 

In modem combat aircraft, automated and intelligent systems are replacing manual ones 
to increase tactical capabilities while simultaneously controlling pilot workload. This 
trend toward automation is expected to increase as our aircraft continue to be updated 
with more complex and sophisticated electronic products. The concem of these 
experiments is to examine the possible implications of the aircrew role as a monitor 
of automated systems 

The pilot becomes a passive monitor in dealing with an automated system; he is an 
onlooker, and is no longer actively engaged with its operation. Simultaneously, under 
the heavy workload imposed by piloting a combat aircraft, he will be perforrning other 
concurrent tasks which require his active control and attention. Because the pilot’s role 
is passive with respect to the automated system while simultaneously active with 
manual systems, the amount of inforrnation derived from the automated system may be 
decreased. The pilot may obtain and process less inforrnation about the extemal world 
and about the system itsel f. Of concem is that the aircrew will lose situational 
awareness (SA). 

The particular kind of SA investigated here is tactical situational awareness (TSA) 
which includes knowledge of the status of one’s own aircraft, other aircraft, and 
ground threats and targets (Kinsley, 1986). The particular combat aircraft system under 
study is the Electronic Warfare (EW) System, which is a candidate for automation in 
the future. 

The approach used in these experiments is to measure the inforrnation retained by the 
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제 3 장 기능요건분석 및 기능할당 

1. JNFORMATJON TRANSFER FROM JNTELLJGENT EW DJSPLAYS 

Marion P. Kibbe 
Naval Weapons Center 
China Lake, Califomia 

ABSTRACT 

Dual-task performance and recalled information data were used to compare levels of 
situational awareness from manual and automated threat recognition tasks. Dual-task 
performance retlected the effects of monitoring an automated system while tracking. 
There were no differences in information transfer as a function of automation. 

INTRODUCTION 
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to increase tactical capabilities while simultaneously controlling pilot workload. This 
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ground threats and targets (Kinsley, 1986). The particular combat aircraft system under 
study is the Electronic Warfare (EW) System, which is a candidate for automation in 
the future. 

The approach used in these experiments is to measure the information retained by the 
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aircrew from an EW cockpit display, the Radar Waming Receiver (RWR). Specifically, 
what does a military pilot normally know about his combat environment from the 
cockpit RWR alone? How can that information be measured? And how does 
automation alter the acquisition and retention of that information? Additionally, will the 
pilot notice degradations in the automated responses of the system while monitoring 
the displayed information? 

Three experiments addressed these concems: The first was a baseline study designed 
to develop performance and information retention measures applicable to both manual 
and automated systems. The second was an information transfer study that compared 
the retention of information . from automated systems to manual systems. The third, a 
two part experiment, measured information retention as functions of threat lethality and 
automation, and also measured the subjects’ readiness to assume control of a gradually 
malfunctioning automated system 

EXPERIMENT I-BASELINE EXPERIMENT 

Method 

Su비ects. Twenty-four professional employees of the Naval Weapons Center were 
voluntary participants in the study. They each participated in a one hour practice 
session with the one hour test session following within 72 hours. A separate, but Iike 
group of eight tested the threat recognition task as a single task, and used the 
information recall test. 

Equipment and procedure. Using a dual-task design. subjects were given a threat 
recognition task in conjunction with a pursuit tracking task. In tracking, the subject 
used a joy stick controller to hold a sight on a smaIl airplane which was moving in 
a vertical and horizontal random walk. 

The threat recognition task used a laboratory simulation of a Radar Waming Receiver 
(RWR). The RWR indicates that the airplane is being illuminated by another radar, 
identifies the probable threat, gives its azimuth , and indicates the status of that threat 
at any given thee. Critical status is indicated when a threat appears in the outer of 
three concentric rings in the display. In the threat recognition task, subjects were 
required to push the appropriately labeIled button whenever any of the threats reached 
critical status on the RWR. Five different types of "generic" threats were displayed on 
the RWR. Threat types varied in number, direction from the "f1ight path", time of 
appearance in the five-minute f1 ight, and display duration on the RWR. Nineteen 
threats were shown in each f1ight, but only 16 of these reached critical status. 

A questionnaire was administered after each f1 ight to measure the degree to which 
su비ects noticed and recalled these threat parameters. Subjects were asked to place the 
threats they could recall on a time line which represented their f1 ight path. Also, they 
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were to estimate the number of each type of threat they encountered. 

Results and Discussion 

The dependent measures for tracking performance, "average time on target" (TOT) and 
"average root mean squared tracking error" (RMS), were scored with reference to the 
events occurring on the R WR. The performance measures were calculated for each of 
sixteen 4-second "event windows" which began when a threat reached critical status on 
the RWR, and for the seventeen "non-event windows" in between. Thus TOT 
and RMS could be calculated for each different threat type, as well as for events and 
non-events in general. 

Dependent measures for the threat recognition task were percent correct [P(C)] and 
reaction time (RT). The questionnaire measures were percent correct placement on 

thε timeline, estimated number of threats expressed as a percent of the 
actual number, and percent correct of threat lethality identification. 

Tracking performance as measured by TOT was significantly better in single rather 
than dual task conditions, and dual task performance was better in non-event as 
opposed to event windows. Performance in event windows did not vary by threat type. 
See Figure I. In the threat recognition task, both RT and P(C) differed significantly 
for the dual-task and since-task situation. R T was slower to a threat which gave no 
waming before its critical appearance (Threat Type 5) and P(C) varied with threat 
type. These rεsults are shown in Figures 2 and 3. 

Questionnaire results yielded no significant differences in accuracy of timeline 
placement for dual and single task presentations, however accuracy did vary according 
to threat type. See Figure 4. There were significant main effects for threat type and 
single/dual task presentation in the ability of subjects to estimate the number of threats 
εncountered in a f1 ight. Subjects tended to underestimate the number of threats in the 
dual-task, while overestimating them in the single-task situation. 

The results of the analysis of the tracking data indicated that TOT was a sensitive 
measure. TOT performance was better when doing a single-task as opposed to a 
dual-task, and was better in dual-task presentations when no threat recognition response 
was required. Tracking performance did not vary with threat type, even though one of 
the main factors which distinguished the types was in the amount of time subjects 
had available to prepare for the threat recognition response. 

"Response accuracy" and "reaction time" as performance measures for the threat 
recognition task were sensitive both to variations in dual- or single-task presentations, 
and to variations in threat type. The results for the RT analysis by threats are 
meaningful in terms of the argument presented above, that reaction time is 
significantly decreased when subjects had waming that a response would be required. 
The P(C) analysis of the threat data, however, seemed less meaningful and probably 
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was an 따tifact of the small number of threats. 

The threats recalled and placed most accurately on a time line were the threats most 
frequently encountered (Threat 1); the one least accurately recalled was the one that 
never required a response (Threat 4). The significant differences between single- and 
dual-task estimations of threat number suggests that some threats were over\ooked 
under heavy workload. 

EXPERIMENT 2-INFORMA TION TRANSFER EXPERIMENT 

Method 

As in Experiment One, the same tasks were used in a dual-task design. Here 
however, the threat recognition task was automated and subjects needed only to 
monitor it for, information and accuracy of computer response. Eighteen of the original 
24 subjects participated again in Experiment 2. There were five , five-minute flights: 
the first was a dual-task manual flight used to remind subjects of all of the task 
requirements in the study; the next four (in random order) were one of two dual-task 
flights with the automated threat recognition, a single-task presentation of tracking, and 
a single-task presentation of automated threat recognition The same questionnaire was 
given after each trial 

Results and Discussion 

The same dependent mεasures for the tracking task and for the questionnaire were 
again used. The data of the two experiments together produced a fully crossed 
nνo-way within subject design, with three levels of tracking task presεntation (single 
task, dual-task with manual threat recognition, and dual-task with automated threat 
recognition), and two levels of RWR activity (event windows, and nonevent windows). 
Analysis of variance showed that for TOT all main effects and all interactions werε 

significant. These results are shown in Figure 5. 

These results demonstrate that monitoring of the automated task alters tracking 
performance such that it lies approximately half way between single-task and dual-task 
levels. In the single task, there are no events occurring in the other task, and 
performance is unchanged. However, in the dual-task situation tracking performance is 
poorer when su비ects are monitoring to the R WR, even though no manual response is 
required. The act of monitoring the computer is sufficient to degrade tracking TOT. A 
similar analysis with a significant main effect of "threat" showed that most of the 
variation was due to differences between "no threat" and the other four threat types. 

Analysis of the questionnaire was used to compare the amount of information retained 
in the automated condition versus the manual one. Two two-way analyses of variance 
were conducted using "percent correct timeline placements" (with an arcsine 
transformation) and "estimated number of threats" as dependent measures. The main 
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effects for prεsentation (dual-task with automated and manual threat recognition, and 
single task with automated threat recognition) were not significant for either dependent 
measure, nor were interactions for the time line data. There was a significant main 
effect for threat (five types) in both dependent measures, and a significant interaction 
for "estimated number of threats" only. 

With these particular tasks used as a part-task simulation, and with these relatively 
short flights , the evidence showed that there was no decrease in information retention 
as a function of automation. Further examination using other designs and systems 
would be warranted. 

EXPERlMENT 3-INFORMA TION RETENTION 

Method 

The same tasks and apparatus were again used. For this experiment, however, threats 
varied in potential lethality and number. Two 15 minute flights were presented in a 
dual-task design, using the same tasks described above. One of the flights presented 
the threat recognition task manually and one was automated. Information retention was 
measured periodically in the flight by having subjects map the information last shown 
on the RWR onto a time line. Su비ects also estimated the number of each of the 
three threat types they had encountered. A final five minute flight was appended to 
the automated run in which the automated computer reaction times were gradually 
increased from one second to five seconds. The dependent variable was when subjects 
would intervene and take over manual contro l. Data collection in this experiment is 
underway. 

CONCLUSIONS 

Time sharing of the various tasks in these studies are consistent with multiple resource 
theory, proposed by Wickens ( 1984). Each task, however. itself has multiple resource 
components, making theoretical analysis complex. Extensions of the work to more 
complete simulations are planned, and will make generalizations to automated systems 
morε meaningfu l. The methods developed can also be extended for use in evaluation 
of tactical situation displays under current development. 
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2. FAILURE DETECTION IN DYNAMIC SYSTEMS 

Christopher D. Wickens 
University of Illinois 
Depaπment of Psychology 

INTRODUCTION 

and Colin Kessel 
Israeli Air Force 

Human Factors Division 

With the increased automation of a wide range of man-machine systems , a 
characteristic of skilled human performance that gains increasing importance relates to 

- the operator's ability to monitor a systεm under automated control, to ensure that any 
departures from normal functioning are efficiently and promptIy detected. Systems that 
humans must monitor vary widely both in their complexity (e.g., the number of 
variables that must be employed to describe their state) and also in terms of the 
salience or directness by which the occurrence of failures is indicated to the opεrator. 

In some systems, the existence of a malfunctioning component may bε indicated 
simply by the enunciation of a visual or auditory indicator. However, with other 
systems, often those involving automated control or regulation of a dynamic 
time-varying process, the existence of a malfunction must sometimes be induced by 
the human operator from subtle changes in thε relation between environmental inputs 
and system response. 

We report below the summary findings of a series of investigations of thε failure 
detection process, carried out at the University of Illinois over the past three years. In 
the generaI paradigm, which will be employed throughout the five experiments reported 
below with some variations, subjects eithεr control (track) or monitor under automatic 
autopilot control, a first order dynamic linear system (e.g. , a system whose output is 
the time integral of its input). These two modes of participation required of the 
operator are referred to as the Manual (MA) and the Autopilot (AU) mode 
respectively. At unpredictable times during the 2 112 minute tracking or monitoring 
session the system increases in order in a step fashion to a level which is 
approximately second order. Subjects normally indicate such changes, if detected, by 
means of a discrete button press response. If not detectεd， after a period of six 
seconds the system dynamics make a four-second ramp retum to the original, 
pre-failure first order (Figure 1) 

Our research paradigm then focusses upon the subject’S 기ntemal model" of the 
dynamics of the first order system. Conceptually our model of the human operator 
borrows heavily from applications of statistical decision theory to reaction time (e.g. , 
Lappin & Disch, 1972) and to failure detection (Curry & Gai, 1976). We assume that 
the intemal model of the system mentally maintained by the operator consists of a set 
of expected system outputs to known system inputs, given that the plant is operating 
normally. Effective monitoring is accomplished by constantIy comparing the observed 
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outputs with the expected outputs to the observed inputs. If a discrepancy between the 
observed and expected output is noted, beyond the margin of error of the \atter, it is 
stored, and such discrepancies are then accumu\ated over time. If this accumu\ation of 
differences then exceeds some intemal criterion within a given interval of time, a 
failure is detected 

In the above conception, the latency of detection dictated by a number of factors , four 
of which are: (1) The setting of the criterion. If the criterion is low, detections will 
be prompt, but false alarms will be more in evidence. Therefore variation in criterion 
setting induces a speed accuracy tradeoff in detection, dictating that both aspects of 
performance must be examined to assess detection efficiency. (2) The fidelity of the 
intemal mode l. Here we refer to the range of possible expected outputs to a given 
observed system input. Clearly, deviations of observed from expected outputs will be 
accumulated more rapidly if this range is reduced with the higher fidelity mode l. (3) 
The number of channels of input available from the observed system display vs. the 
intεmal estimate of the current state of the system. As more channels are present, 
conveying either different information or the same information perturbed by 
independent extemal or intemal noise sources, detection will be facilitated. (4) The 
processing resources or attention allocated to the accumulation and detection process. 

This conception then represents the framework underlying our formulation and 
interpretation of the following experiments. 

EXPERIMENT 1: EXPECTANCY AND FAILURE DETECTION 

Failures almost by definition are events that occur infrequently. As a consequence they 
are normally unexpected by the human supervisor of the failed system. This fact 
presents somewhat of a paradox to the scientific investigator of failure detection 
performance. Wh ile the essential criteria for a statistically reliable description of any 
phenomenon is repeated measurement, such repeated measurement in the laboratory, by 
its very nature, tends to create the higher levels of expectancy atypical of real world 
failure detection. Only a few investigators (e.g. , Sadoff, 1962; Ru ff1e-Smith, 1979) 
have attempted to impose failures in controlled investigations under truly unexpected 
conditions. 

The purpose of Experiment 1, the Master’s Thesis of Robert Earing (1 977), was to 
assess manual mode failure detection performance under both expected and unexpected 
conditions within the same experiment. The objective was to determine the extent to 
which these are comparable, and therefore the extent to which the results of high 
expectancy detection studies in the laboratory may be generalized to, or at least 
extrapolated to, real world scenarios. 

Thirty subjects received extensive training, tracking both first order (pre-failure) and 
second order (post-failure) dynamics, on separate trials. Following this training subjects 
began a trial of first order tracking, but unpredictably the dynamics changed in step 
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be prompt, but false alarms will be more in evidence. Therefore variation in criterion 
setting induces a speed accuracy tradeoff in detection , dictating that both aspects of 
performance must be examined to assess detection efficiency. (2) The fidelity of the 
intemal mode l. Here we refer to the range of possible expected outputs to a given 
observed system input. Clearly, deviations of observed from expected outputs will be 
accumulated more rapidly if this range is reduced with the higher fidelity mode l. (3) 
The number of channels of input available from the observed system display vs. the 
intemal estimate of the current state of the system. As more channels are present, 
conveying either different information or the same information perturbed by 
independent extemal or intemal noise sources, detection will be facilitated. (4) The 
processing resources or attention allocated to the accumulation and detection process. 

This conception then represents the framework underlying our formulation and 
interpretation of the following experiments. 

EXPERIMENT 1: EXPECTANCY AND FAILURE DETECTION 

Failures almost by definition are events that occur infrequently. As a consequence they 
are normally unexpected by the human supervisor of the failed system. This fact 
presents somewhat of a paradox to the scientific investigator of failure detection 
performance. Wh ile the essential criteria for a statistically reliable description of any 
phenomenon is repeated measurement, such repeated measurement in the laboratory, by 
its very nature, tends to create the higher levels of expectancy atypical of real world 
failure detection. Only a few investigators (e.g. , Sadoff, 1962; Ru ff1e-Smith, 1979) 
have attempted to impose failures in controlled investigations under truly unexpected 
conditions. 

The purpose of Experiment 1, the Master's Thesis of Robert Earing (1 977), was to 
assess manual mode failure detection performance under both expected and unexpected 
conditions within the same experiment. The 0비ective was to determine the extent to 
which these are comparable, and therefore the extent to which the results of high 
expectancy detection studies in the laboratory may be generalized to, or at least 
extrapolated to, real world scenarios. 

Thirty subjects received extensive training, tracking both first order (pre-failure) and 
second order (post-failure) dynamics, on separate trials. Following this training subjects 
began a trial of first order tracking, but unpredictably the dynamics changed in step 
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fashion to an increased order. A small order increase (subtle failure) was followed on 
a subsequent trial by a large order increase (salient failure). These failures were 
clearly unexpected, because nothing in the prior briefing or instructions had 1εd the 
subjects to believe that failure detection was under investigation. These trials were then 
followed by an identical pair, prior to which subjects were explained the nature of the 
experiment and were wamed that the failures were forthcoming. Subjects were 
requested to try to regain stable control as soon after failure occurrence as possible. 

In the paradigm employed, failure detection latency could not be assessed directly 
since to impose an overt response requirement might bias subjects towards expectancy. 
Instead, detection latency (along with the latency of other phases of control adaptation 
(Weir and Phatac, 1966)) was inferred from statistical analysis of the first change in 
control strategy, following the failurε. Wh ile it is not c\ear precisely the manner in 
which our infeπed times would map into conscious detection had this been required, 
in a subsequent phase of the study we attempted to relate the two times by analysis 
of πials in which overt, button press responses were called for. 

The results suggested that detection in terms of the initial adaptive response (or 
change in response characteristics) to the failure was uninfluenced by the expectancy 
manipulation, for either small or large failures. The latency of the first phases of the 
adaptive response was statistically equivalent between the two conditions. However, the 
later stages of control adaptation were influenced by expectancy for the small failures. 
Again, however, for large failures , the later phases like the earI ier ones did not show 
an "expectancy" effect. 

The lesson that these results provide to research on failure detection and adaptation to 
dynamic system changes should be apparent. If the transitions to be investigated are 
salient, as the full changes in system order employed in the large failure conditions, 
the operator’s response to transitions seems to be roughly equivalent between expected 
and unexpected conditions. In other words, it is appropriate to make inferences to 
abrupt "inflight" control failures from data obtained in the laboratory when the failure 
is salient. This is presumably because the alerting function of the initial increase in 
error, or adaptation to that error, is great enough to trigger conscious detection and 
resulting adaptation, independent of the operator's prior expectancy biases. 

When, however, relatively subtle changes in system dynamics are investigated, such as 
the small failure condition employed, or the slow degradation of system states 
characterized by "non-catastrophic" failures, expectancy seems to be a relevant variable 
in the later phases of response. Experimental subjects may behave quite differentIy if 
they are told that a failure is forthcoming (or even that they are participating in an 
experiment on failure detection) than would operators under low failure-expectancy 
"in-flight" conditions. 

EXPERIMENT 11: THE ISSUE OF MANUAL VS. MONITORING SUPERIORITY 
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Experiment 11 (Wickens and Kessel, 19793 was designed to address the question of 
whether the operator’s ability to detect system failures was superior when he is in the 
control loop (MA mode) or is removed from the loop, monitoring automatic control 
(AU mode). The practical implications of this question are directly evident. When a 
system designer is faced with the choice of whether or not to automate a particular 
control function, and other considerations are equivocal (e.g. , control precision is not 
much better with AU than MA control), then considerations of the extent to which 
the state of the system is currently and accurately perceived by the operator should be 
of considerable importance. A major instigating source for our research was a specific 
con f1 ict in the experimental literature concerning which mode of participation was 
superior. In previous investigations in which the two modes had been compared, 
Young (1969) provided evidence for better MA detection, while Ephrath and Curry 
(1977) obtained results indicating the opposite conclusions. 

In contrasting analytically the two participatory modes, it is possible to identify 
characteristics of each that might enhance failure detection over the other. We have 
listed and described these characteristics in detail in Wickens and Kessel (1 979) and 
in Kessel and Wickens (1 978); however the most salient of these will be briefly 
restated here. lt is certainly plausible to assert that detection of system failures might 
be superior while that system is actively under manual control. The operator in the 
MA mode is constantly interacting with the system; he receives both visual input 
concerning system state and proprioceptive input concerning the control commands that 
he has delivered to the system, the latter unavailable to the AU monitor. Furthermore, 
unlike the AU monitor, he has the option of introducing "test" signals into a system 
suspected to be malfunctioning, and observe the subsequent response. Finally the MA 
controller may have constructed a better "internal model" of the system by virtue of 
his greater degree of active participation. Thereby he should have more reliable 
expectations of system outputs to known inputs under normal operating conditions and, 
as a consequence, a greater ability to detect depaπures from normality 

While these factors all favour MA detection, this superiority may be diminished or 
even eliminated altogether by differences in workload favouring AU detection. The 
MA controller must perform two tasks concurrently, controlling and detecting, and the 
workload imposed by the controlling function may be sufficient to interfere with the 
detection/decision making task. The AU monitor naturally has only the latter task to 
perform, and this difference in concurrent task load could enhance AU detection. A 
second source of potential AU superiority relates to operator adaptation. To the extent 
that the MA controller adapts his control response to preserve normal tracking 
peκormance after a failure , and yet is unaware of this adaptation (as McDonnel, 1966, 
and others have noted may occur, and was observed with small failures in Experiment 
1), there wiU be less visual evidence of a failure from the display and thus a reduced 
likelihood of detection. A non-adapting autopilot on the other hand will continue to 
produce salient visual evidence of a changed system response following the failure. 
Naturally in the MA case, there will exist a change in response characteristics a 
proprioceptive cue indicative of the failure. However, information from this cue may 
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be suppressed by the visual signal, as a manifestation of the "visual dominance" 
phenomenon (Posner, Nissen and Ogden, 1976). 

In the specific paradigm chosen, operators detected step increases in the order of a 
system that was tracking in two dimensions on a CRT display. The system was either 
controlled by the operator himself via a 2 dimensional joystick (MA mode) or by a 
computer autopilot that simulated as closely as possible the human operator's control 
describing function (McRuer and Jex, 1967). Autopilot parameters were furthεr adjusted 
in value so that AU tracking "performance" (RMS error) was equivalent' to MA 
performance. There was both a low frequency command input and a high frequency 
disturbance input. Failures, which occurred at an average frequency of five per two 
minute trial, were detected with a trigger press. 

Five subjects, well practiced in the detection task, performed tin the AU and MA 
mode on altemate trials. Analysis of detection performance measures as a joint 
function of response latency and accuracy indicated that the MA mode 、.v as reliably 
superior. Latency was considerably shorter while there was minimal differεncε between 
modes in terms of response accuracy. Fine grained analysis techniques were then 
peπormed on the detection and tracking data in an effort to identify what 
characteristics of the operator and/or the two modes were responsible for the obtained 
MA superiority. The composite evidence derived from these analyses indicatεd that 
MA detection benefited from the presencε of qualitatively different information 
available to the decision-maker in the first second or two after the failure. We 
concluded that this information consisted of proprioceptive cues generated by the 
operator's initial adaptive response (change in control behavior) to the changed 
dynamics. 

EXPERIMENT III: TRAINING AND TRANSFER OF DETECTION ABILlTIES 

One potential source of difference between the two modes, whose effect we were 
unable to examine in Experiment II, related to possible differences in the intemal 
model between a monitored and controlled system. Since all su비ects in that 
experiment received training under both MA and AU conditions, it is reasonable to 
assume that a uniform intemal model was in force in both conditions. A major goal 
of Experiment III (Kessel and Wickens, 1978, the PhD dissertation of the first author) 
was to ensure the presence of a different intemal model betwεen AU and MA 
detection. This was accomplished by adopting a between-subjects design. If, as 
hypothesized, MA training allows for a more stable model to develop, then MA 
superiority should again be demonstrated and in fact this superiority should be 
enhanced relative to the within su벼ects design of Experiment II in which AU 
detection could benefit from a model developed in part under MA training. 

Employing experimental procedures similar to those of Experiment II , the results 
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obtained by Kessel and Wickens supported this prediction, as MA superiority was 
again demonstrated. Moreover in the between-subjects design, MA detection was not 
only of shorter latency but also of considerably greater accuracy than AU detection. In 
Experiment 11, the difference was only evident in detection latency. In fact, the overall 
degree of MA superiority assessed in terms of a combined speed-accuracy performance 
index, was five times greater than in the first study, thereby clearly demonstrating the 
enhanced differences in leaming and intemal model development between the two 
participatory modes. 

In order to further validate these differences, a second phase of Experiment 11 
included a transfer condition. If the overall MA superiority was in fact related to what 
was leamed (intemal model consistency) as well as to the other performance-related 
diffences (e.g. , the added proprioceptive information channel), then some benefit in 
detection should be provided to subjects detecting failures in the AU mode, if they 
had previously received MA detection training (MA-AU) when compared to a 
corresponding AU-AU control group. AU detection of the MA-AU group should 
benefit from better model development during the prior period of MA training. To 
creatε these conditions, following three sessions of training each training group (AU 
and MA) transferred to receive 3 further days of failure detection in the AU mode. 
The results substantiated this prediction, since positive transfer in the MA-AU transfer 
group was observed. Information acquired while tracking clearly benefited detection 
performance while monitoring. Finally in an additional transfer group that was 
investigated (AU-MA), no positive transfer was observed from AU training to MA 
transfer: the intemal model acquired from monitoring appeared to benefit neither failure 
detection nor tracking performance itseU: in a later session of MA performance. 

The fine grained analyses performed on the detection and control data of Wickens and 
Kessel (1979) were repeated on the training and transfer data, in order to determine 
what characteristics of the task were transferred positively from the MA training to 
the AU detection. Somewhat surprising here was our observation that, in terms of 
these indices of control and detection performance, the data of the AU transfer group 
appeared to show much greatεr similarity to the data of all of the MA groups (from 
both experiments) than to those of any of the other AU conditions. As stated earlier, 
we had previously attributed the differences between the MA and AU groups to the 
availability of proprioceptive evidence in the MA condition. However, since the AU 
transfer group showing these same characteristics clearly had no proprioceptive 
information available, it appeared that our proprioceptive argument was insufficient. 
The tentative conclusion offered in light of the data from the third experiment is that 
MA training served to focus attention on particular kinds of displayed visual 
information, particularly that related to the perception of higher derivatives of the eπor 
and cursor signals. This information - acceleration and change in acceleration - which 
must be perceived to achieve effective manual control of the system in its failed state, 
also can serve as a relevant cue indicating the initiation of a system failure. Thus the 
essence of the transferred information from MA to AU performance (and one probable 
source of MA superiority) appears to be perceptual, and attributable to the 
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requirements that effective manual control imposes on the operator to extract higher 
derivatives of visual information from the display. 

In resolving the apparent discrepancy between the recurrent findings of MA superioriη 

in our studies and of A U superiority by Ephrath and Curry (1 977), it should be 
emphasized that the particular superiority relation observed is the resultant of a number 
of factors, and that the kind of failures employed were qualitatively different in the 
two investigations. In our investigations, a change in thε system transfer function was 
imposed, inducing in the MA condition a corresponding change in required response 
behavior. This manual adaptation fundamentally altered the frequency and velocity with 
which control was exerted, inducing changed proprioceptive information relayed back to 
the central decision center. The presence of this second channel of information was 
argued to favor MA detection 

The failures employed by Ephrath and Curry , on the other hand , were continuous 
linear dεviations， induced into the flight path of thζ monitored/controlled aircraft. These 
would not entail any fundamental adaptation in the higher dεrivatives of control 
response (e.g. , a change in mean control velocity) but only a gradual lateral bias in 
the mean position of the contro l. Without the added bεnefit of the proprioceptive cue ‘ 

it is plausible in Ephrath and Curry’s study that the cost of added workload imposed 
in MA detection outweighed any benefits of this mode , to the relative advantage of 
AU detection. 

EXPERIMENT IV: THE PROCESSING RESOURCE DEMANDS OF FAILURE 
DETECTION 

Our investigation has concemed not only the mechanisms underlying the detection 
process per se , but also the mental workload imposed by the monitoring of dynamic 
systems. That is, the demand that such a task places upon the human ’s limited 
resources for processing information. At issue are both the qualitative and quantitative 
naturε of these demands 

In considering the workload imposed upon the operator by the failure detection 
process, characteristics of-both the task and of the human operator must be considered. 
Such considerations can easily resolve discrepancies conceming the magnitude of 
demand, whether substantial (e.g. , Levison and Tanner, 1972) or negligible (e.g ‘ Keele, 
1973). First, it is undoubtedly relevant here to consider whether the events to be 
monitored are salient and represent distinct temporal discontinuities, such as lights and 
tones, as opposed to more subtle signals demanding of a higher order of perceptual 
cognitive analysis, in order to discriminate them from background noise. Monitoring 
for the former may indeed require little effort because the events themselves are 
sufficiently salient to call attention focussed elsewhere. However monitoring for the 
latter can be expected to impose considerable workload, if effectively done. 

Second, analysis of the workload imposed by failure detection (or any task for that 
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latter can be expected to impose considerable workload, if effectively done. 

Second, analysis of the workload imposed by failure detection (or any task for that 
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matter) must also account for the multi-dimensionality of human processing resources, 
the demand for which underlies the concept of workload (Wickens, 1979). This 
multi-dimentionality has been the focus of extensive research (e.g. , Navon and Gopher, 
1979; Wickens, 1980) and indeed represented a major theme underriding the recent 
NA TO conference on workload (Moray, 1979). Our analysis of the workload in failure 
detection was predicated on the assumption that this dimensionality is defined in paπ 

according to stages of information processing (perceptual encoding, central processing, 
and response). Such a conception represents a somewhat simplified abstraction of a 
more complex dimensionality described by Wickens (1980), who in addition considers 
dimensions related to cerebral hemispheres of processing and modalities of input and 
rεsponse. 

Our vehicle fo r. analysis of the dimensions of workload imposed by the failure 
detection task was through the imposition of various concurrent loading tasks. Indeed 
throughout Experiment 11 , and the training phase of Experiment 111, subjects 
participated in additional conditions in which they performed concurrently a subcritical 
tracking task (Jex, 1967). This task required them to manipulate a finger control with 
the left hand to stabilize an unstable element presented laterally in the center of the 
failure detection display. Between conditions we were able to adjust the instability 
constant of the subcritical task, and thereby impose greater or lesser amounts of 
concurrent load on the failure detector operator 

In Experimεnt III we noted a major difference between MA and AU detection 
performance. Wh ile the former declined with the introduction of the concurrent loading 
task, the latter was totally unaffected (Wickens and Kessel , 1980). Detection in both 
modes was unaffected by the diffic비ty level of the critical task. 

In interpreting these results, we proposed two altemative explanations for the differing 
effects in the two modes. Either AU detection imposed no workload (demanded no 
resources) , or altematively the load imposed by AU detection was placed on 
functionally different resources from those deployed in performance of the subcritical 
loading task. Adopting the latter hypothesis, we proposed that resources associated with 
perception and central processing were primarily responsible for AU detection, while 
those associated with the selection and execution of manual responses were primarily 
involved in the subcritical task, and were utilized for at least some component of MA 
detection (presumably processing of the proprioceptive information, employed in MA 
detection). 

To test the hypothesis that both kinds of detection do in fact demand resources, but 
of a qualitatively different nature, a second set of MA and AU detection trials was 
conducted (using separate subjects) and a perceptual/cognitive loading task was 
imposed. Subjects heard a string of two digit numbers and were required to subtract 7 
from each. They were to be prepared at any time, upon a probed cue, to provide the 
response. Probes were infrequent, so the response load of the task was low; yet 
performance of the mental processing of the task could be inferred from the accuracy 
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of the response to the unpredictable probes. 

Unlike the subcritical task, the mental arithmetic task did produce a reliable decrεment 

in AU detection efficiency. AU detection does therefore demand resources, and 
diversion of these resources to the mental arithmetic task derogated performance. Of 
further importance was the fact that MA detection was not in f1uenced by the mental 
arithmetic task nor was the accuracy of tracking in this mode. Our conclusions 
asserted that the impact of the loading tasks was upon the processing channels used 
to monitor the system , visual for AU detection , proprioceptive for MA detection. The 
former utilizes resources associated with perception and central processing, the same 
resources as those demanded by the mental arithmetic task; the latter utilizes 
response-related resources, coincident with the subcritical loading task. 

A point of more general relevance here is that automation (as operationally defined 
here by the AU monitor) does not necessarily eliminate or even reduce the workload 
of the human operator, but merely shifts the locus of processing demands. While 
interference with other manual responses might be attenuated by automation, 
interference with cognitive tasks might well be increased. 

EXPERIMENT V: AU DETECTION IN A DYNAMIC ENVIRONMENT 

Experiment IV suggested that AU detection depended in its performance upon 
processing resources that were functionally separate from those heavily utilized in 
manual control of an unstable first order system. The present experiment was intended 
to extend this conclusion to a dual task environment in which the demands of the 
detection or the control task are changing dynamically over time. As in the preceding 
experiments, subjects performed the detection and the subcritical tracking tasks 
concurrently. However, in contrast to these studies, the task characteristics did not 
remain constant across the trial but varied in diffic비ty in quasi-random fashion. For 
one group of 10 subjects this variation was imposed upon the tracking task by 
changing the instability constant. For a second group the detection task was varied by 
changing the bandwidth of disturbance noise introduced into the control loop which 
the autopilot was directed to nullify. Greater levels of noise served to "mask" the 
immediate manifestations of failures , and rendered them more difficult to detect 

In each case the variable task was designated as primary. That is, su이ects were 
explicitly requested to maintain performance on that task at a constant level, despite 
f1uctuations in its apparent diffic비ty. Monitary payoffs reinforced these instructions 
Following logic developed by Wickens and Tsang (1 979), it was assumed that, if 
common resources were demanded by both tasks and subjects exercised voluntary 
control over the allocation of these resources, then the performance constancy required 
by the instructions could be maintained by borrowing resources from the constant 
(secondary) task as primary load increased, and retuming these at the periods of 
reduced primary demand. Accordingly, such a policy should produce f1uctuations in 
secondary task performance corresponding in phase to the imposed variations in 
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primary task demand. This covariation in time can, in tum, be quantified by the linear 
coherence measure used in time-series analysis (Wickens and Tsang, 1979). The 
coherence measure which varies between 1.0 (perfect covariation) and 0 (no 
covariation) then sho비d re f1ect the extent to which resources were exchanged between 
the primary and secondary tasks. 

In contrasting the results of the two experiments, we observed that the mean 
coherence measure between primary demand and secondary performance was 
considerably greater for subjects for whom the tracking task was variable (and 
primary) than for subjects for whom the detection task was variable (mean coherence 

0.27 and 0.17 respective1y). Neither of these va1ues is remarkably high but it is 
apparent that subjects were less able to borrow resources from tracking to cope with 
increases in detection difficulty (re f1ected by the 0.17 measure) than the converse. 

The extent to which each task varied with changes in its own demand is re f1ected by 
coherence measures computed between primary demand and primary performance. The 
mean coherence bεtween detection performance and detection difficulty was high (p2 
.82). That between 2 tracking performance and difficulty was considerably lower (p2 
.40). 

These results are generally consistent with those of Experiment IV, in that they 
emphasize the fundamentally separate resources underlying both tasks (supported 
operationally by the low coherence measures of both tasks' difficulty with the other 
tasks' performance). However, the results go further to emphasize what might be 
described as the "fragility" of failure detection: On the one hand, when demanded by 
an increase in its own diffic비ty， failure detection performance cannot benefit from 
borrowed resources of tracking and suffers heavily. Yet this separation of resources is 
not symmetrical because, unlike tracking, failure detection performance does deteriorate 
as well when tracking demand is increased. This fragility may represent an intrins iC 
characteristic of monitoringldetection tasks in general. 

CONCLUSIONS AND ACKNOWLEDGEMENTS 

The current series of experiments present a fairly coherent picture of the failure 
detection task under investigation. Experiment 1 suggested the generalizability of these 
studies to environrnents with lower levels of expectancy. Experiments 11 and III fairly 
conclusively demonstrated the existence of MA superiority in failure detection, in the 
context of the paradigm employed. These resuIts thereby suggest that consequent costs 
may be associated with design innovations which serve to remove the operator from 
the control loop. Naturally there will often be factors that oveπide these considerations 
and will require that the operator be placed in the role of an autopilot 
supervisor/monitor. In this regard the implication of the transfer study is that a m매or 

benefit can accrue to system monitors, if they have received a prior period of manual 
interaction with the system that is to be under supervision. 
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The results of Experiments IV and V argue that both classes of failure detection, AU 
as well as MA, impose mental workload of a qualitatively different dimension in each 
case that is not πivial when performed effectively. The resources required for AU 
monitoring are however easily diverted to other tasks and suggest the "fragility" of 
this task. 

It must be emphasized, in conclusion, that these results are of course 
paradigm-specific. They may not generalize to situations in which the failure 
manifestations are highly salient; or altematively to system dynamics with long 
time-constants, or extreme complexity. In the latter cases, the option of direct MA 
participation is unavailable because of thε complexity and precision of control requirεd. 

Nevertheless the general lesson of maintaining manual involvement at some level, to 
update the intemal model, must still be relevant, just as the workload and expectancy 
issues transcent well beyong the specific paradigm investigated hεrε. 

The research reported here was supported by grants from the Air Force Office of 
Scientific Research (Grant No. AFOSR 77-3380) and from the National Science 
Foundation (Grant No. NSF BNS 78-007860). The authors acknowledge the valuable 
assistance of Ms. Pamela Tsang and Dr. Russel 8enel in the conduct of Experiment 
V. 
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3. MONITORING Vs. MAN-IN-THE-LOOP DETECTION OF AIRCRAFT 
CONTROL FAILURES 

Arye R. Ephrath and Laurence R. Y oung 

Department of Aeronautics and Astronautics 
Man-Vehicle Laboratory, M. I.T. 
Cambridge, Mass. 02139, U.S.A. 

INTRODUCTION 

The rapid technological advancements of the past decade, and the availability of higher 
levels of automation which resulted, have aroused interest in the role of man in 
complex systems. Should the human be an active element in the control loop, 
operating manual manipulators in response to signals presented by various instruments 
and displays? Or should the signals be coupled directly into an automatic controller, 
delegating the human to the monitoring role of a supervisor of the system’s operation? 

From a purely technological point of view , both approaches are feasible in most 
systems. The currεnt state of the art makes possible, for instance, the construction of 
a passenger jet aircraft which would climb, cruise, navigate to any point on the globe, 
descend, approach and land with nary a human intervention in the process. The 
automatic control of industrial manufacturing facilities , of spacecraft, of urban rapid 
transit systems and of nuclear reactors are examples of other cases in point. 

Indeed, the very availability of the applicable technology has spurred a number of 
investigators to suggest intriguing scenarios for the future. Draper et al. (1 964) raised 
seriously this question of the role of the human. Wempe (1974) offered the view that; 
as control and navigation requirements of future aircraft grow more complex, they may 
exceed human capabilities and make at least partial automation mandatory. This, in 
turn , raises the problem of dynamic allocation of tasks between man and machine 
(Walden and Rouse, 1978). 

Given an option of either manual or automatic control, the selection of the actual 
control mode for any system under consideration may be governed by a number of 
factors, ranging from economics to psychological motivation of the human operator 
One of the most important of these factors, however, especially in the design of 
systems with potentially-catastrophic failure modes, is the question of safety; to wit, 
the ability of the human to detect a malfunction and to provide redundancy in case of 
a failure. 

It is axiomatic that the operator should be capable of detecting and identifying failures 
in the system accurately, reliably and with minimum time delay. It is not at all clear, 
however, which control mode provides a better path to this desirable end. 
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systems. The current state of the art makes possible, for instance, the construction of 
a passenger jet aircraft which would c1 imb, cruise, navigate to any point on the globe, 
descend, approach and land with nary a human intervention in the process. The 
automatic control of industrial manufacturing facilities, of spacecraft, of urban rapid 
transit systems and of nuclear reactors are examples of other cases in point. 

Indeed, the very availability of the applicable technology has spurred a number of 
investigators to suggest intriguing scenarios for the future. Draper et al. (1 964) raised 
seriously this question of the role of the human. Wempe (1974) offered the view that; 
as control and navigation requirements of future aircraft grow more complex, they may 
exceed human capabilities and make at least partial automation mandatory. This, in 
turn , raises the problem of dynamic allocation of tasks between man and machine 
(Walden and Rouse, 1978). 

Given an option of either manual or automatic control, the selection of the actual 
control mode for any system under consideration may be governed by a number of 
factors, ranging from economics to psychological motivation of the human operator 
One of the most important of these factors, however, especially in the design of 
systems with potentially-catastrophic failure modes, is the question of safety; to wit, 
the ability of the human to detect a malfunction and to provide redundancy in case of 
a failure. 

lt is axiomatic that the operator should be capable of detecting and identifying failures 
in the system accurately, reliably and with minimum time delay. lt is not at all c1ear, 
however, which control mode provides a better path to this desirable end. 
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An argument can be made favouring automatic control , with the human monitoring the 
system; a malfunction would be detected rapidly, the theory goes, sincε the human is 
not burdened by mundane (and attention-consuming) manual control tasks. The human 
can thus devote his entire effort and all of his attention to tne task of monitoring the 
system, diligently scanning the displays, searching for the telltale deviations and 
discrepancies which indicate trouble. 

Not so, may say those who favour keeping the human in the control loop. Systεms 

with potentially-catastrophic failure modes are normally designed with a high degree of 
reliability; during that extremely long mean-time-between-failures the human, with 
nothing to do but monitor a perfectly-normal system , may become so bored and 
complacent that he might miss the rare failure when it does occur. Furthermore , even 
in the event that a failurε is correctly detected and identifïed, the opεrator needs to 
switch from monitoring to manual control to assume thε role of the malfunctioning 
automatic device. Such mode-shifts are rarely instantaneous , especially after extremely 
long periods of monitoring, Humans need time to adapt to the role of an active 
control element; in an emergency, that time may not be available. 

In an attempt to provide an answer to this question , we have investigated, via 
experiments, the effects of the mode of the operator's participation in the control task 
on his failure detection performance. Two experiments were carried out; one was 
based on a single-loop control task, the other on a complex, multi-loop task simulating 
an aircraft instrument landing. 

SINGLE LOOP CONTROL 

This first experiment utilized the human operator in his most "mechanical" role to 
close the manual control loop of a single axis compensatory system with random 
continuous input. At unknown times, the controlled element would suddenly change to 
a new element with different sign or number of integrations (Young, 1969). Three 
types of human operators were used: The "active" controller performed conventional 
compensatory tracking. The "inactive" manual controller also tracked but, without his 
knowledge, the error he observed was that of the active controller. The inactive 
controller' s commands were not reflected in the error he observed. Finally, a "passive 
monitor" simply observed the active controller’s error. Each participant was instructεd 

to indicate any controlled element change if it were detected. For this simple task, 
with no side loading, the subjects with greater involvement in the control loop 
demonstrated shortest detection times. The active controller, who could compare his 
commands accurately with the subsequent error changes, detected failures in about 1 
second. The inactive controller, who was involved in the tracking loop but less 
capable of performing the above comparison, took about 50 percent longer. The 
passive monitor, on the other hand, with only error pattems to analyze, required from 
3 to 5 times longer to make the detection. These results support the intemal model 
concept of human adaptive manual control , in which actual system performance is 
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continuously compared with the performance of an intemal reference model. 

Subsequent extensive experiments of a similar nature (Young and Tada, 1980) lend 
further suppoπ to the mode l. In these experiments, three subjects used a displacement 
control stick to track a sum-of-sines pseudo-random signal via a compensatory display. 
The controlled element was a first-order integrator with a gain, 2/s. Between 20 and 
60 seconds after the start of a run the controlled element dynamics were changed to 
-2/s, 8/s, -8/s or 5/s in such a manner that the displayed error and its rate remained 
smooth , and the subjects indicated a detection of this change by pressing a 
push-button 

Three sets of experiments were conducted. Each set consisted of 63 runs per subject, 
and one change in the controlled element dynamics occurred in each run in a 
randomized order. The same three subjects participated in all 3 sets. 

In the first set, the subjects tracked the pseudo-random signal and their tracking error, 
control inputs and detection times were recorded. In the second set, the subjects 
started each run by tracking in the conventional manner; the tracking error and 
error-rate were continuously compared, however, to those recorded for that subject 
during the same run in the first set. Approximately 2 seconds before the change in 
dynamics were to occur, and when the differences of e and e between the two 
compared signals were below a pre-set threshold, the display was switched to the 
recorded error signal. The subject thus became an "inactive" or "shadow" controller, 
excJuded (without his knowledge) from the control loop and observing his own eπor 

signal as recorded during the first set of experiments. It was vεrified in 
post-experiment debriefings that none of the subjects was aware of this fac t. 

In the third set of experiments the subjects acted as pure monitors, observing their 
own recorded error signals and indicating via the push-button when they detected a 
change in the dynamics. 

The results of these experiments reveal quite dramatically the superiority of the active 
manual controller as a detector, over both the inactive controIler and the monitor. The 
active controller always detected the change in the controlled element dynamics; in 
approximately 70% of the runs the change was detected within 1 second. By contrast, 
both the "inactive" ("shadow") controllers and the monitors took a good deal longer to 
make the detection, requiring 3-5 seconds to report the change in 70% of the runs. 
Furthermore, in quite a few instances the event had not been detected at all by the 
time the run ended, 12 seconds after the dynamics changed. 

Since the "active" controllers, the "inactive" controllers and the monitors all observed 
identical error signals, the superiority of the "active" controller as a detector must be 
attributed to the availability to him of proprioceptive feedback of hand position; this 
feedback was denied both the monitor and the "inactive" controller. This, therefore, 
tends to support thε hypothesis that knowledge of hand position in conjunction with 

부록 5- 123 

continuously compared with the performance of an internal reference mode l. 

Subsequent extensive experiments of a similar nature (Young and Tada, 1980) lend 
further support to the mode l. In these experiments, three subjects used a displacement 
control stick to track a sum-of-sines pseudo-random signal via a compensatory display. 
The controlled element was a first-order integrator with a gain , 2/s. Between 20 and 
60 seconds after the start of a run the controlled element dynamics were changed to 
-2/s, 8/s, -8/s or 5/s in such a manner that the displayed eπor and its rate remained 
smooth , and the subjects indicated a detection of this change by pressing a 
push-button 

Three sets of experiments were conducted. Each set consisted of 63 runs per subject, 
and one change in the controlled element dynamics occurred in each run in a 
randomized order. The same three subjects participated in all 3 sets. 

In the first set, the subjects tracked the pseudo-random signal and their tracking eπor， 

control inputs and detection times were recorded. In the second set, the subjects 
started each run by tracking in the conventional manner; the tracking error and 
error-rate were continuously compared, however, to those recorded for that subject 
during the same run in the first set. Approximately 2 seconds before the change in 
dynamics were to occur, and when the differences of e and e between the two 
compared signals were below a pre-set threshold, the display was switched to the 
recorded error signal. The subject thus became an "inactive" or "shadow" controller, 
excJ uded (without his knowledge) from the control loop and observing his own error 
signal as recorded during the first set of experiments. It was verified in 
post-experiment debriefings that none of the su이ects was aware of this fac t. 

In the third set of experiments the subjects acted as pure monitors, observing their 
own recorded error signals and indicating via the push-button when they detected a 
change in the dynamics. 

The results of these experiments reveal quite dramatically the superiority of the active 
manual controller as a detector, over both the inactive control\er and the monitor. The 
active controller always detected the change in the controlled element dynamics; in 
approximately 70% of the runs the change was detected within 1 second. By contrast, 
both the "inactive" ("shadow") controllers and the monitors took a good deal longer to 
make the detection, requiring 3-5 seconds to report the change in 70% of the runs. 
Furthermore, in quite a few instances the event had not been detected at all by the 
time the run ended, 12 seconds after the dynamics changed. 

Since the "active" controllers, the "inactive" controllers and the monitors all observed 
identical error signals, the superiority of the "active" controller as a detector must be 
attributed to the availability to him of proprioceptive feedback of hand position; this 
feedback was denied both the monitor and the "inactive" controller. This, therefore, 
tends to support the hypothesis that knowledge of hand position in conjunction with 

부록 5- 123 



system error is verγ important for rapid correct identification of single loop system 
failures. 

MUL TI-LOOP CONTROL 

This experiment was carried out in a static cockpit simulator and utilized fifteen 
professional airline pilots as subjects. The simulator was a mock-up of the captain’s 
station in a Boeing transport aircraft, and it was programmed to duplicate the 
dynamics of a large transport aircraft in the landing-approach flight envelope. 

In addition to failure-detection performance, we were interested in measuring the 
subjects’ workload under various control-participation modes and simulated wind 
disturbance conditions. To. this end, a waming-light-type subsidiary task had been 
installed in the cockpit. It consisted of two small red lights mounted above each othεr 

outside the subject’s peripheral field of vision. At random times during the run either 
light, with equal probability, was lit. A correct response by the subject consisted of 
extinguishing the light via a control-yoke-mounted, three-position thumb switch. In the 
absence of a correct response, the light remained lit for two seconds; then it was 
tumed off and a "miss" was recorded. A random time-delay , uniformly distributed 
between 0.5 and 5.0 seconds, separated successive lights. 

Our workload index was based on the ratio of the number of "misses" to the total 
number of light stimuli presented. It is grounded in the hypothesis that, as the 
primarγ task of flying the simulated aircraft becomes more demanding, more of the 
secondary task lights will be missed by the subject. This type of workload measure 
had been used by a number of other investigators as well (e.g. , Spyker et al., 1971 , 
and Brown, 1964). 

εach subject flew a number of simulated instrument approaches from a point 
approximately 12 miles out to touchdown. The experiment involved four levels of 
control participation: 

a) Monitoring, with autopilot coupling in all axes. 
b) Manual in the lateral axis, with autopilot coupling in the pitch axis. 
c) Manual in the pitch axis , with autopilot coupling in the roll axis. 
d) Fully manua l. 

There were three levels of wind disturbance: 

a) No wind. 
b) 45 tailwind of 5 knots gusting to 15 knots. 
c) 45 tailwind of 10 knots gusting to 30 knots. 

Three failure conditions were used: 
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a) No failure. 
b) A failure occurs in the lateral axis. In this condition the autopilot, if coupled, or 
the f1 ight director steered the airplane away from the localizer course. The deviation 
was such that the horizontal situation indicator reached a one-dot angular error (1.25 ) 
approximately 100 seconds after the initiation of the failure. The effect was quite slow 
and subtle, providing a good measure of the limits of the subjects’ failure-detection 
capability. 
c) A failure occurs in the pitch axis, identical in type to the lateral failures and 
resulting in a one-dot deviation (0.35 of angular error) approximately 30 seconds after 
the occurrence of the failure. 

To avoid possible contamination of the failure-detection data by the presence of a 
concomitant subsidiary task, two separate experiments were caπied out: W orkload 
levels were calibrated in the first experiment via the lights' side-task, without any 
failures being presented. Failure detection performance was investigated in a separate 
experiment, in which the subsidiary light-cancelling task did not operate. The second, 
failure-detection experiment consisted of 90 runs for each failure condition for 270 
runs in all, in a randomized order. 

Results. The main effect of the control-participation mode on workload is plotted in 
Figure 1. 

Failure detection performance was analyzed in terms of the time needed to detect a 
failure. As Figure 2 reveals, the time required to detect a longitudinal failure seems to 
increase with increasing workload. Figure 3 shows, however, that detection time is not 
monotonic with workload. In fact, it shows a large increase in detection time of 
lateral failures with little increase in workload between pure monitoring and failures in 
the manually-controlled axis. 

This trend toward poorer detection performance under manual control becomes even 
more evident when one analyzes the performance in terms of detection accuracy. We 
measured accuracy by the fraction of failures that were missed altogether. In all, 90 
approaches were f10wn in which a longitudinal failure occurred; of these, eight went 
unreported. Of the 90 lateral failures presented, nine were missed. Tables 1 and II 
show the percentages of missed failures, broken down by experimental condition. It is 
quite obvious that failures were missed only when the failed axis was being controlled 
manually. No failures were missed in an automatically-controlled axis in this 
experiment. 

DISCUSSIONS AND CONCLUSIONS 

At first, the results of our two experiments seem contradictory: Detection performance 
by the active controllers was superior to that of the passive monitors in the first 
experiment, while the opposite was true in the case of the instrument-Ianding 
simulation. Are we, then , back where we started? 
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The trends indicated by the results of each experiment are rather conclusive, with a 
high degree of statistical reliability (p < 0.01). Any differences between the res비ts of 
the two experiments must be attributed, therefore, to the difference in experimental 
conditions. 

Table 1. Fraction of Missed Longitudinal Failures in Percent of A Il Longitudinal 
Failures 

Gust Level 
Participation Mode 1 2 3 Overall 
Monitor n. O. O. O. 0 
Manual Yaw O. 0 0 O. 
Manual Pitch 12.5 14.3 12.5 13.0 
Gust Level 12.5 14.3 37.5 2 1.7 

Table 11. Fraction of Missed Lateral Failures in Percent of All Lateral Failurεs 

Gust Level 
Participation Mode 1 2 J ’ Overall 
Monitor O. O. O. 0 
Manual Yaw 37.5 14.3 37.5 30.4 
Manual Pitch O. 0 O. O. 
κ1anual Control 14.3 0 14 .3 9.1 

The subjects' workload level was not measured explicitIy during the first experiment; it 
was low, however, under all experimental conditions. In the landing-simulation 
experiment, on the other hand, the workload index was over 50% even in the 
pure-monitoring mode, due, at least in part, to the larger number of displays to be 
monitored. The pilots, who used the raw-data situation instruments as their primary 
displays when in automatic control, shifted their attention to the f1 ight director when 
in a manual mode. It is our conjecture that the higher overall levels of workload 
associated with the second experiment resulted in a lack of attention to the situation 
displays under manual controI which, in tum. εffected poorer failure detection 
perforrnance. 

The operator's workload has been shown (Wickens and Kessel; 1979) to affect 
detection perforrnance adversely. Wickens and Kessel’s study is interesting in that it 
employed a paradigm whose complexity lay between that of our single-Ioop and 
multi-loop experiments. It is perhaps not surprising that their results fall somewhere 
between the extremes of our results, as wel l. By utilizing a dual-axis pursuit tracking 
task of moderate di잠iculty ， Wickens and Kessel showed that detection accuracy was 
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better under automatic conditions, while detection speed was superior when the 
subjects tracked manually. This last result they, too, attribute to the availability of 
proprioceptive feedback in the manual control mode. 

These results seem to lead to the conclusion that the level of workload associated 
with a situation may dictate the prefeπed operator-participation mode. In tasks 
involving low workload levels, such as single-loop compensatory tracking, with a 
single display , failure detection performance is superior when the human operator is 
kept in the control loop. On the other hand, when the dynamics of the plant are 
complex, the displays are many and, consequent1y, the workload level is high, then 
the additional increase in the operator’s workload when shifting from monitoring to 
manual control more than offsets the advantages of being in the control loop. The 
rεsult is a net detεrioration in the failure detection performance. 

Within the limitations of this study, our results seem to suggest that, in poor 
metεorological conditions, a coupled, fully-automatic approach monitored by the crew 
via cockpit displays is the preferred participation mode from the point of view of 
failure detection. Performance monitors and fault annunciators may alleviate the 
problem somewhat; it is not known at this time, however, whether or not they wil\ 
change the preference ordering of participation modes. 
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4. Flight-deck automation: promises and problems 

BY EARL L. WIENER 
University of Miami, Coral Gables, Florida, 33124, U.S.A. 
and RENWICK E. CURRY 
Ames Research Center, NASA, Moffett Field, Califomia, 94035, U.S.A. 

Modem microprocessor technology and display systems make it entirely feasible to 
automate many of the flight-deck functions previously performed manually. There are 
many benefits to be derived from automation; the question today is not whether a 
function can be automated, but whether it should be, due to various human factors 
issues. It is highly questionable whether total system safety is always enhanced by 
allocating functions to automatic devices rather than human operators, and there is 
some reason to believe that flight-deck automation may have already passed its 
optimum point. This is an age-old question in the human factors profession, and there 
are few guidelines available to the system designer. 

This paper presents the state-of-the-art in Human factors in flight-deck automation, 
identifies a number of critical problem areas, and offers broad design guidelines. Some 
automation-related aircraft accidents and incidents are discussed as examples of human 
factors problems in automated flight. 

1. Introduction 

Papers of this sort often begin with the almost mandatory statement that in future 
systems, automatic devices will provide for the real-time, moment-to-moment control of 
the process, and that the human operator will be relegated to the post of monitor and 
decision-maker, keeping watch for deviations and failures, and taking over when 
necessary (see numerous papers in Sheridan and Johannsen 1976). This prescription is 
based on the observation that inanimate control devices are extremely good at rea1time 
control, but must be supported by the remarkable flexibility of the human as a 
supervisor and standby controller, in case of breakdown or other unforeseen events 

The second mandatory statement is that the human , for all his putative flexibility , is 
not so good at the monitoring task, and is highly likely to miss critical signals, as 
well as to make occasional commissive errors. lndeed, the verity of the second 
statement. backed up by endless accident and incident reports, tempts designers to 
’automate human error out of the system'. The lure is especially great in aviation, 
where the cost of human failure can be 50 high. 

While the authors have no quarrel with the two basic statements. the assumption that 
automation can eliminate human error must be questioned. l-his paper will explore 
automation of flight-deck functions, the presumed benefits and possible pitfalls, and 
will ask whether it is possible that cockpit automation may have already passed its 
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optimum point. This examination is made more urgent by rapid developments in 
microprocessor technology, and by many present and near-future applications in the 
cockpit (Lovesey 1977, Ropeiewski 1979). The question is no longer whether one or 
another function can be automated but, rather. whether it should be. 

Much of what will be said about automation on the flight deck may be applied 
equally well to other large-scale systems (for example. air traffic control, nucIear 
power generation), and we invite the reader to do so. Likewise, much of what has 
been written about automation in other fields could apply to the flight deck: for 
example, the many excellent papers on process control appearing in Edwards and Lees 
(1 974), and the overview by Shackel (1 967) 

The very word ’automation’ is Iikely to conjure up, at least in the mind of the 
technologically unsophisticated , two rather opposite images, both of which can 
비timately be shown to be exaggerated, if not incorrect. On the negative side, 
automation is seen as a collection of tyrannical, self-serving machines, degrading 
humans, reducing the work force, bringing wholesale unemployment, and perhaps even 
worse, offering an invitation to a technological dictator to seizε power and build a 
society run by Dr. Strangeloves, aided by opportunistic , cold-hearted computer geniusεs. 
The classic Charlie Chaplin movie Modem Times depicted the subjugation of industrial 
man to machine, and more recently the popular novels and movies by Michael 
Crichton (Westworld, Terminal Man) dwelled on thε perils of a computer based 
society gone awry. So far, there is no indication that such a thing has happened, or 
that it wil l. 

Perhaps equally fallacious is the positive image of automation: quiet, uneπmg， 

efficient, totally dependable machines, the servant of man, eliminating all human eπor， 

and offering a safe and cost-effective altemative to human frailty and caprice. The 
traditional dream of traditional engineers has been to solve the problem of human 
error by eliminating its source. It is worth noting that the general public appears as 
sceptical of the infallibility of automation as they are fearful of its consequences. 

Thus, the authors will shortly present what is popularly called ’the good news and the 
bad news' of f1ight-deck automation, as there are ample instances of each. We shall 
finally attempt to provide some tentative guidelines to the implementation of automatic 
devices in aircraft. Automation of human functions in air traffic control (A TC), 
weather forecasting, dispatching, and maintenance , while vitally important, wi Il not be 
addressed in this paper. 

2. Why automate? 

It is almost trite (though necessary) to say that automation may be a mixed blessing 
in the cockpit, as elsewhere. Already there is serious concem about the impact of 
automation on f1ight-deck performance, work-Ioad, and ultimately, on aviation safety 
(Edwards 1976, 1977). Questions have arisen from accident reports, incident reports 
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(such as NASAs A viation Safety Reporting System), airline training, simulator studies, 
and our own interviews with crew members and airline flight managers about such 
matters as failure detection, manual takeover, skills degradation, and even job 
satisfaction and self-concept of pilots and flight engineers operating highly automated 
equipment. These are not new problems, but they are now being addressed with a 
new urgency and frankness , impelled by the technological developments that make 
flight-deck automation entirely feasible, at least from an electro-mechanical point of 
vlew. 

2.1. A basic assumption 

One hears, from time to time, talk of the unrnanned airline cockpit. While the authors 
find this neither unthinkable nor technologically unfeasible, we feel the; , as far into 
the future as we can see, it would be socially and politically unacceptable. Therefore, 
while we do not complεtely dismiss the idea of an unrnanned airliner, this discussion 
is based on the assumption that airliners will carry a human crew. (For a concurring 
view, see McLucus 1978.) The size, functions , selection, training, and motivation of 
this crew , however, remain open questions. It should be noted that even the unmanned 
factory , so often predicted, has never come to pass (de Jong and Koster 1974). 

2.2. Driving forces 

Before going further, one should ask just what is the thrust behind cockpit automation. 
We have identified three factors. 

2.2.1. Technology: The explosive growth of microprocessor technology has already 
been mentioned. Rapid improvement in perforrnance, and decrease in size, cost, and 
power consumption of various electronic devices, sensors, and display media, make 
automation of many flight-deck (as well as ground-based) systems a reasonable 
altemative to traditional manual operation. This trend will continue well into the next 
century. One should note that technology is not a goal (as the next two factors are), 
but is instead a facilitating factor. 

2.2.2. Safety: More than half of aircraft accidents are attributed to ’human error’. This 
terrn can be somewhat misleading, as one is never sure whether it means cockpit 
crew error, or includes other humans such as A TC controllers, weather forecasters , 
maintenance personnel, and dispatchers. Be that as it may, there exists ample need to 
reducε human error in the cockpit. Autopilots, flight directors, and alerting and 
waming systems are examples of automatic systems that have had a beneficial effect 
on pilot work-load anψor safety margins. The ground proximity waming system 
(GPWS) provides an excellent example. Since its introduction by Congressional 
mandate in 1974, there has been a dramatic reduction in terrain strike accidents, both 
in the United States and worldwide. lt is impossible to know how many aircraft and 
lives have been saved by this device. None-the-less, it is often denounced by pilots 
for the frequent false alarrns it generates. These false alarrns are annoying, and 
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potentially dangerous, but on balance, the GPWS would have to be viewed very 
favorably. 

2.2.3. Economics: Undoubtedly, automation can bring about enormous savings through 
fuel conservation, if total flight time can be reduced, and more fuel-efficient climb 
and descent pattems can be implemented (Curry 1979, Feazel 1980). Both the potential 
for dollar savings and the impact on airline profits are difficu1t to exaggerate. 
especially in the face of steadily rising fuel prices. In 1978 a gallon of jet fuel s이d 

for about 38 cents (U.S.), for 70 cents by the end of 1979, and is forecast to be 
more than one collar by the end of 1980. A rεcent analysis of the operating costs 
and profits of a m갱or U.S. carrier showed that a 3% savings in jet fuel could resu1t 
in a 23% increase in profits. Automation in both A TC and the cockpit could easily 
produce the 3% reduction in fuel consumption; even greater savings are possible on 
shorter runs, such as the New York Boston shuttle. Potter (1980) reported that every 
percentage point increase in jet fuel price will cost Westem Airlines $4,000,000. 
Likewise, we presume, every percentage point by which consumption could be reduced 
should save the company about the same amount. Finally. Covey et al. (1 979) have 
summarized 12 fuel conservation methods, and have concluded that a savings of up to 
12% could be realized from their optimal use. Five per cent savings have alrεady 

resu1ted from a partial implementation. Most of the methods they outlined would 
require automation to some degree in order to achieve maximum savings. 

As in other industries, a large component of airline operating costs is labour. Wh ile it 
is questionable whether automation can reduce the number of persons in the cockpit 
(the authors do not wish to plunge into the two-versus-three person crew controversy), 
it should not be totally discounted (0’Lone 1980). 

Furthermore, automation may reduce direct labour costs somewhat by reducing flight 
times through more efficient lateral navigation, and may cut maintenance costs by 
more effective use of the equipment. However, in considering economics, one must 
also recognize that automation equipment does not come cheaply. The airline industry 
will be saddled with enormous costs for training and maintenance. But even putting 
the safety question aside and looking only at the economics, it appears that flight-deck 
automation should be a very good investment, especially in view of never-ending fuel 
price increases, not to mention possible shortages. 

3. Representative aviation accidents and incidents 

So much for the promises of flight-deck automation. Let us now examine some of the 
problems, which can best be illustrated by representative aviation accidents and 
incidents. These accounts are confined, by necessity, to very brief summaries and 
comments on what is usually a very complex causal chain. The authors do not wish 
to over-simplify either the facts or the causal interpretation of these accidents, and the 
interested reader is encouraged to delve into the full reports. (For other examples, see 
Rolfe 1972, Dan때er 1980, Wiener 1977, 1980.) 
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3. 1. Failure of automatic equipment 

One of the concems regarding the use of equipment for automatic control or 
monitoring is that it may fail to operate correctly. Consider the following incidents 
reported in a cockpit newsletter: 

(1) In an approach with the autopilot in control, a bend in the glidepath at 500ft 
above the ground caused a very marked pitch down, resulting in excessive sink rate. 
The pilot, though fully aware of the situation, did not react until his position was so 
critical that a veη low P비l-up had to be made 

(2) The altitude preselect (a device to level the aircraft at a predetermined altitude) 
malfunctioned. This went unnoticed by the pilots and an excessive undershoot was 
made (descent below desired altitude). 

(3) At level-off by use of the altitude preselect, and with the throttles in idle, the 
speed dropped c10se to the stall point before this condition was detected and rectified 
by power application. 

(4) While in navigation mode (autopilot steering the aircraft to maintain a track over 
the ground) the aircraft tumed the wrong way over a checkpoint. Although the wrong 
tum was immediately noticed, the aircraft tumed more than 45 0 before the pilot took 
actJOn. 

These reports are brief, and the present authors do not have access to more details. 
Thus it is difficult to determine how much of the fault should be attributed to 
hardware failure , improper set-up of the equipment, and inappropriate expectations of 
how the equipment should operate. None-the-less, the reports are typical of the 
day-to-day problems encountered by flight-crews. 
3.2. Automation-induced error compounded by crew error 

The following accident illustrates one of the special hazards of automation, one that 
many traditional engineers might rather not hear about. In this case, the causal chain 
of events was set into motion by the failure of the automated equipment, then 
compounded by crew error, resulting in a crash (NTSB 1979 a). A Swift Aire Lines 
Nord 262 departed from Los Angeles Intemational west bound, and shortly after gear 
retraction, its right propeller autofeathered. Autofeather is a device common on 
advanced twin-engine propeller-driven aircraft. lt senses a loss of power in an engine 
and feathers the propeller (rotates the blades in line with the direction of flight to 
reduce drag) without human intervention. It is armed only on take-off and initial 
c1 imb-out. The purpose of the autofeather is to prec1ude the possibility that a crew 
member will shut down the wrong (operating) engine in the event of power failure on 
take-off. It remains for the crew to secure the dead engine, increase power on the 
good engine, make trim and control adjustments, and continue c1imbing to a safe 
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altitude for retum to the field. 

Immediately after the right engine autofeathered, the crew shut down the left (good) 
engine, resulting in a fatal ditching in the Pacific Ocean. Examination of the right 
engine showed there had been no power loss, and the autofeather had been due to a 
broken hydraulic hose in the sensing mechanism. Later investigation revealed that 
inadvertent autofeathers on Nord 262 aircraft were anything but rare. Thus, a device 
designed to automate human error out of the system had triggered the fatal chain of 
events, compounded by the very human error it was supposed to prevent. 

3.3. Crew error in equipment set-up 

Inertial navigation systems (INS) are automatic navigators. They are also used to 
supply automatic pilots with position information to allow control of aircraft track (the 
navigation mode). The latitude and longitude of the initial position of the aircraft and 
a series of checkpoints (’waypoints’) defining the desired track across the εarth is 
loaded into the INS computer by keyboard before the flight. During the initial set-up, 
the crew loaded their position with a northem latitude rather than the southem latitude 
of their actual location. This error was detected neither by the INS nor the crew until 
after takeoff. The aircraft had to retum to the departure point becausε the INS could 
not be reset in flight. 

3 .4. Crew response to a false alarm 

Another form of automation-induced error is the false alarm , which persuades the crew 
to take corrective action when in fact nothing is wrong with the system (other than 
the spurious alarm). Such an error occurred during the take-off of a Texas 
Intemational DC-9 from Denver (NTSB 1977). As the aircraft accelerated to the 
velocity of rotation (where the nose wheel is lifted off the runway and the aircraft 
assumes a nose-high pitch attitude), about 150 knots in this case, the stall waming 
actuated. This was a stick shaker, a tactile waming system wherεby the control 
column begins to shake, as well as giving auditory ’clacks'. Believing that a stall was 
imminent in spite of normal airspeed and pitch attitude indications , the crew elected to 
abort the take-off, resulting in a runway over-run, severe damage to the aircraft, and 
non-fatal injuries to some passengers. Interestingly, the pilots had both experienced 
spurious stall wamings on take-off previously, but they probably had little choice but 
to regard this as a bona fide alert. 

In a ’split second' the crew faced a choice of aborting the take-off, with an almost 
inevitable, though perhaps non-catastrophic , accident, and continuing the take-off with a 
plane that might not be flyable, which could result in a much worse accident. It 

might be interesting, but perhaps not profitable, to speculate on what might have 
occuπed if this decision function had been automated. Suffice it to say that the 
decision to stop or go, as it faced the crew at that critical moment during rotation, 
would have been in the hands of some distant software designer. We leave it to the 
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reader to decide if that is a comforting thought. 

3.5. Failure to heed automatic alarm 

An Allegheny BAC 1-11 was on an approach to landing, but at an excessive airspeed. 
During the approach the ground proximity waming system was triggered three times 
(once for excessive descent rate, 1wice for less than 26% of flaps with gear extended 
and excessive descent rates). Instead of executing a missed approach, the captain 
continued toward landing, crossing the runway threshold at a speed of 184 knots, 61 
knots above the reference speed. The aircraft landed approximately halnνay down the 
runway and overran the far end; one person was seriously injured. 

The NTSB (1979 b) determined that the probable cause of the accident was the 
captam’s complete lack of awareness of airspeed, vertical speed, and aircraft 
performance throughout the approach and landing. A contributing factor was the 
copilot’s failure to provide required call-outs of airspeed and vertical speed deviations. 
In its analysis, the NTSB did note that the GPWS alerts should have indicated to the 
crew that the approach was improper and that a missed approach was necessary. It 

also mentioned that none of the alerts caused the crew to take corrective action, even 
though company procedures dictated that they should do so. 

3.6. Failure to monitor 

This type of problem can be exemplified by certain ’controlled flight into terrain' 
accidents , in which a f1 ight-crew, with the aircraft controllable, flies it into the ground 
(or water), usually without any prior awareness of impending disaster (see Ruffell 
Smith 1968, Wiener 1977). In December 1972, an Eastem Air Lines L- 1O II was 
approaching Miami on a clear night. During the pre-landing cockpit check, the crew 
encountered an unsafe landing gear indication (l ight failed to illuminate). ATC assigned 
the aircraft to a westward heading at 2000 ft (mean sea level), while the crew 
attempted to diagnose the problem. The plane was under autopilot control. The 
f1 ight-crew became preoccupied with the problem at hand (the captain and first officer 
had pulled the bulb appliance out of the panel to check the lamp, and were having 
trouble putting it back together). They did not notice that the autopilot had 
disengaged, and that the aircraft was in a slow descending spiral. They f1ew into the 
ground, having never detected their departure from altitude, even with full cockpit 
instrumentation, extra-cockpit vision , a C-chord altitude alert that sounded (and was 
present on the cockpit voice recorder), and an ambiguous inquiry from a radar 
operator in Miami who observed the descent on the alphanumeric read-out on his 
scope (NTSB 1973). 

3.7. Loss of proficiency 

One of the most easily imagined consequences of automation is a loss of proficiency 
by the operator. Wh ile there has been no specific accident or incident in which this 
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has been cited as a contributing factor. discussions with individuals in the management 
of pilot training have noted a perceptible skill loss in pilots who use automatic 
equipment extensively. For example, copilots on wide-body jets, which have 
sophisticated automatic systems, accrue enough seniority to become captains on 
narrow-body jets, which do not have sophisticated autopilot/autothrottle systems. Those 
who report these skill losses go on to say that they feel they have resolved the 
problem by asking copilots to tum-off the automatic systems prior to transition training 
so that they regain proficiency with manual systems. We have noticed that many crew 
members seem to have discovered this on their own and regularly tum-off the 
autopilot, in order to retain their manual flying skills. 

Beyond the P9ssible loss of proficiency, a change in attitude may be induced by use 
of automation. The following excerpt from a letter from a flight training manager 
speaks succinctly of the issue: 

"Having been actively involved in all areas of this training, one disturbing side effect 
of automation has appeared, i.e. a tendency to breed inactivity of complacency. 

For example good conscientious First Officers (above average) with as little as 8-9 
months on the highly sophisticated and automated L-1 0 11 s have disp1ayed this 
inactivity or comp1acency on reverting to the B-707 for initial command training. 

This problem has caused us to review and increase our command training time for 
such First Officers. In fact we have doubled the allotted en route training time." 

4. Common problem areas 

The previous discussions have concemed some very specific problems with the use of 
automated devices. We have analyzed the above incidents and many others, and have 
πied to rephrase the problem statement into a more general context. This will, we 
hope, assist interested paπies from diverse disciplines and industries to communicate in 
a more effective manner. Five general problem areas are described. the boundaries of 
the problem areas are somewhat ill-defined, and many questions may legitimately 
belong to more than one category. 

4.1. Automation of contro1 tasks 

This problem area has received the most attention in the past. When control tasks are 
automated, the operator's role becomes one of a monitor and supervisor; hence, the 
primary issues revolve around his ability to perform these functions , since the control 
task is almost always accomplished satisfactorily by the automatic system. Typical 
questions to be examined are: 

(1) Under what conditions will the human acting as a monitor be a better (or worse) 
failure detector than the human as an active controller/operator’? 
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(2) Is there a significant ’warrn-up’ delay when the human changes from passive 
monitor to active controller'? Does automation lull the operators into a state of low 
alertness or do they enter a state in which they are easily distracted from the 
monitoring task by unimportant events? 

(3) What should be thε forrn of the interaction between the operator and the 
automatic system’? If the automatic system is changing the system configuration. 
should it make the change automatically and inforrn the operator, or make the change 
only after operator acknowlegment? Should the system indicate why it is making the 
change or not? 

(4) What is the impact of different levels of equipment reliability on the operator's 
ability to detect, diagnose, and treat malfunctions in manual and automatic tasks? It 
seems plausible that equipment reliability could be an important factor. For example, if 
the equipment is very unreliable, then the operators will be expecting malfunctions and 
will be adept at handling them. If the equipment is very reliable, then there is little 
need for failure detection and diagnosis on the part of the operator. An interrnediate 
level of reliability, however, may be quite insidious since it will induce an impression 
of high reliability, and the operator may not be able to handle the failure when it 
occurs 

4.2. Acquisition and retention of skills 

The use of automation will probably result in a decrease in the skill level for 
well-leamed manual tasks. Of practical importance is the rate at which these skills 
deteriorate and the counterrneasures available to prevent unacceptable skill loss. On the 
other hand, the training literature suggests that part-task operation (with the other tasks 
automated) during the earIy, familiarization phases of operation may be an effective 
means of total acquisition of operational skil l. Thus, the major unanswered questions 
regarding the initial acquisition, reacquisition, and retention of skills are as follows: 

(1) How quickly do manual skills deteriorate with lack of use? What factors influence 
the rate of loss? 

(2) Can periodic practice prevent the deterioration of skill? If so, what frequency is 
required? 

(3) Are there altematives for practice with the actual system, for example, part-task 
simulators? 

(4) What quality control techniques will be necessary to assure maintenance of skills? 

(5) Can automation be used to increase successfully the rate of skill acquisition in 
complex tasks by automating some of the subtasks? Will the operator who is leaming 
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in this mode be better at detecting anomalies in other parts of the process? WiIl the 
necessity of leaming to operate the automatic equipment (perhaps a complex process 
itself) negate any of the gains of automating subtasks? 

4.3. Monitoring of complex systems 

The experimental and theoretical research on vigilance deals primarily with human 
perceptual processes; for example, detecting the presence of a light. Most systems, 
however, require much more cognitive processing to perform the monitoring task. For 
example, a typical pilot assessment of his fuel situation might proceed as fo Ilows: the 
aircraft is traveIling at 200m.p.h. and is 100 miles , or 100/200=0.5h from the 
destination; it is buming 100 gaIlonslin and therefore requires 0 5 h x 100 ga l/in 二

50 gallons to reach the destination; there are 40 gaIlons of fuel remaining. so the 
destination cannot be reached. 

Beyond this very simple but highly realistic case, there are many situations that 
require cognitive functions; for example, logical, mathematical, and memory operations 
using multiple sources of information. The major issues in this complex monitoring are 
essentiaIly those that confronted researchers in the vigilance area, but they have to be 
examined for the more complex situations: 

(1) Does complex monitoring performance degrade with time on watch? If so , is this 
a change in perception , cognition, or criterion level? 

(2) What are the means for maintaining alεrtness for rare signals? Wi Il artificial 
signals and alerts improve or degrade monitoring effectiveness? Wi l\ additional 
work-Ioad, in addition to complex monitoring, improve or degrade performance? 

(3) What makes an automatic system more ’interpretable’, that is, easier to detect and 
diagnose malfunctions? 

4 .4. Alertin용컨fÍd waming systems 

Human behaviour with alerting and waming systems is one of the most fascinating 
topics in man-machine interaction. It is here that one sees both unpredictable and 
predictable responses. For example, it has long been recognized that people wi l\ ignorε 

an alarm if experience has shown that the alarm may be false; we see the same 
behaviour with some cockpit alarms today. Important research questions for alerting 
and waming systems include: 

(1) What are the characteristics of an ideal (but attainable) alerting and waming 
system? 

(2) What attributes make a false alarm rate unacceptably high? 
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(3) Why do alanns apparently go unheeded? 

(4) Under what conditions do operators rely on alerting and waming systems as 
primary devices rather than as back-up devices? Is this operationally sound? 

(5) Under what conditions will operators check the validiη of an alann? 

(6) Should the responsible operator be given a preview alert and opportunity for 
corrective action before the alann is given to others 'J 

(7) A consensus seems to be building to develop alerting and waming systems that 
are ’smart’ among other things, they would prevent ’obvious , false alanns, and assign 
priorities to alanns. The logic for these systems will likely be exceedingly 
complicated. Will that logic be too complex for operators to perfonn validity checks, 
and thus lead to over-rεliance on the system 'J Will the priorities always be 
appropriate? If not, will the operators recognize this? 

4.5. Psychosocial aspects of automation 

The psychosocial aspects of automation may prove to be the most important of all, 
because they influence the basic attitudes of the operator toward his task, and, we 
would presume, his motivation, adaptability, and responsiveness. The significance of 
these questions lies not in the spectre of massivε unemploymεnt due to assembly line 
automation, but in the effects of automation on the changing role of a few highly 
skillεd operators: 

(1) Will automation influence job satisfaction, prestige, and self-concept (especially in 
a、vlat디ion)η 

(2) If there are negative psychosocial consequences of automation, what precautions 
anψor remedies will be effective without changing the use of automation? 

(3) What does increased automation imply for operator selection? Are there clearly 
defined aptitudes or personality attributes which imply better monitoring (or manual) 
effectiveness 'J 

(4) How should training programs be altered to deal with possible psychosocial 
effects? Would a simulator help support morale? If so, what type of simulation? 

5. Design decisions 

The words ’cockpit automation' are usually interpreted to mean autopilots, flight 
directors, and other equipment associated with the control of the aircraft flightpath and 
aircraft systems. lnterpreting automation to mean the accomplishment of a task by a 
machine instead of a human leads to the realization that all cockpit alerting and 
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warning systems are forms of automation also, since they perform monitoring tasks. 
Automation of control and automation of monitoring are quite independent of each 
other: it is possible to have various levels of automation in one dimension (see figure) 
independent of the other. Automation of control tasks implies that the operator is 
monitoring the computer, whereas automation of the monitoring tasks implies that the 
computer is monitoring the operator. Both of these dimensions will be explored in the 
context of design decisions after a discussion of the overall goals of the system. 

Two dimensions of automation: control and monitoring. Piloting an aircraft involves 
both control and monitoring tasks ‘ related to the flight path and aircraft sub-systems. 
This figure depicts the possibility of different levels of automation in the control and 
monitoring tasks 

5. 1. System goals 

Let us begin by asking what the user expects of the system. Some of the goals of 
the system are: 

(a) To provide a flight (incIuding ground handling) with infi띠n띠1니ites인ima떠 acc디l띠de히nt 1π t 

pπro얘ba매bil…Iity 

(b) To provide passengers with the smoothest possible flight (by weather avoidance, 
selection of the least turbulent altitudes, gradual tums and pitch changes, gradual 
altitude changes) 

(c) To conduct the flight as economically as possible, minimizing flight time, ground 
delays, fuel consumption, and wear on the equipment. 

(d) To minimize impact of any flight on the ability of other aircraft to achieve the 
same goals (for example, by cooperation with A TC in rapidly departing altitudes when 
cIeared, freeing them for other aircraft). 

(e) To provide a pleasant, safe, and heaIthful working environment for the crew. 

Now that the goals of the system have been annunciated, several things should be 
c1ear. First, the goals are exactly the same whether the systems are automated or 
manual. Whether flight-deck automation can help achieve these goals, and whether it 
is feasible and economical to do so, remains to be seen. (For a totally optimistic 
view, see Boulanger and Dai 1975.) Second, for the most paπ， these goals are not in 
conflict. There are exceptions, as cIearly (b) may be in conflict with (c). The 
resolution of this conflict lies in evaluating the utilities to the airline, no easy job in 
itself. If the utilities can be made explicit, then the resolution could be automated. For 
example, one could envisage an on-board flight management system that wo비d take 
into account the utilities of extra cost of weather avoidance versus the discomfort to 
passengers. The system would then, within certain constraints, navigate over a course 
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and altitude of maximum utility. Likewise, (b) and (d) may at times be in conflict-a 
very rapid descent would be helpful to A TC in clearing altitudes for other traffic, but 
may adversely affect both passenger comfort and fuel consumption. Again, while these 
are not problems of automation per se, automation in the cockpit (and elsewhere) may 
aid in their resolution, forcing the designer to face the question of utilities. 

5.2. Design philosophies-control 

So far we have specified system goals and constructed, at least, a justification for 
considering automation as a means of reaching these goals, along with some cautions. 
We must now consider design philosophies centred on the man-in-the-loop question. In 
simple terms, the designer must ask to what extent the human should be included in 
the control loop at all (Sinaiko 1972). 

This is considerably more than restating the time-honoured cliches about ’man can do 
these things better than machines, but machines can do these better', which were so in 
fashion in the early days of ergonomics. Since the authors have already ruled out 
unmanned airline f1 ight (by assumption), the question must now be restated, ’under 
what conditions should man be paπ of the control loop, and what price is paid, in 
terms of attaining system goals, for including or excluding him?’ One paradigm is that 
usually employed by the control systems engineer (see, for example, Johannsen 1976). 
This scheme envisages nested control loops with inner, high activity loops, such as 
aircraft attitude control, and an outward progression toward lower activity loops such 
as aircraft navigation. These loops must be controlled by either the pilot or the 
autopilot: the choice is determined by the partic비ar mode of the autopilot in use. 

During cruise, the least critical portion of the f1 ight, designers and pilots are only too 
happy to tum control over to the autopilot, allowing the f1ight-crew to occupy 
themselves with other things. In other phases of the f1 ight, use or non-use of the 
autopilot is largely a matter of personal style of the f1 ight-crew. 

Control by the autopilot during level f1 ight at an assigned altitude would be 
satisfactory were it not for the fact that autopilots have a disconcerting way of failing 
’gracefully’, so gracefully that a de-coupling may not be noticed by the crew until the 
system is badly out of limits. Two interesting examples can be cited. First, a PAA 
8-707, which was cruising at 36000 ft above the Atlantic, experienced a graceful 
autopilot disengagement. The aircraft went into a steep descending spiral before the 
crew took action, and lost 30 000 ft before recovery (Wiener 1962). A second case, 
the crash of an Eastem Air Lines L-1011 in the Everglades, was discussed in 9 3.6. 

A more demanding control task would be final approach navigation-merely a special 
case of lateral and vertical navigation, but one that combines relatively high bandwidth 
activity with low error tolerance. At this point, the man-in-the-loop design philosophies 
become controversial. An excellent example of the intrusion of basic design philosophy 
into equipment concepts is the controversy of the head-up display (HUD). At issue is 
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the HUDs usefulness in aiding the pilot making a low-ceiling, low visibility approach, 
below those permitted with conventional head-down displays, even when aided by 
autothrottles and f1 ight directors. The two philosophies are exemplified by papers by 
Naish and Von Wieser (1 969), which was strongly supportive of retaining the man in 
the loop by means of providing a HUD, and by St. John (1 968) who wished to 
remove him entirely from controlling a final approach by the use of more 
sophisticated auto-land equipment. The argument in favour of the HUD is that it 
allows one crew member to remain ’head up’, so that when the runway becomes 
visible, the transition from instruments to outside reference is facilitated. The ’head-up’ 

pilot would then fly so as to superimpose visually the HUD runway symbology on 
the actual runway. 

Others feel that the intervention by the pilots could introduce nothing but επor to an 
auto-land approach-they prefer to havε the autopilot/autothrottle capacity used all the 
way to the runway, with the pilots keeping their hands off and only monitoring (as in 
the extreme lower right of the figure). The middle ground would bε an auto-land 
approach, monitored by a head-up display. This procεdure is gammg favour and is 
currently used by some Europεan carrlers. 

The reader should note that at least one piece of cockpit instrumentation , the flight 
director, stands in contrast to the nested-loop configuration we have been describing. A 
f1 ight director takes essentially outer loop decisions about navigation and computεs 

steering commands for the pilot (or autopilot), relieving him of complex information 
processmg reqUlrements. 

Finally, one might conceive of outermost loops where control decisions are made only 
occasionally: initial flight planning, or changes en route (such as weather avoidance , 
diversion to an alternate, or handling of critical in-flight events). Many such decisions 
could be automated, but presently are not. We predict that the actual decisions would 
always remain in thε domain of the pilot for a variety of reasons, incIuding 
complexity, the cost of developing and maintaining software, legal liability, and social 
pressures. Even in the most fully automatic mode, the equipment would process 
information and present alternatives to the pilot, who would weight the results and 
make the command decision. The intriguing question is the many forms the crew 
computer interaction might take. For example, does the automatic equipment merely 
compute alternatives, or should it suggest a ’beet’ choice to the pilot? What role could 
automation play in multi-attribute decisions? Let us take as an example the choice of 
alternate airport, should it become necessaη to divert. Pertinent attributes of the 
candidate airports incIude the present weather, the forecast weather, type of instrument 
approach available , passenger facilities , maintenance facilities , runway length and 
conditions, fuel cost at the destination, surrounding terrain, and many more. 
Automation or not, the captain must ultimately process multi-dimensional information 
and make the decision, often between conflicting objective functions. Our question, 
once again, is how may automation assist the pilot in making his decision'? 

부록 5- 142 

the HUDs usefulness in aiding the pilot making a low-ceiling, low visibility approach , 
below those pennitted with conventional head-down displays, even when aided by 
autothrottles and f1 ight directors. The two philosophies are exemplified by papers by 
Naish and Von Wieser (1 969), which was strongly supportive of retaining the man in 
the loop by means of providing a HUD, and by S1. John (1 968) who wished to 
remove him entirely from controlling a final approach by the use of more 
sophisticated auto-Iand equipment. The argument in favour of the HUD is that it 
allows one crew member to remain ’head up’, so that when the runway becomes 
visible, the transition from instruments to outside reference is facilitated. The ’head-up’ 

pilot would then fly so as to superimpose visually the HUD runway symbology on 
the actual runway. 

Others feel that the intervention by the pilots could introduce nothing but error to an 
auto-Iand approach-they prefer to have the autopilot/autothrottle capacity used all the 
way to the runway, with the pilots keeping their hands off and only monitoring (as in 
the extreme lower right of the figure). The middle ground would be an auto-Iand 
approach, monitored by a head-up display. This procedure is gammg favour and is 
currentIy used by some European carriers. 

The reader should note that at least one piece of cockpit instrumentation, the flight 
director, stands in contrast to the nested-Ioop configuration we have been describing. A 
f1 ight director takes essentially outer loop decisions about navigation and computes 
steering commands for the pilot (or autopilot), relieving him of complex infonnation 
processmg reqUlrements. 

Finally, one might conceive of outennost loops where control decisions are made only 
occasionally: initial flight planning, or changes en route (such as weather avoidance , 
diversion to an alternate, or handling of critical in-flight events). Many such decisions 
could be automated, but presentIy are no1. We predict that the actual decisions would 
always remain in the domain of the pilot for a variety of reasons, incIuding 
complexity, the cost of developing and maintaining software, legal liability , and social 
pressures. Even in the most fully automatic mode, the equipment would process 
infonnation and present alternatives to the pilot, who would weight the results and 
make the command decision. The intriguing question is the many fonns the crew 
computer interaction might take. For example, does the automatic equipment merely 
compute alternatives, or should it suggest a ’beet’ choice to the pilot? What role could 
automation play in multi-attribute decisions? Let us take as an example the choice of 
alternate airport, should it become necessaη to diveπ. Pertinent attributes of the 
candidate airports incIude the present weather, the forecast weather, type of instrument 
approach available , passenger facilities , maintenance facilities , runway length and 
conditions, fuel cost at the destination, surrounding terrain, and many more. 
Automation or not, the captain must ultimately process multi-dimensional infonnation 
and make the decision, often between conflicting objective functions. Our question, 
once again, is how may automation assist the pilot in making his decision'? 

부록 5- 142 



5.3. Design philosophies-monitoring 

Until recently there has been little agreement on a design philosophy for automatic 
alerting and waming systems other than to install a waming device to alert the pilot 
to a condition that existed in some recent and serious accident. This, and the desire 
to cover all situations with alerts or wamings, has led to a proliferation of 
independent waming and alerting devices which many feel has reached the point of 
saturating the pilots’ information processing capabilities (Randle et al. 1980). For 
example, there are 188 wamings and caution alerts on the B-707, 455 on the B-747; 
172 on the DC-8 , and 418 on the DC-IO. The aviation industry seems to feel that 
the time has come for the development of integrated alerting and waming systems 
(Cooper 1977). 

It has been stated that man is a poor monitor, yet for detecting some situations (for 
example, incapacitation or aberrant behaviour of other crew members) man is clearly 
superior to any automatic monitor. If he does have monitoring difficulty in large 
transport aircraft, it would appear to arise from the requirement that he monitor a 
large number of systems and perform other duties at the same time. In spite of many 
laboratory studies showing the parallel processing capabilities of the human, pilots 
gεnerally perform many of their tasks as single-channel processors, especially when a 
task is somewhat out of the ordinary. It is not uncommon, for example, to see pilots 
concentrate on lateral navigation during a difficult intercept manoeuver, to the 
exclusion of airspeed control. 

In summary, the primary necessity for automation of the monitoring functions is the 
single channel behaviour of the human and the increased number of devices or 
conditions to bε monitored. Increasing the number of individual alerts and wamings is 
not the complete answer to the problem, however, since one anomaly may lead to a 
large number of alerts, many of which are superfluous or worse, misleading; thus, the 
industry emphasis on integrated alerting and waming systems (Randle et al. 1980). 
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At the risk of stumbling into the trap of ’men does this better, machines do this 
better’, the authors c\ose this section by summarizing and generalizing in the table 
some of the positive and negative features of cockpit automation. The generalizations 
contained in the table probably apply to the tlight deck, and may apply equally well 
to manufacturing, A TC , medicine, telecomminications, power generation, and many 
nonaviation examples of highly automated systems. 

6. Automation guidelines 

In this section we propose some guidelines for designing and using (or not using) 
automated systems. These guidelines should be considered over and above the usual 
human factors engineering requirements. The guidelines are not to be considered as 
specifications, since most lack the detail needed for that purpose, and conditions exist 
where they may not be appropriate. Moreover, there are many contlicting concepts 
within these guidelines. Because we have tried to make them comprehensive, some 
may appear to the reader to be quite obvious. 

6.1. Control tasks 

(1) System operation should be easily interpretable or understandable by the operator 
to facilitate the detection of improper operation and to facilitate the diagnosis of 
malfunctions 

(2) 0εsign the automatic system to perform the task the way the user wants it done 
(consistent with other constraints such as safety); this may require user control of 
certain parameters, such as system gains (see guideline (5)). Many users of automated 
systems find that the systems do not perform the function in the manner desired by 
the operator. For example, autopilots , especially older designs, have too much ’wing 
waggle' for passenger comfort when tracking ground based navigation stations. Thus, 
many airline pilots do not use this feature , even when travelling coast to coast on 
nonstop f1 ights. 

(3) Design the automation to prevent peak levels of task demand from becoming 
excessive (this may v없y from operator to operator). System monitoring is not only a 
legitimate, but a necessary activity of the human operator; however, it generally takes 
second priority to other, event-driven tasks. Keeping task demand at reasonable levels 
will ensure available time for monitoring. 

(4) For most complex systems, it is very difficult for the computer to sense when the 
task demands on the operator are too high. Thus the operator must be trained and 
motivated to use automation as an additional resource (i.e. as a helper). 

(5) Desires and needs for automation wil\ vary with operators and with time for any 
one operator. Allow for different operator ’styles’ (choice of automation) when feasible. 
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(6) Ensure that overall system performance will be insensitive to different options, or 
styles of operation. For example, the pilot may choose to have the autopilot either f1y 
pilot-selected headings, or track ground-based navigation stations. 

(7) Provide a means for checking the- set-up and information input to automatic 
systems. Many automatic system failures have been and will continue to be due to 
setup eπor， rather than hardware failures. The automatic system itself can check some 
of the set-up, but independent error-checking equipmentlprocedures should be provided 
when appropriate. 

(8) Extensive training is required for operators working with automated equipment. not 
only to ensure proper operation and set-up. but to impart a knowledge of correct 
operation (for anomaly detection) and malfunction procedures (for diagnosis and 
treatment). 

6.2. Monitoring tasks 

(9) Operators should be trained, motivated. and evaluated to monitor effectively 

(1 0) If automation reduces task demands to low levels, provide meaningful duties to 
maintain operator involvement and resistance to distraction. Many others have 
recommended adding tasks, but it is extremely important that any additional duties be 
meaningful (not ’make-work’) and directed toward the primary task itsel f. 

(1 1) Keep false alarm rates within acceptable Iimits (recognize the behavioral impact 
of excessive false alarms). 

(1 2) Alarms with more than one mode, or more than one condition that can triggεr 

the alarm for a mode, must cIearly indicate which condition is responsible for the 
alarm display. 

(1 3) When response time is not critical. most operators will attempt to check thε 

validity of the alarm. Provide information in the proper format so that this validity 
check can be made quickly and accurately and not become a source of distraction 
Also provide the operator with information and controls to diagnose the automatic 
system and waming system operation. Some of these should be easy quick checks of 
sensors and indicators (such as the familiar ’press to test’ for light bulbs); larger 
systems may require logic tests. 

(14) The format of the alarm should indicate the degree of emergency. Multiple levels 
of urgency of the same condition may be beneficial. 

(1 5) Devise training techniques and possible training hardware (incIuding part- and 
whole-task simulators) to ensure that f1 ight-crews are exposed to all forms of alerts an 
to many of the possible combinations of alerts, and that they understand how to deal 
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Also provide the operator with information and controls to diagnose the automatic 
system and waming system operation. Some of these should be easy quick checks of 
sensors and indicators (such as the familiar ’press to test' for light bulbs); larger 
systems may require logic tests. 

(1 4) The format of the alarm should indicate the degree of emεrgency. Multiple Iεvels 

of urgency of the same condition may be bεneficial. 

(15) Devise training techniques and possible training hardware (including paπ- and 
wh이e-task simulators) to ensure that f1 ight-crews are exposed to all forms of alerts an 
to many of the possible combinations of alerts , and that they understand how to deal 
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with them. 

7. Conclusions 

1 here are many potential safely and economic benefits to be realized by automating 
cockpit functions. but the rapid pace of automation is outstripping one’s abiIity to 
comprehend aII the impIications for crew performance. It is unrealistic to caII for a 
halt to cockpit automation before the manifestations are completely understood. We do 
however, caII for those designing, analysing, and instaIIing automatic systems in the 
cockpit to do so carefuIIy; to recognize the behavioral impact of automation; to avail 
themselves of present and future guidelines; and to be watchful for symptoms that 
might appear in training and operational settings. The ergonomic nature of these 
problems suggests that other sectors of aviation and, indeed other industries, are or 
wiII be facing the same problems: no one is immune 
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La technologie modeme des microprocesseurs et des systemes de visuaIisation sur 
ecran rendent possible 1’automatisation de nombreuses operations du pont d’envol 
effectuεes jusqu’a present manueIIement. On peut s’attendre a de nombreux avantages 
resultant d'une teIIe automatisation. Mais de nos jours, la question n’est plus de savoir 
si une fonction peut etre automatisee, mais si eIIe doit 1’etre, compte tenu des divers 
facteurs humains qu’une teIIe automatisation implique. On peut vraiment s’interroger si 
la securite d’un systeme est toujours amelioree en attribuant des fonctions a des 
dispositifs automatiques plutot qu’a des operateurs humains; ily a quelque raison de 
croire que 1’automatisation du pont d’envol a deja depasse son degre optimal. Le 
concepteur de systemes dispose, en fait, de peu d’elements de reponse a ces questions. 
Cet article presente 1’etat actuel du probleme relatif aux facteurs humains dans 
l’automatisation du pont d’envol; il met en lumiere un certain nombre de problemes 
critiques et presente quelques principes de conception. La discussion porte sur quelques 
accidents et incidents de vol d’avion en relation avec 1’automatisation. 

Modeme Mikroprozessor一Technik und -Displays ermogIichen die Automation vieler 
Funktionen zur Flugsteuerung, die vorher manuell ausgefuhrt wurden. Es bestehen viele 
Vorzuge der Automation; das Problem ist heute nicht, ob eine Funktion automatisiert 
werden kann, sondem ob es wegen der verschiedenen Human-Factors-Erkenntnisse 
durchgefuhrt werden soIIte. Es ist stark in Frage zu stellen, ob eine vollstandige 
Svstemisicherheit immer vergroBert werden kann, wenn Funktionen vom Menschen auf 
Automaten verlagert werden. Es gibt einige Grunde zu glauben, DaB die Automation 
der Flugsteuerung den optimalen Punkt bereits uberschritten hat. Dies ist eine schon 
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Generationen alte Frage der Human Factors undes gibt nur wenige Leitregeln dur den 
System-Ge않sta떠lte하r. 

Der vorliegende Artikel stellt den Standort des Human Factors fur Flugautomation dar. 
indentifiziert eine Anzahl von kritischen Problembereichen und bietet umfangreiche 
Gestaltungsleitregeln an. Einige automationsbezogene Flugzeugunfalle und -Ereignisse 
、l，Ierden diskutiert als Beispiele fur Probleme des Human Factors bei automatisieπen 

Flugen. 
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5. ACHIEVING A BALANCE BETWEEN AUTOMATION AND HUMAN 
ACTIONS 

3.1. GENERAL DISCUSSION 

Achieving a balance between automation and human actions requires functions which 
the man-machine system must carry out to be assigned to either machines, human 
operatives or, more commonly, a combination of man and machine. The process is 
usually known in the ergonomics Iiterature as ’allocation of functions’ but for 
consistency with IEC Standard 964 [2] this document uses the term ’assignment’. Prior 
to assignment, the designer considers ’functions ’. Once assigned, these can be translated 
Înto ’tasks’ which are carried out by the requisite paπ of the system. The assignment 
process requires four things: 

- A detailed knowledge of the individual 미nctions and operations to be carried out 
for the safe and effective running of the system. 
- A knowledge of thecapabilities and Iimitations of the human operator pop비ation 

which is to be employed for operation and maintenance of the system. 
-An understanding of the capabilities and limitations of the available technology for 
design , manufacturing, and implementation of the system. 
- Criteria by which to determine how functions should be assigned between man and 
automatlon. 

In practice, assignment of functions cannot be a simple and mechanistic 
process. Firstly, the information required to make the decisions may be incomplete or 
uncertain, particularIy in the early stages of the project. Secondly, the criteria against 
which to make assignment decisions may not be abs이ute or may apply only 
conditionally. Thirdly, individual assignment decision may interact with a previous one, 
necessitating re-examination and iteration of that decision leading to a revised decision. 
Thus the assignment of functions process is of necessity an iterative one and must b'e 
thought of as a balancing of the several factors which are involved rather than the 
meeting of a set of fixed design rules. 

To ensure true complementary operation between the two components: man 
and automation , the designer must ensure that man’s capabilities are Properly 
employed; being neither exceeded or under-used. For instance, the size and complexity 
of many existing control rooms can lead to human capability limits being exceeded, in 
areas such as alarm presentation at high rates under abnormal pl뻐t conditions. 
Conversely, the provision of large amounts of computer control can reduce the role of 
a skilled operator to one of a disinterested machine mincer. The pr이ect team who 
design the system must therefore exercise caution and provide additional automation to 
counter potential overload, and carefully define the operator’s job to ensure that he 
remains in touch with the automatic process. 

부록 5- 151 

5. ACHIEVING A BALANCE BETWEEN AUTOMATION AND HUMAN 
ACTIONS 

3.1. GENERAL DISCUSSION 

Achieving a balance between automation and human actions requires functions which 
the man-machine system must carry out to be assigned to either machines, human 
operatives or, more commonly, a combination of man and machine. The process is 
usually known in the ergonomics Iiterature as ’allocation of functions’ but for 
consistency with IEC Standard 964 [2] this document uses the term ’assignment’. Prior 
to assignment, the designer considers ’functions ’. Once assigned, these can be translated 
Înto ’tasks’ which are carried out by the requisite part of the system. The assignment 
process requires four things: 

- A detailed knowledge of the individual functions and operations to be carried out 
for the safe and effective running of the system. 
- A knowledge of thecapabilities and Iimitations of the human operator pop비ation 

which is to be employed for operation and maintenance of the system. 
-An understanding of the capabilities and limitations of the available technology for 
design , manufacturing, and implementation of the system. 
- Criteria by which to determine how functions should be assigned between man and 
automat lOn. 

In practice, assignment of functions cannot be a simple and mechanistic 
process. Firstly, the information required to make the decisions may be incomplete or 
uncertain, particularly in the early stages of the project. Secondly, the criteria against 
which to make assignment decisions may not be absolute or may apply only 
conditionally. Thirdly, individual assignment decision may interact with a previous one, 
necessitating re-examination and iteration of that decision leading to a revised decision. 
Thus the assignment of functions process is of necessity an iterative one and must b'e 
thought of as a balancing of the several factors which are involved rather than the 
meeting of a set of fixed design rules. 

To ensure true complement따y operation between the two components: man 
and automation, the designer must ensure that man’s capabilities are ProperIy 
employed; being neither exceeded or under-used. For instance, the size and complexity 
of many existing control rooms can lead to human capability limits being exceeded, in 
areas such as alarm presentation at high rates under abnormal pl빠 conditions. 
Conversely, the provision of large amounts of computer control can reduce the role of 
a skilled operator to one of a disinterested machine mincer. The project team who 
design the system must therefore exercise caution and provide additional automation to 
counter potential overload, and carefully define the operator’s job to ensure that he 
remains in touch with the automatic process. 

부록 5- 151 



In many cases, it may be essential to employ automation to achieve the 
necess히-y degree of safety or reliability. In the event of such systems falling, manual 
intervention would not be practicable because the human performance would not be 
adequate. However, humans are often expected to take over a machine function when 
automation faire. Complex, expensive engineering solutions are often necessary to 
provide the required system reliability and availability. Designers and users of complex 
systems must recognise chat the use of automation may change the role of the 
operator in a system and may, for instance, result in him becoming decoupled from 
the workings of the process he is supervising. The operator may become de-skilled 
and therefore be unable to take over when the automation fails. 

3.1.1. Function analysis 

A key component of the assignment process is the analysis of the various 
functions which are required to be carried out. The Control Room Design Standard 
IEC 964 requires such a functional analysis to be carried out. Several techniques are 
available for this, with the exact choice of technique depending upon the nature of the 
tasks under analysis, the available skills and resources for analysis and the extent of 

’ available plant and operating knowledge (see Appendix A). Whεre functions have not 
previously been defined, it may be necessary to carry out some synthesis based on 
observations of existing functions and other design information. 

The function analysis should be broad enough to encompass all areas of 
plant operation and maintenance and should be carried out with sufficient depth 
necessary to allow particular automatic features and operator job specifications to be 
produced. Above all, the analysis must adequately cover operations of the plant under 
abnormal conditions. The analysis must produce a hierarchy in which the top level 
functions represent the most general or fundamental objectives of the plant operating 
staff - i.e. safe, effective generation of electrical power, protection of the public from 
radiological hazards, etc. 

The lowest level set of functions are the sub-functions which must be 
assigned to man or machine using a methodology such as that described in this 
document. Application of the methodology described will result in lists of automated 
functions and functions to be performed by the human operators, which will form the 
basis for defining operator tasks. It is important that the methodology used and the 
results obtained be fully documented. This is to enable decisions to be re-examined 
where necessary and to permit them to be audited when requircd. 

3. 1.2. Basic principles 

The actual assignment of functions between man and machine must follow a 
systematic procedure. This document proposes such a procedure from which a number 
of underlying ergonomics principles can be derived. These may be stated as follows: 
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(a) Human cognitive strengths should be fully exploited by the designer. There are 
some things that man does better than machines. The three disciplines of engineering, 
ergonomics and psychology must work in harmony to exploit these sπengths. 

(b) Automation should be used to protect society from the fallibility and variability of 
humans. This requires a detailed analysis of the tasks which are proposed for man, 
the possible errors and the possible consequences. Areas of risk should be automated 
if this is practical, feasible and cost-effective. 

(c) Automation should start with the most prescriptive procedural functions first. Those 
manual functions that are memorized or performed prescriptively by detailed procedures 
should be automated whenever possible. 

(d) Automation should be used to reduce human cognitive overload. Humans can 
suffer from information overload and consequent mental overload. This can occur from 
high information rates , competing tasks or task complexity. Wherever the designer can 
predict this problem, or whenever operating experience demonstrates it to be so, 
automation should be used to relieve the human of that part of the function which 
causes the problem. 

(e) If possible, tasks which have been assigned to automation should not be retumed 
to the man when the automation fails. In general, humans do not act effectively as a 
back-up to a machine. In most cases , the reason for using a machine is that a hurnan 
capacity has been exceeded. Consequently, human back-up is unlikely to be 
appropriate. Machine performance is more consistent if not more available so humans 
make a poor substitute. Also, human capabilities grow stale with misuse. When a 
machine fails , to dump a load of tasks onto an unsuspecting operator is a prime 
example of poor design. 

(f) The correct process for balancing human and machine actions should become an 
institutionalised part of system design. The right balance w il\ not emerge until there 
are processes in place and in common use by designers, operators and management, 
which reflect the correct principles and embody proven practices. 

(g) The evaluation should include consideration of the professional motivation and 
psychological well-being of the operator. 

3. 1.3. Systematic design 

Wherε assignment criteria are unclear or absent there w il\ always be a 
tendency to base decisions on past practice, heuristics or intuition. A well-planned and 
systematic approach with a sound document is essential for the process of justification 
of a design. The assignrnent of safety-related functions must be fully justified by an 
appropriate method [8]. 
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ln an ideal situation, thε asslgnment procεss would consider all possible tasks 
in an exhaustive manner. ln practice this is not possible due to thε amount of effort 
which would be involved, the length of time it would take to carry out and thε 

disproportionate use of resources which would bε needed. In a practical situation such 
as design and construction for a nuclear plant as shown in Figure 3.1 ‘ thε asslgnment 
of functions process must be carried out over the same time pεriod as that for the 
main and auxiliary plant design. 

Taking the above into account, thεre will be a neεd to establish a good 
practice guide to limit the extent and depth of the analysis for the assignment procεss 

These limits must ensure that the analysis is adequate to meet safìεty and opεrational 

neεds and that it provides the nεcessaη basis for justification of the design. It is 
recommεnded therefore that the analysis be broad in nature ‘ i ε it should address all 
areas of the plant for its potential impact and consider all opεrational conditions ‘ 

particularly abnorrnal situations. Whεre deciding on thε required depth of analysis 111 

any one area, the required guideline is that the analysis must be carried to a 
sufficient depth to allow all automatic featurεs to be fully spειitìed and to allow all 
operating staff tasks to bε defined. 

3. 1.4. Design teen 

This document makes εxtenslve usε of the tenn ’dcsign team ’‘ In this context 
the terrn refers to a multi-disciplinary group ιhich is rεsponsible for the planning ‘ 

design ‘ assessment , validation and implεmentation of thε design of the plan t, systεms 

and the man-machine interface. 

A general problem in thε design of control rooms and ll1 an-machinε 

interfaces appears to have been that design teall1 S consistεd principally of individuals 
with control and instrumentation experience and with acadεmic training in εngineering 

or a similar technical discipline. Too narrow a perspectivε does cannot adequate1y 
represent the characteristics of the human operator or the requirements of the operating 
envlronmen t. 

An essεntial rεquirement for achieving the right balances between ll1anual and 
automatic is the proper selection of the members of the design tea ll1 、vhich is 
responsible for the conceptual and the detailed design of the plant’s automation 
systems and man-machine interface. This holds true for the design of new plants as 
well as for large retrofits. 

A mayor proportion of the team should include individuals with Engineering 
backgrounds combined with extensive plant design experience. It is important that this 
paπ of the team consists of individuals with sufficient design εxperience in the 
mechanical and electrical equipment and process disciplines ‘ etc. to complement the 
traditional control and instrumentation staff. 
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The design tεam should also incorporate human factors professionals together 
with staff with technical backgrounds who have extensive experience of shift operation 
in plant control rooms. At least one of the human factors specialists should have an 
acadεmic background in the cognitive aspects of the discipline and some experience in 
industrial applications. 

3. 1. 5. Influεncing factors 

Whatεvεr thε nature of the system being considεred for automation, thεre will 
be a number of global factors which influence the general approach and the outcome 
of certain key decisions. Thεse may typically include: regulatory factors ‘ environment, 
costs ‘ and many others (see Figure 3.2). 

The followi맨 qualitative factors will modify the relative weighting used in 
assigning functions. For thε purposes of this document these have been termed 
’ influεncing factors ’‘ in that they will shape the assignment decision-making process by 
determining thε relative weighting given to 이10ices of where and how much to 
automate a given part of a system. The factors , of necessity in a document, are 
presented in an order. This order has been chosen to reflect a generally-accepted set 
of priorities in decision-making which is deemed to be appropriate to the subject 
undεr discussion. Thε user must, however, decide for himself whether the implied 
order given here is appropriate to his particular circumstancεs. Figure 3.3 shows where 
thεse influencing factors influεnce the assignment process described in this document 
Note that thε term ’safety’ does not appear in the list as such. Safety considerations 
will pervade technical , regulatory and policy factors and it is central to the aims of 
this document 

(a) Existing practices and procedures 

Decisions regarding levels of automation and the tasks which operating staff 
are required to perform must be consistent with the general operating policy of the 
utility concemed. There may also be existing National practices which influence this. 
Factors which need to be considered include: numbers of operators in team or crew, 
age and quality of staff available, present levels of training and qualifications, existing 
management hierarchies, etc. It w il\ also be necessary to consider existing plant 
management practices and procedures together with related information support systems. 
The availability of adequate training simulators may be a key factor in determining 
the appropriate level of automation to employ in a given case. 

(b) F eedback from design and operating experience 

A valuable indicator as to the success of a partic비ar approach to automation 
comes from feedback from existing designs which are in operation. Care must be 
taken that the feedback is representative. It must come after a period of consistent, 
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post-commissioning operation and there must be sufficient commonality between the 
source plant and the proposed design. If these cautions are not observed, then general 
opinions might be swayed by data which is not relevant to the case being considered 
and hence, inappropriate decisions might be made. A further source of valuable 
feedback is studies of operator and maintenance errors on operating plants. The 
existence of such data in the general literature may lead to a number of people 
holding views on the nature of human error and remedial measures. These general 
views may be based on loose understandings of involved psychological arguments and 
a partly inforrned opinion may not take account of the many specialised details which 
influence this topic. It is important that specific decisions are based on appropriate 
plant and personnel data which relate as closely as possible to the actual systems 
under consideration. To supplement general studies of human error, it is possible to 
carry out specific examinations of error-likely situations and the potential for human 
error in defined procedural circumstances. This may involve in-depth , on-site studies by 
human factors personnel, using techniques such as structured interviews, direct task 
observations , computer-based task models, etc. 

(c) Regulatory factors 

A basic starting point for any new design or major modification is to 
establish the regulatory factors which wi I1 control and shape the work. In general , 
these wi I1 be immutable and whilst they may restrict the choices the designer has to 
choose from , they forrn a useful fixed basis for design work, from which detailed 
principles and practices can be derived. In many cases, a utility wi I1 possess 
supporting documentation based on the rεgulatory framework , which -provides 
supplementary guidance to designers and establishes safety design principles 

(d) Feasibility 

The way in which automation is implemented in a nuclεar power plant 
depends upon whether the plant is under dεvelopment， in construction or in operation. 
For new plants which are in stages of development or design , the adoption of new 
technology may be relatively easy and can be achieved on a larger scale. For a plant 
under construction, tile design may be largely frozen and unless changes to levels of 
automation are proven to be absolutely necessary the consequent cost and programme 
factors may out-weigh other motivating reasons for change. 

Where a plant is operational, particularly in base-load generating mode, any 
change to hardware or operational software is only be possible during extended 
outages, except in overriding circumstances. Plant outage schedules have a finite 
length. This requires that any proposed modification to automation must be fu I1y 
proven and demonstrated before the implementation window begins. Unless 
modifications arise from regulatory pressures or legislation, a proposed modification 
will need to be fully justified in terrns of costs and benefits. 
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There may well be other implications associated with a proposed modification 
to automation, which go beyond the strict boundaries of automation equipment. For 
instance, the retrofitting process may involve cutting and modifying pipe-work 
associated with plant sensors, pulling additional cables, additional data acquisition 
hardware, additional data management facilities, etc. Thus what may appear to affect 
only the automation equipment can have significant additional ramifications. Where 
systems have a safety-related function, there will be additional effort required to 
Justify the details of a proposed change and obtain the necessary authority to proceed. 
Modifications to equipmεnt in hazardous areas will also need to receive careful 
attention. The additional degree of effort required in cases where safety is involved 
may prove prohibitively expensive. 

(e) Cost 

Decisions on the level of automation to employ cannot be separated from 
related cost factors. Additional instrumentation and control is often used to redress 
shortcomings in mechanical and electrical system design and this can be costly. 
Automation may cost more than an equivalent manual solution, since additional 
technology will be required. In addition, there will be extra design and commissioning 
effort and in certain cases, validation and qualification may be required. Having 
installed additional technology, there will be a need to maintain it throughout its life 
cycJe and it may be necessary to allow for upgrading its functionality or for total or 
paπial replacement of the technology within the life of the plant. Although the capital 
cost of automation is a relatively small part of total plant costs, the total life cycJe 
costs of ownership must be considered and a proper costlbenefit analysis carried out. 
The designer must make predictions, based on best available information. In may be 
necessalγ to consider a number of bounding scenarios, with various combinations of 
assignment to operators and to automation, in order to establish the \east-risk options. 
If possible, simplicity of automation should be sought. Conversely, there will be a 
direct cost associated with the use of operating staff to perform tasks. In addition to 
direct staff costs for the operating team the designer must a\so consider the need for 
spare shift cover, stand-by cover, emergency manning, etc., together with πaining and 
support resources. These factors will provide a picture of the direct cost comparisons 
between automatic and manual provisions but the designer should \ook further into the 
operational consequences of automation. If plant avai\abi\ity and productivity can be 
raised or made more consistent, there may well be significant commercial benefits to 
be had through automation. If however, planned automation resulted in a reduction in 
these aspects of a plant there cou\d be significant commercial penalties 

(t) Technica\ climate 

Today, it is recognised that automation is absolutely necessary for safe, 
effective operation of modem nuclear plant, it enhances and extends the capabilities of 
human operators. Wh i\st automation has a number of desirable attributes, for a number 
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raised or made more consistent, there may well be significant commercial benefits to 
be had through automation. If however, planned automation resulted in a reduction in 
these aspects of a plant there could be significant commercial penalties 

(t) Technical climate 

Today, it is recognised that automation is absolutely necessary for safe, 
effective operation of modem nuclear plant, it enhances and extends the capabilities of 
human operators. Wh ilst automation has a number of desirable attributes, for a number 

부록 5- 157 



of reasons, both technical and social, in the foreseeable future it is inconceivable that 
it will totally replace human involvement in plant operation or maintenance. Although 
research is being conducted into this possibility, it is doubtful if this would ever be 
possible and even more doubtful if the possibility would be acceptable 

Th is document outlines the various benefits and drawbacks of automation. As 
with any other technological system, automated systems are deterministic by design and 
can not therefore be relied upon to respond predictably to conditions which exceed 
their design bases. Even if the design process and subsequent validation is exhaustive, 
the design will in practice be incomplete in some details. Therefore the possibility for 
systems to produce an undesirable or unacceptable response remains small but finite 

lncreasing use of computer-aided design techniques to develop dεslgns， 

produce software and test correct operation of systems shows promise. By ensuring 
greater consistency in the design process the number of unproven or unacceptable 
aspects of a system should be able to be reduced. The problem remains to show that 
a particular design achieves sufficient quality standards, rather than simply 
demonstrating the ’As Low As Reasonably Achievable' (ALARA) approach. 

(g) Policy matters 

Within a national framework or a utility structure there may be policies 
which determine the way in which plant designs are fixed or allowed to evolve 
States may wish to develop particular plant designs for strategic reasons, for intemal 
power programmes or for export potential. Plant types may form paπ of a family of 
designs which are related by common features and the need to spread resources across 
more than one project. Similarly, where older plants are in mid-life or nearing the end 
of their design life, decisions on automation may be heavily intluenced by investment 
policies. 

Where a totally new plant is conceived, it is possible to consider a 
’revolutionary’ approach, i.e. a totally new assignment of functions , differing from 
established practice. Th is may be easier to achieve than a similar revolution in plant 
design or construction. lndeed, where evidence indicates that existing practices fall 
short of required or desired targets, it may be preferable to advocate a revolutionmγ 

approach to automation. Where this is the chosen course, careful note must be taken 
of any re-training implications which arise. 

(h) Cultural and social aspects 

The correct application of automation to a process not only enhances the 
efficiency, productivity and reliability of the human component in a system but in 
doing so, it reduces, or at least substantially modifies, the contribution of the human 
in the system. For example, the reduced role of the operator in a highly automated 
plant may represent a social problem for him that can lead to deactivation and 
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significantly decreased perforrnance. 

Beyond the detailed technical and human engineering considerations discussed 
in this document, this change of human role can interact with a number of cultural, 
social , economic and political factors. Public perception of risk associated with a 
nuclear plant may not fully accord with the designers view based on actuarial data 
and accepted analytical principles. Public perceptions may limit the extent to which 
automation is regarded as desirable in a given application 

The above influencing factors can be taken as ’glvers’ in the assignment 
process. The various factors which exist may differ between projects and may be 
af:fiεcted by whether a new design is being considered or a modification to an existing 
process through retrofit. In the latter case, the designer must expect more ’givers’ and 
less flexibility , due to existing plant designs, operating practices, the need for 
replication, etc. 

3.1.6. Recognizing component strengths and limitations 

It is essential that the analysis to support the process of assigning functions 
considers off-norrnal modes of operation including abnorrnal situations and accidents. It 
is particularly important in areas where the human operator in the system is directly 
responsible for some aspect of safety and where his perforrnance in either abnorrnal 
conditions or accident management situations is critical to overall system perforrnance. 
This will require safety, reliability and availability considerations to be taken into 
account with safety and protection of capital investment as dominant. In many cases, 
practical considerations or economics may constrain the number of options which are 
available to the project team 

The optimum solution to develop a viable way of assigning function or 
alternatives should: 

- enable all safety, functional and perforrnance specifications to be met; 
- encompass al\ credible combinations of plant state, events and beyond-design-basis 
scenarios. (In practice the analysis w il\ be limited to a manageable sub-set by 
considering the consequences of abnorrnal events and accidents); 
- make best possible use of the relative capabilities of men and automation, to al\ow 
each to complement the role of the other; 
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which the human will be required to undertake at any one time 

The totality of the tasks which are assigned to a single operator must, when 
being carried out under the worst possible circumstances, allow him to maintain an 
adequate level of operator performance. Conversely, it is important that the human 
should not be ’under-Ioaded’ i.e. given insufficient or inappropriate tasks. In this case, 
under-Ioading the operator can result in waste of resources, inattention, boredom , lack 
of motivation and consequently poor performancε. It is therefore important that the 
function analysis and subsequent assignment of functions bears in mind the whole of 
each operator’s job, rather than individual tasks and responsibi!ities. The benefits of, 
for example, operator training by incIusion of training systems embedded in the 
man-machine interface should be considered. 

A further factor to be considered is the integral nature of the human 
operator. Whereas machines can be designed on a variable scale of performancε and 
incrementally loaded, human operators are only available as discrete, integral units or 
groups of units, i.e. the designer cannot reliably design on thε basis of half a man or 
a tenth of a man. In assigning tasks to operators the dεsigner must takε account of 
the resulting, overall job content and how groups of operators will need to work 
together. 

Inappropriate sharing of tasks between operators must be avoided. Tasks may 
be shared between operators in a group or team but this cannot be done arbitrarily. 
The role of each person in the system must be considered and appropriately defined. 
Ideally, the resuIting set or roles and tasks would be fu Ily complementary, with a 
defined degree of overlap and, more importantly , no under-Iap. In practice, the 
designer may have to take account of limitations on the availability of opεrators and 
so allow for flexibility in performing tasks. Where team work is called for , 

communication matters and working structures must also be considεrεd. 

3 .2. ASSIGNING FUNCTIONS 

3.2. 1. General discussion 

This Section outlines a methodology for assigning functions to man and 
machines and this is iIlustrated diagrammatically in Figure 3.3. The methodology starts 
from three sources of information: global project 0비ectives ， statements of required 
system performance, and data on human and machine capabilities and Iimitations. 
Although stated this way for brevity, in a practical situation, these three sets will 
represent a considerable amount of information. Detailed data on required system 
performance and human and machine performance may not be available at the outset. 

It wiII therefore be necess따Y to employ an iterative approach, taking what is available 
first and then identifying what is missing. The need for certain source information 
may become apparent only after initial assignments have been made. 
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The main part of the assignment process consists of identifY ing four types of 
functions which are described in Section 3.2.4. This wil\ produce a list of functions 
suitable for automation and those which are better suited to humans. At this stage, the 
lists can only be hypothetical since the design team may not have worked with 
complete information and may not have considered aIl interactions and aIl limiting 
factors. 

An iterative process must now be carried out which re-examines each of the 
initial assignments in the context of aIl others and identifies any inconsistencies. 
Where an assignment produces contlict with accepted human factors the assignment 
must be reconsidered these two categories of mix-match have been resolved it is 
then possible to proceed to optimise the assignment in order to achieve the best 
possible set of working tasks and machine specifications. 

3.2.2. Required system performance 

There is frequently a need to detail system level requirements that can be 
used as a basis for making decisions on the assignment of tasks and on the design of 
the user-system interface. Human performance requirements wiIl not be established until 
tasks have been assigned either to humans or to machines. The performance of the 
total complex of men and equipment, working together to achieve task goals, can be 
assessed at a later stage by seeing how weIl established requirements are being met. It 
is essential to know, therefore, what overaIl system performance is required, both as 
an average and as a minimum acceptable level, and under both normal and adverse 
conditions. 

The performance of software and hardware components can be described and 
measured by known techniques, using known measures such as speed, size, accuracy, 
reliability, or repeatability. Some aspects of human performance can also be measured 
by known techniques, using measures such as speed, accuracy, processing time, 
production rate, error rate, training time to criterion level, or level of job satisfaction. 
Simple comparisons between humans and equipment in performing a task have to be 
seen in the context of the associated tasks that are being performed and the total 
efficiency in job performance. There can be trade-offs that in f1uence the assignment 
process 

System performance levels wil\ be inf1uenced by the ways that the humans 
and the hardware/software components of the system interact dynamically. Information 
functions should be described systematically, with human-machine interactions mapped 
in accordance with human factors models. This will cater to information needs, 
capacities, feedback loops, and cognitive loading levels. 

3.2.2.1. The role of probabilistic risk assessment 

Probabilistic Risk Assessment (PRA) is increasingly used to assess systems. 
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The use of PRA may be a regulatory requirement in some cases. A complete PRA 
will take account of human actions in system operation and maintenance and wil\ 
assign quantified values to these. The results of PRA may indicate where the 
performance requirements of a function exceed the capabilities of humans and therefore 
where automation is required. 

Great tare must be taken to use appropriate human performance data in PRA. 
However, existing data sources are not fully developed. The results of PRA can 
provide a valuable aid to judgement regarding assignment of functions but they should 
not be taken as an absolute basis for design dεcisions for the following reasons: 

- source data accuracy 
- source data applicability 
- the differing nature of human, hardware and software performance data. 

It can be argued that data on hardware reliability, on software reliability and 
human performance data are each sufficiently different in nature and meaning to 
preclude their combination in a single equation or calculation under any circumstances 
The degree of confidence with which the behaviour of a hardware system can be 
predicted is often high. This can be supported by testing and analysis. Worldwide 
experience with a variety of equipment provides assurance that existing hardware 
design 

methods are adequate. Software behaviour is the subject of much study and 
research. Software-based systems are being used increasingly in nuclear power plant 
applications, including high-reliability dutiεs such as protection functions, but in most 
cases, diverse, hardware-based equipment is retained in a back-up role. This hybrid 
approach indicates the difficulties which exist in achieving and quantifying high 
software reliability. Human performance data are currently presented in quantitative 
terms and are often used as such in overall system performance calculations. However, 
the confidence which can be placed on these data as representing actual human 
performance under real conditions cannot be as high as that for hardware or software. 
In practice, many performance shaping factors exist which can modify predicted human 
behaviour values and these must be considered for each particular application. 

3.2.3. Human performance data 

3.2 .3. 1. General data 

The design team requires access to relevant sources of human factors data, 
initial\y to provide a yardstick for general function assignment decisions, and 
subsequently for refinement of those decisions to meet system performance 
requirements. The general human factors literature includes data on the effects on 
human performance of variations in areas such as: 
- general user-system interface design 
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- infonnation system design and layout 
- computer generated infonnation presentation 
- control system design and layout 
- device labelling 
- human cognitive functioning (memory and perception) 
- mter-person commumcahons 
- human error prevention and recovery 
- design of documents and procedures 
- workplace environment variables 
- design and use of protective clothing and equipment 
- work design and organization 
- work crew organization and functioning 
- work shift scheduling 

Much of the data presented in the literature have been specified at a 
genεral level of applicability. That is, data on human capabilities and limitations are 
population findings that may be modified for specific applications where situational 
variations move the data distribution in predictable ways 

3.2.3.2. Operational experience data 

An important indicator of system reliability can be obtained from perfonnance 
data co lIected from operating plants. In particular, data on human perfonnance (which 
is a key part of many operations) can indicate where improvements in plant, 
automation or methods may be beneficial. These data can also be used as guidelines 
for the devεlopment of additional tεchnology which can be usεd to improve human 
pεrfonnance and productivity. 

In recent years, various countries who operate nuclear installations have been 
concemed to compile banks of data on human perfonnance, from significant event 
reports, operating experience and specific surveys. Countries which are known to have 
interests in this area include: the United States of America, France, Gennany, Canada, 
thε fonner USSR, Japan, Finland, Sweden and the United Kingdom. Data sources 
include intemal reports for operating plants, historical records from within the 
countries, but some arrangements exist for infonnation exchange between countries. 

At present, there is no apparent universal standard for data acquisition 
schemes or data classification. This complicates data exchange and inter comparisons. 
Since data availability is limited it would seem of merit for such standards to he 
agreed to enable data to be pooled for common analysis, if maximum use is to be 
made of available sources of data. IAEA-TECDOC-538 , Human Error Classification 
and Data Collection [9] , presents an up to date view of available techniques, problems 
and potential areas for improvement. 

3.2.3 .3. Data analysis 
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Considering data obtained from operational even; reports, it can be seen that 
about half of the events considered were attributable to human performance problems 
in some way. A similar proportion of the events are commonly traceable to 
deficiencies in design and manufacturing. There is the underlying fact that design and 
manufacturing deficiencies, to the extent they stem from human activities, are also 
attributable to human performance problems. The data indicate that a significant 
proportion of human errors could have been avoided if designers, trainers and 
operations managers had paid more attention to recognising human limitations. 
Information from studies in various countries indicates a similar picture, in that whilst 
the exact proportions of errors differ, as do the c1assification schemes, the c1ear 
message is that human performance plays a large paπ in determining overall system 
performance. At present, the nature of the human error data which is obtained is 
insufficiently specific to enable firm conclusions about human performance to be drawn 
and improvements in data collection, analysis and exchange are warranted. 

Some results which have emerged from individual human error studies are: 

- Activities which provoke a relatively high frequency of performance problems may 
be manual operations or acts on plant, corrective and preventative maintenance, testing 
and surveillance in operations and maintenance, equipment operation and safety tagging. 
- In therms of locations where human performance problems occur, the highest 
frequencies occur in the main control room. This is followed by the auxiliary building 
and the reactor containment area of the Nuclear Steam Supply system. The turbine 
house and switch-gear rooms in the balance of plant arεa follow. 

- Analysis of major causal factors show reasons why events have occurred. These 
factors, also include procedures, work-place design (interface and εnvironment)， 

communications, training, managerial methods, work organization, change control and 
work scheduling. 

- Analysis of types of inappropriate action types associated with information acquisition 
and mental processing, shows that errors of omission can be most frequen t. These are 
followed by eπors of transposition, quantitative errors, mix-communication, involuntary 
acts, untimely acts and out-of-sequence acts. 

Whilst data such as these described can provide valuable insights into the 
understanding of human performance in nuclear plant operations and maintenance, the 
designer must be cautious about drawing direct conclusions from it. Several factors can 
affect the validity of the data, including nature of personnel involved, situation-specific 
considerations, etc. Also, the methods used to collect and analyse the data may affect 
the results. In such studies, the human is only one element of the overall system and 
his performance is interactively bounded by the plant and interface machinery. Factors 
such as the state of the machine, its maintenance history and design and construction 
factors all serve to complicate the picture and make direct use of data in unrelated 
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application difficult. It is therefore important that the designer employs data which is 
relevant to the plant and personnel under consideration. As human error reporting 
schemes become more developed, it becomes increasingly possible to attribute so-called 
human errors to ’root causes', i.e. the true cause such as poor interface design, poor 
procedures, inadequate training, etc. 

Corrective actions to improve error-likely situations can be many and can 
involve changes to either man-oriented systems, machine-oriented systems or a 
combination of both. On the human side, corrective actions may include supervisory 
re-instruction or cancelling, procedure correction or revision, improvements in 
administration and documentation, retraining or modifications to training, etc. On the 
machine side, options may include improvements to equipment design, upgrades in 
equipment reliability, changes in information displays or sensors, enhanced labelling 
and demarcation, etc. These may be to enhance the fault-tolerance , or to increase the 
functionality of machines using automation technology to relieve unacceptable burdens 
on human operators. 

3.2 .4. Function classification 

Having identified the various functions which must be performed the designer 
must proceed to classify them. The process described here employs four categories for 
this classification: 

functions which must be automated 
functions which are better automated 
functions which should be done by humans 
functions which should be shared. 

The classification is based purely on fit being considered and it makes no 
presumptions about their role. Note that only one of the above categories is absolute 
in nature, requiring a clear, definitive result. The other three categories area based 
qualitative lodgements. Thus for instance, the choice of classifying safety-related 
functions should be based on a detailed consideration of the function and relevant 
performance shaping factors. 

3.2 .4.1. Functions which must be automated 

까lis category contains all the functions which, by virtue of their nature and 
their performance requirements, can only be achieved using automation. As a general 
statement, these can be defined as those which exceed the capabilities of humans to 
perform them. In determining whether a function falls into this category the design 
team must consider the long-term demands of the resulting task, required performance 
under the worst possible conditions and the variability of human operator. Performance 
factors which will need to be addressed include; required task rate, accuracy, 
repeatability, and in particular, the consequences of error. 
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The first consideration must be to examine any functions for which 
automation is mandatory. It is desirable that any such assignment of functions are 
based justifiably on human factors principles but this may not always be so where 
mandatory requirements are based on established custom and practice. The designer 
should understand the fundamental reason behind any such mandatory requirements to 
ensure they are appropriately and responsibly applied. 

Functions which should not be assigned to humans include: 
- rapid or long-term processing of large quantities of data 
- tasks requiring high accuracy information (data processing or manipulation) 
- those requiring high repeatability 
- those requiring rapid performance 
- those where the consequences of error are severe 
- those where errors cannot readily be retrieved (corrected) 
- those which must be carried out in an unacceptably hostile environment 

Typical applications in a nuclear power plant for which automation will be 
justified include: reactor and plant protection systems, closed-loop automatic control , 
information processing, extended sequence control, data recording, analysis and archive. 
Depending on the particular task performance requirements , in all such cases it will be 
easy to demonstrate that one or more human capabilities would be exceeded if the 
task was performed manually. A consequence of the decision to automate a task is 
that it will have to be described in sufficient detail to enable the necessary machine 
function to be defined. This will usually require extensive detail to be identified. A 
common failing of automatic system design is the lack of sufficient design detail, 
particular1y to cover abnormal events accidents conditions. Such detail may be supplied 
informally by the system implementer without due consideration of the εffects on 
system behaviQur. In the absence of such detail in the design of automatic systems it 
is sometime's necessary for humans to take over when the automation fails , a task for 
which they may be ill-prepared and ill-equipped. 

When deciding to automate a function , consideration must be given to 
supplementary tasks, such as maintenance and testing, which are required to alloy the 
automation to perform its role. It is important that the benefits of automating a 
function are not lost by assigning supporting functions to human actions where the 
performance of the automatic system would be degraded due to poor maintainability 
A typical example of this would be the maintenance and testing of reactor protection 
equipment. Until recently, this function was often assigned to operating staff with a 
consequent risk of errors which could degrade the system and cause reactor scrams. 
Developments in the design of computer-based systems have now made it possible to 
apply automatic testing to such systems, providing a higher degree of system 
availability and performance. 

3.2.4.2. Functions which are better automated 
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In an analysis of functions certain tasks may be identified which, although 
Iying within the capability of humans to perfonn , may be better assigned to machines. 
These incIude tasks which are lengthy, require high consistency, high accuracy or 
which involve a degree of risk to an operator. Tasks which would result in boredom 
or monotony for an operator also fall into this category. To an extent, the 
cIassification of tasks into this category is a function of several factors. Among these 
it is possible to identify two key in f1uences. Progressive increases in the capability of 
technology means that more and more functions can be automated. The cost of such 
technological solutions is often seen to be falling in relative tenns and automation 
becomes an increasing possibility. Secondly, the point at which automation is regarded 
by users as necessary or a nonnal expectation changes as societal and work-place 
values change. This trend is not necessarily a re f1ection of any inadequacies in human 
perfonnance but it is often based upon economic considerations. 

Practical examples of automation being introduced to replace tedious or 
arduous human activities incIude the use of machines to caπY out maintenance or 
surve iI\ance activities , e.g. steam generator examination, tube leak plugging, bolt 
tightening, etc. Automation is also increasingly being used to carry out lengthy, 
repetitive testing, such as that for safety and protection systems. Not only does this 
improve the task role of the operator but it also brings improvements in the 
consistency of testing and may aIlow it to be carried out more frequently. As with 
any function which is intended to be assigned to automation, a finn , detailed task 
specification wiI\ be required. 

A further reason for using automation is the potential improvement which it 
can bring to the design of Jobs and working conditions by changing the role humans 
play in technology based systems. With careful job design significant improvements in 
operator roles can be achieved and there may be consequential improvements in 
overaIl system perfonnancε. If care is not εxercised， or if basic human factors 
principles are not adhered to, adverse problems can be created. 

3.2 .4.3. Functions which should be assigned to humans 

Functions which require- heuristic or inferential knowledge, flexibility, etc. 
will need to be assigned to humans. In addition, there may be practical or technical 
constraints which make automation of the task impractical and thus require human 
operation. In many cases, it will be possible to justify assignment of possible to 
justify assignment of such tasks to the human. However, there is a risk that tasks will 
be so assigned simply because automation would prove difficult or non-economic in 
some way. Regrettably , in-practice, a function may be assigned to a human simply 
because there is a lack of a precise specification. It may prove possible to produce a 
workable system in this way but there is a risk that the result wil\ be unsuitable or 
mappropnate. 
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A particular set of functions which must inevitably be left with the human 
are those which occur in extreme abnormal or accident situations, where human 
f1exibility and high-level skills are essential and the unexpected nature of the task 
makes specifYing automation difficult or impossible. In these areas, automatic 
processing of information, including the use of knowledge-based systems, offers great 
potential. 

3.2.4.4. Functions which should be shared between men and machines 

Many functions in nuclear power plants are carried out by a combination of 
human action and automation. A common example of this is the use of automation to 
detect and annunciate plant conditions, in the form of an operator information system. 
The human operator uses this information to make judgements, take decisions and 
execute control actions. 

Increasingly computer-based systems can be used to support operators in the 
performance of their tasks. There are many benefits which can accrue from the use of 
technology in this way but it is important to ensure that the design of the support 
system and of the tasks which are assigned to the operator place him in the correct 
role in relation to the machine; that is in an intellectually superior position, with the 
machine serving the operator. Technological advances such as those in artificial 
intelligence and expeπ systems suggest that automation of many functions which was 
hitherto impractical is now a possibility. It is true that automation can be used to an 
increasing extent in the support of human tasks and to an extent, replace certain 
aspects of human involvement. However, considerations of system integrity, software 
validation and verification, consequences of error, etc. place limits on the extent to 
which safety-critical functions can be placed in the control of computer-based systems. 
끼le designer may not be able to use software-intensive solutions for such functions. 

3.2.5. Hypothesized task assignments 

The res비ts of the function assignment process will be two sets of 
information which are fed into the overall design process. Firstly, there will be lists 
of tasks which have been assigned wholly to a single operator or to a group of 
operators, but because the process described allows functions to be shared between 
humans and machines, the list wiII also need to contain shared tasks which relate to 
these. The list wiU be used subsequent!y as an input to statements of MMI and staff 
requirements, πaining requirements, operating procedures, rules and supporting job-aids. 
The second output from the assignment process will be a set of statements of the 
required automation, information systems and man-machine interface design. These will 
be used in the design of sensors, signals, etc. and in the detailed design of the 
man-machine interface including information displays, automatic control system 
interfaces, manual control interfaces, etc. 

These initial lists will form the basis for subsequent iterations. Iteration is 
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necessary because many task assignment decisions will have an impact on other ones. 
To Resolve such questions, it may be necessary to obtain highly specific and detailed 
information and this may only become available midway through the plant design 
phase. The approach taken to function assignment must recognise these problems by 
providing an ongoing, iterative vehicIe for examining design decisions in a structured 
manner. 

Since, in order to automate a function , we need precise specifications and 
criteria, whilst conversely humans are capable of dealing in a flexible way with 
loosely specified tasks, there will always be a risk that the assignment process will 
favour manual execution or difficult tasks, in order to produce earlier results. The-e 
may exist countering influences in the form of technological and social trends towards 
increased automation. The assigner of functions should remain true to the necessaη 

principle of task assignment according to best suited attributes of task and performer. 

3.2.6. Evaluation of assignments 

Evaluation of the adequacy of function and task assignments pricer to plant 
operation is necessary. Since nucIear power plant design tends to be ev이utlOnary 

rather than revolutionary, there is much benefit in obtaining feedback from appropriate 
existing designs and practices. The designer should utilise experienced operating 
personnel in the assignment process, since they can bring direct operating experience 
to bear on the matter. However, their experience must relate to a plant of a similar 
generation, and the designer must ensure the operators fully appreciate what he is 
seeking to achieve in terms of design objectives and the constraints which apply to 
the work. Unquestioned repetition of even well-proven approaches can lead to 
unsatisfactory or even unsafe systems. 

Wh ilst ’desk-top’ analysis will be useful in evaluating design proposals, therè 
is a need to consider temporal factors. The time available to an operator to perform a 
task or series of tasks can influence his performance, possibly in a decisive way. To 
address this, some form of simulation may be necessary. Simple simulators such as 
mock-ups are of proven worth and if simple time elements can be incorporated, basic 
evaluation can be caπied out. Part-task simulations may also be of benefit. Maximum 
benefit will be obtained from the use of full-scope simulations incorporating a credible 
man-machine interface. For large projects, experience indicates that the full-scope 
simulators have made significant contribution to man-machine interface evaluations. If 
these can be made available prior to design-freeze of the real man-machine interface, 
extensive evaluation is possible and subsequent project risk is significantly reduced. In 
addition to using plant operators in the design process, a valuable contribution will be 
made by involving training staff who are a valuable source of knowledge, experience 
and expertise. 

3.3. INTERFACING WITH RELATED DESIGN ACTIVITIES 
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3.3.1. Operator task specifications 

One of the outputs from the methodology described will be statemεnts of 
tasks to be carried out by operating staff. These will incIude functions which are 
shared between men and machines. For practical reasons, to allow operating staff 
requirements and role to be identified and developed, this information must now be 
expressed in terms of task descriptions, job descriptions and staff. requirements 
specifications. For practical application to control and monitoring of thε plant at the 
detailed level, operating staff tasks will usually be expressed in the form of operating 
procedures, operating rules, technical schedules, etc. Notwithstanding this, a definition 
of the role of each member of the operating staff should be produced, which cIearly 
defines the operator's role and responsibilities in both the maintenance of safety and in 
achieving production goals. At this stage, a check should be made that there is no 
conflict between the various safety and production goals which have been defined and 
that the goal definitions which exist are complete and consistent. Where any potential 
conflict is identified this must be fully analysed and task specifications revised 
accordingly. If it is not possible to eradicate such potential conflicts, the operating 
staff must be provided with adequate guidance to resolve these during operation of the 
plant. 

Operating staff task specifications will also provide a basis on which to 
confirm information and control interface needs. Examination of the detailed task 
statements will also enable information display content and form to be confirmed as 
well as types of input, selection and control devices. From this information and a 
consideration of the context in which a task or tasks are performed, it may be 
possible to identify where additional operator support systems or job aids are rεquired 

This information will need to be fed into the design process for the man-machine 
interface and supporting facilities 

3.3.2. Operating procedures 

To be effective, operating procedures and related documentation must be 
designed in accordance with appropriate standards for content, form and presentational 
style. The design of operating documentation should be based on functional and 
implementation specifications in the same way as any other engineered f(εature of the 
power plant. It may not be possible or practical to pre-define all actions which are 
required to cover all operating modes of the plant and all operating eventualities. 
However, the operating staff should be adequately supported by procedures during all 
conditions of operation, including normal, abnormal and accident conditions 

The design of procedures should recognise this by providing the necessary 
coverage and employing suitable approaches such as combinations of event-based, 
symptom-based or function-based documentation, as appropriate. To provide the 
necessary basis for such procedures, the lists of operating staff tasks must reflεct the 
various operating conditions discussed and any differing operational and safety 
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requirements which exist between them. 

At all times, the operating staff must fully understand which functions are 
delegated to them and which are being handled by automation. Where it is safe, 
possible and operationally desirable, the operating staff should be provided with means 
of controlling this assignment, through appropriate selection and control devices. lt 
must be possible for the operating staff to readily assess the state of such assignments 
at all times through the process information system. Where the assignment can be 
varied by automatic actions, which may trip functions to a manual state, the 
information system must unambiguously draw the operator's attention to such changes. 

3.3.3. Specifying automation 

Specifications of thε tasks to be carried out by machine, the automation 
component of the system , will form a m에or input to the design of plant systems 
and associated protection, control and instrumentation. They may also in f1uence the 
design of plant components themselves. It will not be possible to consider automation 
requirements in isolation from operator tasks, since inevitably there will be some 
human involvement in automatic systems, albeit in the form of supervision, 
surveillance or maintenance activities. The two sets of task specifications, those of the 
operating staff and those assigned to automation, must be considered together, and 
appropriate account taken of the many interactions that there will be between them. 

3.3 .4. Implications of the assignment process 

Use of a well-balanced assignment process will optimise the contribution of 
both men and machines to overall system performance. In practice, a truly optimum 
balance may be difficult to achieve, due to lack of precise information or uncertainties 
and assumptions which have had to be made. If it is necessary to makε compromises 
during the assignment process, as it undoubtedly is in many practical situations, the 
designer must, above all , ensure that safety objectives are met at all times and under 
all conditions of operation. 

Oftεn ， it will be found that a number of possible assignment pattems will 
prove equally adequate to meet the specified system needs. In such cases the designer 
should select a set of assignments which best accord with proven experience and 
practice. Whatever solution is adopted, the designer should ensure that the basis for 
that choice is documented and understood by all who will use that information in the 
course of their subsequent work. 

The overall objective of the assignment process is to obtain a satisfactory 
balance between automation and human actions, not a perfect one Experience in 
member states shows that a balance can be obtained with a range of solutions. Very 
rarely will a single, unique result be indicated, particularly when maintenance activities 
are also taken into account. Neither will a common approach be justified across the 
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whole of the plant activities being considered. This is particularly so when considering 
safety-related questions, where overall system reliability and peκormance will constrain 
many of the available possibilities. 

If task assignments are inadequate this may be revealed during testing or 
operation of the plant through reduced output, increased downtime, increased human 
error and may lead to a higher than desired risk to safety. Whatever the parameter, in 
such cases there will be incentives to achieve an improved balance and as a result, 
more effective plant operation. 

3.3 .5. Final audit 

The assignment process is completed by a final audit phase, to be carried 
out at a suitable time. The purpose of this phase is twofold. Firstly, it serves to 
validate the many decisions which have been made during the assignment and project 
development phases and secondly, it provides an opportunity to ensure that 
documentation of those decisions is adequate to allow subsequent re-examination and 
possible revision. 

The assignment process will provide a documented basis for decisions-making 
in system design. Notwithstanding the iterations described and the inherent checks and 
balances which will result, there wiU be merit in carrying out a final audit of the 
resulting system. In the case of a modification to an existing plant or process, the 
audit should consider both the changed portion and the modified process to ensure 
completeness of analysis. 

The audit process should check the extent to which the original objectives 
have been met and document any significant departure, anomalies or conflicts which 
can be identified. Judgement on the adequacy of the final system must rest with the 
end users, provided that compliance with safety and performance standards can be 
adequately demonstrated. Final audit can form part of a wider review of facilities and 
provisions. Again, if the assignment process has been well-documented, audit will be 
greatly assisted. 

3.3 .6. Operational feedback 

lt is important to regularly examine feedback from operating experience with 
the system and other related systems to ensure that the original balance remains valid 
and to identifY any need for revisions to the original assignments if operating 
experience so indicates. 
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6. NUREG/CR-2623 

v. ALLOCA TION OF FUNCTIONS AND THE SYSTEM PROCESS 

The preceding chapters have provided a general review of the allocation of functions 
literature, including the criteria, methods, and models developed prima끼ly in the 
context of military-aerospace systems. Based on this review of the human factors 
literature and an initial review of research and development on computer based aids, a 
preliminary approach to the allocation and assessment of functions in nuclear power 
plants is presented here. 

The literature review has not uncovered any significant new approach to the allocation 
of functions since the development of the "Hypothetical-Deductive" approach by Price 
and Tabachnick (1 968) (see Chapter III). This approach involves essentially a two-part 
process. First, the degree of potential human participation in the implementation of a 
function would be determined by applying certain assertions about the capabilities of 
man and machine and their limitations for meeting the performance required by the 
function. Essentially, this paπ establishes a hypothesis of functions allocation--in 
particular, man’s participation. Second, the hypothesis should be systematically reviewed 
or tested, using the best available human performance data, to determine the feasibility 
of the hypothesized human participation. This part essentially validates the hypothesis 
by deductive methods. An adaptation of this approach has been developed for the 
present project, and is described in the remainder of this chapter. 

Design Versus Evaluation 

It is important to emphasize that the objective of this project is to develop a method 
and proposed criteria to assess design proposals and concepts of automation in nuclear 
plants. This is in keeping with the Nuclear Regulatory Commission’s charter: to 
regulate--not design--nuclear power plants. However, it is considered necessary to 
pursue the allocation of functions as a design issue in the current phase of this 
project, for three important reasons. First, almost all the literature and previous work 
has been oriented toward design and toward the allocation-of-functions process as paπ 
of an overall system design. It is therefore easier to use the results from previous 
work if one maintains a design focus. Second, once a satisfactory design approach has 
been developed, no problems are anticipated in "reversing" this approach to be used 
for its evaluation of proposed designs. It is not uncommon for evaluation criteria to 
be derived from design criteria (this was largely the case in the development of 
NUREG-0700, Guidelines for Control Room Design Review). A final reason that might 
support the pursuit of a design approach at this time is the possibility that the NRC 
may choose to provide the nuclear power industry with guidelines for the design of 
future automated systems and the allocation of functions within them. While this is 
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not the prime objective of this project, it has been discussed as a product that could 
be derived from its findings. Consequently, development of a future design-oriented 
approach to the allocation of functions is an intermediate goal of the present project 
and of this report. 

System Development and the Allocation of Functions 

This section establishes a setting for the allocation of functions in the total system 
development process. It emphasizes human factors activities in system development. 

Since it is assumed to be common knowledge , no comprehensive treatment of the 
system development process has been attempted 

In its simplest form , system development always confronts the human factors specialist 
with two basic questions. The first question is, What human performance is required? 
The answer to this question takes the form of a system and task analysis. The second 
question is, How is the performance potential obtained? The answer to this quεstion is 
embodied in specifications for crew team manning and organization, personnel 
selection, training, job performance aids, and the human engineering and job design 
activities that will sustain and support personnel performance. Together, the answers to 
both questions represent what may be called "Personnel performance architecture." The 
basic issues of personnel performance architecture are graphically represented in Exhibit 
6 

A more expanded version of the personnel performance architecture activities in total 
system development is depicted in Exhibit 7. This shows that the function allocation 
activity must occur early in system development and that, once done, it will have a 
limiting effect on fì이lowing design activities concemed with personnel performance 
architecture. A poor allocation, or a poor use of automation, early in system design 
becomes more difficult and costly to rectify as system design and development 
proceed. There are numerous examples in contemporary commercial and military 
systems where a poor allocation of functions has resulted in degraded system 
performance. Furthermore, there is little likelihood that the effects of an initially poor 
functions allocation can be completely offset by an after-the-fact attempt to compensate 
for that poor decision by trying to improve the man-machine interface. Only small 
gains can be expected, for example, in achieving an optimum man-machine allocation 
through enhancements of control boards by means of paint, label, and tape techniques. 
Even the incorporation of graphic displays, such as a System Parameter Display or 
Disturbance Analysis System, may be only a partial remedy if the functions allocated 
to man were based on guesswork or mere tradition, and not an optimum man-machine 
relationship. 

Before proceeding to a description of an approach for al\ocation of functions , it is 
necessary to deal briefly with the development of man’s role. The final definition of 
man’s role in a system occurs as a result of functions allocation and the nature of 
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man’s participation in each of those functions. Thus, detennining man’s role is an 
iterative process, but some key decisions must be made at the onset of the system 
development process to detennine the general role of man in the system and his 
relative responsibility. The general roles of man in a system are depicted in Exhibit 8. 
These general roles are compatible with work being done at Oak Ridge National 
Laboratory on defining the operator roles in nuclear power plants (see Kisner & 
Flannigan, 1980, and Kisner, Fullerton, & Frey, 1981). Our approach to the initial 
development of the role of man is based on the answers to a series of questions 
presented in Exhibit 9. The answers to these questions define the basic role of man 
in a system. The specifics of this role are then modified during functions allocation. 
Thus , we make a distinction between the role of man and the functions of man: The 
role being defined beforε specific functions are allocated 

It is also important to note that the role of man is not detennined simply on the 
basis of perfonnance considerations, but must also consider such factors as man’s 
unique limitations, the availability of personnel, the cost of humans as operators, and 
differences among individuals. The latter two factors will be discussed later. For the 
moment, a flεw of man’s unique limitations are highlighted below: 

Exhibit 8 

General Roles of Man in a System 

• CONTRIBUTING CAPABILITlES NOT POSSIBLE WITH AN AUTOMATIC 
SYSTEM 

IDENTIFYING GOALS 
DEVELOPING PLANS 

• OPERATION Of SYSTEM EQUIPMENT (PRIMARY OR BACK UP) 
- PROCESS CONTROL 
- RECONFIGURA TION OF SYSTEM EQUIPMENT 
- INTERVENTION IN AUTOMATED FUNCTlONS 

• MONITORING SYSTEM EQUIPMENT 
• DIAGNOSING SYSTEM MALFUNCTlONS 

Exhibit 9 
Development of the Role of Man 

• CAN MAN’S UNIQUE CAPABILITlES BE SIGNIFICANT IN THE 
ATTAINMENT OF THE SYSTEM GOALS? 
- MAN HAS THE ABILITY TO LEARN 
- MAN HAS THE CAPACITY FOR CREATlVE PROBLEM SOLVING 
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• WHA T SYSTEM PERFORMANCE COULD BE IMPLEMENTED BY MAN? 
• IF A ROLE FOR MAN IS JUSTIFIED BECAUSE OF HIS UNIQUE 

CAPABILITIES (QUESTION 1) OR PRIMARY PERFORMANCE ACTIVITIES 
(QUESTION 2), WHA T OTHER PERFORMANCE SHOULD HE ASSIGNED TO 
HIM 70 TAKE ADVANTAGE OF HIS UTILITARIAN CAPABILITIES 

• WILL MAN'S UNIQUE LIMITATIONS CONSTRAIN HIS USE IN THE 
SYSTEM? 
- MAN HAS CERTAIN PHYSICAL CHARACTERISTICS 

MAN HAS PHYSIOLOGICAL NEEDS 
MAN HAS PSYCHOLOGICAL NEEDS 

• WILL MAN BE LOCAL OR REMOTE TO THE PRIMARY' SYSTEM ? 

1. Man comes in only a single mode l. From a design point of. view, man can be 
integrated into the system concept only as a complete "unit" with variable physical 
characteristics: dimensions, weight, and strength. 

2. Man has certain performance limitations from the standpoint of such things as 
sensitivity, reaction time, number of information channels, rate of response, and 
tolerance to stress. 

3. Man’s performance has an associated cost. One pays a price for providing and 
maintaining reliable human performance. These costs are measurable in terms of: 
selection; training; maintenance of proficiency; manuals , handbooks , instructions , and 
job aids biological support; and management. These costs are not always evident to 
the designer until a system is operational. 

4. Man has physiological needs. Human performance deteriorates rapidly when 
physiological needs for nourishment, sleep, comfort, and health are not satisfied. 

5. Man has psychological needs. Man’s performance deter) orates over prolonged 
periods of high stress or inactivity. Human performance also changes significantly 
because of such psychological variables as motivation, frustration, conflict, and fear. 

Allocation - of-Functions Philosophy 

A common misconception about the functions allocations is that functions are allocated 
to either man or machine. This is not the case. In most situations, functions are 
implemented by a combination of people, hardware, and software. In short, functions 
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are implemented by some degree of human participation coupled with some degree of 
mechanization or automation. Man and machine are not competitors. The 
allocation-of-functions process must therefore be thought of as a continuum rather than 
a dichotomy. It is true, however, that the endpoints of the continuum tend to define 
what may be termed manual performance at the one extreme and automated 
performance at the other. Thin concept is depicted graphically in Exhibit 10. This 
exhibit illustrates the continuum of man-related performance, which is any performance 
that can be obtained with man as a paπ of the design solution. For definition 
purposes the two εxtremes of the continuum may be defined as follows: 

• Manual Performance. This implies that man performs a function. He conserves, 
reduces, or adds information and he supplies or controls energy. 

• Automatic Performance. This implies that a machine performs the function by 
supplying whatever information or energy is required. 

In summary, the philosophy for the allocation of functions is that most functions are 
man-rated. They require some degree of human participation. Therefore, allocation 
occurs on a continuum rather than as a dichotomy. 

VI. A PROCEDURE FOR 'THE ALLOCA TION OF FUNCTIONS 

In an ideal world the allocation of functions would be accomplished by the application 
of a mathematical formula or algorithm. Given a complete statement of the 
requirements of a system, and precise descriptive statements about the propeπies and 
dynamic capabilities of hardware, software, and man, one would be able to derive one 
or more combinations of hard and soft components that would satisfy systerri 
reqUlrements. 

At present, however, neither engineering nor human factors is an exact science. 
Engineering is an inventive process. Information on the quantitative nature of human 
behavior is incomplete. At its best, therefore, system engineering is characterized as a 
series of iterative approximations to the goals expressed in a statement of system 
requirements made by a design team. 

With these limitations in mind, we propose here a set of steps which can guide a 
system engineering team in either the allocation of functions for a new system or the 
assessment of functions already allocated in an existing system, such as a nuclear 
power plant. These steps in the allocation-of-functions process are summarized in 
E앙libit 11. 

Is System Automation Mandatory? 
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The first step in allocating functions or assessing the allocation of functions is to 
deterrnine whether, for one or more technical or nontechnical reasons, total system 
automation is mandatory. This step is accomplished in part by comparing the goals 
and mission of the planned or existing system against the criteria presented in Exhibit 
12. These criteria are expressed 

Exhibit 12 

Criteria for Total Automation 

A system should be fully automated when a statement of its requirements or its 
present configuration meets one or more of the following critεna: 

• Regulation or P이icy. A system must be automated when regulation or public 
policy so dictate. This assumes that automation can be accomplished with available 
resources and known technology. 

• Environmental Factors. A system must be automated when any forrn of human 
participation is precluded because the system or its environment either will not support 
human life or will create products or conditions that would endanger it. This assumes 
that an adequate life support system cannot be developed and that man cannot be 
remoted to a safe environment to perforrn essential system functions. Environmental 
criteria include: 

- Uncontained radiation (see Exhibit A-l) 
- Heat (see Exhibits A-2 to A-4) 
- Noise (see Exhibit A-5) 
- Atmospheric pressure and sudden pressure change (see Exhibit A-6) 
- Gravity 
- Chemical or biological substances (see Exhibit A-7) 
- Vibration (see Exhibit A-8). 

• System Requirements and Constraints. A system must be automated when its 
perforrnance requirements exceed or fall outside of the range of human capability ‘ 

Perforrnance requirements in the following areas may make automation mandatory. 
They are best expressed as a series of questions having qualitative or quantitative 
answers. 

- Controlling: Do system requirements demand operational response to be made at 
speeds which cannot be attained or maintained by a human operator? Does the system 
require that adjustments be made which are too precise for the human operator to 
make? 
- Monitoring: Does the system require the human operator to maintain a state of 
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alertness or preparation which is beyond the operator’s norrnal limits? (Exhibit A-16) 
- Sensing: Are there stimuli required by the system which are beyond the capability 
of human operators to perceive them? (Exhibits A-17 and A-18) 
- Inforrnation processing: Are there inforrnation processing tasks, such as computations, 
which require perforrnance beyond the norrnal range of the human operator? (Exhibits 
A-14 and A-15) 
- Interpretation: Does the system require perforrnance in areas such as classification or 
extrapolation (calculating accelerations) which are not possible for the human operator 
to perforrn within the limits of the system? 
- Inforrnation storage: Do system re여qu비ireme뼈nt잉s demand that the 0φpe앙ra와to야r b야e able to 
store and retrieve large amounts of info아rrnatlOl이on in ways that are beyond human 

capabi“…lities? 
- Decision-making: Does the system require that the operator deterrnine a course of 
action or make a selection from among existing procedural options in a shorter time 
than the norrnal operator is capable of making such deterrninations? (E상úbits A-ll 
and A-12) 
as qualitative statements. When quantitative data exist, these are referred to by number. 
Examples of such quantitative limits, expressed as ranges or limiting characteristics, are 
presented in Appendix A. 

If for any reason this comparison leads to the conclusion that total automation must 
be attempted, and that it can be accomplished under known resource, engineering, and 
policy constraints, then automation becomes a paπ of the norrnal engineering process 
and no further consideration need be given to the role of man in the system. On the 
other hand, if total automation is mandatory but not achievable, then the statement of 
system requirements will have to be either revised or abandoned. A revision may 
contemplate the inclusion of man. 

In actual practice there are few instances in which it i. immediately obvious that a 
total system must be fully automated. This is particularly true when system goal. and 
functions are complex, when mission success is of vital importance, when the 
operating environment is unpredictable, or when a system failure were have vital 
safety and public health consequences. We do just include here consideration of the 
allocation of functions for simple, self-contained systems, such as regulators, timers, 
and other systems, in which total automation or mechanization can readily be achieved 
with existing technology and in which it would be degrading or uneconomical to 
assign such functions to man. 

In the case of existing nuclear power plants, as well as those envisioned for the 
future , it is unlikely that total plant functioning can or should be automated. 까le 

number and modes of failure are simply too great to be reduced to an engineering 
algorithm, and the consequences of failure are too severe to allow total automation. to 
be contemplated seriously with known or foreseeable technology. 

If the comparison of system requirements with the criteria shown in E쳐libit 12 leads 
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alertness or preparation which is beyond the operator’s nonnal limits? (Exhibit A-16) 
- Sensing: Are there stimuli required by the system which are beyond the capability 
of human operators to perceive them? (Exhibits A -17 and A -18) 
- Infonnation processing: Are there infonnation processing tasks, such as computations, 
which require perfonnance beyond the nonnal range of the human operator? (Exhibits 
A-14 and A-15) 
- Interpretation: Does the system require perfonnance in areas such as classification or 
extrapolation (calculating accelerations) which are not possible for the human operator 
to perfonn within the Iimits of the system? 
- Infonnation storage: Do system requirements demand that the operator be able to 
store and retrieve large amounts of infonnation in ways that are beyond human 
capabi“…Iities? 
- Decision-making: Does the system require that the operator detennine a course of 
action or make a selection from among existing procedural options in a shorter time 
than the nonnal operator is capable of making such detenninations? (E상1Ïbits A-II 
and A-12) 
as qualitative statements. When quantitative data exist, these are referred to by number. 
Examples of such quantitative limits, expressed as ranges or limiting characteristics, are 
presented in Appendix A. 

If for any reason this comparison leads to the conclusion that total automation must 
be attempted, and that it can be accomplished under known resource, engineering, and 
policy constraints, then automation becomes a part of the nonnal engineering process 
and no further consideration need be given to the role of man in the system. On the 
other hand, if total automation is mandatory but not achievable, then the statement of 
system requirements will have to be either revised or abandoned. A revision may 
contemplate the inc1usion of man. 

In actual practice there are few instances in which it i. immediately obvious that a 
total system must be fully automated. This is particularly true when system goal. and 
functions are complex, when mission success is of vital importance, when the 
operating environment is unpredictable, or when a system failure were have vital 
safety and public health consequences. We do just include here consideration of the 
allocation of functions for simple, self-contained systems, such as regulators, timers, 
and other systems, in which total automation or mechanization can readily be achieved 
with existing technology and in which it would be degrading or uneconomical to 
assign such functions to man. 

In the case of existing nuclear power plants, as well as those envisioned for the 
future , it is unlikely that total plant functioning can or should be automated. 까le 

number and modes of failure are simply too great to be reduced to an engineering 
algorithm, and the consequences of failure are too severe to allow total automation. to 
be contemplated seriously with known or foreseeable technology. 

If the comparison of system requirements with the criteria shown in Exhibit 12 leads 

부록 5- 179 



to the conclusion that not only is total system automation mandatol)' but that any 
fonn of human p앙ticipation is precluded on the basis of environmental factors or 
human perfonnance limitations, then the criteria listed in Exhibit 13 may be used to 
detennine the technical feasibility of acquiring a totally automated system. If these 
criteria cannot be met, then it will be necess따y either to abandon further development 
or to restate system goals and requirements in such a way that they can be automated 
or accomplished semiautomatically. 

If it can be demonstrated that a system must and can be fully automated, then it is 
necessal)' to establish its economic feasibility. Criteria listed in Exhibit 14 are 
representative of those that may be used in making such a determination, This list is 
incomplete because it is not envisioned as being of importance in the development of 
a functions allocation procedure for nuclear power plant systems 

Is Function Automation Mandatol)'? 

Most military and industrial process control systems that exist today, or are likely to 
exist in the near future , will require some form of human intervention. Therefore, the 
second step in allocating or assessing the allocation of functions will be concerned not 
with the issue of total system automation but with the automation of selected system 
functions. In nuclear power plants, for example, operators now have roles in 
establishing initial conditions and set-up, in minimizing event likelihood and severity, 
and in assisting in safety functions. 

Exhibit 13 
Criteria for Assessing the Technical Feasibility of Automation 

A system can be automated if the following criteria can be satisfied. 

• Component A vailability. Are the necessal)' hardware and software components 
required by the system available off-the-shel f? 

• Development Time. If components are not readily available off-the-shelf. can 
needed components be developed within the scheduled life-cycle development limit for 
the system or can that limit be revised to permit development and testing? 

• Predictability. Can all system events (i .e., mission events and system failure 
modes) be predicted and handled by automation? 

• Reliability. Is the expected reliability of the proposed system configuration adequate 
to meet system perform뻐ce requirements? 
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to the conc1usion that not only is total system automation mandatory but that any 
fonn of human participation is prec1uded on the basis of environmental factors or 
human perfonnance limitations, then the criteria listed in Exhibit 13 may be used to 
detennine the technical feasibility of acquiring a totally automated system. If these 
criteria cannot be met, then it will be necess따y either to abandon further development 
or to restate system goals and requirements in such a way that they can be automated 
or accomplished semiautomatically. 

If it can be demonstrated that a system must and can be fully automated, then it is 
necessary to establish its economic feasibility. Criteria listed in Exhibit 14 are 
representative of those that may be used in making such a detennination, This list is 
incomplete because it is not envisioned as being of importance in the development of 
a functions allocation procedure for nuc1ear power plant systems 

Is Function Automation Mandatory? 

Most military and industrial process control systems that exist today, or are likely to 
exist in the near future , will require some form of human intervention. Therefore, the 
second step in allocating or assessing the allocation of functions will be concemed not 
with the issue of total system automation but with the automation of selected system 
functions. In nuc1ear power plants, for example, operators now have roles in 
establishing initial conditions and set-up, in minimizing event likelihood and severity, 
and in assisting in safety functions. 

Exhibit 13 
Criteria for Assessing the Technical Feasibility of Automation 

A system can be automated if the following criteria can be satisfied. 

• Component Availability. Are the necessary hardware and software components 
required by the system available off-the-shelf? 

• Development Time. If components are not readily available off-the-shelf. can 
needed components be developed within the scheduled life-cyc1e development limit for 
the system or can that limit be revised to permit development and testing? 

• Predictability. Can all system events (i .e., mission events and system failure 
modes) be predicted and handled by automation? 

• Reliability. Is the expected reliability of the proposed system configuration adequate 
to meet system perfonnance requirements? 
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• Failure. Can the consequences of expected system failures be compensated for by 
automatic back-up or otherwise prevented from exceeding acceptable limits? 

• safety. Can adequate safeguards against dangers to public health be fully 
automated? 

Exhibit 14 
Criteria for Assessing the Economic Feasibility of Automation 

A system can be automated within economic constraints if it meets the following 
cntena. 

• Cost-Effectiveness. Will automation of the system be more cost-effective than the 
use of a human operator to perfonn one or more system functions?* This assumes 
that inclusion of the operator is not precJuded for reasons of life support or human 
perfonnance limitations. 

• Funding. Can all necessary costs of development, design, testing, installation, and 
automation be covered by known tìnancial resources? 

* Total system cost includes the cost of acquiring, automatically maintaining, and 
operating a fully automatic system. The cost of including one or more human 
operators or maintainers entails the aggregate costs of personnel selection, training, life 
support, staffing, attrition, and management, and the provision of supporting documents, 
manuals, Job aids, and training devices. 

These roles require capabilities which can be supported by inputs from process 
computers and plant systems but which call for man’s unique ability to integrate 
infonnation, detect pattems and trends, make decisions, recontìgure equipment, and 
evaluate outcomes. This step in the allocation process is therefore concemed with 
detennining if there are system functions that preclude any fonn of human 
participation and that must be fully automated. 

For this purpose, the criteria listed in Exhibits 12, 13, and 14 are again applicable. In 
addition, the criteria shown in Exhibit 15 apply. lf the use of these criteria indicates 
that man is unable to perfonn a function, then the designer has three options: (a) to 
fully automate the function , (b) to provide machine or computer assist. to offset or 
compensate for operator limitations, or (c) to use the operator in a back-up mode if 
the automatic function fails. ln case the latter option is selected, it is important to 
anticipate the tasks of the operator as a back-up and to make whatever provisions are 
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• Failure. Can the consequences of expected system failures be compensated for by 
automatic back-up or otherwise prevented from exceeding acceptable limits? 

• safety. Can adequate safeguards against dangers to public hea1th be fu l1y 
automated? 

Exhibit 14 
Criteria for Assessing the Economic Feasibility of Automation 

A system can be automated within economic constraints if it meets the following 
cntena. 

• Cost-Effectiveness. Wi11 automation of the system be more cost-effective than the 
use of a human operator to perform one or more system functions?* This assumes 
that inc1usion of the operator is not precluded for reasons of life support or human 
performance limitations. 

• Funding. Can all necessary costs of development, design, testing, installation, and 
automation be covered by known tinancial resources? 

* Total system cost inc1udes the cost of acquiring, automatically maintaining, and 
operating a fully automatic system. The cost of inc1uding one or more human 
operators or maintainers entails the aggregate costs of personnel selection, training, life 
support, staffing, attrition, and management, and the provision of supporting documents, 
manuals, Job aids, and training devices. 

These roles require capabilities which can be supported by inputs from process 
computers and plant systems but which call for man’s unique ability to integrate 
information, detect pattems and trends, make decisions, recontigure equipment, and 
evaluate outcomes. This step in the allocation process is therefore concemed with 
determining if there are system functions that prec1ude any form of human 
participation and that must be fully automated. 

For this purpose, the criteria listed in Exhibits 12, 13, and 14 are again applicable. In 
addition, the criteria shown in Exhibit 15 apply. If the use of these criteria indicates 
that man is unable to perform a function, then the designer has three options: (a) to 
fully automate the function , (b) to provide machine or computer assist. to offset or 
compensate for operator limitations, or (c) to use the operator in a back-up mode if 
the automatic function fails. In case the latter option is selected, it is important to 
anticipate the tasks of the operator as a back-up and to make whatever provisions are 
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necessaη to fully support that back-up function. 

Is Human Perfonnance Mandatory? 

Human perfonnance in a system is mandatory when the unique capabilities of man are 
required to implement a function. In general , the human operator will possess the 
unique capabilities' shown in Exhibit 16. These are capabilities which cannot be 
duplicated by present engineering or software technology and will, in most instance-, 
require some fonn of human aiding in order to provide the infonnation, control 
options, and feedback needed for process monitoring, supervision, and contro l. 

Exhibit 15 
Criteria that Limit or Preclude Human Participation in a System Function 

Consideration should be given to the exclusion of man in perfonning a function when 
one or n'l.ore of the criteria below apply. 

• Force Application. Large, precise, or extended applications of force preclude the 
use of man. Man’s instantaneous peak force is limited to a mean force of 50 
Newtons. 

• Response to Stimuli!Signals. The human operator experiences a finite lag between 
the onset of a stimulus and the ability to make a response to it. This lag varies from 
a mean of 100 msec for auditory stimuli and approximately 120 msec for visual 
stimuli to lags in excess of 1 second for responses involving a choice among 
altematives. 

• Precise Calibration and Measurement. Human operators are incapable of making 
precise measurements and calibrations. 

• Reliable Response. Because of the variability of human response, man should be 
precluded from perfonning functions which require the unvarying repetition of one or 
more responses. 

• Time Sharing. Under most circumstances man act. as a single-channel infonnation 
processor and should ordinarily be precluded from perfonning multiple time-shared 
tasks. 

• Continuous Perfonnance. Man should be precluded from perfonning functions 
which cannot be interrupted or which require sustained attention for long periods of 
time (e.g., in excess of 20 minutes). 

• Detection of Low Frequent Events. The operator should be precluded from 
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necessaη to fully support that back-up function. 

Is Human Perfonnance Mandatory? 

Human perfonnance in a system is mandatory when the unique capabilities of man are 
required to implement a function. In general, the human operator will possess the 
unique capabilities' shown in Exhibit 16. These are capabilities which cannot be 
duplicated by present engineering or software technology and will, in most instance-, 
require some fonn of human aiding in order to provide the infonnation, control 
options, and feedback needed for process monitoring, supervision, and contro l. 

Exhibit 15 
Criteria that Limit or Preclude Human Participation in a System Function 

Consideration should be given to the exclusion of man in perfonning a function when 
one or more of the criteria below apply. 

• Force Application. Large, precise, or extended applications of force preclude the 
use of man. Man’s instantaneous peak force is limited to a mean force of 50 
Newtons. 

• Response to Stimuli!Signals. The human operator experiences a finite lag between 
the onset of a stimulus and the ability to make a response to it. This lag varies from 
a mean of 100 msec for auditory stimuli and approximately 120 msec for visual 
stimuli to lags in excess of 1 second for responses involving a choice among 
altematives. 

• Precise Calibration and Measurement. Human operators are incapable of making 
precise measurements and calibrations. 

• Reliable Response. Because of the variability of human response, man should be 
precluded from perfonning functions which require the unvarying repetition of one or 
more responses. 

• Time Sharing. Under most circumstances man act. as a single-channel infonnation 
processor and should ordinarily be precluded from perfonning multiple time-shared 
tasks. 

• Continuous Perfonnance. Man should be precluded from perfonning functions 
which cannot be interrupted or which require sustained attention for long periods of 
time (e.g., in excess of 20 minutes). 

• Detection of Low Frequent Events. The operator should be precluded from 
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perfonning {unctions which require the detection of r따ely occurring stimuli, events, or 
conditions. 

Exhibit 16 
Criteria that Define Unique Human Capabilities 

Human participation in the perfonnance of a function is mandatory when that function 
requires one or more of the following capabilities. 

• Develop a Strategy. Man’s inclusion is mandatory when: 
- Operations cannot be reduced to preset procedures 
- The fonn and content of all inputs and outputs cannot be specified or predicted 
- The relationship between inputs and outputs may require restructuring during task 
perfonnance. 

• Integrate a Large Amount of Infonnation. Man must be included in the 
accomplishment of a function when: 
- Signals must be detected against a noisy background 
- Pattems of infonnation and trends must be extracted from several sources. 

• Make and Report Unique Observations. Man must be included when a function 
requires that observation be made of: 
- Thε perfonnance of others 
- The perfonnance of self 
- Ephemeral events. 

• Assign Meaning and Value to Events. Man must be included when perfonnance of 
a System or function requires that meaning end relative values be assigned to events. 

Hypothesized Human Participation 

The application of the procedure for functions allocation and assessment presented so 
far must be regarded as a set of tentative, revocable hypotheses about the combination 
of components expected to provide the perfonnance required by a statement of system 
goals and requirements. The majority of system functions will not be clear-cut 
candidates for either total automation or totally manual operation. Rather, they will be 
some combination of human participation and equipment and computer capabilities that 
have been judged to be capable of working together to produce desired perfonnance at 
a necessary level of reliability. Thus, a m갱or consideration in the allocation of 
functions will be to "hypothesize. the appropriate level of human participation in each 
system function. These hypotheses must be developed based on the best available data 
and knowledge conceming the capabilities and limitations of man and of equipment’ 
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perfonning {unctions which require the detection of r뼈y occurring stimuli, events, or 
conditions. 

Exhibit 16 
Criteria that Define Unique Human Capabilities 

Human participation in the perfonnance of a function is mandatory when that function 
requires one or more of the following capabilities. 

• Develop a Strategy. Man’s inclusion is mandatory when: 
- Operations cannot be reduced to preset procedures 
- The fonn and content of all inputs and outputs cannot be specified or predicted 
- The relationship between inputs and outputs may require restructuring during task 
perfonnance. 

• Integrate a Large Amount of Infonnation. Man must be included in the 
accomplishment of a function when: 
- Signals must be detected against a noisy background 
- Pattems of infonnation and trends must be extracted from several sources. 

• Make and Report Unique Observations. Man must be included when a function 
requires that observation be made of: 
- The perfonnance of others 
- The perfonnance of self 
- Ephemeral events. 

• Assign Meaning and Value to Events. Man must be included when perfonnance of 
a System or function requires that meaning end relative values be assigned to events. 

Hypothesized Human Participation 

The application of the procedure for functions allocation and assessment presented so 
far must be regarded as a set of tentative, revocable hypotheses about the combination 
of components expected to provide the perfonnance required by a statement of system 
goals and requirements. The majority of system functions will not be clear-cut 
candidates for either total automation or totally manual operation. Rather, they will be 
some combination of human participation and equipment and computer capabilities that 
have been judged to be capable of working together to produce desired perfonnance at 
a necessary level of reliability. Thus, a m에or consideration in the allocation of 
functions will be to "hypothesize. the appropriate level of human participation in each 
system function. These hypotheses must be developed based on the best available data 
and knowledge conceming the capabilities and limitations of man and of equipment' 

부록 5- 183 



and then assessed in light of development testing. 

When it has been determined that human participation is likely to be required in 
performing a system function, that function may be termed a "man-rated function." In 
hypothesizing human participation in any function , the responsibilities of man may be 
described for each of seven "core" pe야ormance categories: 

1. Monitoring and sampling information sources 
2. Sensing information 
3. Processing information 
4. Interpreting and evaluating trends 
5. Selecting or developing procedura\ strategies 
6. Information storage and retrieval Controlling. 

Illustrations of the activities invo\ved in each core performance area are shown in 
E강tibit 17. Listed are both examples of the capabilities, and the required resource 
characteristics. Terms in the left and ri햄t columns do not necessarily correspond on 
a one-to-one basis. 

Exhibit 17 
C\assification of Core Performance Capabilities 

Monitoring and Sampling 

To maintain a state of readiness or preparation for receipt of inputs 

ExamplesRequired Resource Characteristics 
Search High reliability in detecting signals 
Surveillance Monitoring specific physical energies 
VigilanceMonitoring of infrequent events 
Watch-keeping Monitoring scheduled or predictable events 

Continuous attention 

Monitoring of long-duration events 

Sensing 

To perceive extemal stimuli, to recognize a change of extema\ state, to acquire data 
from the environment 
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and then assessed in light of development testing. 

When it has been detennined that human participation is likely to be required in 
perfonning a system function, that function may be tenned a "man-rated function." In 
hypothesizing human participation in 뻐y function , the responsibilities of man may be 
described for each of seven "core" perfonnance categories: 

1. Monitoring and sampling infonnation sources 
2. Sensing infonnation 
3. Processing infonnation 
4. Interpreting and evaluating trends 
s. Selecting or developing procedural strategies 
6. Infonnation storage and retrieval Controlling. 

Illustrations of the activities involved in each core perfonnance area are shown in 
E앙tibit 17. Listed are both examples of the capabilities, and the required resource 
characteristics. Tenns in the left and ri햄t columns do not necessarily correspond on 
a one-to-one basis. 

Exhibit 17 
Classification of Core Perfonnance Capabilities 

Monitoring and Sampling 

To maintain a state of readiness or preparation for receipt of inputs 

ExamplesRequired Resource Characteristics 
Search High reliability in detecting signals 
Surveillance Monitoring specific physical energies 
VigilanceMonitoring of infrequent events 
Watch-keeping Monitoring scheduled or predictable events 

Continuous attention 

Monitoring of long-duration events 

Sensing 

To perceive extemal stimuli, to recognize a change of extemal state, to acquire data 
from the environment 
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Example Required Resource Characteristics 
Perception Sensing specific physical energies 
Signal Detection Sensing a stimulus against a background of noise 
Signal Recognition Sensing the same stimulus frequently 
Discrimination Sensing several similar stimuli simultaneously 
Recognition of Discrete Change Sensing quantitative values 
Recognition of Dynamic Change Simultaneous multichannel sensing 

Information Processing 

To transform, to organize, to break down, to combine, to operate on input data or 
signals 

ExamplesRequired Resource Characteristics 
EncodinglDecodingNumerical computation 
Sorting High volume and/or speed of transactions 
Analysis Simple processing rules or specific programs 
Filtering Parallel or multichannel operations 
Ordering Repetitive operations 
Merging High accuracy or precision 
Computation 

Interpreting 

To construct, to derive, to translate, to assign meaning to data or signals 

ExamplesRequired Resource Characteristics 
Pattem Recognition Assigning items to a large inc\usive c\ass by specific rules 
Interpolation Assigning a narrow range of meanings to inputs 
Extrapolation Estimation of rate of change, acceleration, or higher order derivatives 
Prediction Consideration of specific, predictable, or unambiguous inputs 
Association A minimum number of eπors due to expectation or cognitive set 
Classification 

Selection or Developing Procedural Strategies 

To select among altematives, to determine a course of action, to assess the validity of 
a propositJOn 

ExamplesInformation Storage and Reσieval 
Hypothesis Formulation Dependence upon complex procedures or operations 
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Example Required Resource Characteristics 
Perception Sensing specific physical energies 
Signal Detection Sensing a stimulus against a background of noise 
Signal Recognition Sensing the same stimulus frequently 
Discrimination Sensing several similar stimuli simultaneously 
Recognition of Discrete Change Sensing quantitative values 
Recognition of Dynamic Change Simultaneous multichannel sensing 

Information Processing 

To transform, to organize, to break down, to combine, to operate on input data or 
signals 

ExamplesRequired Resource Characteristics 
EncodinglDecodingNumerical computation 
Sorting High volume and/or speed of transactions 
Analysis Simple processing rules or specific programs 
Filtering Parallel or multichannel operations 
Ordering Repetitive operations 
Merging High accuracy or precision 
Computation 

Interpreting 

To construct, to derive, to translate, to assign meaning to data or signals 

ExamplesRequired Resource Characteristics 
Pattem Recognition Assigning items to a large inclusive class by specific rules 
Interpolation Assigning a narrow range of meanings to inputs 
Extrapolation Estimation of rate of change, acceleration, or higher order derivatives 
Prediction Consideration of specific, predictable, or unambiguous inputs 
Association A minimum number of errors due to expectation or cognitive set 
Classification 

Selection or Developing Procedural Strategies 

To select among altematives, to determine a course of action, to assess the validity of 
a propositlOn 

ExamplesInformation Storage and Retrieval 
Hypothesis Formulation Dependence upon complex procedures or operations 
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InductionlInference A large number of differentiations or integrations 

Deduction Deductive reasoning without reference to context 

Probability/Contingency Prediction based on variable whose nature and 
Estimation weightings are known in advance 

Identification and Selection among well defined altematives 
Comparison of 
Altematives 

Comparison with Invariant decision-making logic 
Standards or Criteria 

SelectionlChoice Short time lags between scheduled events 

Information Storage and Retrieval 

To retain or to remain aware of information and, conversely, to recall or to bring 
forth previously acquired information 

ExamplesRequired Resource Characteristics 
Short-Term Memory Rapid storage (ingestion) of large amounts of data 
Long-Term Memory Long-term storage with total recall 
Total RetrievallRecall Infallible memory with the precise source of data 

accurately tagged 

Selective RetrievallRecall High speed anψor frequent memory search 
Purging Multichannel storage or retrieval 

Large buffer (immediate memory) capacity 
Storing of coded or numerical data 
Rapid andlor complete purging (erasure) of stored data 

Controlling and Responding 

To maintain a given level of operation, to adjust and correct for changes in 
requirements, to adjust for deviations from a prescribed optimum state 

ExamplesRequired Resource Characteristics 
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lnductionlInference A large number of differentiations or integrations 

Deduction Deductive reasoning without reference to context 

Probability/Contingency Prediction based on variable whose nature and 
Estimation weightings are known in advance 

ldentification and Selection among well defined altematives 
Comparison of 
Altematives 

Comparison with lnvariant decision-making logic 
Standards or Criteria 

SelectionlChoice Short time lags between scheduled events 

lnformation Storage and Retrieval 

To retain or to remain aware of information and, conversely, to recall or to bring 
forth previously acquired information 

ExamplesRequired Resource Characteristics 
Short-Term Memory Rapid storage (ingestion) of large amounts of data 
Long-Term Memory Long-term storage with total recall 
Total RetrievallRecall lnfallible memory with the precise source of data 

accurately tagged 

Selective RetrievallRecall High speed andlor frequent memory search 
Purging Multichannel storage or retrieval 

Large buffer (immediate memory) capacity 
Storing of coded or numerical data 
Rapid andlor complete purging (erasure) of stored data 

Controlling and Responding 

To maintain a given level of operation, to adjust and correct for changes in 
requirements, to adjust for deviations from a prescribed optimum state 

ExamplesRequired Resource Characteristics 
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Tracking Generate a variety of movements in response to unpredicted 
changes 
AdjustingDetect discrepancies 
Directing Apply refined forces 
Specific Force Generation Apply variety of forces in large range of magnitude and 
duration 

Response Latency Respond rapidly and appropriately to apply force in a 
(Reaction Time) changing situation 

For a function in which one or more of these categories of core human performance 
will be required, it is necessary to analyze that function to determine how that 
performance can be achieved under expected operational conditions and constraints and 
to identify the level of automation and the job aide that must be provided to support 
it. To aid in this analysis effort, it i. useful to address each function with the series 
of questions illustrated in Exhibit 18 and to enter the answers as statements in a form 
such as the one shown in Exhibit 19. This helps ensure that a record is kept of the 
allocation and the reasons for making it. The outcome of these activities is a 
description of hypothesized human participation for each function of the system. By 
considering functions in this fashion , the level of equipment performance is also 
hypothesized. 

If it has been determined that human participation in a system is mandatory, then it 
follows that, having made the decision to include man, additional duties and 
responsibilities can be allocated to man either to support the system or to ensure that 
the job of an operator is meaningful and challenging. For example, if it has been 
established that man i. required to reconfigure a system by by-passing failed 
components, then it is also possible to provide the operator with such additional tasks 
as providing back-up to automated systems, keeping records, or monitoring othet 
systems. We call these additional and optional human responsibilities "utilitarian 
performance .. Utilitarian performance can be used to fill in and compensate for the 
lack of vigilant alertness associated with a job that might otherwise simply consist of 
prolonged monitoring and infrequent intervention. When utilitarian performance is 
included, it should be selected so as to develop coherent jobs--not a collection of 
unrelated tasks. The opportunity to add additional utilitarian duties to 
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Tracking Generate a variety of movements in response to unpredicted 
changes 
AdjustingDetect discrepancies 
Directing Apply refined forces 
Specific Force Generation Apply variety of forces in large range of magnitude and 
duration 

Response Latency Respond rapidly and appropriately to apply force in a 
(Reaction Time) changing situation 

For a function in which one or more of these categories of core human perform뻐ce 

will be required, it is necessary to analyze that function to determine how that 
performance can be achieved under expected operational conditions and constraints and 
to identify the level of automation and the job aide that must be provided to support 
it. To aid in this analysis effort, it i. useful to address each function with the series 
of questions illustrated in Exhibit 18 and to enter the answers as statements in a form 
such as the one shown in Exhibit 19. This helps ensure that a record is kept of the 
allocation and the reasons for making it. The outcome of these activities is a 
description of hypothesized human participation for each function of the system. By 
considering functions in this fashion , the level of equipment performance is also 
hypothesized. 

If it has been determined that human participation in a system is mandatory, then it 
follows that, having made the decision to include man, additional duties and 
responsibilities can be allocated to man either to support the system or to ensure that 
the job of an operator is meaningful and challenging. F or example, if it has been 
established that man i. required to reconfigure a system by by-passing failed 
components, then it is also possible to provide the operator with such additional tasks 
as providing back-up to automated systems, keeping records, or monitoring othet 
systems. We call these additional and optional human responsibilities "utilitarian 
performance .. Utilitarian performance can be used to fi lI in and compensate for the 
lack of vigilant alertness associated with a job that might otherwise simply consist of 
prolonged monitoring and infrequent intervention. When utilitarian performance is 
included, it should be selected so as to develop coherent jobs--not a collection of 
unrelated tasks. The opportunity to add additional utilitarian duties to 
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E앙libit 18 
Questions for Determining the Human Participation for Each Function 

• What is the function under consideration? 

• What are the tasks involved in this functionη 

For each task: 

Does this task involve Sensing? 
What p하t of the sensing do we give the human operator? 
What part of the Sensing do we give the equipment? 

Does the task involve Interpreting? 
What part of the Interpreting do we give the human operator? 
What p값t of the Interpreting do we give the equipment? 

Does the task involve Information Processing? 
What p하t of the Information Processing do we give the human operator? 
What paπ of the Information Processing do we give the equipment? 

Does the task involve Decision-Making? 
What paπ of the Decision-Making do we give the human operator? 
What p값t of the Decision-Making do we give the equipment? 

Does the task involve Controlling? 
What part of the Controlling do we give the human operator? 
What part of the Controlling do we give the equipment? 

Does the task involve Monitoring? 
What part of the Monitoring do we give the human operator? 
What p하t of the Monitoring do we give the equipment? 

Does the task involve Information Storage? 
What paπ of the Information Storage do we give the human operator? 
What part of the Information Storage do we give the equipment? 

• What is the total hypothesized human operation participation for the function? 

• What is the total hypothesized equipment participation for the function? 

부록 5- 188 

E앙libit 18 
Questions for Detennining the Human Participation for Each Function 

• What is the function under consideration? 

• What are the tasks involved in this functionη 

For each task: 

Does this task involve Sensing? 
What part of the sensing do we give the human operator? 
What part of the Sensing do we give the equipment? 

Does the task involve Interpreting? 
What part of the Interpreting do we give the human operator? 
What part of the Interpreting do we give the equipment? 

Does the task involve Infonnation Processing? 
What part of the Infonnation Processing do we give the human operator? 
What part of the Infonnation Processing do we give the equipment? 

Does the task involve Decision-Making? 
What p따t of the Decision-Making do we give the human operator? 
What part of the Decision-Making do we give the equipment? 

Does the task involve ControIling? 
What part of the ControIling do we give the human operator? 
What part of the ControIling do we give the equipment? 

Does the task involve Monitoring? 
What part of the Monitoring do we give the human operator? 
What part of the Monitoring do we give the equipment? 

Does the task involve Infonnation Storage? 
What part of the Infonnation Storage do we give the human operator? 
What part of the Infonnation Storage do we give the equipment? 

• What is the total hypothesized human operation participation for the function? 

• What is the total hypothesized equipment participation for the function? 

부록 5- 188 



Exhibit 19 
Example of Chart for Recording the Process of Hypothesizing Human Participation 

Function Subfunction 
Hypothesized Hypothesized 

Function Title Human Machine Rationale 
Requirements (Tasks) 

Participation Participation 
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the core perforrnance requirements of an operator also represents way to distribute 
responsibilities among an operating crew in an equitable manner, and one which is in 
keeping with the requirements for crew structure and supervision. 

Testing Hypothesized 
Man-Rated Functions 

This step in the allocation procedure i. the "deductive" paπ of a hypothetical-deductive 
process. It. purpose is to test the feasibility and validity of the potential man-rated 
allocations which were considered to be either mandatory or utilitarian. Exhibit 20 
summarizes the technique for testing the hypothesized allocations. A three-stage 
approach is suggested. Testing can be accomplished either empirically, by the use of 
scaled-down or full-sized mockups, physical or computer simulators, or actual or 
prototype φerational equipment; or analytically, using previous research data obtained 
from analogous situation-. The level of testing will depend upon available time and 
resource .. In this report, we will describe the analytic testing option. Each of the three 
stages under this option is summarized below. 

Review Allocation Against Human Psychological Capacities. 

The allocations decisions made so far were hypothesized without detailed consideration 
of basic human capacities. This activity is therefore a qualifying activity, insofar as 
potential allocations may be rejected as incompatible with basic psychological 
capacities. Inputs needed for this activity consist of quantitative data relative to the 
psychological capacities of man in the three basic areas of human functioning: 
sensory-perceptual, motor, and cognitive. Exhibit 21 is a sample of a type of data 
available in the psychological and human factors literature 
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Exhibit 20 
Summary of Technique For Testing Hypothesized Man Rated Functions 

( 1 ) REVIEW ALLOCATION AGAINST PSYCHOPHYSICAL CAPACITIES 
SENSORY PERCEPTUAL 
COGNITIVE 
MOTOR 

(2) REVIEW ALLOCA TION AGAINST SYSTEM OR FUNCTION CONSTRAINTS 
ENVIRONMENT AL 
PERFORMANCE 

(3) REVIEW ALLOCA TION AGAINST HUMAN RELIABILITY 
ERROR POTENTIAL 
ACCEPTANCE 

TESTING CAN BE ACCOMPLISHED-
• EMPIRICALL Y (MOCK-UPS, SIMULA TORS, ACTUAL EQUIPMENT) 
• COMPUTER SIMULA TION 
• ANAL YTICALL Y 

Exhibit 21 
Man’s Senses as Informational Channels A Comparison of the Intensity Ranges 
and Intensity Discrimination Abilities of the Senses* 
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Sense 

vlslon 

Audition 

Intensity Range 

Smallest Detectable 
22 to 57*10-1U ergs 

2*10-4 ergs/cm2 

Intensity Discrimination 

Largest Practical jRelative jAbsolute 
Roughly thelWith white light,lWith while light, 3 

brightness of snowlshore are about ~ 70lto 5 absolutely 

in the midday sun orldiscrimin ablelidentifiable 

about 109 times thelintensity differenceslintensities in a range 

threshold intensity lin a practical range lof 0.1 to 50 ml 

Roughly the intensitylAt a frequency oflWith pure tones 

of the soundl2,OOO cps, thereI about 3 to 5 

produced by a ietlapproximately 3251identifiable steps 

plane withldiscriminable 

afterbumer or aboutlintensity differences 

109 times the 

intensity differences 

threshold intensity 

Mechanical IFor a small stimulator onlVaries with size oflln the chest region al3 to 5 steps 

vibration Ithe fingertip averagelstimulator portion oflbroad contact 

amplitudes of 0.00025 mmlbody stimulated andlvibrator with 

can be detected individual Pain islamplitude limits 

usually encounteredlbetween 0.5 mm and 

out 40 db abovelO.5 mm provides 15 

threshold Idiscriminable 

amplitudes 

Touch pressurelVaries considerably withlPain threshold 

body areas stimulated and 

Vanes enormouslylUnknown 

for area measured 

type of stimulator Some 

representative values: Ball 

of Thumb-0.26 ergs 

Fingertips-0.037 toαx) 

ergs 

Arm-0.0322 to 0.1 13 ergs 

duration of stimulus 

contact and interval 

between presentation 

of standard and 

comparison stimuli. 

Smell IWidely variant with ty메La멍ely unknown INo data available INo data available 

of odorous substance. some 

representative values 

Vanilla-2*1σ7 mg/m3 

*Moworay and Gebhard 
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which can be used for this purpose. Allocations may be rejected or the level of 
human participation modified based on psychological demands. 

If allocation does not meet these tests, then Several options are open. Exhibit 22 
shows a chart which may be used to aid in these decisions. It may be possible to 
aid the human operator with instrumentation control or job aide to allow the operator 
to function within the system. 

Another option is to modify human participation. It may be possible to change the 
allocated human participation without having to change the entire allocation. For 
example, if a function involved monitoring and controlling the system to ensure that 
the system remains within established limits, one allocation might have the human 
operator both perform the monitoring and take the needed control actions. 

Even if the control action could be automated, it may be allocated to the operator to 
enhance the total operator job. Appendix A contains some examples of the types of 
psychological data which can be used to make these decisions (Exhibits A-ll to 
A-16). 

Review Allocation Against System or Function Constraints. The purpose of this 
activity is to further test the validity of the surviving man-rated allocations against 
criteria related to environmental anψor performance constraints. This is also a 
qualifying activity. A potential allocation may be rejected as incompatible with system 
or functional environment or performance constraints. For example, performance 
constraints, such as duration of the continuous monitoring task, may justify the 
elimination of a man-rated allocation if a vigilance decrement is likely to occur. Much 
data exists to support testing at "his level. Exhibit 23 is a sample of the relationship 
between 

human performance and room temperatures, illustrating the effect of one environmental 
constraint. Exhibit 24 is an example of the effects of duration on vigilance 
performance (signal detection and reaction time). once again, testing of the 
hypothesized allocation could result in rejection of the allocation or modification of the 
extent of human participation. Exhibit 25 gives an example of the type of chart which 
can be used to record data resulting from the tests against the system or function 
constramts 

Review Allocation Against Human Reliability. This final test is perhaps the most 
difficult to perform--at least analytically. Data on human error is not well established, 
and the effects of user acceptance on performance are known, at best, only in a 
qualitative sense. Nevertheless, there are data sources and lessons learned from other 
situations which can be brought to bear on the testing at this point. 꺼le best 
currently available source for human error data is the Handbook of Human Reliability 
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Analysis With Emphasis on Nuclear power Plant Operations, published by NRC as 
NUREG/CR-I278 (by Swain and Guttmann, 1980). 

Operator Acceptance of Automation 

The literature on operator acceptance of automation has been well searched by Frey 
and Kisner (I 981), and no effort will be made to duplicate their efforts here 
However, some aspects of operator acceptance that may affect the allocation of 
function are: 
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EXHIBIT 22 
Chart to Record Resu \ts of Psychological Tests of Allocations 

Can operator be aided 
Reject 

Function Sensory /percept human participation to have to be 
Function Motor Cognitive AlIocation? 

Tasks ual meet psychological modified? 

needs of function? 
(N!Y) 

부록 5- 195 

EXHIBIT 22 
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Exhibit 23 
까le Critical Effective Temperatures at Which Impairment May Be Demonstrated, 
According to Various Sources 

Name and type of test IInvestigator 

Temperature (OF) 
Max. at which 

Demonstrable 
performance 

remains normal 
80 

87.5 

80 
83 

80 

80 
79 

80 
93b.c 

lmpalrment 

Typewrites code (acrambied letters) IViteles 

Mores code reception I Mackworth 

Locations (spatial re1ations code) 、Titeles

Block coding (problem solving) I Mackworth 

Mental multiplication (problems) IViteles 

Number checking (error Detection) 미Titeles 

Visual attention (clock testl I Mackworth 

Pursuit (visual mase) IViteles 

Reaction time (simple response) I Forlano 

87 

92" 

87 

87.5" 

87 

87" 
87.5a 

87 

Discrimeter <Complex response) 

Lathe (hand coordination) 

Pursuitmeter 

Motor coordination 

Ergograph (weight pulling) 

Bicyc1e ergometer (heavy work) 

Weight lifting (heavy work) 

-J 

E 
d 

F 
5 

% 

mm 

% 

% 

이m
 % 

μ
%
 

m 「
)

Ln 

’n 

·Ju 

때
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 n 

따
 

k 

k 

때
 빠
 때
 K 

V 

·R 

·R 

￡
 
메
 
￡
 ’
때
 
Y 

V 

V 

M 

W 

M 

디
 N 

87 

87" 

92" 

91 a 

85.3"'ct 

91.5C 

70c 

a. Deterioration statistically significant. 

b. wet bulb does not exceed 86 OF. 

c. Effective temperature estimated from data in report. 

d Midpoint of a range of conditions. 

Robert M, Gagne, (editor), Psychological Principles in System Development, 1962 
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87 
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87 
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87 
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87 

87 

87" 
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91" 
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Robert M, Gagne, (editor), Psychological Principles in System Development, 1962 
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Exhibit 25 
Chart to Record Data from the Tests Against System Constraints 

If not, can the 

Can the human operator be aided 

Function of System Constraint operator perform or pretested 10 
Function 

Environmental Performance within the the system 

constraint? within the 

constraint? 
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Job coherence. Automation can lead to jobs which are made up of uninteresting, 
unrelated, unchallenging leftover tasks, which can lead to unacceptance on the part of 
the human operator. 

Responsibility/authority. Automation will allow a single human operator to control a 
larger number and greater diversity of tasks. Since in nearly all systems a human will 
비timately be responsible for the fulfillment of the system objectives, this means that 
the amount of responsibility felt by the human operator will increase. The human 
operator should have corresponding authority to deal with this responsibility. The 
human operator sho비d have the final supervisory control and decision-making power. 

Losing touch. In many automated systems, the task of actual control has passed from 
the human operator to the automated system. This has led many to fear that the 
operator's skills will be lost. If at some point the operator must resume manual 
control, system performance could suffer because of the lost skills. 

Social structure. In many systems which involve human operators, informal social 
support structures have evolved. Automation may pose a threat to these structures and 
care may have to be taken to preseπe them. 

The considerations given here are not easily quantified and will usually have to be 
dealt with on an individual system basis. The human factors specialist should play a 
major role in this aspect of systems design. In addition, operator opinion and 
participation should be solicited and given weight in making any final allocation of 
functions and design of jobs derived from these allocation .. 

The overall approach to deriving data regarding user acceptance can take a number of 
forms. Exhibit 26 is an example of some principles of user acceptance derived from a 
study by Price, Smith, and Behan (1 964), A specific study of user acceptance of 
automation for nuclear power plants is underway at Oak Ridge National Laboratory ‘ 

When completed, its findings should be a valuable addition to the criteria presented 
here. 

Outcomes. At completion, the test of hypothesized man-rated functions will generally 
have one of three outcomes: 

1. The function is not feasible for human performance and must be automated. 
2. The Function may be feasible, but the level and type of human participation has to 
be redefined. 
3. It is a feasible man-rated function and can be further developed as part of the 
normal design activities. 

Following the testing of hypothesized man-rated functions , the functions are synthesized 
into a statement of the total Job which the operator will perform. This activity leads 
to a set of integrated design requirements and constraints across all functions. This 
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product constitutes a major input into the system engineering phase of the project, 
where the actual design occurs. The next major effort, from the personnel performance 
architecture viewpoint, will be a task analysis for each function requiring human 
participation, based on the final design. 

Exhibit 26 
Acceptance Principles a Study of Commercial All-Weather Landing Systems 

ROLE EXPECT ANCY 

1. MEN GENERALL Y ACCEPTING OF SYSTEM ROLES WHICH GIVE THEM 
AN OPPORTUNITY TO EXERCISE AND THEREFORE, MAINTAIN SKILLS 
WHICH THEY FEEL ARE IMPORTANT TO MAINTAINING THEIR POSITION IN 
THE OCCUPATIONAL AND SOCIAL STATUS SYSTEM IN WHICH THEY ARE 
IMMERSED 

2. MEN ARE GENERALL Y ACCEPTING OF SYSTEM ROLES WHICH PERMIT 
THEM TO V ARY THEIR PROCEDURES AND THE MANNER Of 
ACCOMPLlSHING THEIR T ASKS, ON THEIR OWN INlTIA TIVE. ROLES THA T 
FAIL TO PERMIT A MAN TO VARY HIS PROCEDURES ON HIS OWN ARE 
GENERALL Y LABELED MECHANICAL. 

3. MEN ARE MORE ACCEPTING OF ROLES WHICH PERMIT THEN TO 
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AT THE .01 LEVEL OF CONFlDENCE) WAS FOUND BETWEEN HOW MUCH 
THE MEN FEL T THEY WERE LEARNING ON THEIR JOB AND THEIR 
INTENTIONS TO RE-ENLlST. 

AUTOMATION ACCEPTANCE 
1. THE MORE SYSTEM EXPERIENCE MAN HAS, WITH THIS EXPERIENCE 
INCLUDING EXPOSURE TO AUTOMA TED EQUIPMENT. THE MORE 
ACCEPTING HE IS OF THE AUTOMATED EQUIPMENT AND THE MORE HE 
WILL USE IT IN THE PRESCRIBED MANNER. 

2. THOSE WITH MORE STATUS. RESPONSIBILlTY, AND AUTHORITY TEND 
TO BE MORE ACCEPTING OF AND MAKE MORE USE Of AUTOMATED 
EQUIPMENT THAN OTHERS. 

3. WHERE FAILURE OF THE PERFORMANCE OF ITS FUNCTION BY 
AUTOMA TED EQUIPMENT CAN ENDANGER THE LlFE OF THE MAN, HE IS 
LESS LlKEL Y TO ACCEPT AND "E IT DESPITE PRESCRIBED PROCEDURES. 

부록 5- 199 

product constitutes a major input into the system engineering phase of the project, 
where the actual design occurs. The next m헤or effort, from the personnel performance 
architecture viewpoint, will be a task analysis for each function requiring human 
participation, based on the final design. 

Exhibit 26 
Acceptance Principles a Study of Commercial All-Weather Landing Systems 

ROLE EXPECT ANCY 

1. MEN GENERALL Y ACCEPTING OF SYSTEM ROLES WHICH GIVE THEM 
AN OPPORTUNITY TO EXERCISE AND THEREFORE, MAINTAIN SKILLS 
WHICH THEY FEEL ARE IMPORTANT TO MAINTAINING THEIR POSITION IN 
THE OCCUPATIONAL AND SOCIAL STATUS SYSTEM IN WHICH THEY ARE 
IMMERSED 

2. MEN ARE GENERALL Y ACCEPTING OF SYSTEM ROLES WHICH PERMIT 
THEM TO VARY THEIR PROCEDURES AND THE MANNER Of 
ACCOMPLlSHING THEIR T ASKS, ON THEIR OWN INITIA TIVE. ROLES THA T 
FAIL TO PERMIT A MAN TO VARY HIS PROCEDURES ON HIS OWN ARE 
GENERALL Y LABELED MECHANICAL. 

3. MEN ARE MORE ACCEPTING OF ROLES WHICH PERMIT THEN TO 
LEARN. IN A RECENT STUDY (UNFORTUNATELY. UTILlZING A SAMPLE OF 
ONLY SEVENTEEN) A CORRELATION OF +. 51 (STATISTICALLY SIGNIFICANT 
A T THE .01 LEVEL OF CONFIDENCE) W AS FOUND BETWEEN HOW MUCH 
THE MEN FEL T THEY WERE LEARNING ON THEIR JOB AND THEIR 
INTENTIONS TO RE-ENLlST. 

AUTOMATION ACCEPTANCE 
1. THE MORE SYSTEM EXPERIENCE MAN HAS, WITH THIS EXPERIENCE 
INCLUDING EXPOSURE TO AUTOMA TED EQUIPMENT. THE MORE 
ACCEPTING HE IS OF THE AUTOMA TED EQUlPMENT AND THE MORE HE 
WILL USE IT IN THE PRESCRIBED MANNER. 

2. THOSE WITH MORE STATUS. RESPONSIBILlTY, AND AUTHORITY TEND 
TO BE MORE ACCEPTING OF AND MAKE MORE USE Of AUTOMATED 
EQUlPMENT THAN OTHERS. 

3. WHERE FAILURE OF THE PERFORMANCE OF ITS FUNCTION BY 
AUTOMATED EQUlPMENT CAN ENDANGER THE LlFE OF THE MAN, HE IS 
LESS LIKEL Y TO ACCEPT AND "E IT DESPITE PRESCRIBED PROCEDURES. 

부록 5- 199 



4. THERE IS GENERALL Y HlGH ACCEPT ANCE, WITHIN THE LIMITS OF 
THE ABOVE THREE PRINCIPLES, Of THE AUTOMATION OF SERVO TASKS, 
PARTICULARL Y THOSE WHICH MUST BE PERFORMED OVER LONG 
PERIODS OF TIME. 

5. THERE IS GENERALLY RATHER LOW ACCEPTANCE OF AUTOMATION OF 
DECISION MAKING FUNCTIONS. 

(FROM PRICE & CO-WORKERS, 1964.) 

VII. THE ASSESSMENT OF FUNCTIONS ALLOCA TION IN NUCLEAR POWER 
PLANT DECISION MAKING 

In Section VI of this report we identified the core areas of human performance that 
must be considered in the allocation and assessment of functions in a system. One of 
these core performance areas is decision-making. In the opinion of the authors, the 
principal role of man (i.e. , the operating crew) in a nucIear power plant is to make 
decisions. Other core areas of human performance (e.g., monitoring, controlling) 
assigned to the operator initiate, support, or are otherwise ancillary to decision-making. 
In this section we focus on decision-making as a core area of human performance, 
and explore one approach to the development of criteria that can be used to assess 
the extent to which the elements of the decision-making process have been effectively 
allocated to the operator and to other elements of the plant system (e.g. , procedures, 
computer aids, training, displays , and controls). The example we have presented is 
suggestive. It is not complete even for the one critical decision element chosen. We 
anticipate, however, that subsequent phases of this functions allocation program will 
permit the development, evaluation, and application of the approach identified here. 

Justification fox assigning the decision-making role to man is based on the premise 
that the causes of off-normal plant conditions are so varied and complex, their 
remedies so event specific, and the consequences of failure to mitigate an event so 
severe that decision-making should not be automated even if it were possible to do 
so. For this reason, it is likely that decision-making will be the single most important 
system responsibility to be considered in the allocation of functions to man and 
machine, both in the design of new power plants and in the assessment of the 
effectiveness of functions allocations in plants that exist today. 

까le most critical decisions to be made in a nucIear power plant are those that must 
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be made in emergencies, particularly in response to events for which no standard 
procedures exist. Under emergency conditions the decision process takes the general 
flow chart form shown in Exhibit 21 (Breen, 1981). Wh ile flow diagrams of this type 
are useful for some purposes, they reveal little of the problem-solving activity which 
is required of an operating crew, and which is so critical in event mitigation. To fully 
understand this process, it is necessary to model and assess the cognitive process of 
the operator. 

Psychologists, economists, mathematicians, and, more recently, those interested in 
artificial intelligence, have developed analytical and empirical models of the cognitive 
aspects of decision-making. One of the most satisfactory for our purposes comes from 
the research of Rasmussen (1 974, 1978, 1979, 1980). Based on his studies, Rasmussen 
produced a variety of diagrammatic decision-making models. An adaptation of one 
diagram by Pew, Miller, and Feeher (1980) makes explicit the cognitive elements that 
are only implicit in Exhibit 27. This model , shown in Exhibit 28, has several 
advantages. It incorporates cognitive elements. It applies to process contro1. It can be 
applied to a range of decision-making sequences which proceed in an orderly manner 
from observation to execution, a. we l\ as to sequences in which short-cuts are taken. 
And it makes it possible to treat complex decision-making as a branching process with 
a tree structure. 

Pew et a1. used the Rasmussen model to determine the relative importance of 
providing decision aids and other control room innovations (e.g. , staffing, πaining， 

control , and display improvements) for each of the decision elements in plants These 
decision elements were given the fo l\owing definitions: 

• Activation (and detection) refers to that phase of decision making in which the 
operators determine that some abnormal condition exists which demands further 
inveshgat \On. 

• Observation/data co l\ection refers to the phase in which the operators are collecting 
information, from control room instruments or other sources, that will help them 
determine the nature of the abnormal condition. 

• Identification of system state refers to the phase in which the operators abstract 
the information they have collected into a coherent representation of the current state 
of the plant. During this phase, they wil\ usually identify what is wrong, although 
they may not yet understand win" or how the abnormal condition developed. 

• Interpretation of situation refers to the phase in which the operators determine the 
implications of the system state identified in the previous phase. During this phase, 
they will usually decide not only what is causing the abnormal situation, but also 
what the course of events in likely to be if no intervention occurs. 

• Evaluation of altematives refers to the high-level decision phase in which the 
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operators consider the fundamental strategies open to them under the circumstances. 
During this stage, they are not concemed with carrying out the strategies, but rather 
with the probable consequences of the feasible altematives. 

• Task defmition /selection of goal state refers to the first step in carrying cut the 
general state for the system. At this stage they are concentrating on what they want 
to happen and not on how to do it. 

• Procedure selection (and formulation) refers to the detailed plan by which they 
will endeavor to bring the system to the desired goal state. This plan may involve the 
execution of predefined procedures, either written or unwritten, or it may involve 
inventing new procedures to suit unforeseen circumstances. 

• Procedure execution refers to the process of actually carrying out the sequence of 
actions determined in the previous phases. This phase couples back to the first and 
second phases, in that the operators must monitor the results of their execution to 
determine that the execution phase is proceeding as intended. 

Using these eight decision element definitions, the authors then obtained information on 
the decision-making of operators in response to four off-normal plant events that had 
recentiy occurred, * and constructed "Murphy diagrams. of the operators’ decisions 
Murphy diagrams are named in honor of the legendary Murphy, who formulatεd the 
law that "If anything can possibly go wrong, it will." Four of the eight diagrams are 
presented in Exhibits 29 to 32. Each diagram breaks down one of the Rasmussen 
decision model elements, showing the decision-making activity, its "success" (S), and 
"failure" (F) outcomes, and the common proximal and distal reasons for error in 
performing the decision element. The authors use the terms "proximal" and "distal" to 
describe the immediacy of the probable cause or source of error in a failure (F) 
outcome. 

*The four events were: (1) steam-tube rupture, (2) excessive cooldown followed by 
automatic safety injection, (3) foe. of instrumentation followed by excessive cooldown, 
and (4) loss of feedwater. 

The authors then formed an eight-member panel composed of expeπs drawn from the 
operating staff of the plants at which the events had occurred, and from experts in 
human factors, control room engineering, and operation. Using the Rasmussen model 
and the definitions of its decision-making elements as guides, the panel was asked to 
analyze and evaluate information about the four plant emergency events. 

The outcome of this analysis consisted of the combined ratings of panel members 
regarding the relative importance of each of the eight decision-making elements. 
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Exhibit 33 shows that, on a scale of 1 (Ieast critical) to 7 (most critical), the 
highest mean ratings of importance were assigned to three decision elements: 
observation!data collection; identification of system state; and interpretation of situation. 
Murphy diagrams for these elements are presented in Exhibits 30, 31 , and 32. These 
findings suggest that any technique for the assessment of the alIocation of functions in 
existing nuclear power plants should emphasize and concentrate initially on criteria for 
these three key decision-making elements. 

Given the results of the Pew study (Pew et al., 1980), it is possible to extract a set 
of criteria that must be met if success is to be achieved in implementing each of the 
elements in an operator’s decision-making sequence for any off-norrnal plant event. 
This requires us to make two assumptions First, it must be assumed that the 
Rasmussen decision elements and the "Pew-Murphy" diagrams are generic to 
off-norrnal events, and that the only difference from event to event will be the 
specific items of data collected by the operator from plant instrumentation. Second, 
since we cannot know for any operator 

Exhibit 33 
Results of Overall Evaluation 
(From Pew et al., 1980) 

OVERALL EVALUATION FORM 

1. Based on your overall experience, estimate the practical importance of providing 
decision aids and innovations to assist each of the fì이lowing aspects of decision 
making. 

Mean StdDev 
(a) Activation/detection: 4,50 2.12 
(b) Observation/data collection: 5.88 0.93 
(c) Identification of system state: 6.00 1.00 
(d) Interpretation of situation: 6.00 0.87 
(e) Evaluation of altematives: 4.88 1.36 
(f) Task definition!selection of goal state: 2.63 0.48 
(g) Procedure selection!forrnulation: 2.88 1.36 
(h) Procedure execution: 4.25 1.71 
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whether or not short-cuts in decision-making will be taken (i.e., proceeding directly 
from observation to procedure selection without taking intervening steps), we must 
assume that all steps may be taken and that each step should be fully supported by 
appropriate operator aids. Given that these are valid assumptions, we can illustrate how 
criteria for the assessment of the allocation of functions for the operator's 
decision-making function can be derived. For this purpose we used the Pew-Murphy 
diagram for observationldata collection shown in Exhibit 30. This diagram may be 
schematized and criteria derived from it as follows. 

Critical Decision-Making Element: ObservationIData Collection 

Success requirement. Having detected an abnormal condition, to be able to acquire 
sufficient data to characterize the plant state. 

Success criteria: 
1. All acquired data must be pertinent to the abnormal condition. Necessary conditions 
for this criteria to be met include: 
• Operator must be experienced to specified level. 
• Procedures for data collection must be followed. 
• Operators must be trained to evaluate indications that may signal a condition 

outside the set of design basis events. 

2. AIl acquired data must be consistent and not in conflict. Necessary conditions for 
this criteria to be met include: 
• Indications of all malfunctioning equipment must be available to operator 
• There can be no deficiencies in display design that would lead to errors in data 

collection. 

3. Acquired data must be complete. 
• Indications of equipmentldisplay malfunction must be available tooperator. 
• Support must be provided to the operator to preclude premature termination of 

data coIlection. 

4. Pending activities should not compete for operator attention. 
• Crew structure and size should be adequate to distribute workload under off-normal 
condition. 
• Aids should be provided to prioritize and cue required activities. 

It is suggested that in subsequent phases of this program, efforts be made to expand 
on the approach suggested here, to evaluate the expanded approach on at least one 
power plant subsystem, and to use that evaluation experience as the basis for 
providing a method for assessing the allocation of functions in existing plants and for 
pr'φosed operator aids to be used in those plants. It is felt that if the method can be 
applied to existing plants and operator aids, it can also be used in guiding the 
allocation of functions in designing new plants. 

부록 5- 204 

whether or not short-cuts in decision-making will be taken (i.e., proceeding directly 
from observation to procedure selection without taking intervening steps), we must 
assurne that all steps may be taken and that each step should be fully supported by 
appropriate φerator aids. Given that these are valid assumptions, we can illustrate how 
criteria for the assessment of the allocation of functions for the operator's 
decision-making function can be derived. For this purpose we used the Pew-Murphy 
diagram for observationldata collection shown in Exhibit 30. This diagram may be 
schematized and criteria derived from it as follows. 

Critical Decision-Making Element: ObservationIData Collection 

Success requirement. Having detected an abnormal condition, to be able to acquire 
sufficient data to characterize the plant state. 

Success criteria: 
1. All acquired data must be pertinent to the abnormal condition. Necessary conditions 
for this criteria to be met inc1ude: 
• Operator must be experienced to specified leve1. 
• Procedures for data collection must be followed. 
• Operators must be trained to evaluate indications that may signal a condition 

outside the set of design basis events. 

2. AlI acquired data must be consistent and not in conflict. Necessary conditions for 
this criteria to be met include: 
• Indications of all malfunctioning equipment must be available to operator 
• There can be no deficiencies in display design that would lead to errors in data 

collection. 

3. Acquired data must be complete. 
• Indications of equipmentldisplay malfunction must be available tooperator. 
• Support must be provided to the operator to prec1ude premature termination of 

data collection. 

4. Pending activities should not compete for operator attention. 
• Crew structure and size sho비d be adequate to distribute workload under off-normal 
condition. 
• Aids should be provided to prioritize and cue required activities. 

It is suggested that in subsequent phases of this program, efforts be made to expand 
on the approach suggested here, to evaluate the expanded approach on at least one 
power plant subsystem, and to use that evaluation experience as the basis for 
providing a method for assessing the allocation of functions in existing plants and for 
proposed operator aids to be used in those plants. It is felt that if the method can be 
applied to existing plants and operator aids, it can also be used in guiding the 
allocation of functions in designing new plants. 

부록 5- 204 



7. NUREG/CR-3331 

(omitted) 

8. IEC 964 

3. Functional design of the main control room 

A System based approach to the functional design of a control room shall be used 
covering the control mom and the associated items in Figure 1. This approach shall 
include the following four steps as shows in Figure 2: 

- functional analysis; 
- functional assignment; 
- verification and validation of function assignment; 
- job analysis. 

3.1 Function analysis 

An analysis of the functions to be performed by nuclear power plant to achieve the 
actual objective of 2.1 consistent with principles of 2.2 to 2.7 shall be conducted. 

This analysis should identify a hierarchy of goals for the control room design covering 
all operational states and accident conditions. These goals shall include the production 
of electricity and the minimization of activity release as principal goals. The goals 
may be developed further as sub-goals and used in the design decision process (see 
Appendix A.3.1). 

3.1.1 Identification of functions 

With respect to hierarchical goal structures, all plant functions associated with these 
goals of the control room should be identified and documented. A means for 
identifying these goals is given in A.3. 1.1. In defining functions the analysis should be 
comprehensive and take into account the interactions between the control room and 
facilities and systems outside the control room 

3.1.2 Informationflow and processing requirements 

Analysis shall be performed to determine the basic operational information flow and 
processing required to accomplish the plant functions including decision making and 
operations. This analysis is described in A.3.1.2. 

When identifying the information flow and processing requirements, the designer should 
use several representative design basis events as well as all normal operations. 
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The following events should be included 

- events requiring operations subjectively judged to be difficult in terms of complexity 
of data interpretation or control, control speed, etc.; 
- events requiring the highest certainty of correct operator responsε， e.g. certain 
accident conditions; 
- events important in terms of the probabi Iistic risk assessment; 
- events in which plant trip is highly probable unless corrective action is taken in 
time; events whose occurrence rates are high. 

The number of events to be included shall be large enough to cover adequately the 
functions associated with the hierarchical goal structure. 

3.2 Assignment of functions 

The designer shall conduct task analysis to determine which functions should be 
assigned to the man and which functions should be assigned to the machine. An 
example of the procedure is given in A .3 .2. 1. 

Functions assigned to man shown in table A. 1 are: 

- manual control including backup control to automatic control; 
- monitoring associated with both manual control and automatic control; 
- high-Ievel mental processing tasks such as diagnosis to determine the cause of 
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act lOns. 
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actually perfonning a control task where he is supervising an automatic system that is 
perfonning the control tasks and where he is perfonning high level mental pmcessing 
tasks such as diagnosis. Th is analysis should result in the infonnation needed for the 
conceptual infonnation system structure and the functional organization of resources to 
perfonn each decision making and control task. 

For potential operator functions , estimates of processing capability required in teens of 
workload, accuracy, rate and time factors shall be prepared for each infonnation 
processing aspect and control action. These estimates shall be used for the initial 
assignment of functions. The estimates should be modified based on verification results 
and used to reconsider the assignment of the function as well as to provide a more 
detailed definition of the required operator capabilities. 

These requirements together with those for display, control and communication shall be 
consistent with the tasks which shall be perfonned to accomplish the function. The 
general tasks should include display, control and communication requirements. These 
requirements are discussed in A.3.2. 

The various types of data available to the operator should be grouped based upon the 
tasks and not on the sources of data. The purpose is to organize the infonnation from 
various sources with respect to each decision making task to provide a comprehensive 
infonnation system for the operator within his capabilities. 

The principles and criteria used in me analysis shall be documented and shall include 
factors which leaf 찌ith the capabilities and limitations of both the control room staff 
and the automatic control system. 

The assignment criteria are described in A.3.2.2 and the assignment is described in 
A.3.2.3. 

3.2.2 1 & C system processing capabilities 

Analysis of instrument and control system processing shall begin with a definition of 
system anψor equipment functional requirements and restraints, followed by a more 
detailed description of operational event sequences and manlmachine interface 
requirements for each task. The purpose is to organize the machine infonnation and 
capabilities with respect to the tasks defined for operator interaction. 

This organization will facilitate the assessment of the capabilities of both automatic 
controls and human control for each decision-making and control tasks Processing 
capabilities of the I&C system should ultimately include specifications such as quantity, 
response time and accuracy, quirements that the system anψor equipment shall satisfy 
as well as human engineering standards defining the manlmachine interface for each 
component type. 
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To reduce the probability of operator error, the control systems should be designed to 
keep the pl;unt within safe limits without any operator action during a specified period 
of time after initiation of certain abnormal condition of the plant. Th is period of time 
shall be reflected in the functional requirements for the automatic control systems. 

3.3 Verification of function assignment 

The correct assignment of control room functions to man and machine shall be 
verified as shown in Figure 2. Evidence shall be presented that a proposed function 
assignment takes the maximum advantage of the capabilities of man and machine 
without imposing unfavourable requirements on either of them. 

3.3 .1 Process 

The process developed for the verification shall inc1ude preparation, evaluation and 
resolution phases (see A.3.3.1 and A.3.3 .2 a) for these processes). 

3.3.2 General evaluation criteria for verification 

Before attempting to verifY the proposed function assignment, the criteria used for the 
assignment shall be confirmed self-consistent. 

The verification shall subsequently confirm that 

a) all the functions necessary for the achievement of the plant operational and safety 
goals are identified; 
b) the proposed function assignment is in accordance with criteria established for the 
assignment; 
c) all requirements of each function are identified. These requirements inc1ude 
performance aspects (e.g. time constants, accuracy), those derived from safety 
principles, availability principles and station operating authority principles specified in 
this standard, and those derived from other standards, regulations and guidelines; 
d) requirements from higher level functional goals merge at a lower functional level 
without conflict under all operational modes. 

Modification (i .e. correction of mistakes or reassignment) and verification shall be 
made iteratively until all these criteria are satisfied 

3.4 Validation of functional assignment 

The proposed function assignment shall be validated to demonstrate that the system 
would achieve all the functional goals. In particular, the performance of function 

부록 5- 208 

To reduce the probability of operator error, the control systems should be designed to 
keep the pl;unt within safe limits without any operator action during a specified period 
of time after initiation of certain abnormal condition of the plant. Th is period of time 
shall be reflected in the functional requirements for the automatic control systems. 

3.3 Verification of function assignment 

The correct assignment of control room functions to man and machine shall be 
verified as shown in Figure 2. Evidence shall be presented that a proposed function 
assignment takes the maximum advantage of the capabilities of man and machine 
without imposing unfavourable requirements on either of them. 

3.3.1 Process 

The process developed for the verification shall inc1ude preparation, evaluation and 
resolution phases (see A.3.3.1 and A.3.3 .2 a) for these processes). 

3.3.2 General evaluation criteria for verification 

Before attempting to verifY the proposed function assignment, the criteria used for the 
assignment shall be confirmed self-consistent. 

The verification shall subsequent1y confirm that 

a) all the functions necessary for the achievement of the plant operational and safety 
goals are identified; 
b) the proposed function assignment is in accordance with criteria established for the 
assignment; 
c) all requirements of each function are identified. These requirements inc1ude 
performance aspects (e.g. time constants, accuracy), those derived from safety 
principles, availability principles and station operating authority principles specified in 
this standard, and those derived from other standards , reg비ations and guidelines; 
d) requirements from higher level functional goals merge at a lower functional level 
without conflict under all operational modes. 

Modification (i.e. correction of mistakes or reassignment) and verification shall be 
made iteratively until all these criteria are satisfied 

3.4 Validation of functional assignment 

The proposed function assignment shall be validated to demonstrate that the system 
would achieve all the functional goals. In particular, the performance of function 

부록 5- 208 



sequences, under all the nonnal operations and several representative events, shall be 
assessed 

3.4 .1 Process 

The process developed for the validation shall include preparation, evaluation and 
resolution phases (see A.3 .3.1 and A.3.3 .2 b)). 

Selection criteria shall be developed to ensure that the events to be chosen for 
assessment are representative. In addition to all nonnal operations and events specified 
in 3. 1.2, events caused by multiple failures should be considered for the assessment of 
functions assigned to man. 

After the completion of the selection of representative events, functions required in 
each event are identified and synthesized in time-sequential order. 

3.4 .2 General evaluation crieria for validation 

The perfonnance of functions shall be evaluated for all the norrnal operation and the 
representative events The general validation criteria shall be satisfied including the 
following 

a) the number of functional goals and the work load rate required of the control 
room staff shall not exceed their capability; 
b) the assignment of functions to the control room staff and local operators is 
acceptable. In particular, it should not require them to perfonn cooperative, mutually 
dependent tasks for the achievement of a function which is either time critical or 
important to the plant safety or the plant availability. 

3.5 Job analysis 

In order to develop basic requirements further for the control room staff structure, the 
operating procedures and the training programme, the designer should conduct a job 
analysis of the verified or validated function assignment and functional requirements. 

The analysis should clarify: 

- operator competence required; 
- operational responsibilities of operators; 
- non operational dudes of operators (e.g reporting); operational interactions between 
operators; 
- dialogues between operators and plant; 
- communications between operators and plant personnel stationed outside the control 
room facilities. 
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Together with the results of the analysis for the function assignment (e.g. conceptual 
information structure), the items above should form the basis of the control room staff 
structure, the operating procedures and the training programme (see A.3 .5 for a 
sequence of the analysis). 

9. NUREG-0700 Rev.l Human-System lnte따ce Design Review Guideline 

3.2 Function and Task Analysis 

3.2.1 Review Objective 

The staff should ensure that the applicant’s function and task analysis adequately 
defines personnel task requirements. These requirements are used by the applicant 
during the HSI design V & V phase to evaluate the adequacy of the HSI, guide the 
application of HFE guidelines, and support the development of safety performance 
criteria for validating the integrated system. The following are the aspects of the 
applicant’s function and task analysis that are addressed in the staffs evaluation. 

3.2.2 Review Topics 

(1) Scope The analysis should begin with the examination of plant functions and 
systems followed by that of associated personnel tasks. The focus should be on those 
functions and tasks that are most relevant to the systems associated with the HSI 
design review. 

(2) Information Sources - The analysis should be based on accurate information 
sources. The descriptions of plant systems, SARs, schematics, and diagrams of piping 
and instruments should identify functions, systems, and their functional relationships. 
SARs also provide overview discussions of a plant’s critical functions and accident 
analyses, where preservation of the functions is demonstrated for DBAs. Plant 
procedures, emergency procedure guidelines, technical specifications for operation, and 
personnel training materials specify personnel functions and tasks. Additional sources 
could include analyses as follows: 

• TMI Action Plan (NRC, 1980b) Items l.C. l and I.C.9 (Procedures for Transients 
and Accidents) and Item I.D.2 (Safety Parameter Display System) 

• Regulatory Guide 1.97 (NRC, 1983) 

• NUREG-0696, "Functional Criteria for Emergency Response Facilities," (NRC, 
1980c) 
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The task analysis should include infonnation from plant personnel to assure that it 
depicts the actual perfonnance requirements. 

(3) ldentification of Plant Safety Functions Systems - Plant safety functions (e.g., 
reactivity control) and their associated plant systems and processes should be defined. 
A system function is defined as an action that is required to achieve a desired goal. 
The focus of the staffs review should be on those functions involved in maintaining 
safety - functions required to prevent or mitigate the consequences of postulated 
accidents that could cause undue risk to the health and safety of workers and the 
public. Safety functions are those functions that ensure higher-level objectives and are 
often defined in tenns of a boundary or entity important to preserving the plant’s 
intεgrity and preventing the release of radioactive materials. Each safety function is 
associated with one or more plant processes (plant system configurations or success 
paths) which are responsible for, or can carry out, the function. These plant functions 
and processes typically are described in Chapter 15 of the plant’s SAR, where the 
plant’s response to DBAs is analyzed. Functions and systems associated with 
preventing and mitigating DBAs should be identified, as well as specific problems 
identified in the operating experience review. 

(4) Identification and Selection of Operational Events - Operating events should be 
identified within the context of function and task analysis. The operational events 
analyzed should address the systems and functions identified in the previous step and 
reflect the 미11 range of plant operations, emphasizing abnonnal and emergency 
conditions. Operational events should include those associated with problems identified 
in the operating experience review; selected operational events should include the 
following, 
as a mlmmum: 

• Nonnal operational events including staπup ， shutdown or refueling, and significant 
changes in operating power 

• Failure events: 
- instrument failures (e.g. , safety-related system logic and control unit, 

fault-tolerant controller, local "field unit" for multiplexer (MUX) system, MUX 
controller, and break in MUX line) 

- HSI equipment and processing failure (e.g. , loss of display units and loss 
of data processing) 

• Transients and accidents: 

- transients (e.g., turbine πip， loss of off-site 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) 
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- accident(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 

The selected events should be relevant to the overall scope of the applicant’s HSI 
design review, i.e., the events should require using those HSI components discussed in 
the review. Further, the selection should reflect the following: 

• the role and importance of the equipment in plant safety (as described in the plant 
SAR) 

• the type of component or equipment failures which cause the system to fail 

• the operational plant history of component failures 

• risk significance of components, systems, sequences or scenarios, and human 
actions as determined by a risk analysis such as a PRA 

• the demands that system operation and failure place on personnel workload 

When assessing the role and importance of systems to plant safety, the degree of 
interconnection with other plant systems should be considered. A system which is 
highly interconnected could came the failure of other systems because the initial 
failure could propagate over the connections; this is especially important when 
assessing non-class IE systems. 

(5) Function Description - The functions associated with the systems involved in each 
selected operating event should be described; thus, functional flow block diagrams 
could show which systems and subsystems are required during the various phases of 
the event. The control of these functions also should be described in terms of type of 
control response required of personnel (e.g. , discrete, continuous), location of the 
control interfaces (e.g., main control room, local control station), and associated 
displays. Where control is allocated to both personnel and the plant, the role of each 
should be defined (e.g., personnel monitoring of an automated process manual 
backup/override to automatic control and automatic control set by manual action). 

(6) Function Allocation Basis - The basis for function allocations in operating plants 
Can usually be accepted based on operating experience. However, the function 
allocation basis should be evaluated when the following events occur: 

• significant problems are indicated with the established allocation of an existing 
plant 
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• an upgrade of the HSI could change some of the existing personnel functions or 
introduce new ones 

• the design of the HSI or the underlying processes of a new plant could differ 
from predecessor plants and thereby introduce new or modified personnel functions 

In these cases, the allocation should be evaluated to determine whether personnel 
functions take advantage of human strengths and avoid a\locating functions that would 
be lessened by human limitations. 
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1. 일반 지침 

1. 1 경보계통 기능 기준 

- 경보계통은 시스템이나 공정에 이상상태가 존재한다는 사실을 

경고해 주어야한다. 

- 경보계통은 이상상태의 본질과 우선조치순위를 알려주어야 한다. 

- 경보계통은 운전원의 초기대응조치를 안내해 주어야 한다. 

- 경보계통은 운전원의 대응조치가 이상상태를 바로잡았는지 적시에 

확인시켜 주어야 한다. 

부가정보: 이렇게 제공된 경보정보는 발전소 계통 또는 기능의 상태변화를 

용이하게 감지할 수 있도록 해 주며， 정보의 과부하를 피하고， 운전원이 당 

황하지 않게 해 줄 것이다. 

출처 : NUREG/CR-3987, IEC 964, EPRI ALWR. 

1.2 경보계통의 개선된 기능성 

신형 경보계통을 기존 제어실에 설치할 경우 기존 경보계통이 지원하던 모 

든 운전원 기능을 지원해야 하며， 안전성분석보고서의 기능요건과 2절에서 

열거한 모든 기능기준을 만족하여야 한다. 

부가정보: 운전원은 경보계통을 항상 설계자의 의도대로만 사용하지 않는다. 

신형 경보계통으로 대체하고자 할 때에는 운전원을 참여시켜 기존 시스템에 
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대한 기능적 사용 분석을 수행하여야 한다. 이는 기존 경보계통의 한 정보 

소스를 제거하고 신형 시스템에는 대체하지 않았을 때 안전 운전을 저해하 

는지 확인하기 위함이다. 예를 들변， 전반적인 발전소상태를 결정하고자 할 

때 경보계통을 자주 사용한다 할 지라도 경보계통의 특정 역할이 전체 HSI 

설계에 종속적이므로 대형의 발전소 및 계통 개관정보표시기가 있을 경우 

경보계통을 사용하지 않을 수 있다. 

토의: 경보계통의 사용 목적을 발혀내기 위한 많은 연구가 수행되었다. (e.g., 

Fink et al., 1992; Kragt et al., 1983; MPR Associates, 1985; Sheehy et al., 

1993). 예를 들면， MPR Associates(1 985)는 비정상상태에서 운전원의 의사결 

정시 경보계통의 역할을 평가하였다. 다음과 같은 몇가지 구체적인 경보계 

통의 역할이 확인되었다: 

· 다양한 계통 또는 기기의 상태 파악 지원 

(기존 시스템을 신형 시스템으로 대체할 때 잃기 쉬운 한 측면이다.) 

· 간단한 “규칙기반”행위를 필요로하는 오작동 경고 

· 비상운전절차서 사용 중 다른 절차서로 이동할 필요성에 대한 

운전원의 인식 제고 

· 적절하고도 즉각적인 행위/전략이 명확하지 않은 발전소 

비정상상태에서 상위수준 및 계통/기기 수준의 정보를 제공하여 보다 

추상적인， 지식기반 대응조치 지원 

· 정상상태로의 복귀 동과 같은 피드백 기능 제공 

· 발전소 비상계획 작동의 필요성 지시 

따라서， 경보계통은 모든 추상화수준에서 작동하는 운전원의 목표지향적 정 
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보처리를 지원한다. 또한， 이 지침은 상위수준의 설계검토원리 “직무 호환 

성” 및 “사용자모델 호환성”과 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105 

1.3 주요 HSI와의 설계 일관성 

경보계통의 HSI는 제어실의 표시기 및 제어기 둥， 주요 HSI에 적용된 표준 

및 범례와 일관성을 유지하여야 한다. 

부가정보: 경보계통의 HSI는 그외의 HSI 및 절차서에 사용한 범례(섬볼， 아 

이콘， 두문자어(acronym)， 코딩， 측정단위 등)와 동일한 범례를 사용하여야 

한다. 약간의 차이는 있을 수 있어도 다른 HSI와 전혀 다르거나 서로 상충 

하는 형태로 표시방식을 사용해서는 안된다. 예를 들면， 우선순위를 나타낼 

목적으로 색상코딩을 사용하였다면， 공정표시기에서의 의미와 경보계통에서 

의 의미가 동일해야 한다. 

토의: 이 지침은 상위수준의 설계검토원리 “일관성”과 일치한다(부록 A 참 

조). 

출처: NUREGjCR -6105 

1.4 HSI 설계검토지침과의 부합성 

표시기 및 제어기 등， 경보계통 요소는 경보계통 지침 뿐만 아니라 일반적 
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언 HSI 지침에도 부합하여야 한다. 

부가정보: 경보계통 지침이 그밖의 보다 일반적인 인간공학 지침에 우선한 

다 할지라도， 경보계통은 전체 HSI의 일부분임을 명심하여야 한다 이러한 

이유로 일반적인 표시기 및 제어기 등의 설계에 적용한 지침과 부합하여야 

한다. 예를 들면， 운전원으로 하여금 경보계통에 입력 및 질의 (query)를 주고 

받을 수 있도록 터치스크린을 사용하려 한다면， 인터페이스의 이러한 측면 

을 평가할 때 NUREG-0700 Rev.l을 사용하여야 한다. 또다른 예로， 경보표 

시기가 P&ID VDU 표시기에 통합되어있다면， 그 표시기에대한 P&ID 측면 

(예를 들면 아이콘， 심볼 등)은 NUREG-0700 Rev.l 의 해당 절을 사용하여 평 

가하여야 한다. 경보계통을 검토할 때 지침들간에 중복이 얄어냐는 경유에 

는 경보계통.x!침이 우선한다 

출처: NUREGjCR-6105 

1.5 경보계통 검증 

경보계통의 효용성( effecti veness)은 실시간 및 동적 시율레이션을 통하여 검 

증되어야 한다. 

부가정보: 경보계통 설계는 일반적으로 복잡한 공정제어 시스템에서， 특히 

원자력발전소에서 오랜 역사를 가지고 있는 문제이다. 인간공학 지침이 많 

은 설계현안( design issues)을 언급하고 있지만， 아직 경보계통에 대한 설계검 

토의 여러 측면을 적절하게 언급하고 있지는 못하다. 따라서 경보계통의 기 

능성은 (1)경보계통의 운용에 관련된 HSI와 (2)경보계통이 발전소요원들에게 
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제공하는 정보의 품질， 정확도， 시기 그리고 유용성 등을 밝혀낼 수 있는 동 

적 수행도평가를 통하여 검증되어야 한다. 

출처 : EPRI AL WR, NUREGjCR -6105 

2. 경보 정의 

2.1 경보 선정 

경보조건의 선정 근거(basis)는 다음과 같은 기준을 포함하여야 한다. 

O 필수안전 기 능(CSF) 및 주요변수(Key parameters)의 감시 

o 요원 위험의 방비 

o 안전기능 설비의 중대한 손상 방지 

O 기술규격서상의 만족 확인 

O 비상운전절차의 의사결정 시점 감시 

부가정보: 경보계통의 주요 측면 중 하나는 발전소가 안전성분석보고서와 

기술규격서에서 정의한 안전운전영역내에 있는지 운전원이 확인할 수 있도 

록 지원하는 것이다. 여기에는 발전소와 요원 보호를 위한 자동시스템의 작 

동여부 확인을 포함한다. 이러한 확인은 필수안전기능과 주요변수의 감시를 

수행하는 경보계통에 의하여 다양한 방법으로 제공될 수 있다. 선정계획을 

개발하고 이를 적용하여 경보조건을 선정한다. 위의 모든 측면이 주제어실 

경보계통 개발에 적용되었음을 확인하기 위하여 선정한 경보조건을 검토하 

여야 한다. 
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제공하는 정보의 품질， 정확도， 시기 그리고 유용성 등을 밝혀낼 수 있는 동 
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2. 경보 정의 

2.1 경보 선정 

경보조건의 선정 근거(basis)는 다음과 같은 기준을 포함하여야 한다. 
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O 안전기능 설비의 중대한 손상 방지 

O 기술규격서상의 만족 확인 

O 비상운전절차의 의사결정 시점 감시 
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록 지원하는 것이다. 여기에는 발전소와 요원 보호를 위한 자동시스템의 작 

동여부 확인을 포함한다. 이러한 확인은 필수안전기능과 주요변수의 감시를 

수행하는 경보계통에 의하여 다양한 방법으로 제공될 수 있다. 선정계획을 

개발하고 이를 적용하여 경보조건을 선정한다. 위의 모든 측면이 주제어실 

경보계통 개발에 적용되었음을 확인하기 위하여 선정한 경보조건을 검토하 

여야 한다. 
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출처 : NUREG-0700, EPRI ALWR, EPRI NP-3659, NUREGjCR-6105 

2.2 설정치 결정 

각각의 경보 범주에 대하여 감시 및 적시의 대응조치 수행을 보장할 수 있 

도록 경보설정치를 결정하여야 한다. 

부가정보: 발전소 상태가 안전성분석보고서와 기술규격서의 제한치 내에 있 

는지 확인하는데 도움을 주기 위하여 경보를 설치한다. 그러므로 운전원과 

발전소 계통이 충분한 대응시간을 확보할 수 있도록 실제 제한치 보다 보수 

적인 수준으로 설정치를 구체화 할 수 있다. 따라서 주요 계통 혹은 기기에 

발생한 문제가 가용성의 손실(예를 들변， 발전소 트립)， 설비 손상， 안전성분 

석보고서와 기술규격서 요건 위반， 혹은 다른 심각한 결과를 초래하는 상황 

으로 귀착되기 전에 운전원에게 경고할 수 있도록 설정치를 결정하여야 한 

다. 이들 요소를 저해하지 않는다면 다른 기준이 적용 가능하다. 

토의: 이 지침은 상위수준의 설계검토원리 “시기적절성 (Timeliness)"과 일치 

한다(부록 A 참조). 

출처 : EPRI NP-3659, EPRI ALWR, NUREG-0700, NUREGjCR-6105 

2.3 설정치 결정과 불필요 경보 회피 

경보 설정치는 비정상상태의 적시 경고와 변수 값의 정상적인 편차 범위내 
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출처 : NUREG-0700, EPRI ALWR, EPRI NP-3659, NUREGjCR-6105 

2.2 설정치 결정 

각각의 경보 범주에 대하여 감시 및 적시의 대응조치 수행을 보장할 수 있 

도록 경보설정치를 결정하여야 한다. 

부가정보: 발전소 상태가 안전성분석보고서와 기술규격서의 제한치 내에 있 

는지 확인하는데 도움을 주기 위하여 경보를 설치한다. 그러므로 운전원과 

발전소 계통이 충분한 대응시간을 확보할 수 있도록 실제 제한치 보다 보수 

적인 수준으로 설정치를 구체화 할 수 있다. 따라서 주요 계통 혹은 기기에 

발생한 문제가 가용성의 손실(예를 들변， 발전소 트립)， 설비 손상， 안전성분 

석보고서와 기술규격서 요건 위반， 혹은 다른 심각한 결과를 초래하는 상황 

으로 귀착되기 전에 운전원에게 경고할 수 있도록 설정치를 결정하여야 한 

다. 이들 요소를 저해하지 않는다면 다른 기준이 적용 가능하다. 

토의: 이 지침은 상위수준의 설계검토원리 “시기적절성 (Timeliness)"과 일치 

한다(부록 A 참조). 

출처 : EPRI NP-3659, EPRI ALWR, NUREG-0700, NUREGjCR-6105 

2.3 설정치 결정과 불필요 경보 회피 

경보 설정치는 비정상상태의 적시 경고와 변수 값의 정상적인 편차 범위내 
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에서 수립된 설정치에 기인한 불필요 경보 발생과의 관계를 절충하여 결정 

한다. 

부가정보: 설정치를 결정할 때에는 전체 인간기계시스댐의 수행도(발전소 

이상상태를 감지하기 위한 운전원과 경보계통의 공조 동)를 고려해야 한 

다 

토의: 공정제어 운전원은 신호감지이론에서 ”경계하의 감시시스템 

(alerted-monitor system)"이란 용어로 묘사할 만큼 항시 감시환경하에 있다 

(Soaken et a1., 1985 and 1988). 이것은 자동감시시스템과 인간으로 구성된 2 

단계 감시시스댐이다. 원자력발전소에서 자동감시시스템은 경보계통을 말한 

다. 경보계통은 발전소 매개변수가 경보기준을 초과할 때 이 사실을 운전원 

에게 경고하고， 운전원은 제시된 경보가 거짓경보인지 참경보인지를 파악하 

기 위하여 그신호를 감지， 분석， 그리고 해석해야 한다. 운전원이나 자동감 

시시스템(경보계통)은 민감도와 반응기준 등 두가지 매개변수에 대한 각기 

자신만의 구체적인 신호감지 값을 가지고 있다. 운전원의 경우 두 매개변 

수 값은 설정치， 불필요 경보 및 거짓경보의 존재， 그리고 경보밀도(al따m 

density) 등을 포함하는 경보계통 특징에 의하여 영향을 받는다. “경계하의 

감시시스템”과 관련된 중요한 현안은 이 시스템의 최적 수행도가 두 구성요 

소(운전원과 경보계통)간의 상호작용의 함수라는 점이다. 시스템의 한 요소 

에 대해 신호감지 매개변수를 최적화 하는 것이 전체 2단계 시스댐의 수행 

도를 최적화하지 않을 수 있다. 자주 적용되는 경보설정치 철학은 자동화된 

감시 하부시스댐에 의해 신호감지를 최적화하려고 시도하는 것이다. 반응기 

준은 미감지된 신호(missed signals)를 최소화하도록 설정된다. 그러나 이것은 

거짓경보의 비율을 증가시키고， 따라서 잡음을 증가시키고 경보계통에서 운 
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에서 수립된 설정치에 기인한 불필요 경보 발생과의 관계를 절충하여 결정 

한다. 

부가정보: 설정치를 결정할 때에는 전체 인간기계시스템의 수행도(발전소 

이상상태를 감지하기 위한 운전원과 경보계통의 공조 둥)를 고려해야 한 
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토의: 공정제어 운전원은 선호감지이론에서 ”경계하의 감시시스템 

(alerted-monitor system)"이란 용어로 묘사할 만큼 항시 감시환경하에 있다 

(Soaken et al., 1985 and 1988). 이것은 자동감시시스댐과 인간으로 구성된 2 

단계 감시시스탬이다. 원자력발전소에서 자동감시시스댐은 경보계통을 말한 

다. 경보계통은 발전소 매개변수가 경보기준을 초과할 때 이 사실을 운전원 

에게 경고하고， 운전원은 제시된 경보가 거짓경보인지 참경보인지를 파악하 

기 위하여 그신호를 감지， 분석， 그리고 해석해야 한다. 운전원이나 자동감 

시시스댐(경보계통)은 민감도와 반응기준 등 두가지 매개변수에 대한 각기 

자신만의 구체적인 신호감지 값을 가지고 있다. 운전원의 경우 두 매개변 

수 값은 설정치， 불필요 경보 및 거짓경보의 존재， 그리고 경보밀도(al따m 

density) 등을 포함하는 경보계통 특징에 의하여 영향을 받는다. “경계하의 

감시시스템”과 관련된 중요한 현안은 이 시스댐의 최적 수행도가 두 구성요 

소(운전원과 경보계통)간의 상호작용의 함수라는 점이다. 시스댐의 한 요소 

에 대해 신호감지 매개변수를 최적화 하는 것이 전체 2단계 시스댐의 수행 

도를 최적화하지 않을 수 있다. 자주 적용되는 경보설정치 철학은 자동화된 

감시 하부시스댐에 의해 신호감지를 최적화하려고 시도하는 것이다. 반응기 

준은 미감지된 신호(missed signals)를 최소화하도록 설정된다. 그러나 이것은 

거짓경보의 비율을 증가시키고， 따라서 잡음을 증가시키고 경보계통에서 운 
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전원의 확신을 저하시킨다. 또한 이 지침은 상위수준의 설계검토원리 “인지 

적 호환성 (Cog피tive Compatability)"과 “시 기 적 절 성 πimeliness) "과 일 치 한다(부 

록 A 참조). 

출처 : NUREG/CR -6105 , NUREG-0700 

2.4 흑판 구성(Darkboard Configuration) 

발전소 정상운전 상태에서는 활성화되는 경보가 없도록 후보 경보 및 설정 

치가 선택되어야 한다. 

부가정보: 이는 전통적으로 흑판개념 (darkboard or blackboard concept)이라고 

알려져 있다. 이 조건은 전출력운전에 대한 가장 전형적인 구성으로 모든 

시스템이 구성되어 있는 전출력운전 상황이 될 것이다. 이 개념은 (1) 신속 

하게 고장난 설비를 복구하는 것， (2) 경보를 유발하는 계측기 표류 

(instrument drift)에 대한 올바른 행위를 취하는 것， (3) 빈번하게 경보를 반복 

하게 하는 상황의 교정( correcting) 등과 같은 현안을 포함하는 발전소의 운 

전 철학에 대한 암시 (implications)를 또한 갖는다. 

출처: EPRI NP-3448 

3. 경보처리 및 감축 

3.1 경보다발상태하에서의 기능성 보장 

부록 6- 8 

전원의 확선을 저하시킨다. 또한 이 지침은 상위수준의 설계검토원리 “인지 
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록 A 참조). 

출처 : NUREGjCR-6105 , NUREG-0700 

2 .4 흑판 구성(Darkboard Configuration) 

발전소 정상운전 상태에서는 활성화되는 경보가 없도록 후보 경보 및 설정 

치가 선택되어야 한다. 

부가정보: 이는 전통적으로 흑판개념 (darkboard or blackboard concept)이라고 

알려져 있다. 이 조건은 전출력운전에 대한 가장 전형적인 구성으로 모든 

시스템이 구성되어 있는 전출력운전 상황이 될 것이다. 이 개념은 (1) 신속 

하게 고장난 설비를 복구하는 것， (2) 경보를 유발하는 계측기 표류 

(instrument drift)에 대한 올바른 행위를 취하는 것， (3) 빈번하게 경보를 반복 

하게 하는 상황의 교정 (correcting) 등과 같은 현안을 포함하는 발전소의 운 

전 철학에 대한 암λ1 (implications)를 또한 갖는다. 
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3.1 경보다발상태하에서의 기능성 보장 
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경보처리시스댐은 경보다발상태하에서도 즉각적인 대응조치를 요구하는 경 

보나 필수안전기능의 위협을 나타내는 경보를 신속하게 감지하고 이해할 수 

있는 방식으로 제시하여야 한다. 

부가정보: 어떤 운전상황이나 사고상황하에서도 1.1에서 언급한 경보의 기능 

성이 상실되지 않게 하는 경보처리가 있어야 한다. 경보계통은 동시에 발생 

하는 경보메시지의 수를 줄일 수 있는 경보처리기법을 가지고 있어서 비정 

상운전시 운전원의 인지적정보처리과정에 과중한 부담을 주지 않아야 한다. 

특히 초기이상상태와 관련한 경보 발생에 연이은 이차 이상상태의 감지 문 

제에 특별한 주의를 기울여야 한다. 

토의: 특히 경보다발상태하에서 효과적인 경보계통을 구축하는데 경보처리 

및 감축이 필요하다는 점을 많은 지침들이 보여주고 있다. 그러나 어떻게 

이 목적을 달성할 것인가와 인간의 수행도에 어떤 구체적인 영향이 있는지 

에 대해서는 서로 상충하는 증거가 존재한다. 이 분야의 주요 연구 결론은 

경보처리의 효과가 아주 복잡하고， 이를 응용하고자 할 때는 주의 깊은 검 

토가 필요하다는 것이다. 그러나 포괄적인 HFE 지침은 아직까지 가용하지 

않다 

노르왜 이 의 Halden Reactor Project는 HALO(Handling A1anns with Logic) 경 보 

계통을 개발하고 운전원의 수행도에 대한 영향을 시험하였다. 초기 연구에 

서는 운전경험이 없는 학생에게 HALO 시스댐을 훈련시키고 PWR 모의장치 

에서 이상상태를 확인하도록 요청하였다(Marshall ， 1982). 경보정보는 (1) 비 

여 과메 시 지 리 스트(unfi1tered message lists), (2) 여 과메 시 지 리 스트， 또는 (3) 발 

전소개관정보표시기를 포함하는 여과메시지리스트 등으로 제시되었다. 경보 
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정보는 동적 시율레이션이 아닌 정적표시기에 표현되었다. 진단시간과 정확 

도가 주요 종속변수였다. 그 결과 정확도는 여과하였을 때 증가하였으나 그 

효과는 발전소과도상태 (plant transient)에 따라 달랐다. 운전원의 반응시간에 

대한 유의한 차이는 없었다. 또한 여과메시지리스트을 단독으로 사용하였을 

때와 발전소개관정보표시기와 함께 사용하였을 때와의 비교에서도 차이는 

발견되지 않았다. 

보다 최근의 연구는 HALO의 경보처리와 표시특성을 평가한 것이다(Baker 

et al., 1985a and 1985b; Marshall and Owre, 1986) 세 가지 경보계통이 비교 

되었다. (1) CRT상의 비여과된 문자-기반 형식의 경보， (2) CRT상의 여과된 

문자-기반 형식의 경보， 그리고 (3) CRT상의 여과된 문자/심볼-기반 형식의 

경보가 그것이다. 후자에서는 상위수준의 경보를 도식적으로 표현한 발전소 

개관정보표시기가 CRT상에 제시되었다. 경보가 활성화되면， 하위시스댐을 

나타내는 심볼이 점멸한다(우선순위가 높으면 적색， 그렇지 않으면 황색). 

이때 운전원은 별도의 CRT에 표시되어있는 두 번째 수준의 세부구성도 

(en1arged schematic)로 이동할 수 있다. 점멸하고 있는 심볼은 문제가 있는 

시스댐을 나타낸다. 문자-기반 경보메시지가 제공되었다. 경보계통과의 상호 

작용에는 경보키보드가 사용되었다. 여과시스댐 (filtering system)은 경보를 약 

50% 정도로 줄였다; 이때 여과되어 없어진 경보는 운전원에게 제시되지 않 

았다. 주요 종속변수는 감지시간과 그 비율， 진단시간과 그 비율， 확인 

(checks) 비율， 그리고 행위율(percentage action) 이었다. 공정변수와 주관적인 

평가 또한 측정되었다. 두 명의 운전원으로 구성된 7개의 운전조가 12개의 

시나리오에 대해서 각각 세 가지 경보계통을 사용하였다. 경보의 여과는 관 

측된 수행도에 영향을 거의 주지 않았다. 시나리오 초기보다는 말기에 사건 

발생 감지율이 81%에서 51%로 줄어들었다. 통계적으로 유의한 이 결과는 
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경보다발상황하에서도 비정상상태를 운전원에게 경고해 주어야 한다는 경보 

계통의 주요 기능이 실패했음을 보여주고 있다. 시험한 시스댐중 비정상상 

태를 해결하는데 도움을 주는 시스댐은 없었다. 이 연구의 결과를 해석하는 

데 잠재적인 문제점 중의 하나는 실험변수인 경보의 표시형식과 경보의 여 

과 여부가 실험적으로 혼합되어 있다는 점이다. 따라서 두 실험변수 각각에 

대한 독립적인 효과에 대해서늠 아무런 결론을 내릴 수 없다. 

이 결과는 경보의 여과가 진단의 정확도를 향상시킨다는 기존의 연구결과 

(Marshal1, 1982)와 상충한다. 이것은 이전의 실험 (Marshal1， 1982)이 동적 시 

율레이션보다는 정적인 표시기로 운전경험이 없는 피실험자를 대상으로 수 

행되었다는 사실에 의해 일정부분 설명될 수도 있을 것이다. 

Fujita와 Sanquist( 1988)는 시율레이터를 이용하여 운전원의 정보처리에 대한 

경보여과의 효과를 조사하였다. 운전원의 인지적 정보처리 과정을 분석하기 

위해 Yerbal protocol 분석 기법을 사용하였다. 시율레이터에서 오작동을 모 

의하는 동안 운전원 세명의 verbal protoc이을 실시간으로 수집하였다. 그러나 

이 방법이 운전원의 의사결정전략을 수집하는 데 매우 취약하고 성공적이지 

못하다는 점을 발견하였다. 분석결과 운전원이 경보여과시스템을 지지하였 

지만 수행도에 긍정적인 효과가 있다는 아무런 증거를 발견하지 못했다. 

동적경보우선순위시스템(DPAS;Dynamic Priorities Alarm System)의 개발과 관 

련하여 Mitsubishi가 수행한 연구의 일부로서， Fujita와 Kawanago(1 987)는 운 

전원이 여과된 상태정보보다는 상태경보정보가 제시되는 것을 선호한다는 

사실을 밝혀냈다. 색상은 운전원의 상태정보와 경보정보 구분을 지원하는 

데 사용되었다. 
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다른 실험에서 (Fujita， 1988 and 1989), DPAS는 모드， 다중설정치， 그리고 원 

인-결과 경보처리 (cause-consequence alann processing) 등을 통하여 고순위 경 

보의 수를 줄였다. 경보는 타일과 CRT의 조합으로 표시되었다. 타일은 일차 

표시모드(primary display mode)이 었다. 각 타일은 세 가지 색상으로 켜 질수 

있었다 CRT 표시기는 동일한 색상암호화 범례를 사용하였다. DPAS를 사용 

할 경우와 사용하지 않을 경우에 대해 수행도를 비교하였다. 하나 또는 복 

수의 고장사건이 포함된 시나리오를 모의하는 동안에 경험이 있는 운전원 

세명으로 구성된 9개의 운전조가 DPAS를 사용하였다. 운전원의 수행도 척 

도는 최초사건을 발견하는데 걸린 시간， 두 번째 오작동을 발견하는데 걸린 

시간， 제어행위를 취하는데 걸린 시간， 그리고 경보사용빈도 등을 포함하였 

다. 초기사건을 발견하는데에는 두 시스템간의 차이는 없었다; 그러나， 두 

번째 오작동의 감지시간은 경보계통이 가용했던 4개의 시나리오중 3개의 시 

나리오에서 유의하게 감소하였다. 따라서， 경보처리시스-템 (alarm handling 

system)이 초기사건에 대한 운전원의 “정신적 고착(mental fixation)"을 감소시 

키는데 도움을 주었다고 결론지었다. 시나리오 효과도 역시 관측되었다. 

DPAS는 4개의 시험시나리오중 2개에 대해서 제어행위를 취하는데 걸린시간 

을 유의하게 감소시켰다. 경보처리시스템이 가용할때에 두 번째 오기능의 

감지시간이 감소했다는 결과는 부차적인 사건감지가 증대되지 않았다는 

HALO의 연구결과와는 일치하지 않는다. 그 모순에 대한 몇가지 가능한 이 

유가 있다. 즉 시나리오의 차이， 경보처리논리， 그리고 제어실 표시기 및 제 

어기와 경보계통과의 통합이 그 이유이다. 

마지막으로， 전통적인 경보표시와 CRT-기반 경보표시간의 비교를 위해 수행 

한 연구(Fink et al., 1992)에서 원자로트립과 터빈트립 관련 경보를 억제한 
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CRT-기반 경보표시가 실험조건의 하나로 포함되었다. 이 표시는 운전원이 

놓치는 “매버릭 (maverick)" 경보(발전소트립동안에 전형적으로 발생하지 않 

는)의 수를 타일표시와 비교하여 약 50%정도 줄였다. 그러나， 한 운전원이 

이 억제에 대해 반대하였는데 그는 정상적인 트립과 관련된 경보가 운전원 

이 과도상태를 이해하는데 도움을 준다고 믿기때문이라고 보고하였다. 

요약하면， 경보처리 효과에 관한 많은 연구 결과는 보다 명확한 검토지침 

개발에 기술적 기반이 되지 못한다. 수행도에 대한 부정적인 효과는 관측되 

지 않았지 만， 두 연구(Baker， 1985a와 1985b, Fujita and Sanquist, 1988)는 경 

보여과에 따른 효과를 발견하지 못했다. 한 연구(Fujita and Sanquist, 1988)에 

서는 최초의 이상상태를 감지하는데 아무런 효과를 발견하지 못했지만， 부 

차적인 오기능(이것이 중요한 문제이다)의 감지에서는 수행도가 증가되었음 

을 발견하였다 다른 연구에서는(Fink et al., 1992) 드물게 발생하는 경보의 

감지 측면에서 긍정적인 효과를 발견했으나 사건에 대한 운전원의 이해를 

보다 어렵게 만드는 정보 손실과의 가능한 절충관계에 대해서 의문을 제기 

하고 있다. 마지막으로 시나리오에 따른 상호작용 효과가 중요한 고려사항 

인 것 같다. 

또한， 이 지침은 상위수준의 설계검토원리 “인지적 양립성(Cognitive 

Compatability)" , “상황파악도(Situation Awareness)", “ 직 무 양 립 성 (Task 

Compatability) "과 “시 기 적 절 성 (Timeliness) "과 일 치 한다(부록 A 참조). 

출처 : NUREGjCR-6105 , IEC 964 

3.2 경 보감축(Alarm Reduction) 
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발전소가 비정상상태일 때 운전원이 요구 시간내에 현상황에 중요한 모든 

경보를 감지하고， 이해하며， 반응할 수 있도록 경보처리기법을 사용하여 경 

보메시지의 수를 감축하여야 한다. 

부가정보: 운전원의 수행도를 지원하기 위하여 어느 정도나 경보를 감축하 

여야 하는가? 여기에는 구체적인 지침이 없다. 따라서 설계자는 구현된 경 

보감축 논리의 효율성이 어느 정도인가를 밝혀내기 위하여 운전원을 참여시 

킨 경보계통 평가 실험을 수행하여야 한다. 이러한 실험은 경보다발상황하 

에서 그리고/또는 작업부하가 높은 상황하에서 경보계통의 운용을 모의하는 

것이 되어야 한다 동적 mockups, 경보계통의 프로토타입， 그리고 동적 제어 

실 시률레이터의 사용 둥이 이 실험에 고려되어야 한다 

토의: 처리되지 않은 경보의 수가 운전원을 위축시키고 처리기법이 경보의 

수를 감소시키는 것은 자명하지만(Cory et al., 1993; Gertman et al., 1986), 적 

절한 목표치가 되는 경보의 수에 대한 보다 구체적인 지침을 제공하는 연구 

는 거의 없다. Hollywell과 Marshall(1994 )은 운전원이 많아야 분당 157N 정도 

의 경보메시지가 제시되는 것을 선호하고， 만일 이 비율이 증가하면 놓치는 

경보(missed alarms)의 수가 증가한다는 사실을 발견하였다. 이 것은 물론 경 

보표시기 및 구현된 경보메시지 유형에 따라 다르다 또한 경보의 수를 

50% 감소시키는 것은 운전원의 수행도에 별 영향이 없다는 것도 발견되었 

다(Baker， 1985a). 경보정보를 운전원이 처리한다는 관점에서， 절대적인 경보 

의 수(경보감축안(scheme)을 평가하기 위해 자주 사용되는 측도)로써 경보감 

축을 구체화하는 것은 부적절할 것이다. 운전원의 정보처리 수요는 절대적 

인 경보 수에만 종속적인 것이 아니라， 제시 비율， 유사한 양상으로 인식가 
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능성 (recognizability) ， 예측가능성， 그리고 운전원이 현재 수행중인 직무의 복 

잡도 등에도 종속적이다. 

또한 이 지침은 상위수준의 설계검토원리 “인지적 양립성(Cognitive 

Compatability)" , “상황파악도(Situation Awareness)", “직무 양립 성 (Task 

Compatability)", 그 리 고 “시 기 적 절 성 (Timeliness) "과 일 치 한다(부록 A 참조). 

출처: NUREGjCR-6105 

3.3 경보신호검증 

센서 또는 신호 처리시스댐의 고장으로 인한 허위 경보가 운전원에게 제시 

되지 않도록 경보처리기법을 적용하여야 한다. 

부가정보: 계측기기 고장은 원자력발전소에서 흔한 문제는 아니다. 그러나 

센서와 같은 기기의 고장이 발생하면， 편향된 신호나 허위 신호가 발생한다. 

경보계통이 이런 신호를 사용한다면 잘못된 혹은 불펼요한 경보메시지를 제 

시할 수 있다. 이와 같은 메시지는 운전원의 상황파악을 잘못 유도하거나 

방해할 수 있다. 또 앞으로 발생할 경보메시지에 대한 운전원의 확신도를 

떨어뜨릴 수 있다. 신호검증은 경보처리기법의 집합이다. 경보처리기법이란 

참경보 조건이 존재하는지 확인하기 위하여 중복된 혹은 기능적으로 연관된 

센서로부터 수집한 신호를 비교 분석하는 방법이다. 이러한 기법들의 목적 

은 발전소 계측기기의 오동작으로 인한 허위경보 제시를 방지하기 위한 것 

이다. 그러므로 신호검증은 신형 경보계통에 포함되어야 한다. 
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Compatability)", “상황파악도(Situation Awareness)" , “직무 양립 성 (Task 

Compatability)", 그리고 “시 기적절성(Timeliness) "과 일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

3.3 경보신호검증 

센서 또는 신호 처리시스댐의 고장으로 인한 허위 경보가 운전원에게 제시 

되지 않도록 경보처리기법을 적용하여야 한다. 

부가정보: 계측기기 고장은 원자력발전소에서 흔한 문제는 아니다. 그러나 

센서와 같은 기기의 고장이 발생하면， 편향된 신호나 허위 신호가 발생한다. 

경보계통이 이런 신호를 사용한다면 잘못된 혹은 불펼요한 경보메시지를 제 

시할 수 있다. 이와 같은 메시지는 운전원의 상황파악을 잘못 유도하거나 

방해할 수 있다. 또 앞으로 발생할 경보메시지에 대한 운전원의 확신도를 

떨어뜨릴 수 있다. 신호검증은 경보처리기법의 집합이다. 경보처리기법이란 

참경보 조건이 존재하는지 확인하기 위하여 중복된 혹은 기능적으로 연관된 

센서로부터 수집한 신호를 비교 분석하는 방법이다. 이러한 기법들의 목적 

은 발전소 계측기기의 오동작으로 인한 허위경보 제시를 방지하기 위한 것 

이다. 그러므로 신호검증은 신형 경보계통에 포함되어야 한다. 
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토의: 이 지침은 상위수준의 설계검토원리인 “인지적 양립성 “상황파악도 

그리고 “직무 양립성”과 일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

3.4 시 간지 연 처 2.1 (Time Delay Processing) 

경보계통은 잡음를 여과하고 불필요한 순간경보를 제거하기 위하여 시간여 

과 및 혹은 시간지연처리를 포함하여야 한다. 

부가정보: 계측기기의 잡음는 경보메시지 발생 한계를 순간적으로 초과하는 

신호를 발생시킬 수 있다. 시간지연처리는 이러한 신호가 생성하는 허위경 

보를 방지한다. 

출처 : EPRI ALWR 

3.5 경 보상태 분 리 (Alarm-Status Seperation) 

단지 발전소계통의 상태를 나타낼 뿐 즉각적인 운전원 조치를 알릴 의도가 

없는 단순상태지시는 경보계통의 메시지를 읽고 평가하는 운전원 작업에 부 

담을 증가시키기 때문에 일반적으로 경보계통표시기에 나타내어서는 안된 

다. 

부가정보: 상태정보가 운전원에게 중요할지라도 경보조건의 기능적 정의에 

부합하지 않는 상태지시는 공정표시기와 같은 비경보표시기(non-alarm 
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토의: 이 지침은 상위수준의 설계검토원리인 “인지적 양립성 “상황파악도 

그리고 “직무 양립성”과 일치한다(부록 A 참조). 

출처: NUREG/CR-6105 

3.4 시 간지 연 처 리 (Time Delay Processing) 

경보계통은 잡음를 여과하고 불필요한 순간경보를 제거하기 위하여 시간여 

과 및 혹은 시간지연처리를 포함하여야 한다. 

부가정보: 계측기기의 잡음는 경보메시지 발생 한계를 순간적으로 초과하는 

신호를 발생시킬 수 있다. 시간지연처리는 이러한 신호가 생성하는 허위경 

보를 방지한다. 

출처 : EPRI ALWR 

3.5 경 보상태 분 리 (Alarm-Status Seperation) 

단지 발전소계통의 상태를 나타낼 뿐 즉각적인 운전원 조치를 알릴 의도가 

없는 단순상태지시는 경보계통의 메시지를 읽고 평가하는 운전원 작업에 부 

담을 증가시키기 때문에 일반적으로 경보계통표시기에 나타내어서는 안된 

다. 

부가정보: 상태정보가 운전원에게 중요할지라도 경보조건의 기능적 정의에 

부합하지 않는 상태 지 시 는 공정 표시 기 와 같은 비 경 보표시 기 (non-alarm 
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display)를 통하여 제시하여야 한다. 만일 상태지시를 경보표시기에 꼭 나타 

내어야 할 경우， 참경보메시지와 쉽게 구분할 수 있도록 설계하여야 한다. 

토의: 운전원은 상태정보를 얻기 위하여 경보계통을 사용하며 어떤 조건하 

에서는 상태정보를 제거하는 것보다 그들에게 제시되는 것을 선호한다는 것 

이 많은 연구를 통하여 밝혀졌다(Kragt and Bonton, 1983, Fujita and 

Kawanago, 1987, MPR Associates, 1985, Sheehy et al., 1993). 경보계통에 상 

태정보를 포함할 것인지의 문제는 주로 경보선정 기준을 어떻게 정의할 것 

인가와 신속하게 정보를 제공하지만 운전원의 경보메시지 처리를 방해하지 

않는 방식으로 발전소상태지시를 표시하는 HSI의 다른 부분이 어떤 능력을 

제공하는지에 대한 문제이다. 또한 이 지침은 인지적 양립성 (Cognitive 

Compatability), 상황파악도(Situation Awareness), 그리고 직무양립 성 (Task 

Compatability)에 관한 상위수준의 설계겸토원리과 일치한다(부록 A 참조). 

출처: NUREG/CR -6105 

3.6 최초경보처 리 (First-Out Processing) 

운전원의 진단과정 및 근본원인분석을 지원하기 위하여， 최초발생경보로 발 

전소자동트립을 야기한 초기사건을 인지할 수 있게 하는 (최초경보처리와 

같은)대책이 마련되어야 한다. 

부가정보: 재래식 경보계통은 운전원이 원자로트립이나 터빈트립의 초기 원 

인을 결정하는데 도움을 주기 위하여 최초경보처리후 생성된 최초발생경보 

를 제공하였다. 신형 경보계통은 초기사건 인지를 증대시킬 수 있는 부가적 

부록 6- 17 

display)를 통하여 제시하여야 한다. 만일 상태지시를 경보표시기에 꼭 나타 

내어야 할 경우， 참경보메시지와 쉽게 구분할 수 있도록 설계하여야 한다. 

토의: 운전원은 상태정보를 얻기 위하여 경보계통을 사용하며 어떤 조건하 

에서는 상태정보를 제거하는 것보다 그들에게 제시되는 것을 선호한다는 것 

이 많은 연 구를 통하여 밝혀 졌 다(Kragt and Bonton, 1983, Fujita and 

Kawanago, 1987, MPR Associates, 1985, Sheehy et al., 1993). 경보계통에 상 

태정보를 포함할 것인지의 문제는 주로 경보선정 기준을 어떻게 정의할 것 

인가와 신속하게 정보를 제공하지만 운전원의 경보메시지 처리를 방해하지 

않는 방식으로 발전소상태지시를 표시하는 HSI의 다른 부분이 어떤 능력을 

제공하는지에 대한 문제이다. 또한 이 지침은 인지적 양립성 (Cognitive 

Compatability), 상황파악도(Situation Awareness) , 그리고 직무양립 성 (Task 

Compatability)에 관한 상위수준의 설계겸토원리과 일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

3.6 최초경보처 리 (First-Out Processing) 

운전원의 진단과정 및 근본원인분석을 지원하기 위하여， 최초발생경보로 발 

전소자동트립을 야기한 초기사건을 인지할 수 있게 하는 (최초경보처리와 

같은)대책이 마련되어야 한다. 

부가정보: 재래식 경보계통은 운전원이 원자로트립이나 터빈트립의 초기 원 

인을 결정하는데 도움을 주기 위하여 최초경보처리후 생성된 최초발생경보 

를 제공하였다. 신형 경보계통은 초기사건 인지를 증대시킬 수 있는 부가적 
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인 경보처리와 최초경보처리 능력을 가져야 한다. 

출처 : NUREG-0700, EPRI NP-3659 

3.7 모드종속처 리 (Mode Dependence Processing) 

한 매개변수 값이 어떤 발전소모드에서는 오류(faults)이고 다른 모드에서는 

정상이라면， 오류인 모드에서만 경보가 발생되어야 한다. 

부가정보: 다음은 모드종속처리의 예이다. 특정 펌프가 정지(shutdown)되었 

다는 사실은 발전소가 출력운전 모드에서 운전될때에만 운전상의 중요성 가 

질 수 있다. 모드종속처리는 다른 운전 모드(고온대기， 등)가 아닌 출력운전 

모드에서만 이 경보메시지가 표시되도록 할 것이다. 

출처 : IEC 964, NUREG/CR-3987, NUREG/CR-6105 

3.8 계 통구성 처 i:.l (System Configuration Processing) 

매개변수 값이 어떤 계통구성에서는 오류이고 다른 구성에서는 정상이라면， 

오류인 계통구성에서만 경보가 발생되어야 한다. 

부가정보: 다음은 계통구성처리의 한 예이다. 특정펌프가 저방출압력(low 

discharge pressure)를 갖는다는 사실은 관련된 유체계통이 특정기능을 수행하 

도록 구성되었을때에만 오류를 나타낼 수 있다. 또한 저방출압력은 유체계 

통이 작동하지 않을 때에는 관련이 없을 수 있을 것이다. 계통구성처리는 
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인 경보처리와 최초경보처리 능력을 가져야 한다. 

출처 : NUREG-0700, EPRI NP-3659 

3.7 모드종속처 리 (Mode Dependence Processing) 

한 매개변수 값이 어떤 발전소모드에서는 오류(faults)이고 다른 모드에서는 

정상이라면， 오류인 모드에서만 경보가 발생되어야 한다. 

부가정보: 다음은 모드종속처리의 예이다. 특정 펌프가 정지(shutdown)되었 

다는 사실은 발전소가 출력운전 모드에서 운전될때에만 운전상의 중요성 가 

질 수 있다. 모드종속처리는 다른 운전 모드(고온대기， 등)가 아닌 출력운전 

모드에서만 이 경보메시지가 표시되도록 할 것이다. 

출처: IEC 964, NUREG/CR-3987, NUREG/CR-6105 

3.8 계 통구성 처 리 (System Configuration Processing) 

매개변수 값이 어떤 계통구성에서는 오류이고 다른 구성에서는 정상이라면， 

오류인 계통구성에서만 경보가 발생되어야 한다. 

부가정보: 다음은 계통구성처리의 한 예이다. 특정펌프가 저방출압력(low 

d.ischarge pressure)를 갖는다는 사실은 관련된 유체계통이 특정기능을 수행하 

도록 구성되었을때에만 오류를 나타낼 수 있다. 또한 저방출압력은 유체계 

통이 작동하지 않을 때에는 관련이 없을 수 있을 것이다. 계통구성처리는 
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유체계통이 어떤 기능을 수행하도록 구성되어 있느냐 매개변수값의 오류여 

부를 판별하고 그 결과에 따라 경보를 발생할 것이다. 

출처: IEC 964, NUREGjCR-3987, NUREGjCR-6105 

3.9 논리 적 결 과 처 ~ (Logical Consequence Processing) 

한 사건이 구조적으로 다른 사건을 잇따라 야기한다면， 운전원의 경보정보 

이용을 방해하지 않는 한 주사건에 대한 경보메시지만이 표시되어야 하고 

하위사건에 대한 경보메시지는 억제되어야 한다. 

부가정보: 예를들면， 논리적연쇄처리는 트립이나 격리조건의 논리적인 결과 

에 따라 발생하는 경보를 억제하기 위하여 활용할 수 있다. 논리적인 결과 

처리를 구현할 때에는 “결과” 경보조건과 관련된 메시지가 다른 운전직무에 

필요하지 않도록 보장하여야 하고 관련된 “결과” 경보조건이 발생하였으나 

표시되지는 않았다는 것을 알수있도록 하여야 한다. 이 지침은 단지 이와같 

은 경보를 억제하라는 것일뿐 여과하여 제거하는 것은 아니라는 것을 제안 

하고 있다. 

토의: 원자로트립이나 터빈트립에 관련된 전형적인 경보를 억제함으로써 운 

전원이 놓치는 “매버릭 (maverick)" 경보(전형적으로 발전소트립동안에는 나타 

나지 않는 경보)의 수를 약 50%정도 감소시킨 것으로 알려져 있다(Fink et 

al., 1992). 그러나 몇몇의 운전원은 정상적인 트립에 관련된 경보의 발생시 

점이 과도상태에 대한 이해를 촉진하므로 이와 같은 경보억제에 반대할 수 

있음을 주의 하여 야 한다. 
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유체계통이 어떤 기능을 수행하도록 구성되어 있느냐 매개변수값의 오류여 

부를 판별하고 그 결과에 따라 경보를 발생할 것이다. 

출처: IEC 964, NUREGjCR-3987, NUREGjCR-6105 

3.9 논리 적 결 과 처 리 (Logical Consequence Processing) 

한 사건이 구조적으로 다른 사건을 잇따라 야기한다면， 운전원의 경보정보 

이용을 방해하지 않는 한 주사건에 대한 경보메시지만이 표시되어야 하고 

하위사건에 대한 경보메시지는 억제되어야 한다. 

부가정보: 예를들면， 논리적연쇄처리는 트립이나 격리조건의 논리적인 결과 

에 따라 발생하는 경보를 억제하기 위하여 활용할 수 있다. 논리적인 결과 

처리를 구현할 때에는 “결과” 경보조건과 관련된 메시지가 다른 운전직무에 

필요하지 않도록 보장하여야 하고 관련된 “결과” 경보조건이 발생하였으나 

표시되지는 않았다는 것을 알수있도록 하여야 한다. 이 지침은 단지 이와같 

은 경보를 억제하라는 것일뿐 여과하여 제거하는 것은 아니라는 것을 제안 

하고 있다. 

토의: 원자로트립이나 터빈트립에 관련된 전형적인 경보를 억제함으로써 운 

전원이 놓치는 “매버릭 (maverick)" 경보(전형적으로 발전소트립동안에는 나타 

나지 않는 경보)의 수를 약 50%정도 감소시킨 것으로 알려져 있다(Fink et 

al., 1992). 그러나 몇몇의 운전원은 정상적인 트립에 관련된 경보의 발생시 

점이 과도상태에 대한 이해를 촉진하므로 이와 같은 경보억제에 반대할 수 

있음을 주의하여야 한다. 
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출처 : IEC 964, NUREG/CR-3987, NUREG/CR-6105 

3.10 알려진 경보패턴에서 벗어난 경보 

경보처리논리가 잘 알려진 경보패턴에서 벗어난 경보를 분석해 낼 수 있는 

능력을 가지고 있다면， 경보계통은 예기치 못한 경보가 발생했을 때 이를 

운전원에게 알려주어야 한다. 

부가정보: 예를 들면， 이러한 분석 능력을 원자로스크램과 같이 잘 알려진 

발전소 과도상태시에 적용할 수 있다. 

토의 EPRI 연구(Fink et al., 1992)는 주어진 과도상태에서 예기치못한 경보 

를 강조하는데 타일보다는 CRT 표시를 선호한다는 것을 발견하였다. 

또한， 이 지침은 상위수준의 설계검토원리 “상황파악도(Situation 

Awareness) "과 일 치 한다(부록 A 참조). 

출처: NUREG/CR-6105, NUREG/CR-3987 

3.11 예측한 경보양상에 대한 예외 

경보처리논리가 잘 알려진 경보패턴에서 예기한 경보의 미발생을 분석해 낼 

수 있는 능력을 가지고 있다면， 경보계통은 예기한 경보가 발생하지 않았을 

때 이를 운전원에게 알려주어야 한다. 
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출처 : IEC 964, NUREG/CR-3987, NUREG/CR-6105 

3.10 알려진 경보패턴에서 벗어난 경보 

경보처리논리가 잘 알려진 경보패턴에서 벗어난 경보를 분석해 낼 수 있는 

능력을 가지고 있다면， 경보계통은 예기치 못한 경보가 발생했을 때 이를 

운전원에게 알려주어야 한다. 

부가정보: 예를 들면， 이러한 분석 능력을 원자로스크램과 같이 잘 알려진 

발전소 과도상태시에 적용할 수 있다. 

토의 EPRI 연구(Fink et al., 1992)는 주어진 과도상태에서 예기치못한 경보 

를 강조하는데 타일보다는 CRT 표시를 선호한다는 것을 발견하였다. 

또한， 이 지침은 상위수준의 설계검토원리 “상황파악도(Situation 

Awareness)"과 일 치 한다(부록 A 참조). 

출처 : NUREG/CR-6105, NUREG/CR-3987 

3.11 예측한 경보양상에 대한 예외 

경보처리논리가 잘 알려진 경보패턴에서 예기한 경보의 미발생을 분석해 낼 

수 있는 능력을 가지고 었다면， 경보계통은 예기한 경보가 발생하지 않았을 

때 이를 운전원에게 알려주어야 한다. 
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부가정보: 예를 들면， 이러한 분석 능력을 원자로스크램과 같이 잘 알려진 

발전소 과도상태시에 적용할 수 있다. 

토의: 새로운 경보를 발생시키는 경보처리기법은 다소 역설적인 면이 있다. 

경보계통은 과부하된 운전원의 불완전한 정보처리를 반영하는 경험의존 오 

류(heuristics-initiated eπor)의 감소를 촉진하여 야 한다(Nonnan， 1988; Reason, 

1987, 1988, 1990). “ capture" 오류로의 운전원의 편향에 의하여 놓칠수 있는 

발전소상태에 운전원의 주의를 경각하게함으로써(ca1ling operator's attention) 

이 문제를 완화하는데 경보생성특성은 도움을 줄 것이다. 그러나， 경보처리 

의 이러한 유형은 새로운 경보의 발생은 운전원의 부담을 증가시킬 수 있으 

며 따라서 본래의 문제를 악화시킬 수 있으므로 신중하게 사용되어야 한다. 

또한 이 지침은 상황파악도(Situation Awareness)에 관한 상위수준의 설계검 

토원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105, NUREGjCR-3987 

3.12 처 리복잡도(Processing Complexity) 

경보처리 방법은 너무 복잡하지 않아서 처리결과로 얻어진 경보메시지의 의 

미나， 또는 이것의 검증에 어려움이 없어야 한다. 

부가정보: 경보처리의 복잡성은 시스템 감독자로서의 운전원이 경보메시지 

를 이해하거나 그것의 제약조건 및 한계를 이해하는데 영향을 준다. 경보계 

통은 공정교란을 운전원에게 맨처음 알려주는 시스템이고， 운전원은 대응조 
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부가정보: 예를 들면， 이러한 분석 능력을 원자로스크램과 같이 잘 알려진 

발전소 과도상태시에 적용할 수 있다. 

토의: 새로운 경보를 발생시키는 경보처리기법은 다소 역설적인 면이 있다. 

경보계통은 과부하된 운전원의 불완전한 정보처리를 반영하는 경험의존 오 

류(heuristics-initiated eπor)의 감소를 촉진하여 야 한다(Nonnan， 1988; Reason, 

1987, 1988, 1990). “ capture" 오류로의 운전원의 편향에 의하여 놓칠수 있는 

발전소상태에 운전원의 주의를 경각하게함으로써(calling operator's attention) 

이 문제를 완화하는데 경보생성특성은 도움을 줄 것이다. 그러나， 경보처리 

의 이러한 유형은 새로운 경보의 발생은 운전원의 부담을 증가시킬 수 있으 

며 따라서 본래의 문제를 악화시킬 수 있으므로 신중하게 사용되어야 한다. 

또한 이 지침은 상황파악도(Situation Awareness)에 관한 상위수준의 설계검 

토원리와 일치한다(부록 A 참조). 

출 처 : NUREG/CR-6I05, NUREG/CR-3987 

3.12 처 리복잡도(Processing Complexity) 

경보처리 방법은 너무 복잡하지 않아서 처리결과로 얻어진 경보메시지의 의 

미나， 또는 이것의 검증에 어려움이 없어야 한다. 

부가정보: 경보처리의 복잡성은 시스템 감독자로서의 운전원이 경보메시지 

를 이해하거나 그것의 제약조건 및 한계를 이해하는데 영향을 준다. 경보계 

통은 공정교란을 운전원에게 맨처음 알려주는 시스템이고， 운전원은 대응조 
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치 행위에 앞서 경보신호를 검증하여야 하므로， 운전원이 쉽게 경보데이터 

의 의미， 처리방법， 경보가 발생된 계통의 범위(bounds) 및 한계 (limitations) 

등을 이해하는 것은 필수적이다. 한 경보계통에는 보통 다수의 경보처리기 

법이 구현되어 있고， 이것은 너무 복잡하지 않아서 시스댐의 정보에 의존해 

야 하는 운전원이 즉각적으로 이를 이해하고 해석할 수 있어야 한다. 

토의: 전문가시스랩 분야에서 사용되는 정보분해(information decomposition) 

개념이 이를 설명하는데 적절하다. 이 개념은 운전원이 경보계통이 제공하 

는 권고사항(대응조치)의 근거를 이해하기 위해 점진적으로 상세한 수준까 

지， 즉 경보처리 규칙과 센서값 까지 접근할 수 있어야 한다고 기술하고 있 

다. (전문가시스댐 인터페이스 설계검토에 관련된 지침으로 NUREG-0700 

Rev.l을 참조) 또한 이 지침은 상위수준의 설계검토원리 “논리적인/명백한 

구조(LogicalfExplicit Struct따e)" 및 “ 설 계 의 단순 성 (Simplicity of Design)"과 

일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

3.13 경 보처 리 무시 (Processing Override) 

운전원은 경보처리시스템에 입력되는 데이터(센서데이터， 등)를 볼 수 있어 

야한다. 

부가정보: 경보메시지의 패턴이 모순되거나 경보처리 결과가 정확하지 않는 

동， 경보처리시스댐에 문제가 있다고 의심되면 운전원은 센서 데이터와 경 

보처리로 얻어진 값을 볼 필요가 있을 것이다. 
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치 행위에 앞서 경보신호를 검증하여야 하므로， 운전원이 쉽게 경보데이터 

의 의미， 처리방법， 경보가 발생된 계통의 범위(bounds) 및 한계 (limitations) 

등을 이해하는 것은 필수적이다. 한 경보계통에는 보통 다수의 경보처리기 

법이 구현되어 있고， 이것은 너무 복잡하지 않아서 시스댐의 정보에 의존해 

야 하는 운전원이 즉각적으로 이를 이해하고 해석할 수 있어야 한다. 

토의: 전문가시스템 분야에서 사용되는 정보분해(information decomposition) 

개념이 이를 설명하는데 적절하다. 이 개념은 운전원이 경보계통이 제공하 

는 권고사항(대응조치)의 근거를 이해하기 위해 점진적으로 상세한 수준까 

지， 즉 경보처리 규칙과 센서값 까지 접근할 수 있어야 한다고 기술하고 있 

다. (전문가시스템 인터페이스 설계검토에 관련된 지침으로 NUREG-0700 

Rev.l을 참조) 또한 이 지침은 상위수준의 설계검토원리 “논리적인/명백한 

구조(LogicalfExplicit Struct따e)" 및 “설계의 단순성 (Simplicity of Design)"과 

일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

3.13 경 보 처 리 무시 (Processing Override) 

운전원은 경보처리시스댐에 입력되는 데이터(센서데이터， 등)를 볼 수 있어 

야 한다. 

부가정보: 경보메시지의 패턴이 모순되거나 경보처리 결과가 정확하지 않는 

동， 경보처리시스댐에 문제가 있다고 의심되면 운전원은 센서 데이터와 경 

보처리로 얻어진 값을 볼 펼요가 있을 것이다. 
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토의: 이 지침은 상위수준의 설계검토원리 “논리적인/명백한 구조 

(LogicalfExplicit Sπucture)'’， “사용자지 침 및 지 원(User Guidance and 

Support)'’, 그리고 “유연성(Flexibility)"과 일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

4. 경보 우선순위 및 가용성 

4-1 우선순위 기준 

경보메시지는 우선순위가 부여된 형태로 운전원에게 제시되어야 한다. 우선 

순위는 운전원 대응조치의 긴급성 및 발전소 안전성에 대한 위협 정도 둥을 

나타내기 위해서 하나 이상의 우선순위 차원을 기반으로 결정되어야 한다. 

부가정보: 운전원 대응행위의 긴급성과 발전소 안전성에의 위협 정도 이와 

의 다른 우선순위 차원 및 분류를 사용할 수 있다. 일단 선정된 우선순위화 

방안은 논리적이어서 안전성에 가장 중요한 경보가 가장 높은 우선순위를 

부여받을 수 있어야 하며， 그 우선순위가 운전원에게 합리적인 것으로 보여 

야한다. 

토의: 경보우선순위는 경보계통이 NUREGjCR-3217에 기술된 경보계통 기능 

기준에 부합하기 위해서 요구되는 대로 결정되어왔다. 또한 이 지침은 상황 

파악도(Situation Awareness)와 직무양립성(Task Compatability)에 관한 상위수 

준의 설계검토원리와 일치한다(부록 A 참조). 
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토의: 이 지침은 상위수준의 설계검토원리 “논리적인/명백한 구조 

(LogicalfExplicit Structure)'’, “사용자지 침 및 지 원(User Guidance and 

Support)'’, 그리고 “유연성(Flexibility)"과 일치한다(부록 A 참조). 

출처: NUREG/CR-6105 

4. 경보 우선순위 및 가용성 

4-1 우선순위 기준 

경보메시지는 우선순위가 부여된 형태로 운전원에게 제시되어야 한다. 우선 

순위는 운전원 대응조치의 긴급성 및 발전소 안전성에 대한 위협 정도 둥을 

나타내기 위해서 하나 이상의 우선순위 차원을 기반으로 결정되어야 한다. 

부가정보: 운전원 대응행위의 긴급성과 발전소 안전성에의 위협 정도 이와 

의 다른 우선순위 차원 및 분류를 사용할 수 있다. 일단 선정된 우선순위화 

방안은 논리적이어서 안전성에 가장 중요한 경보가 가장 높은 우선순위를 

부여받을 수 있어야 하며， 그 우선순위가 운전원에게 합리적인 것으로 보여 

야한다. 

토의: 경보우선순위는 경보계통이 NUREG/CR-3217에 기술된 경보계통 기능 

기준에 부합하기 위해서 요구되는 대로 결정되어왔다. 또한 이 지칩은 상황 

파악도(Situation Awareness)와 직무양립성 (Task Compatability)에 관한 상위수 

준의 설계검토원리와 일치한다(부록 A 참조). 
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출처: NUREG-0700, NUREGjCR-3217, EPRI NP-3659, IEC 964, 

NUREGjCR -6105 

4-2 우선순위 →
순
 

수
 

한 차원내에서의 우선순위 수준의 수는 4를 넘지 않아야 한다. 

부가정보: 많은 수의 수준을 갖는 우선순위화 방안은 운전원의 과다한 주의 

(attention)을 요구할 수 있고， 그 결과 우선순위화에 따른 이 익 이 감소될 수 

있다. 

출처 : NUREG-0700, EPRI NP-3448 

4-3 억제된 경보 

경보억제(alann suppression)를 사용할 때에는 표시되지 않는 경보정보도 접 

근할 수 있어야 한다. 

부가정보: 억제된 경보는 운전원에게 제시되지 않으나， 필요할 때 운전원이 

접근할 수 있어야 한다. 또한 접근 방법이나 제시 방법이 과도하게 복잡하 

지 않아야 한다. 

토의 : 이 지 침 은 논리 적 인/명 백 한 구조(LogicaljExplicit Structure), 사용자지 침 

및 지원(User Guidance and Support), 그리고 유연성(Flexibility)에 관한 상위수 
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출처: NUREG-0700, NUREGjCR-3217, EPRI NP-3659, IEC 964, 

NUREGjCR-6105 
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(attention)을 요구할 수 있고， 그 결과 우선순위화에 따른 이익이 감소될 수 
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출처 : NUREG-0700, EPRI NP-3448 

4-3 억제된 경보 

경보억제 (alarm suppression)를 사용할 때에는 표시되지 않는 경보정보도 접 

근할 수 있어야 한다. 
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접근할 수 있어야 한다. 또한 접근 방법이나 제시 방법이 과도하게 복잡하 

지 않아야 한다. 

토의 : 이 지 침 은 논리 적 인/명 백 한 구조(LogicaljExplicit Structure), 사용자지 침 

및 지원(User Guidance and Support), 그리고 유연성(Flexibility)에 관한 상위수 
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준의 설계검토원리와 일치한다(부록 A 참조). 

출처: NUREGjCR-6105 , EPRI ALWR, IEC 964 

4-4 여과경보 

운전원의 감시， 진단， 의사결정， 절차서수행， 그리고 경보대응조치 둥에 측면 

에서 중요성을 갖지 않는 경보메시지가 존재하는 경우에만 경보여과(alann 

fi1tering)는 적 용되 어 야 한다. 

부가정보. 여기서 여과경보는， 억제된 경보와 대비하여， 제거된 경보로서 운 

전원이 활용할 수 없다. 운전원은 확인작업 및 의사결정 활동 등을 지원할 

수 있는 정보가 가용한 것을 선호하는 것으로 많은 연구결과를 통하여 밝혀 

졌다. 따라서 단지 운전원에게 중요하지 않다고 입증될 수 있는 경보만을 

여과하여야 한다. 여과할 경보에는 현 발전소모드의 상황과， 혹은 연관된 발 

전소 계통구성과는 무관한 경보메시지도 포함된다. 예를들면， 유체시스템이 

정상적으로 운용되지 않을 때에 펌프방출압력 낮음을 지시하는 경보메시지 

는 여과되어야 한다. 중복되거나 우선순위가 낮은것으로 간주되는 경보는 

여과하는 것보다 억제(운전원이 필요할 때 이를 조회할 수 있다)하여야 한 

다. 

토의: 이 지침은 직무양립성(Task Compatability)에 관한 상위수준의 설계검 

토원칙과 일치한다(부록 A 참조). 

출처: 
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에서 중요성을 갖지 않는 경보메시지가 존재하는 경우에만 경보여과(alann 

fi 1tering)는 적 용되 어 야 한다. 
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수 있는 정보가 가용한 것을 선호하는 것으로 많은 연구결과를 통하여 밝혀 

졌다. 따라서 단지 운전원에게 중요하지 않다고 입증될 수 있는 경보만을 

여과하여야 한다. 여과할 경보에는 현 발전소모드의 상황과， 혹은 연관된 발 

전소 계통구성과는 무관한 경보메시지도 포함된다. 예를들면， 유체시스템이 

정상적으로 운용되지 않을 때에 펌프방출압력 낮음을 지시하는 경보메시지 

는 여과되어야 한다. 중복되거나 우선순위가 낮은것으로 간주되는 경보는 

여과하는 것보다 억제(운전원이 필요할 때 이를 조회할 수 있다)하여야 한 

다. 

토의: 이 지침은 직무양립성(Task Compatability)에 관한 상위수준의 설계검 

토원칙과 일치한다(부록 A 참조). 

출처: 
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NUREG/CR-6105 

5. 표시기 

5.1 경보 표시기 지침 일반 

5.1-1 표시기 기능 

경보표시기는 다음을 운전원이 신속하게 식별할 수 있도록 지원하여야 한 

다. 

· 우선순위 (운전원 대응조치의 긴급성과 발전소 안전성에 대한 

중요성 차원 등에서) 

· 경보상태의 구별: 신규경보， 인지된 경보， 해지된 경보 

· 원자로트립에 대한 최초발생경보 

· 경보상태의 확인 및 명확한 이해를 위해 다른 표시기의 참조 펼요성 

· 지속적인 조치 (운전원 등에 의한)를 통해 취소펼 수 있는 

경보와 중대한 보수개입을 요구하는 경보간의 차이 

출처 : NUREG-0700, IEC 964, EPRI NP-3659 

5.1-2 경보의 경고 기능과 정보제공 기능간의 독립성 

경보의 경고기능과 상세정보 제공기능을 분리하여 표시할 때， 이들 사이를 

신속하게 전이 할 수 있도록 운전원을 지원하여야 한다. 
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경보와 중대한 보수개입을 요구하는 경보간의 차이 

출처 : NUREG-0700, IEC 964, EPRI NP-3659 

5.1-2 경보의 경고 기능과 정보제공 기능간의 독립성 
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부가정보: 재래식 경보기(때nunciator) 타일 기반 경보계통에서 경보기 타일 

은 경고 기능(경보조건의 발생을 나타내는 경고 기능)과 정보제공 기능(경보 

조건의 본질을 나타내는 정보 제공 기능)을 함께 수행한다. 신형 경보계통 

에서는 경보의 경고기능과 정보 제공기능을 분리할 수 었다. 예를들면， 경보 

타일 표시기는 경보조건의 발생을 경고하고， 경보메시지리스트 표시기로는 

경보 매개변수 이름 및 설정치 값과 같은 상세 정보를 제공할 수 있다. 운 

전원이 경고된 경보와 그에 관련된 상세 정보를 신속하게 접근할 수 있도록 

경고 기능과 정보 제공기능을 조정하여야 한다. 

토의: 이 지침은 직무양립성(Task Compatability)과 반응 작업부하(Response 

Workload)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 참조). 

출처: NUREGjCR-6105 

5.1-3 상세 경보정보를 가진 경보우선순위의 표시 

경보의 경고기능과 상세정보 제공기능을 분리하여 표시할 때， 경보의 상세 

정보 표시기는 경보조건의 우선순위와 상태를 나타내야 한다. 

부가정보: 경보조건의 우선순위 및 상태(신규 경보， 인지된 경보 동) 표시를 

통반할 때， 경보의 상세정보(매개변수 이름， 초과된 설정치 값 동)에 대한 

운전상의 중요성은 운전원에게 더욱 쉽고 명백히 이해될 수 있을것이다. 

토의: 이 지침은 직무양립성(Task Compatability)과 반응 작업부하(Response 
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정보 표시기는 경보조건의 우선순위와 상태를 나타내야 한다. 

부가정보: 경보조건의 우선순위 및 상태(신규 경보， 인지된 경보 둥) 표시를 

동반할 때， 경보의 상세정보(매개변수 이름， 초과된 설정치 값 둥)에 대한 

운전상의 중요성은 운전원에게 더욱 쉽고 명백히 이해될 수 있을것이다. 

토의: 이 지침은 직무양립성(Task Compatability)과 반응 작업부하(Response 
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Workload)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR -6105 

5 .1 -4 공간적으로 지정된， 상시 가시적인 표시기의 사용 

공간적으로 지정된， 상시 가시적인(SDCV; Spatially-Dedicated, 

Continuously-Visible) 경보 표시기는 다음을 표시하고자 할 때 고려되어야 한 

다 

- Regulatory Guide 1.97 Category 1 매 개 변 수 

- 단기대응조치(short-tenn response)를 요구하는 경보 

- 발전소 비정상상태를 진단하고 조치하기 위하여 사용되는 주경보 

- 전반적인 발전소 및 계통의 상태 정보를 유지하기 위하여 

사용하는 주경보 

부가정보: 지정된 공간을 가지고 있다는 것은 경보메시지가 항상 동일한 위 

치에 나타남을 의미한다. 또 상시 가시적이다는 것은 병렬표시방법이 사용 

되었다는 것을 의미한다. 즉， 보고자하는 경보의 상세정보를 직접 선택해야 

만 볼 수 있는 직렬표시방법과는 달리 항상 볼 수 있다는 것을 의미한다. 

경보다발상황하에서 재래식 타일로 구현된 SDCV 표시기는 공간적으로 집 

중화 되고， 다양한 위치를 갖는 직렬표시기(컴퓨터 기반의 CRT나 평판표시 

기 등) 보다 우수한 것으로 알려져 있다. SDCV 표시기는 신속한 감지 및 

패턴인식에 장점을 가지고 있다. VDU 표시기를 SDCV 표시기로서 사용할 

수는 었으나 표시하고자 하는 경보(위에 언급한 4가지 유형의 경보)의 수가 
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Workload)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR -6105 
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부가정보: 지정된 공간을 가지고 있다는 것은 경보메시지가 항상 동일한 위 

치에 나타남을 의미한다. 또 상시 가시적이다는 것은 병렬표시방법이 사용 

되었다는 것을 의미한다. 즉， 보고자하는 경보의 상세정보를 직접 선택해야 

만 볼 수 있는 직렬표시방법과는 달리 항상 볼 수 있다는 것을 의미한다. 

경보다발상황하에서 재래식 타일로 구현된 SDCV 표시기는 공간적으로 집 

중화 되고， 다양한 위치를 갖는 직렬표시기(컴퓨터 기반의 CRT나 평판표시 

기 등) 보다 우수한 것으로 알려져 있다. SDCV 표시기는 신속한 감지 및 

패턴인식에 장점을 가지고 있다. VDU 표시기를 SDCV 표시기로서 사용할 

수는 있으나 표시하고자 하는 경보(위에 언급한 4가지 유형의 경보)의 수가 
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많을 때에는 공간상의 제약으로 인하여 실제적이지 못할 수 있다는 점에 유 

의하여야 한다. 

토의: 공간적으로 분산되어 있는 고정된 경보표시와 집중되어 있는 변동적 

인 경보표시(컴퓨터기반 시스템)에서의 직접적인 운전원 수행도 비교는 중 

요한 관심사이다. EPRI는 전통적인 경보표시와 CRT-기반 경보표시의 역할 

을 조사하는 일련의 시험을 수행하였다(Fink et a1., 1992). 그 연구는 (1) 경 

보타일표시 (2) CRT 표시 그리고 (3) 타일과 CRT가의 결합 등의 경보표시 

에 대해 조사하였다. 15인의 자격증있는 운전원이 경보계통(모든 임무를 포 

함하지는 않는) 시율레이터를 사용한 이 시험에 참여하였다. 수행도척도는 

운전원이 경보계통으로부터 경보를 추출할 수 있는 속도와 정확도， 사용용 

이성과 다른 주관적인 매개변수에 대한 운전원의 의견이었다. 결과는 계통 

및 기능에 의한 경보그룹핑(grouping)이 수행도를 증가시켰음을 나타내었다. 

이는 그전의 EPRI연구(Fi마， 1984)의 결과와 일치하였다. 홍미롭게도， CRT표 

시보다 전통적인 경보계통은 운전원으로 하여금 보다 신속하게 그리고 쉽게 

정보를 얻게 해주었다. 

Matsushita(l 988)는 경험이 있는 운전원에게 모의된 시나리오에서 신형 제어 

실을 사용하게 한다음 신형 제어실를 평가하도록 요청하였다. 경보표시계통 

은 CRT-기반이였다. 운전원은 CRT표시기는 매우 적은 경보가 표시될때에 

만족스럽다고 하였다. 그러나， 사고나 과도상태 조건동안에 CRT 경보계통은 

전통적인 경보시계통을 사용했을때보다 문제를 규명하기가 보다 더 어렵다 

고 말했다. 신형 제어실설계는 전통적인 경보계통과 CRT-기반 시스템을 둘 

다 포함하도록 수정 되 었다. 
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많을 때에는 공간상의 제약으로 인하여 실제적이지 못할 수 있다는 점에 유 

의하여야 한다. 

토의: 공간적으로 분산되어 있는 고정된 경보표시와 집중되어 있는 변동적 

인 경보표시(컴퓨터기반 시스템)에서의 직접적인 운전원 수행도 비교는 중 

요한 관심사이다. EPRI는 전통적인 경보표시와 CRT-기반 경보표시의 역할 

을 조사하는 일련의 시험을 수행하였다(Fink et a1., 1992). 그 연구는 (1) 경 

보타일표시 (2) CRT 표시 그리고 (3) 타일과 CRT가의 결합 등의 경보표시 

에 대해 조사하였다. 15인의 자격증있는 운전원이 경보계통(모든 임무를 포 

함하지는 않는) 시율레이터를 사용한 이 시험에 참여하였다. 수행도척도는 

운전원이 경보계통으로부터 경보를 추출할 수 있는 속도와 정확도， 사용용 

이성과 다른 주관적인 매개변수에 대한 운전원의 의견이었다. 결과는 계통 

및 기능에 의한 경보그룹핑 (grouping)이 수행도를 증가시켰음을 나타내었다. 

이는 그전의 EPRI연구(Fi따ι 1984)의 결과와 일치하였다. 홍미롭게도， CRT표 

시보다 전통적인 경보계통은 운전원으로 하여금 보다 신속하게 그리고 쉽게 

정보를 얻게 해주었다. 

Matsushita( 1988)는 경험이 있는 운전원에게 모의된 시나리오에서 신형 제어 

실을 사용하게 한다음 신형 제어실를 평가하도록 요청하였다. 경보표시계통 

은 CRT-기반이었다. 운전원은 CRT표시기는 매우 적은 경보가 표시될때에 

만족스럽다고 하였다. 그러나， 사고나 과도상태 조건동안에 CRT 경보계통은 

전통적인 경보시계통을 사용했을때보다 문제를 규명하기가 보다 더 어렵다 

고 말했다. 신형 제어실설계는 전통적인 경보계통과 CRT-기반 시스템을 툴 

다 포함하도록 수정 되 었다. 
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Kragt( 1984)는 인간의 수행도에 대한 영향의 관점에서 세 가지 유형의 경보 

계통을 비교하였다. 비교의 목적은 병렬식 대 직렬식 경보표시를 평가하는 

것이었다. 세 시스템은 (1) 전통적인 접등된 창 배열， (2) 전통적인 시스템과 

유사한 CRT-기반 모형， 그리고 (3) CRT-기반 연속적인 문자경보표시 등 이 

었다. 실험실 시율레이션이 비교를 위해 사용되었고 24인의 화학공장 훈련 

생이 피실험자였다. 운전원의 오류와 난이도 평점이 주요 종속변수였다. 그 

결과 연속적인 경보표시는 운전원의 수행도나 주관적인 평점의 측면에서 열 

둥한 것으로 나타났다. 표시모드의 차이는 경보다발상황하에서 더욱 컸다. 

경보의 패턴을 인지하는 운전원의 능력변에서 병렬식 경보표시는 장점을 가 

지고 있다고 설명되었다. 

전통적인 시스템에 대한 운전원의 선호는 다른 연구에서도 발견된다(예를들 

면， Kragt, 1982; Rankin, 1985; and Wickens, 1987). Wickens(1 987)은 정 보가 

컴퓨터기반표시기에 표시되었을 때 야기되는 증가된 기억부담(memory load) 

과 정보처리를 촉진시키는 조직화(orga띠zation) 능력의 상실을 발견하였다. 

조사 그리고/또는 사례를 통해 얻어진 데이터는 동일한 결과를 제공한다. 

MPR(1985)은 잠재적인 경보 개선점을 규명하기 위하여 북미에 있는 사업자 

(utility)를 조사하였다. 전통적인 경보표시와 VDU 경보표시기를 모두 가진 

발전소에서는， 운전원은 경보의 수가 적은 정상출력운전중에는 VDU 경보표 

시기를 선호하였으나 경보의 수가 많은 발전소 비정상상태동안에는 전통적 

인 시스템을 선호하였다. 조사된 캐나다의 발전소에서는 VDU-기반 표시기 

가 경보표시의 주요방법이지만， 전통적인 경보표시를 선호하는 추세가 관측 

되었다. 주요 문제성 있는 현안의 하나는 경보표시의 방법이었다. 경보데이 

터가 CRT상에 메시지리스트로 표시될 때， 그 표시기는 발전소 비정상상태 
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Kragt( 1984)는 인간의 수행도에 대한 영향의 관점에서 세 가지 유형의 경보 

계통을 비교하였다. 비교의 목적은 병렬식 대 직렬식 경보표시를 평가하는 

것이었다. 세 시스템은 (1) 전통적인 접등된 창 배열， (2) 전통적인 시스템과 

유사한 CRT-기반 모형， 그리고 (3) CRT-기반 연속적인 문자경보표시 등 이 

었다. 실험실 시율레이션이 비교를 위해 사용되었고 24인의 화학공장 훈련 

생이 피실험자였다. 운전원의 오류와 난이도 평접이 주요 종속변수였다. 그 

결과 연속적인 경보표시는 운전원의 수행도나 주관적인 평점의 측면에서 열 

둥한 것으로 나타났다. 표시모드의 차이는 경보다발상황하에서 더욱 컸다. 

경보의 패턴을 인지하는 운전원의 능력변에서 병렬식 경보표시는 장점을 가 

지고 있다고 설명되었다. 

전통적인 시스템에 대한 운전원의 선호는 다른 연구에서도 발견된다(예를들 

면， Kragt, 1982; Rankin, 1985; and Wickens, 1987). Wickens(1 987)은 정 보가 

컴퓨터기반표시기에 표시되었을 때 야기되는 증가된 기억부담(memory load) 

과 정보처리를 촉진시키는 조직화(orga띠zation) 능력의 상실을 발견하였다. 

조사 그리고/또는 사례를 통해 얻어진 데이터는 동일한 결과를 제공한다. 

MPR(1985)은 잠재적인 경보 개선점을 규명하기 위하여 북미에 있는 사업자 

(utility)를 조사하였다. 전통적인 경보표시와 VDU 경보표시기를 모두 가진 

발전소에서는， 운전원은 경보의 수가 적은 정상출력운전중에는 VDU 경보표 

시기를 선호하였으나 경보의 수가 많은 발전소 비정상상태동안에는 전통적 

인 시스템을 선호하였다. 조사된 캐나다의 발전소에서는 VDU-기반 표시기 

가 경보표시의 주요방법이지만， 전통적인 경보표시를 선호하는 추세가 관측 

되었다. 주요 문제성 있는 현안의 하나는 경보표시의 방법이었다. 경보데이 

터가 CRT상에 메시지리스트로 표시될 때， 그 표시기는 발전소 비정상상태 
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동안에 다루기 힘들게 되었다. 사실상， 저자는 “CRT 메시지리스트는 전통적 

인 경보보다 더 좋지않은 경보표시방법이라는 확실한 증거가 있다"라고 말 

했다. 더 최근에는 CRT 경보메시지범람이 몇몇의 캐나다 발전소에서 중요 

한 문제로 밝혀졌다(Sheehy et al., 1993; Moore et al., 1993). 경보다발상황에 

서 VDU-기반 메시지 표시와 관련된 운전원의 문제는 다른분야에서도 관측 

되 었다고 보고되 었다(Corsberg， 1988). 

EPRI ALWR 문서는 (1) 발전소 이상상태를 진단하고 이에 대응하는데 운전 

원이 사용하는 주공정경보， (2) 발전소 및 계통의 개괄적인 상태를 지속적으 

로 파악하기 위해 사용되는 경보， 그리고 (3) 운전원의 단기적인 반응을 요 

구하는 경보 등에 대한 공간적으로 특정화되고， 연속적이고， 병렬적인 표시 

기(타일기반시스템과 같은)의 사용을 요구하고 있다. NUREGjCR-3987은 “가 

장 중요한 경고 정보”를 위해 그와 같은 표시기를 추천하고 있다. EPRI 

NP-3659는 경보를 확인하기 위해 운전원이 표시기를 즉시 접근해야하는 발 

전소 상황을 표시하는데 타일표시기를 사용할 것을 추천하고 있다. 

NUREGjCR-3987은 경보계통이 변화하는(즉， VDU-displayed) 경고와 영구적 

인 공간적으로 특정화된(예를들면 타일로 표시된) 경보 둘다를 포함하여야 

한다고 지시한다. 

또한， 이 지침은 상황인식도(Situation Awareness)와 인지적 작업부하 

(Cognitive Work1oad)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 

참조). 

출처 : NUREGjCR-6105 , EPRI ALWR. 
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동안에 다루기 힘들게 되었다. 사실상， 저자는 “CRT 메시지리스트는 전통적 

인 경보보다 더 좋지않은 경보표시방법이라는 확실한 증거가 있다라고 말 

했다. 더 최근에는 CRT 경보메시지범람이 몇몇의 캐나다 발전소에서 중요 

한 문제로 밝혀졌다(Sheehy et al., 1993; Moore et al., 1993). 경보다발상황에 

서 VDU-기반 메시지 표시와 관련된 운전원의 문제는 다른분야에서도 관측 

되 었다고 보고되 었다(Corsberg， 1988). 

EPRI ALWR 문서는 (1) 발전소 이상상태를 진단하고 이에 대응하는데 운전 

원이 사용하는 주공정경보， (2) 발전소 및 계통의 개괄적인 상태를 지속적으 

로 파악하기 위해 사용되는 경보， 그리고 (3) 운전원의 단기적인 반응을 요 

구하는 경보 등에 대한 공간적으로 특정화되고， 연속적이고， 병렬적인 표시 

기(타일기반시스템과 같은)의 사용을 요구하고 있다. NUREG/CR-3987은 “가 

장 중요한 경고 정보”를 위해 그와 같은 표시기를 추천하고 있다. EPRI 

NP-3659는 경보를 확인하기 위해 운전원이 표시기를 즉시 접근해야하는 발 

전소 상황을 표시하는데 타일표시기를 사용할 것을 추천하고 있다. 

NUREG/CR -3987은 경보계통이 변화하는(즉， VDU-displayed) 경고와 영구적 

인 공간적으로 특정화된(예를들면 타일로 표시된) 경보 둘다를 포함하여야 

한다고 지시한다. 

또한， 이 지침은 상황인식도(Situation Awareness)와 인지적 작업부하 

(Cognitive W orkload)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 

참조). 

출처 : NUREG/CR -6105 , EPRI AL WR. 
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5.1-5 경보 그래픽 

경보표시와 관련된 그래픽은 한개의 VDU 화변에 포함될 수 있도록 설계하 

여야한다. 

부가정보: 예를들면， 경보메시지를 보기 위해 원자로계통 개관그림， 일차계 

통과 같은 주요 하위계통 그림， 혹은 가압기와 같은 하위계통의 한 부분에 

대한 그림을 스크롤 할 필요가 없어야 한다. 

출처 : NUREG/CR-3987 

5.1-6 경보 코딩 의 일관성 

접멸빈도， 강도(intensi ty ) 및 색상 등의 코딩 범례를 경보표시(타일 및 VDU 

상에서)에 적용하고자 할 때 일관성이 있어야 한다. 

출처 : EPRI NP-3659 

5.2 고순위 경보 표시 

5.2-1 중요성/심 각성 

상대적으로 중요한 경보를 우선적으로 표시하여야 한다. 

출처 :IEC 964 

부록 6- 32 

5.1-5 경보 그래픽 

경보표시와 관련된 그래픽은 한개의 VDU 화변에 포함될 수 있도록 설계하 

여야한다. 

부가정보: 예를들면， 경보메시지를 보기 위해 원자로계통 개관그림， 일차계 

통과 같은 주요 하위계통 그림， 혹은 가압기와 같은 하위계통의 한 부분에 

대한 그림을 스크롤 할 필요가 없어야 한다. 

출처 : NUREG/CR-3987 

5.1-6 경보 코딩 의 일관성 

접멸빈도， 강도(intensi ty ) 및 색상 등의 코딩 범례를 경보표시(타일 및 VDU 

상에서)에 적용하고자 할 때 일관성이 있어야 한다. 

출처 : EPRI NP-3659 

5.2 고순위 경보 표시 

5.2-1 중요성/심 각성 

상대적으로 중요한 경보를 우선적으로 표시하여야 한다. 

출처 :IEC 964 
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5.2-2 고순위 경보의 동시표현 

VDU 메시지리스트와 같이 지정공간을 갖지 않는 경보표시 방법으로 모든 

고순위 경보를 표시하고자 할 때에는 이들을 동시에 관측할 수 있도록 충분 

한 표시영역이 제공되어야 한다. 

부가정보: 메시지리스트와 같이 지정된 공간을 갖지 않는 경보표시 방법은 

고순위 경보메시지를 표시하는 일차적 방법으로 사용해서는 안된다. 만약 

이러한 방법을 사용할 경우에는 모든 고순위 경보를 동시에 표시할 수 있도 

록 충분한 영역을 확보하여야 한다. 고순위 경보를 보기 위해 결코 화변을 

스크를 하거나 페이지를 이동하지 않도록 하여야 한다. 

토의:이 지침은 반응 작업부하(Response W orkload)에 관한 상위수준의 설계 

검토원리와 일치한다(부록 A 참조). 

출처: NUREG/CR-6105, IEC 964, EPRI NP-3659, EPRI ALWR 

5.2-3 경보 우선순위의 코딩 

우선순위의 각 수준에 대해 시각적 신호로 코딩 하는 방법을 사용하여야 한 

다. 

부가정보: 우선순위 코딩 방법에는 색상， 위치， 모양 및 심볼동을 사용하는 

방법이 있다. 이들중 색상 및 위치가 가장 효과적인 시각적 코딩 방법이다 
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이러한 방법을 사용할 경우에는 모든 고순위 경보를 동시에 표시할 수 있도 

록 충분한 영역을 확보하여야 한다. 고순위 경보를 보기 위해 결코 화변을 

스크를 하거나 페이지를 이동하지 않도록 하여야 한다. 

토의:이 지침은 반응 작업부하(Response W orkload)에 관한 상위수준의 설계 

검토원리와 일치한다(부록 A 참조). 

출처: NUREG/CR-6105 , IEC 964, EPRI NP-3659, EPRI ALWR 

5.2-3 경보 우선순위의 코딩 

우선순위의 각 수준에 대해 시각적 신호로 코딩 하는 방법을 사용하여야 한 

다. 

부가정보: 우선순위 코딩 방법에는 색상， 위치， 모양 및 심볼둥을 사용하는 

방법이 있다. 이들중 색상 및 위치가 가장 효과적인 시각적 코딩 방법이다 
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[NUREG/CR-3217]. 그러나 위치를 코딩 방법으로 사용할 경우， 경보의 기능 

적 그룹핑이 와해될 수 있다. 그로 인하여 운전원의 효과적인 경보정보의 

사용이 방해 받는다면 위치를 코딩 방법으로 사용하지 않아야 한다. 이런 

경우에 색상과 같은 다른 차원이 우선순위를 코딩하는데 사용되어야 한다. 

출처: EPRI NP-241l 

5.3 경보상태의 표시 

5.3-1 경보상태의 지시 

경보의 신규/인지/해지 상태를 신속하게 구별할 수 있도록 독자적인 제시방 

식으로 표시되어야 한다. 

출처 : EPRI NP-3659 

5 .3-2 신규경보 

신규경보는 시각적(깜빡임， 등) 및 청각적 수단으로 표시하여야 한다. 

출처 : NUREG/CR-3987, EPRI NP-3448 

5.3-3 표시되지 않은 신규경보의 통지 

운전원이 신규경보 메시지가 나타나는 VDU 표시기를 사용하지 않고 있다 
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경보의 신규/인지/해지 상태를 신속하게 구별할 수 있도록 독자적인 제시방 

식으로 표시되어야 한다. 

출처 : EPRI NP-3659 

5 .3-2 신규경보 

신규경보는 시각적(깜빡임， 등) 및 청각적 수단으로 표시하여야 한다. 

출처 : NUREG/CR-3987, EPRI NP-3448 

5.3-3 표시되지 않은 신규경보의 통지 

운전원이 신규경보 메시지가 나타나는 VDU 표시기를 사용하지 않고 있다 
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면， 경보계통은 신규경보 메시지의 사용가능 여부， 우선순위， 위치 등을 운 

전원에게 통지하여야 한다. 

출처 : NUREGjCR-3987 

5.3-4 인지경보 

경보를 인지한 후(즉， 경보인지버튼을 누른 후)， 인지완 상태를 시각적으로 

구분할 수 있도록 경보표시를 변화시켜야 하며， 경고기능(청각적 톤， 동)은 

정지하여야 한다. 

출처 : EPRI NP-3448, NUREGjCR-6105 

5.3-5 해지경보 및 해지통고 

경보가 해지(매개변수의 정상범위 복귀， 등) 될 때 운전원이 어떤 조치를 취 

하도록 요구받는다면， 이를 시각적 및 청각적 수단으로 표시하여야 한다. 

부가정보: 매개변수의 정상 복귀를 얄리는 해지통고(ringback)을 모든 경보에 

적용하는 것이 아니라， 비정상상태가 해소된 시점을 운전원이 즉시 인식하 

는 것이 중요할 때 혹은 당분간은 해소될거라 예상할 수 없을때에 사용되어 

야 한다. 이러한 해지경보는 청각적 및 시각적 신호를 발생시켜 표시되어야 

한다. 여기에 적용할 수 있는 기술에는 (1)특정 점멸빈도(쉽게 구별할 수 있 

도록 정상점멸빈도의 2배 혹은 1.5배)， (2)감소된 밝기， (3)전체 제어실 색상 

코딩방안과 일치하는 특정 색상 둥이 있다. 해지경보는 한정되고 상대적으 
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면， 경보계통은 신규경보 메시지의 사용가능 여부， 우선순위， 위치 퉁을 운 

전원에게 통지하여야 한다. 

출처 : NUREG/CR-3987 

5.3-4 인지경보 

경보를 인지한 후(즉， 경보인지버튼을 누른 후)， 인지완 상태를 시각적으로 

구분할 수 있도록 경보표시를 변화시켜야 하며， 경고기능(청각적 톤， 동)은 

정지하여야 한다. 

출처 : EPRI NP-3448, NUREG/CR-6105 

5.3-5 해지경보 및 해지통고 

경보가 해지(매개변수의 정상범위 복귀， 등) 될 때 운전원이 어떤 조치를 취 

하도록 요구받는다면， 이를 시각적 및 청각적 수단으로 표시하여야 한다. 

부가정보: 매개변수의 정상 복귀를 얄리는 해지통고(ringback)을 모든 경보에 

적용하는 것이 아니라， 비정상상태가 해소된 시점을 운전원이 즉시 인식하 

는 것이 중요할 때 혹은 당분간은 해소될거라 예상할 수 없을때에 사용되어 

야 한다. 이러한 해지경보는 청각적 및 시각적 신호를 발생시켜 표시되어야 

한다. 여기에 적용할 수 있는 기술에는 (1)특정 접멸빈도(쉽게 구별할 수 있 

도록 정상점멸빈도의 2배 혹은 1.5배)， (2)감소된 밝기， (3)전체 제어실 색상 

코딩방안과 일치하는 특정 색상 둥이 있다. 해지경보는 한정되고 상대적으 
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로 짧은시간 동안 음을 내도록 차별적인 특정의 청각신호를 가져야 한다. 

출처: EPRI NP-3448, NUREG/CR-3217, NUREG-0700 

5.4 공유경보의 표시 

5.4-1 공유경보의 최소화 

하나 이상의 매개변수로부터 입력을 받는 경보 즉， 공유경보(shared alarm)는 

최소화 되어야 한다. 

부가정보: 공유경보는 각기 다른 공정이상상태를 “ OR" 논리로 조합한 것이 

다. 예를들면 "πouble" 메시지는 한 개의 발전소계통 또는 기기와 연관된 

몇 개의 잠재적인 문제를 조합하여 하나의 공유경보로 나타낸 것일 수 있 

고， 혹은 유사한 기기로 묶은 어떤 기기그룹에 대해 각 구성기기의 상태을 

조합하여 하나의 공유경보로 나타낼 수도 있다(예를들면， 베어링 온도 경보 

는 하나 이상의 베어링으로부터 입력을 받아 전반적으로 베어링의 온도 상 

태를 나타낼 수 있다). 공유경보를 사용할 때에는， 어떤 매개변수가 설정치 

를 초과하였는지 알아 볼 수 있도록 질의 수단을 제공하여야 한다. 표 5.4-1 

은 공유경보의 사용허가 및 사용불허 기준이다. 전통적인(즉， 타일기반 경보 

기) 경보계통의 공유경보는 운전원이 이상상태를 나타낸 매개변수를 밝혀내 

야 하므로 단일경보와 비교할 때 부가적인 작업부하를 받게 되었다. 그러므 

로 신형 경보계통에서는 이러한 유형의 공유경보를 최소화하여야 한다. 몇 

몇 신형 경보계통은 공유경보가 발생할 때 이상상태를 보인 매개변수 정보 

를 자동으로 제시한다. 이렇게 함으로써 경보정보를 조회하는 데 받는 운전 
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로 짧은시간 동안 음을 내도록 차별적인 특정의 청각신호를 가져야 한다. 

출처: EPRI NP-3448, NUREG/CR-3217, NUREG-0700 

5.4 공유경보의 표시 

5.4-1 공유경보의 최소화 

하나 이상의 매개변수로부터 입력을 받는 경보 즉， 공유경보(shared alarm)는 

최소화 되어야 한다. 

부가정보: 공유경보는 각기 다른 공정이상상태를 “ OR" 논리로 조합한 것이 

다. 예를들면， ’'trouble" 메시지는 한 개의 발전소계통 또는 기기와 연관된 

몇 개의 잠재적인 문제를 조합하여 하나의 공유경보로 나타낸 것일 수 있 

고， 혹은 유사한 기기로 묶은 어떤 기기그룹에 대해 각 구성기기의 상태을 

조합하여 하나의 공유경보로 나타낼 수도 있다(예를들면， 베어링 온도 경보 
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태를 나타낼 수 있다). 공유경보를 사용할 때에는， 어떤 매개변수가 설정치 

를 초과하였는지 알아 볼 수 있도록 질의 수단을 제공하여야 한다. 표 5.4-1 

은 공유경보의 사용허가 및 사용불허 기준이다. 전통적인(즉， 타일기반 경보 

기) 경보계통의 공유경보는 운전원이 이상상태를 나타낸 매개변수를 밝혀내 

야 하므로 단일경보와 비교할 때 부가적인 작업부하를 받게 되었다. 그러므 

로 신형 경보계통에서는 이러한 유형의 공유경보를 최소화하여야 한다. 몇 

몇 신형 경보계통은 공유경보가 발생할 때 이상상태를 보인 매개변수 정보 

를 자동으로 제시한다. 이렇게 함으로써 경보정보를 조회하는 데 받는 운전 
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원의 작업부하를 줄이고 공유경보에 의한 부정적인 효과를 최소화하게 된 

다. 

출처 : NUREG-0700, EPRI NP-3659, EPRI NP-3448 

5.4-2 공유경보에서 개별경보의 규명 

공유경보가 발생하였을 때 운전원은 개별경보정보를 확인할 수 있어야 한 

다. 

부가정보: 개별경보정보는 VDU상의 경보메시지， 경보프린터상의 경보리스 

트， 혹은 다른 수단에 의하여 제공될 수 었다. 이 정보는 자동으로 제공 될 

수 있으며， 운전원이 직접 정보 제공수단을 활용하여 취득할 수도 있다. 

출처 : NUREG-0700 
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표 5.4-1 공유경보 고려사항 

공유경보를 만들기 위하여 고려할 수 있는 경보의 유형 

(아래에 열거된 제한에 종속됨) 

O 각기 분리된 지시기를 가지고 있고 그 지시기들이 콘솔에서 서로 근접한 

위치에 있는， 중복 기기 혹은 logic trains 의 동일한 상태에 대한 경보(예를 

들 면 , “pump A or B trip" , “ logic train A or B actuation")[EPRI NP-34481 

O 운전원이 보조운전원을 기기로 보내거나 컴퓨터를 확인함으로써 더 상세한 

진단 정보를 얻을 수 있는， 하나의 기기 또는 중복기기에 관련된 상태에 

대 한 경 보[EPRI NP-잉481 

O 동일한 교정조치 (corrective actions)를 요구하는 상황에 대한 경보[EPRI 

NP-36591 

O 제어실 여기저기에 있는 단일 입력 경보를 종합하는 경보[NUREG-07001 

경보를 결합해서는 안되는 조건 

O 경보조건에 따라 다른 행위가 취해져야 하고 크린포 어느 

구성요소(constituents)가 경보하고 있는지를 규명하기 위한 정보가 

운전원에게 즉각적으로 가용하지 않음[EPRI NP-34481 

。 요구되는 조치가 즉각적으로 취해져야 하고 따라서 어느 구성요소가 

경보하고 있는 지를 알아내기 위해 제어반이나 컴퓨터를 조사하는데 걸리는 

시간소요(taking time)가 부적절한 운전원의 반응을 야기할 수 있음[EPRI 

NP-34481 

O 어떤 한 경보 구성요소가 결합된 경보를 야기한 후에 다른 경보 구성요소에 

대한 정보나 방어 (protection)7 ~ 운전원에게 가용하지 않음(재점멸 (reflash)은 

앞에 논의한 대로 그와 같은 방어를 제곰한다)[EPRI NP-영481 

O 관련된 제어기의 배치에 대한 유사성 (similarity) 때문에 상태을 분리하여 

경보하는 것이 운전원의 이해를 증가시 킴 [EPRI NP-34481 

o 구성원들의 상태가 동일한 본질를 강지 않아서 혹은 동일한 중요성을 갖지 

않아서， 취해야할 조치가 어떤 조건이 경보되었는지에 따라 매우 

상이 함[EPRI NP-34481 
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5.4-3 공유경보의 재점멸 

공유경보를 발생시킨 한 매개변수의 이상상태가 해지되기 전에 다른 매개변 

수의 이상상태가 새로 발생한다면， 이 공유경보를 재차 새로운 경보상태(접 

멸， 동)로 발생시켜야 한다. 

부가정보: 한 매개변수의 이상상태에 의한 초기 경보조건을 인지한 후， 다른 

매개변수에 의한 경보조건이 새로 발생할 때에 경보논리시스템은 그 공유 

경보를 “재점멸(즉， 시각적/청각적 공유경보표시의 재활성화)" 시킬 수 있어 

야한다 

출처 : EPRI NP-3659, EPRI ALWR, NUREG-0700 

5.5 경보메시지 

5.5.1 메시지 내용 

5.5.1-1 경보정보 내용 

경보는 다음과 같은 정보를 제공하여야 한다: 

- 경보 제목과 범례 

- 경보 원천， 즉 그 신호를 제공하는 특정한 감지기 또는 감지기의 그룹 
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- 경보 우선순위 

- 설정치 값 

- 매개변수 값 

- 요구되는 즉각적인 운전원의 행위 

- 좀더 상세한 조치행위를 참조할 수 있는 절차서 

부가정보: 표시가 혼동스럽게 되거나 운전원에게 정보과부하를 주지 않는 

한， 가능한 모든 경우에 위와 같은 정보를 표시하여야 한다. 일반적으로 재 

래식 경보계통은 위와 같은 정보의 대부분을 효과적으로 제공할 수 없었으 

나， 차세대 경보계통은 경보표시화면이나 운전원이 선택가능한 표시기상에 

대부분을 표시할 수 있다는 점을 주지하여야 한다. 경보계통은 한 화변에 

과다한 정보(색상， 크기， 모양， 점멸빈도， 그리고 음성 둥에 의한)를 제공하 

지 않아야 한다. 이들 각 정보요건에 대한 보다 상세한 정보는 이 절의 후 

속지침에 의해 구체화된다. 

출처 : NUREG-0700, NUREG/CR-3987 , EPRI NP-3659, NUREG/CR-6105 

5.5.1-2 경보의 제목/범 례 

경보이름은 분명하게 이해될 수 있어야 하며， 표준 용어를 사용하고， 구체적 

으로 경보 조건을 나타내야 한다. 

부가정보: 예를들면， TEMPERATURE-PRESSURE 또는 HIGH-LOW와 같이 

한 범례로 다수의 매개변수나 다수의 상태를 나타내는 대신에， 

HIGH-PRESSURE와 같이 매개변수와 그 상태를 나타내야 한다. 
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출처 : NUREG-0700 

5.5.1-3 경보원천(Alann Source) 

각 메시지의 내용에는 경보의 원천을 밝혀주는 내용이 있어야 한다. 

출 처 : EPRI NP-3659 

5.5.1-4 경보 우선순위 (Alann Priority) 

경보메시지는 우선순위를 나타내고 있어야 한다. 

출처 : EPRI NP-3659, NUREG/CR-3987 

5.5 .4-5 설 정 치 값(Setpoint Value) 

만일 조치를 취하기 전에 경보조건을 확인하여야 한다면， 적절한 설정치 한 

계 (setpoint limits)가 경보메시지에 포함되어야 한다. 

부가정보 NUREG/CR-3217은 경보표시에 왜 설정치 정보를 포함시키지 않 

아야 하는가에 대해 3가지 이유를 들어 설명하고 있다. 첫 번째 이유는， 불 

변라벨의 사용원칙(라벨이 한번 부착된 설비가 존재하는 한 그 라벨은 불변 

하여야 한다는 인간공학원칙)이다. 그러나 설정치 값이 변화할 수 있고. 이 

경우 가변라벨을 사용하여야만 할 수도 있다. 타일과 같은 표시기를 사용하 
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변라벨의 사용원칙(라벨이 한번 부착된 설비가 존재하는 한 그 라벨은 불변 

하여야 한다는 인간공학원칙)이다. 그러나 설정치 값이 변화할 수 있고. 이 

경우 가변라벨을 사용하여야만 할 수도 있다. 타일과 같은 표시기를 사용하 
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는 재래식 경보 시스템에서는 불변라벨 부착원칙이 고려되어야 하지만， 차 

세대 제어실의 컴퓨터에 의한 표시특성은 라벨 자체가 소프트하기 때문에 

이러한 제한에 구속받지 않을 것이다. 두 번째 이유는， 설정치 정보는 단지 

부분적인 정보(즉， 상태가 설정치 이상인지 혹은 이하인지)를 주므로， 사실 

상 상태가 휠씬 위 혹은 아래에 있을 때에도 운전원은 설정치 근처에 있다 

고 잘못된 가정을 할 수 있다는 것이다. 그러나， 차세대 경보계통에서는 매 

개변수 값이 VDU와 프린터 표시기의 경보메시지에 나타나거나 기록되어야 

하므로 두 번째 이유도 문제가 되지 않는다(지침 5.5 .1 -6 참조). 마지막으로 

경보메시지에 설정치 정보를 주가하는 것은 경보계통이 과도한 신뢰 (undue 

reliance)를 조장하지 않아야 한다는 원칙에 맞지 않는다는 것이다. 그러나， 

차세대 제어실은 경보와 지시기 등 다양한 원천으로부터 발생한 정보를 통 

합하는 운전작업을 최소화 할 수 있도록， 강화된 데이터 통합 장치를 제공 

하여야 하기 때문에 이 이유도 타당하지 않다. 따라서， NUREGjCR-3217에 

표현된 관심사는 전통적인 경보계통에 적용할 수는 있을지라도， 차세대 경 

보계통에는 적용할 수 없는 것이다. 설정치 값은 차세대 경보계통의 메시지 

에 포함되어야 한다. 

출처 :EPRI NP-3659, NUREGjCR-6105 

5.5.1-6 매 개 변수 값(Parameter Value) 

경보정보가 VDU혹은 프린터 표시기에 표시될 때， 매개변수의 변동 값은 경 

보메시지에 포함되어야 한다. 

출처: EPRI NP-3659 
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는 재래식 경보 시스템에서는 불변라벨 부착원칙이 고려되어야 하지만， 차 
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상 상태가 훨씬 위 혹은 아래에 있을 때에도 운전원은 설정치 근처에 있다 

고 잘못된 가정을 할 수 있다는 것이다. 그러나， 차세대 경보계통에서는 매 

개변수 값이 VDU와 프린터 표시기의 경보메시지에 나타나거나 기록되어야 

하므로 두 번째 이유도 문제가 되지 않는다(지침 5.5.1 -6 참조). 마지막으로 

경보메시지에 설정치 정보를 주가하는 것은 경보계통이 과도한 신뢰 (undue 

reliance)를 조장하지 않아야 한다는 원칙에 맞지 않는다는 것이다. 그러나， 

차세대 제어실은 경보와 지시기 등 다양한 원천으로부터 발생한 정보를 통 

합하는 운전작업을 최소화 할 수 있도록， 강화된 데이터 통합 장치를 제공 

하여야 하기 때문에 이 이유도 타당하지 않다. 따라서， NUREGjCR-3217에 

표현된 관심사는 전통적인 경보계통에 적용할 수는 있을지라도， 차세대 경 

보계통에는 적용할 수 없는 것이다. 설정치 값은 차세대 경보계통의 메시지 

에 포함되어야 한다. 

출처 :EPRI NP-3659, NUREGjCR-6105 

5.5.1-6 매 개 변 수 값(Parameter Value) 

경보정보가 VDU혹은 프린터 표시기에 표시될 때， 매개변수의 변동 값은 경 

보메시지에 포함되어야 한다. 

출처: EPRI NP-3659 
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5.5.1-7 운전원의 즉시조치 

경보정보가 VDU 혹은 프린터 표시기에 표시될 때， 운전원의 즉시조치가 표 

시되거나 또는 운전원의 요구에 의하여 즉시조치의 조회가 가능하여야 한 

다. 

부가정보. 경보가 발생했을 때 운전원의 즉시조치를 안내해 주어야 한다는 

일반적 경보계통 원칙(지침 1-1 경보계통 기능기준 참조)에 부합하기 위해 

서， 경보메시지는 운전원이 즉시 수행해야 할 조치를 보여주어야 한다. 재래 

식 경보계통의 경우 운전원의 즉시조치를 경보조치절차서에 나타내야 했고， 

쉽고 빠른 참조를 위해 가까이 두어야 했다. 이 때 절차서는 지침 5.5.1-1 에 

서 언급한 항목중에서 경보표시 자체에 포함시킬 수 없는 정보(경보원천， 

설정치 값， 즉시조치， 추적조치 둥)를 포함하였다. 

출처: NUREGjCR-6105 

5.5.1-8 절차서 참조 

경보정보가 VDU 혹은 프린터 표시기에 표시될 때， 해당 경보의 경보조치절 

차서상의 위치가 제공되어야 한다. 

부가정보: 문서 제목， 주요 절， 그리고 페이지가 경보메시지에 나타나야 한 

다. 
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5.5.1-7 운전원의 즉시조치 

경보정보가 VDU 혹은 프린터 표시기에 표시될 때， 운전원의 즉시조치가 표 

시되거나 또는 운전원의 요구에 의하여 즉시조치의 조회가 가능하여야 한 

다. 

부가정보. 경보가 발생했을 때 운전원의 즉시조치를 안내해 주어야 한다는 

일반적 경보계통 원칙(지침 1-1 경보계통 기능기준 참조)에 부합하기 위해 

서， 경보메시지는 운전원이 즉시 수행해야 할 조치를 보여주어야 한다. 재래 

식 경보계통의 경우 운전원의 즉시조치를 경보조치절차서에 나타내야 했고， 

쉽고 빠른 참조를 위해 가까이 두어야 했다. 이 때 절차서는 지침 5.5.1-1 에 

서 언급한 항목중에서 경보표시 자체에 포함시킬 수 없는 정보(경보원천， 

설정치 값， 즉시조치， 추적조치 둥)를 포함하였다. 

출처: NUREGjCR-6105 

5.5.1-8 절차서 참조 

경보정보가 VDU 혹은 프린터 표시기에 표시될 때， 해당 경보의 경보조치절 

차서상의 위치가 제공되어야 한다. 

부가정보: 문서 제목， 주요 절， 그리고 페이지가 경보메시지에 나타나야 한 

다. 
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토의: NUREGjCR-3217에서는 경보계통의 기능요건을 만족하기 위한 경보계 

통 요건으로서， 절차서를 경보에 대응시키는 것이 고려되었다. 

출처: EPRI NP-3659 

5.5.1-9 다른 패 널의 참조 

주요운전영역밖에 있는 보다 상세한 표시기를 참조하도록 유도하는 경보는 

최소화되어야 한다. 

부가정보: 차세대경보계통은 정보를 참조하고자 할 때 주요 운전영역내에서 

신속하게 참조될 수 있도록 설계되어야 한다. 

출처 : NUREG-0700 

5.5.2 형식 

5.5.2-1 타일표시 형 식 

경보타일이나 유사타일 표시기상의 메시지 형식은 모든 경보에 대하여 동일 

하여야 한다. 

부가정보 EPRI NP-3659는 다음과 같은 예를 보여주고 있다. 상위 줄 - 경 

보된 매개변수의 이름; 중간 줄 - 경보 설정치 값; 하위 줄 - 심각도. 
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토의: NUREGjCR-3217에서는 경보계통의 기능요건을 만족하기 위한 경보계 

통 요건으로서， 절차서를 경보에 대응시키는 것이 고려되었다. 

출 처 : EPRI NP-3659 

5.5.1-9 다른 패널의 참조 

주요운전영역밖에 있는 보다 상세한 표시기를 참조하도록 유도하는 경보는 

최소화되어야 한다. 

부가정보: 차세대경보계통은 정보를 참조하고자 할 때 주요 운전영역내에서 

신속하게 참조될 수 있도록 설계되어야 한다. 

출처 : NUREG-0700 

5.5.2 형식 

5.5.2-1 타일표시 형 식 

경보타일이나 유사타일 표시기상의 메시지 형식은 모든 경보에 대하여 동일 

하여야 한다. 

부가정보 EPRI NP-3659는 다음과 같은 예를 보여주고 있다. 상위 줄 - 경 

보된 매개변수의 이름; 중간 줄 - 경보 설정치 값; 하위 줄 - 심각도. 
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출 처 : EPRI NP-3448 

5.5 .2-2 VDU와 프린터 메시지의 형식 

VDU와 프린터 표시기의 메시지에 대해서， 경보메시지 형식은 동일하여야 

한다. 

출 처 : EPRI NP-3659 

5.6 코딩 방법 

5.6.1 일반 

5.6.1-1 코딩 효과 

경보계통이 사용하는 코딩 방안은 제어실의 모든 운전조건하에서 신속한 감 

지 및 해석을 보장하여야 한다. 

출처 : NUREG-0700 

5.6.1-2 코딩 차원 구별 

한 코딩 차원내에서 각 수준은 다른 수준과 쉽고 신속하게 판별될 수 있어 

야한다. 
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출 처 : EPRI NP-3448 

5.5.2-2 VDU와 프린터 메시지의 형식 

VDU와 프린터 표시기의 메시지에 대해서， 경보메시지 형식은 동일하여야 

한다. 

출 처 : EPRI NP-3659 

5.6 코딩 방법 

5.6.1 일반 

5.6.1-1 코딩 효과 

경보계통이 사용하는 코딩 방안은 제어실의 모든 운전조건하에서 선속한 감 

지 및 해석을 보장하여야 한다. 

출처 : NUREG-0700 

5.6.1-2 코딩 차원 구별 

한 코딩 차원내에서 각 수준은 다른 수준과 쉽고 신속하게 판별될 수 있어 

야한다. 
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부가정보: 예를들면， 만약 색상을 사용한다면 서로 쉽고 신속하게 구별될 수 

이어야 한다. 각 색상은 다른 HSI에서 사용하는 것과 일치되게 유일하고 정 

확한 의미를 가져야 한다. 또한， 색상을 문화적인 고정관념에 상반하는 방식 

으로 사용해서는 안된다. 모든 코딩 차원(색상， 모양， 밝기， 재질/패턴， 점멸 

빈도， 등)을 포함하고 중요도에 대한 계층적 순서를 구체적으로 명시하는 

코딩 방안은 코딩을 적용하기 이전에 수립되고 공식적으로 문서화되어야 한 

다. 경보정보는 우선순위 방안에 따른 범주로 조직화 되어야 한다. 코딩 차 

원을 이러한 범주에 체계적으로 적용하여 가장 높은 우선순위를 갖는 경보 

정보가 가장 현저하게 나타나도록 하여야 한다. 

출처 EPRI NP-3448 

5.6.1-3 복합 코딩 기법 

상태의 감지 및 인지를 지원하기 위해 사용되는 코딩 기법은 경보 분류중 

한 차원만을 나타내어야 한다. 

부가정보: 경보의 신규， 인지， 해지 상태를 표시하기 위하여 점멸빈도를 사 

용한다면， 요구되는 운전원 조치의 종류(즉시 조치， 15분내에 해야하는 조 

치， 가까운 시기에는 필요하지 않는 조치)를 나타내기 위해서 다시 접멸빈 

도를 사용해서는 안된다. 

출처: EPRI NP-24 1l, NUREG/CR-6105 

5.6.1-4 코딩의 복잡도 
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부가정보: 예를들면， 만약 색상을 사용한다면 서로 쉽고 신속하게 구별될 수 

이어야 한다. 각 색상은 다른 HSI에서 사용하는 것과 일치되게 유일하고 정 

확한 의미를 가져야 한다. 또한， 색상을 문화적인 고정관념에 상반하는 방식 

으로 사용해서는 안된다. 모든 코딩 차원(색상， 모양， 밝기， 재질/패턴， 접멸 

빈도， 등)을 포함하고 중요도에 대한 계층적 순서를 구체적으로 명시하는 

코딩 방안은 코딩을 적용하기 이전에 수립되고 공식적으로 문서화되어야 한 

다. 경보정보는 우선순위 방안에 따른 범주로 조직화 되어야 한다. 코딩 차 

원을 이러한 범주에 체계적으로 적용하여 가장 높은 우선순위를 갖는 경보 

정보가 가장 현저하게 나타나도록 하여야 한다. 

출처 EPRI NP-3448 

5.6.1-3 복합 코딩 기법 

상태의 감지 및 인지를 지원하기 위해 사용되는 코딩 기법은 경보 분류중 

한 차원만을 나타내어야 한다. 

부가정보: 경보의 신규， 인지， 해지 상태를 표시하기 위하여 점멸빈도를 사 

용한다면， 요구되는 운전원 조치의 종류(즉시 조치， 15분내에 해야하는 조 

치， 가까운 시기에는 필요하지 않는 조치)를 나타내기 위해서 다시 접멸빈 

도를 사용해서는 안된다. 

출처 : EPRI NP-2411 , NUREGjCR-6105 

5.6.1-4 코딩의 복잡도 
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코딩 기법의 수를 최소화 하여 전체적인 코딩체계를 쉽게 이해할 수 있도록 

하여야 한다. 

출처: EPRI NP-2411 , NUREG/CR-6105 

5.6.2 시각 

5.6ι1 중요 경보에 대한 시각적 신호 

시각적 점멸 신호는 모든 중요한 경보에 사용되어야 한다. 

부가정보: 효과적인 경보계통은 어떤 상황 또는 모든 상황하에서 운전원이 

상태파악을 쉽게할 수 있도록 도와 줄 것이다. 경보다발 상황하에서， 설계자 

는 (1)운전원의 즉시조치를 요구하지 않거나 (2) 발전소 안전성과 기술규격 

서에 대한 위협을 나타내지 않는 경보조건에 대해 시각적 점멸과 같은 경보 

표시를 은폐하거나 지연시키려 할 것이다. 이렇게 함으로써 운전원이 더 중 

요한 경보메시지를 감지할 수 있도록 도와 주고 덜 중요한 경보메시지에 의 

한 운전원의 혼란을 줄일 수 있을 것이다. 

토의: 이 지침은 상황인식도(Situation Awareness)와 인지적 작업부하 

(Cognitive Workload)에 관한 상위수준의 설계 검토원리와 일치한다(부록 A 

참조). 

출처 : NUREG/CR-6105 
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코딩 기법의 수를 최소화 하여 전체적인 코딩체계를 쉽게 이해할 수 있도록 

하여야 한다. 

출처: EPRI NP-2411 , NUREG/CR-6105 

5.6.2 시각 

5.6.2-1 중요 경보에 대한 시각적 신호 

시각적 점멸 신호는 모든 중요한 경보에 사용되어야 한다. 

부가정보: 효과적인 경보계통은 어떤 상황 또는 모든 상황하에서 운전원이 

상태파악을 쉽게할 수 있도록 도와 줄 것이다. 경보다발 상황하에서， 설계자 

는 (1)운전원의 즉시조치를 요구하지 않거나 (2) 발전소 안전성과 기술규격 

서에 대한 위협을 나타내지 않는 경보조건에 대해 시각적 점멸과 같은 경보 

표시를 은폐하거나 지연시키려 할 것이다. 이렇게 함으로써 운전원이 더 중 

요한 경보메시지를 감지할 수 있도록 도와 주고 덜 중요한 경보메시지에 의 

한 운전원의 혼란을 줄일 수 있을 것이다. 

토의: 이 지침은 상황인식도(Situation Awareness)와 인지적 작업부하 

(Cognitive Workload)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 

참조). 

출처 : NUREG/CR -6105 
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5.6.2-2 중복 코딩 차원 

중복 코딩(빠른 점멸， 밝기， 등)은 신속한 운전원 조치가 요구되는 경보에 

사용하여야 한다. 

출처: EPRI NP-3659 

5.6.2-3 점멸 빈도 

점멸 빈도는 동일한 “ on" “off’시간으로 초당 3회에서 5회이어야 한다. 

5.6.2-4 투사조명된 표시기의 밝기수준 

점등된 경보타일과 같은 투사조명된 표시기의 최대로 밝은 상태는 비활성화 

된 상태보다 300%이상 더 밝아서는 안되고， 어두운 상태는 비활성화된 상 

태보다 최소한 10% 더 밝아야 한다. 

부가정보: “켜짐 (on) 11 경보의 밝기는 운전원을 불편하게 하거나 혼란시켜서 

는안된다. 

출처 : EPRI NP-3659, EPRI NP-3448 

5.6.2-5 VDU 표시기의 밝기수준 
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5.6.2-2 중복 코딩 차원 

중복 코딩(빠른 점멸， 밝기， 등)은 신속한 운전원 조치가 요구되는 경보에 

사용하여야 한다. 

출처: EPRI NP-3659 

5.6.2-3 점멸 빈도 

점멸 빈도는 동일한 “ on" “off’시간으로 초당 3회에서 5회이어야 한다. 

5.6.2-4 투사조명된 표시기의 밝기수준 

점등된 경보타일과 같은 투사조명된 표시기의 최대로 밝은 상태는 비활성화 

된 상태보다 300%이상 더 밝아서는 안되고， 어두운 상태는 비활성화된 상 

태보다 최소한 10% 더 밝아야 한다. 

부가정보: “켜짐 (on) 11 경보의 밝기는 운전원을 불편하게 하거나 혼란시켜서 

는안된다. 

출처 : EPRI NP-3659, EPRI NP-3448 

5.6.2-5 VDU 표시기의 밝기수준 
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VDU 표시기의 밝은 상태는 비활성화된 상태보다 최소한 100% 더 밝아야 

한다. 

부가정보: 투사조명된 경보의 밝기는 두 수준이상으로 표시할 수 있지만， 

VDU표시기는 단지 두 수준으로 제한된다 

출처: DoD-HDBK-761A 

5.6.2-6 색상 감지도 

색상코딩을 사용할 때， 시각영역의 주변에서 낮은 강도를 갖는 표시(예를 

들면， 어두운 적색)는 쉽게 감지되지 않을 수 있으므로 피해야 한다. 

부가정보 만일 경보표시계통이 특정의 주의집중영역을 갖는다면， 인근영역 

에 위치한 표시기는 운전원의 시각영역의 주위에 자주 있게 될 것이다. 

출 처 : EPRI NP-3659 

5.6.2-7 공간코딩 

공간코딩은 경보의 중요성을 나타내기 위해서 사용될 수 있다. 

부가정보· 공간코딩은 VDU유형의 경보표시기에서 특히 효과적일 수 있다. 

수시로 변화하는 경보표시에서， 중요한 경보의 표시를 위해 특정화되거나 

일정한 위치를 제공하는 것은 운전원의 감지능력을 향상시킬 것이다. 공간 
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VDU 표시기의 밝은 상태는 비활성화된 상태보다 최소한 100% 더 밝아야 

한다. 

부가정보: 투사조명된 경보의 밝기는 두 수준이상으로 표시할 수 있지만， 

VDU표시기는 단지 두 수준으로 제한된다 

출처 : DoD-HDBK-761A 

5.6.2-6 색상 감지도 

색상코딩을 사용할 때， 시각영역의 주변에서 낮은 강도를 갖는 표시(예를 

들면， 어두운 적색)는 쉽게 감지되지 않을 수 있으므로 피해야 한다. 

부가정보 만일 경보표시계통이 특정의 주의집중영역을 갖는다면， 인근영역 

에 위치한 표시기는 운전원의 시각영역의 주위에 자주 있게 될 것이다. 

출 처 : EPRI NP-3659 

5.6.2-7 공간코딩 

공간코딩은 경보의 중요성을 나타내기 위해서 사용될 수 있다. 

부가정보· 공간코딩은 VDU유형의 경보표시기에서 특히 효과적일 수 있다. 

수시로 변화하는 경보표시에서， 중요한 경보의 표시를 위해 특정화되거나 

일정한 위치를 제공하는 것은 운전원의 감지능력을 향상시킬 것이다. 공간 
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코딩은 5.7절에 언급되는 경보구성 (alann organization)과 관련이 있다. 

토의: 이 지침은 인지적 작업부하(Cognitive Workload)에 관한 상위수준의 설 

계검토원리와 일치한다(부록 A 참조). 

출처: 

NUREG/CR-6105 

5.6.2-8 억제된 시각적 코딩 

만일 경보다발상황 혹은 더 중요한 경보가 존재하는 동안에 경보상태를 표 

시하기 위해 사용되는 시각적 코딩이 자동적으로 억제되거나 지연된다면， 

더 중요한 경보가 나타난 후에 자동적으로 그 시각적 코딩이 표시되어야 한 

다 

부가정보: 자동적으로 억제된 경보를 요청하여야 한다는 것을 발전소요원이 

기억하도록 해서는 안된다. 

토의: 이 지침은 상황인식도(Situation Awareness) , 인지적 작업부하(Cognitive 

Workload) 그리고 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR -6105 

5.6.3 청각 코딩 
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코딩은 5.7절에 언급되는 경보구성 (alann organization)과 관련이 있다. 

토의: 이 지침은 인지적 작업부하(Cognitive Workload)에 관한 상위수준의 설 

계검토원리와 일치한다(부록 A 참조). 

줄처: 

NUREG/CR -6105 

5.6.2-8 억제된 시각적 코딩 

만일 경보다발상황 혹은 더 중요한 경보가 존재하는 동안에 경보상태를 표 

시하기 위해 사용되는 시각적 코딩이 자동적으로 억제되거나 지연된다면， 

더 중요한 경보가 나타난 후에 자동적으로 그 시각적 코딩이 표시되어야 한 

다 

부가정보: 자동적으로 억제된 경보를 요청하여야 한다는 것을 발전소요원이 

기억하도록 해서는 안된다. 

토의: 이 지침은 상황인식도(Situation Awareness) , 인지적 작업부하(Cognitive 

Workload) 그 리 고 오류허 용 및 제 어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR -6105 

5.6.3 청각 코딩 
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5.6.3-1 중요한 경보에 대한 청각적 신호 

청각적 신호는 운전원에게 새로운 경보의 폰재 혹은 운전원이 즉시 인식하 

여야 하는 다른 상황을 경고하기 위하여 사용되어야 한다. 

부가정보: 청각적인 자극(cue)은 정상운전 하에서 모든 새로운 경보에 대해 

제공되어야 한다. 그러나， 경보다발상황인 비정상(off-nonnal)상황하에서， 설 

계자는 (a) 즉각적인 조치를 요구하지 않고 (b) 발전소 안전성과 기술규격서 

를 위협하지 않는 상황에 대해서 청각적신호의 억제를 고려해야 한다. 예 

를 들면， 경보제거에 관련된 청각신호는 어떤 상황하에서는 누락시킬 수 있 

다. 이는 운전원이 더 중요한 경보에 주의하는 동안에 덜 중요한 경보에 의 

해 혼란 되는 것을 방지할 것이다. 

토의: 이 지침은 상황인식도(Situation Awareness), 인지적 작업부하(Cogni디ve 

Workload) 그리고 반응 작업부하(Response W orkload)에 관한 상위수준의 설 

계검토원리와 일치한다(부록 A 참조). 

출처: 

NUREGjCR-6105 

5.6.3-2 원격경보의 청각적 코딩 

청각코딩기법은 경보에 관련된 운전원작업반이 주운전영역에 있지 않을 때 

사용되어야 한다. 
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5.6.3-1 중요한 경보에 대한 청각적 신호 

청각적 선호는 운전원에게 새로운 경보의 폰재 혹은 운전원이 즉시 인식하 

여야 하는 다른 상황을 경고하기 위하여 사용되어야 한다. 

부가정보: 청각적인 자극(cue)은 정상운전 하에서 모든 새로운 경보에 대해 

제공되어야 한다. 그러나， 경보다발상황인 비정상( off -nonnal)상황하에서， 설 

계자는 (a) 즉각적인 조치를 요구하지 않고 (b) 발전소 안전성과 기술규격서 

를 위협하지 않는 상황에 대해서 청각적신호의 억제를 고려해야 한다. 예 

를 들면， 경보제거에 관련된 청각신호는 어떤 상황하에서는 누락시킬 수 있 

다. 이는 운전원이 더 중요한 경보에 주의하는 동안에 덜 중요한 경보에 의 

해 혼란 되는 것을 방지할 것이다. 

토의: 이 지침은 상황인식도(Situation Awareness) , 인지적 작업부하(Cogni디ve 

Workload) 그리고 반응 작업부하(Response W orkload)에 관한 상위수준의 설 

계검토원리와 일치한다(부록 A 참조). 

출처: 

NUREGjCR-6105 

5.6.3-2 원격경보의 청각적 코딩 

청각코딩기법은 경보에 관련된 운전원작업반이 주운전영역에 있지 않을 때 

사용되어야 한다. 
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부가정보: 비정상상태동안 설계자는 (a) 즉각적인 조치를 요구하지 않고 (b) 

발전소 안전성과 기술규격서를 위협하지 않는 상황에 대해서 청각적신호의 

억제를 고려해야 한다. 이는 운전원이 더 중요한 경보에 주의하는 동안에 

멀 중요한 경보에 의해 혼란 되는 것을 방지할 것이다. 

출처 : NUREG-0700 

5.6.3-3 판별 가능한 청각신호 

SDCV경보와 관련된 청각신호는 다른 수단(예를 들면， VDU 메시지 표시기 

상)에 의하여 표시되는 경보메시지와 관련된 청각신호와 쉽게 구별되어야 

한다. 

출처 : NUREG/CR-3987 

5.6.3-4 경보상태에 대한 청각신호 

신규 경보에 대해 사용되는 톤(tones)은， 순간적이거나 “스스로 잠잠해 

(self -silencing)"져야 하는 “해지( c1earing)" 경보를 나타내기 위해 사용되는 톤 

과 분리되고 구별되어야 한다. 

출처 : EPRI ALWR 

5.6.3-5 청각적신호의 재생 
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부가정보: 비정상상태동안 설계자는 (a) 즉각적인 조치를 요구하지 않고 (b) 

발전소 안전성과 기술규격서를 위협하지 않는 상황에 대해서 청각적신호의 

억제를 고려해야 한다. 이는 운전원이 더 중요한 경보에 주의하는 동안에 

덜 중요한 경보에 의해 혼란 되는 것을 방지할 것이다. 

출처 : NUREG-0700 

5.6.3-3 판별 가능한 청각신호 

SDCV경보와 관련된 청각신호는 다른 수단(예를 들면， VDU 메시지 표시기 

상)에 의하여 표시되는 경보메시지와 관련된 청각신호와 쉽게 구별되어야 

한다. 

출처 : NUREG/CR-3987 

5.6.3-4 경보상태에 대한 청각신호 

신규 경보에 대해 사용되는 톤(tones)은， 순간적이거나 “스스로 잠잠해 

(self -silencing)"져야 하는 “해지( c1earing)" 경보를 나타내기 위해 사용되는 톤 

과 분리되고 구별되어야 한다. 

출처 : EPRI ALWR 
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인지되지 않은 경보를 나타내기 위해 사용되는 톤이 일정 시간간격 후에 자 

동적으로 꺼진다면， 재생톤(reminder tone)이 운전원에게 경보의 인지되지 않 

은 상태를 경고하기 위해 표시되어야 한다 

부가정보: “경보다발상황이나 더 중요한 경보의 존재로 인하여 억제된 청각 

코딩을 가질 수 있다”는 경보에 대한 원리가 동일하게 유효하다. 더 중요 

한 경보가 나타난 후에， 경보계통은 운전원에게 인지되지 않은 경보의 존재 

를 알려주어야 한다. 

토의: 이 지침은 상황인식도(Situation Awareness), 인지적 작업부하(Cognitive 

Workload) 그리고 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105 

5.6.3-6 청각경고의 재설정 

청각경고메카니즘은 청각경고가 없을 때에 자동적으로 재설정 (reset)되어야 

한다. 

출처 : NUREG-0700 

5.6.3-7 신호간의 간섭 

부록 6- 53 

인지되지 않은 경보를 나타내기 위해 사용되는 톤이 일정 시간간격 후에 자 

동적으로 꺼진다면， 재생톤(reminder tone)이 운전원에게 경보의 인지되지 않 

은 상태를 경고하기 위해 표시되어야 한다 

부가정보: “경보다발상황이나 더 중요한 경보의 존재로 인하여 억제된 청각 

코딩을 가질 수 있다”는 경보에 대한 원리가 동일하게 유효하다. 더 중요 

한 경보가 나타난 후에， 경보계통은 운전원에게 인지되지 않은 경보의 존재 

를 알려주어야 한다. 

토의: 이 지침은 상황인식도(Situation Awareness), 인지적 작업부하(Cognitive 

Workload) 그 리 고 오류허 용 및 제 어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105 

5.6.3-6 청각경고의 재설정 

청각경고메카니즘은 청각경고가 없을 때에 자동적으로 재설정 (reset)되어야 

한다. 

출처 : NUREG-0700 

5.6.3-7 신호간의 간섭 

부록 6- 53 



청각경보신호는 다른 청각코딩이나 청각신호와 상충되어서는 안된다. 

부가정보: 만일 상대적으로 소란한 연속적인 신호가 사용된다면， 다른 코딩 

을 표현하게 되거나 신호가 잘 들리지 않을 수 있다. 따라서 제어실주변의 

소음이 존재할 때 뿐만 아니라 동시에 발생할 수 있는 다른 신호와 결합된 

상황하에서의 신호의 가청도(audibility)를 고려할 필요가 있을 수 있다. 마스 

킹 (masking)을 피하기 위해， 동시에 활성화될 수 있는 경보들의 톤신호(tonal 

signals)의 주파수들은 중심주파수 측면에서 최소한 20% 이상으로 분리되어 

야 한다. 신호가 수많은 넓 게 분리 된 주파수구성요소(frequency component) 

혹은 시간간격으로 표현되는 펄스의 단순한 그룹으로 구성되었다변 경보신 

호간의 간섭은 덜 중요하다(예를 들면， Patterson, 1982). 

토의: 이 지침은 생리학적 양립성 (Physiological Compatability)에 관한 상위수 

준의 설계검토원리와 일치한다(부록 A 참조). 

출처: NUREG-0700, NUREGjCR-6105 

5.6.3-8 신속하게 인식할 수 있는 청각경고의 원천(Readily Identifiable 

Source) 

청각경고의 특정 그리고/혹은 청각경고가 발원된 원천으로부터 운전원은 주 

의를 둘 위치(예를 들면， 발전소의 어느 기능영역， 혹은 무슨 작업반(station)) 

를 신속하게 결정할 수 있어야 한다. 

부가정보: 이 지침은 경보조건에 대한 운전원의 조치를 촉진하기 위한 목적 

부록 6- 54 

청각경보신호는 다른 청각코딩이나 청각신호와 상충되어서는 안된다. 

부가정보: 만일 상대적으로 소란한 연속적인 신호가 사용된다면， 다른 코딩 

을 표현하게 되거나 신호가 잘 들리지 않을 수 있다. 따라서 제어실주변의 

소음이 존재할 때 뿐만 아니라 동시에 발생할 수 있는 다른 신호와 결합된 

상황하에서의 신호의 가청도(audibility)를 고려할 필요가 있을 수 있다. 마스 

킹 (masking)을 피하기 위해， 동시에 활성화될 수 있는 경보들의 톤신호(tonal 

signals)의 주파수들은 중심주파수 측면에서 최소한 20% 이상으로 분리되어 

야 한다. 신호가 수많은 넓 게 분리 된 주파수구성요소(frequency component) 

혹은 시간간격으로 표현되는 펼스의 단순한 그룹으로 구성되었다면 경보신 

호간의 간섭은 덜 중요하다(예를 들면， Patterson, 1982). 

토의: 이 지침은 생리학적 양립성 (Physi이ogical Compatability)에 관한 상위수 

준의 설계검토원리와 일치한다(부록 A 참조). 

출처: NUREG-0700, NUREG/CR-6105 

5.6.3-8 신속하게 인식할 수 있는 청각경고의 원천(Readily Identifiable 

Source) 

청각경고의 특정 그리고/혹은 청각경고가 발원된 원천으로부터 운전원은 주 

의를 둘 위치(예를 들면， 발전소의 어느 기능영역， 혹은 무슨 작업반(station)) 

를 신속하게 결정할 수 있어야 한다. 

부가정보: 이 지침은 경보조건에 대한 운전원의 조치를 촉진하기 위한 목적 
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으로， 공간적으로 고정된 경보표시장치의 위치로 운전원을 지시하기 위한 

청각적인 톤의 사용을 포함하고 있다. 경보표시장치의 위치를 지시하기 위 

한 음(sound)의 사용은 만일 신형 경보계통에서 동일한 경보메시지가 제어실 

내에서 다수의 위치(예를 들면， 중복 VDUs로부터)로부터 조회가 가능하다면 

덜 중요할 수 있다. 단순화된 제어콘솔로 특징 지워지는 신형 제어실에서 

경 보표시 장치 는 자극(cue)으로서 음위 치 화(sound localization)를 사용하기 에 

충분하도록 불리적으로 분리되어 있지 않을 수 있다는 점에 주의하여야 한 

다. 이 경우에 코딩된 청각신호(아마도 단일 원천으로부터의)는 운전원의 주 

의를 끌기 위해 사용될 것이다. 따라서 이 지침은 공간적으로 고정된 경보 

표시장치를 가진 신형 경보계통에 가장 적합하다. NUREG-0700은 단일한 청 

각적 원천으로부터 코딩된 신호가 주운전영역내의 개별 작업반을 규명하기 

위해 사용되어서는 안된다고 언급하고 있다. 유사하게 EPRI NP-3659는 각 

주요 콘솔이 구분되는 음을 발생시킬 수 있는 능력을 가진 분리된 음 발생 

기 (sound generator)를 설치하여야 한다고 권고하고 있다. 만일 음원의 방향이 

자극(cue)으로서 사용된다면， 신호는 위치를 표현하기 힘든 고주파수 톤이어 

서는 안된다. 

출처: EPRI ALWR, NUREG-0700, NUREGjCR-6105 

5.6.3-9 신호수준 

신호강도는 운전원이 신호를 제어실주변 소음으로부터 신뢰성 있게 식별할 

수 있도록 설정되어야 한다. 

부가정보: 청각신호의 강도는 예상되는 가장 불리한 배경소음조건하에서 경 
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으로， 공간적으로 고정된 경보표시장치의 위치로 운전원을 지시하기 위한 

청각적인 톤의 사용을 포함하고 있다. 경보표시장치의 위치를 지시하기 위 

한 음(sound)의 사용은 만일 신형 경보계통에서 동일한 경보메시지가 제어실 

내에서 다수의 위치(예를 들면， 중복 VDUs로부터)로부터 조회가 가능하다면 

덜 중요할 수 있다. 단순화된 제어콘솔로 특정 지워지는 신형 제어실에서 

경보표시장치는 자극(cue)으로서 음위치화(sound localization)를 사용하기에 

충분하도록 불리적으로 분리되어 있지 않을 수 있다는 점에 주의하여야 한 

다. 이 경우에 코딩된 청각신호(아마도 단일 원천으로부터의)는 운전원의 주 

의를 끌기 위해 사용될 것이다. 따라서 이 지침은 공간적으로 고정된 경보 

표시장치를 가진 신형 경보계통에 가장 적합하다. NUREG-0700은 단일한 청 

각적 원천으로부터 코딩된 신호가 주운전영역내의 개별 작업반을 규명하기 

위해 사용되어서는 안된다고 언급하고 있다. 유사하게 EPRI NP-3659는 각 

주요 콘솔이 구분되는 음을 발생시킬 수 있는 능력을 가진 분리된 음 발생 

기 (sound generator)를 설치하여야 한다고 권고하고 있다. 만일 음원의 방향이 

자극(cue)으로서 사용된다면， 신호는 위치를 표현하기 힘든 고주파수 톤이어 

서는 안된다. 

출처: EPRI ALWR, NUREG-0700, NUREGjCR-6105 

5.6.3-9 신호수준 

신호강도는 운전원이 신호를 제어실주변 소음으로부터 신뢰성 있게 식별할 

수 있도록 설정되어야 한다. 

부가정보: 청각신호의 강도는 예상되는 가장 불리한 배경소음조건하에서 경 
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보의 발생을 운전원에게 청각적으로 경고할 수 있는 수준이어야 한다. 

NUREG-0700은 평균주변소음보다 lOdB(A) 높은 신호수준이 일반적으로 적 

절하다고 언급하고 있다. EPRI NP-3659에서는 음의 강도를 최대 95dB(A)로 

제한하고 있으나， 극도의 위험을 지시하는 경보에 대한 요구되는 주의취득 

(attention-getting) 신뢰도를 달성하기 위해 절대적으로 필요하다고 판단된다 

면 115dB(A)의 신호수준이 사용될 수 있다고 권고하고 있다. 보수성측면에 

입각한 설계자는 신뢰성 있는 감지를 보장하기 위해서 펼요한 강도보다 높 

은 강도를 갖는 많은 청각신호를 설계하는 잘못된 경향이 있다(지침 

5.6.3-10 충격 방지(Avoid Startle) 참조). 

토의: 좁은 주파수범위 내에서 배경음은 감지에 영향을 준다. 따라서， 톤선 

호의 수준은 주변소음이 존재하는 경우에 신호의 마스크된 역치(masked 

threshold)에 상대적으로， 즉 신호가 들릴 수 있는 수준에 대해 상대적으로， 

설정되어야 한다. 마스크된 역치보다 15dB높게 표시되는 신호는 분명하게 

청취 가능할 것이다; 역치보다 25dB이상 높은 신호는 피하는 경향이 있다. 

마스크된 역치는 제어실에서의 실험에 의해 결정되거나， .:Q:..Q.. 
-, '-

Patterson( 1982)이 기술한 방법을 사용하여 추정될 수 있다. 배경소음의 주파 

수 스펙트럼 (frequency spectrum)을 가정하는 것은 유일한데， 주파수 f를 가진 

신호의 역치는 f+ 1 0log(O.15f)의 배경소음의 스펙트럼 수준과 동일하다. 스펙 

트럼수준은 전반적인 소음수준이 아닌 신호주파수에서의 주기당소음출력 

(noise power per cycle)이다. 만일 배경소음의 주파수 스펙트럼이 신호의 부 

근(즉， O.15f내에서)에서 6dB이상 변화한다면， 더 복잡한 추정절차가 사용되 

어 야 한다(Patterson， 1982) 

출처: NUREG-0700, EPRI NP-3448, EPRI NP-3659, NUREGjCR-6105 
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보의 발생을 운전원에게 청각적으로 경고할 수 있는 수준이어야 한다. 

NUREG-0700은 평균주변소음보다 lOdB(A) 높은 신호수준이 일반적으로 적 

절하다고 언급하고 있다. EPRI NP-3659에서는 음의 강도를 최대 95dB(A)로 

제한하고 있으나， 극도의 위험을 지시하는 경보에 대한 요구되는 주의취득 

(attention-getting) 신뢰도를 달성하기 위해 절대적으로 필요하다고 판단된다 

면 115dB(A)의 신호수준이 사용될 수 있다고 권고하고 있다. 보수성측면에 

입각한 설계자는 신뢰성 있는 감지를 보장하기 위해서 필요한 강도보다 높 

은 강도를 갖는 많은 청각신호를 설계하는 잘못된 경향이 있다(지침 

5.6.3-10 충격방지(Avoid Startle) 참조). 

토의: 좁은 주파수범위 내에서 배경음은 감지에 영향을 준다. 따라서， 톤신 

호의 수준은 주변소음이 존재하는 경우에 신호의 마스크된 역치 (masked 

threshold)에 상대적으로， 즉 신호가 들릴 수 있는 수준에 대해 상대적으로， 

설정되어야 한다. 마스크된 역치보다 15dB높게 표시되는 신호는 분명하게 

청취 가능할 것이다; 역치보다 25dB이상 높은 신호는 피하는 경향이 있다. 

마스크된 역치는 제어실에서의 실험에 의해 결정되거나， 혹은 

Patterson( 1982) 이 기술한 방법을 사용하여 추정될 수 있다. 배경소음의 주파 

수 스펙트럼 (frequency spectrum)을 가정하는 것은 유일한데， 주파수 f를 가진 

신호의 역치는 f+ 1 0log(O.15f)의 배경소음의 스펙트럼 수준과 동일하다. 스펙 

트럼수준은 전반적인 소음수준이 아닌 신호주파수에서의 주기당소음출력 

(noise power per cycle)이다. 만일 배경소음의 주파수 스펙트럼이 신호의 부 

근(즉， O.15f내에서)에서 6dB이상 변화한다면， 더 복잡한 추정절차가 사용되 

어 야 한다(Patterson， 1982). 

출처: NUREG-0700, EPRI NP-3448 , EPRI NP-3659, NUREGjCR-6105 
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5.6.3-10 충격 방지 

신호는 운전원의 주의를 취득하여야 하며， 짜증(irritation)이나 돌발적인 

(startle) 반응을 야기해서는 안된다. 

부가정보: 청각 경보신호로부터 발생되는 짜증이나 충격은 청각신호의 설계， 

신호강도의 선정， 그리고 청각신호방안(scheme)의 전반적인 설계 등을 통해 

최소화되어야 한다. 

토의: 고강도음으로 순간적으로 전환될 때(즉， 음의 수준이 lOdB/sec이상 올 

라갈 때) 충격적인 반응을 발생시키기 쉽다. 청각선호의 시작(onset)은 신호 

가 20에서 30msec동안에 걸쳐 최대수준에 도달하도록 하여야 한다. 이 “상 

승시간(rise time)"은 충격을 피할 수 있을 정도로 긴 시간이나 신호의 시작 

이 털 주의취득적으로 될 정도로 길지는 않다. 신호는 디지털 음생성설비 

로 쉽게 생성시킬 수 있다. Patterson(1982)은 약 10Hz 주파수를 가진 정현파 

의 1/4 주기를 사용하여 0부터 최대치까지 강도를 증가시킬 것을 권고하고 

있다. 이는 급격한 최초의 증가(전형적으로 주변소음에 의해 마스크되는)후 

에 높은 수준에서는 보다 완만한 증가로 나타난다. 

출처 : NUREG-0700, EPRI ALWR, EPRI NP-3448 , NUREG/CR-6105 

5.6.3-11 수동 불능/신호강도의 조정 

수동불능으로의 설정이나 청각신호강도(소리크기， loudness)의 조정은 피하여 
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5.6.3-10 충격 방지 

신호는 운전원의 주의를 취득하여야 하며， 짜증(irritation)이나 돌발적인 

(startle) 반응을 야기해서는 안된다. 

부가정보: 청각 경보신호로부터 발생되는 짜증이나 충격은 청각신호의 설계， 

신호강도의 선정， 그리고 청각신호방안(scheme)의 전반적인 설계 등을 통해 

최소화되어야 한다. 

토의: 고강도음으로 순간적으로 전환될 때(즉， 음의 수준이 10dB/sec이상 올 

라갈 때) 충격적인 반응을 발생시키기 쉽다. 청각신호의 시작(onset)은 신호 

가 20에서 30msec동안에 걸쳐 최대수준에 도달하도록 하여야 한다. 이 “상 

승시간(rise time)"은 충격을 피할 수 있을 정도로 긴 시간이나 신호의 시작 

이 털 주의취득적으로 될 정도로 길지는 않다. 신호는 디지털 음생성설비 

로 쉽게 생성시킬 수 있다. Patterson(l 982)은 약 10Hz 주파수를 가진 정현파 

의 1/4 주기를 사용하여 0부터 최대치까지 강도를 증가시킬 것을 권고하고 

있다. 이는 급격한 최초의 증가(전형적으로 주변소음에 의해 마스크되는)후 

에 높은 수준에서는 보다 완만한 증가로 나타난다. 

출처 : NUREG-0700, EPRI ALWR, EPRI NP-3448, NUREG/CR-6105 

5.6.3-11 수동 불능/신호강도의 조정 

수동불능으로의 설정이나 청각신호강도(소리크기， loudness)의 조정은 피하여 
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야한다. 

부가정보: 신호설계와 수준선정를 개선함으로써 청각신호수준을 조정할 필 

요는 적어질 수 있다. 만일 신호수준이 조정 가능하다변， 행정적인 절차 

(administrative procedure)에 의 하여 관리 되 어 야 한다. 어 떠 한 환경 하에 서 도 

운전원은 청각경보신호를 불능으로 하거나 혹은 청취가 불가능한 수준으로 

강도를 감소시킬 수 없어야 한다. 

토의 Kragt and Bonton(l 983)은 화학공장에서 운전원의 경보계통의 사용에 

대한 관측평가를 수행하였다. 공정 이상상태동안에 운전원이 청각경보에 대 

해 짜증내는 것을 발견했으며， 운전원은 발생되는 경보를 항상 규명하지는 

않았고 나타난 경보를 가능한 빨리 잠재우려고 하였다. 이는 경보의 청각적 

특성이 열악하게 설계되었음을， 예를 들변 불펼요한 고음으로 인한 혼란야 

기 혹은 일단 활성화된 지속적인 음생성 (sounding)에 의한 의사소통 방해， 알 

려준다. 운전원이 청각적 경고를 무시하고 경보계통을 잠재우는 것에 대한 

많은 보고가 인간공학 문헌에 있다(Sorkin， 1989참조). 또한 이 지침은 오류 

허용 및 제어(Eπor Tolerance and Control)에 관한 상위수준의 설계검토원리 

와 일치한다(부록 A 참조). 

5.6.3-12 음원 

확성기(loudspeakers )의 수와 위치는 청각신호가 왜곡이 없고 주운전영역내의 

어느 운전원작업반에서도 동등하게 청취 가능하도록 설정되어야 한다. 
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야한다. 

부가정보: 신호설계와 수준선정를 개선함으로써 청각신호수준을 조정할 필 

요는 적어질 수 있다. 만일 신호수준이 조정 가능하다면， 행정적인 절차 

(administrative procedure)에 의하여 관리되어야 한다. 어떠한 환경 하에서도 

운전원은 청각경보신호를 불능으로 하거나 혹은 청취가 불가능한 수준으로 

강도를 감소시킬 수 없어야 한다. 

토의 Kragt and Bonton(1 983)은 화학공장에서 운전원의 경보계통의 사용에 

대한 관측평가를 수행하였다. 공정 이상상태동안에 운전원이 청각경보에 대 

해 짜증내는 것을 발견했으며， 운전원은 발생되는 경보를 항상 규명하지는 

않았고 나타난 경보를 가능한 빨리 잠재우려고 하였다. 이는 경보의 청각적 

특성이 열악하게 설계되었음을， 예를 들면 불펼요한 고음으로 인한 혼란야 

기 혹은 일단 활성화된 지속적인 음생성 (sounding)에 의한 의사소통 방해， 알 

려준다. 운전원이 청각적 경고를 무시하고 경보계통을 잠재우는 것에 대한 

많은 보고가 인간공학 문헌에 있다(Sorkin， 1989참조). 또한 이 지침은 오류 

허용 및 제어(Eπor Tolerance and Control)에 관한 상위수준의 셜계검토원리 

와 일치한다(부록 A 참조). 

5.6.3-12 음원 

확성기(l oudspeakers)의 수와 위치는 청각신호가 왜곡이 없고 주운전영역내의 

어느 운전원작업반에서도 동등하게 청취 가능하도록 설정되어야 한다. 
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부가정보: 스피커 (Speaker)는 음파(acoustic wave)를 산개시키거나 방사할 수 

있는 표면으로부터 떨어져 위치하여야 한다. 스피커는 왜곡， 메아리 혹은 잔 

음현상(sound shadow)을 야기할 수 있는 구조로 설치되어서는 안된다. 음위 

치화(sound localization)가 특정 경보표시장치로 운전원을 지시하기 위해서 

사용될 때에는 확성기는 그 위치가 신속하게 식별되고 의도된 경보표시장치 

의 위치에 일치하도록 방향이 설정되어야 한다. 인접하는 경보표시장치의 

확성기는 개개의 위치가 식별될 수 있도록 적절하게 분리되어야 한다. 

출 처 : NUREG-0700, EPRI NP-3659 

5.6.3-13 청 각신호판별 

각 청각신호는 애매모호하지 않아서 제어실의 모든 다른 톤(tones)과 쉽게 

구별되어야 한다. 

부가정보: 현재의 신호발생기술은 청각정보를 처리하는 운전원의 능력을 보 

다 잘 활용하게 하는 경보신호의 설계를 가능하게 한다. 전통적인 신호보다 

다른 신호와 더 잘 구분될 뿐만 아니라 더 많은 신호를 전달할 수 있는 잠 

재 력 을 가진 신호를 설 계 하는 것 이 가능하다(예 를 들변 Patterson, 1982). 신 

호는 톤패턴(tone pattem)과 주파수의 단일한 결합으로 구성되어야 한다. 또 

한， 만일 음위치가 운전원에게 특정 경보표시장치를 지시하는데 사용된다면， 

음원(sound source)의 위치는 유일하여야 한다. 만일 음원의 위치가 자극(cue) 

으로서 사용된다면， 위치를 나타내기 어려울 수 있는 고주파수 톤인 신호이 

어서는 안된다. 
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부가정보: 스피커 (Speaker)는 음파(acoustic wave)를 산개시키거나 방사할 수 

있는 표면으로부터 떨어져 위치하여야 한다. 스피커는 왜곡， 메아리 혹은 잔 

음현상(sound shadow)을 야기할 수 있는 구조로 설치되어서는 안된다. 음위 

치화(sound localization)가 특정 경보표시장치로 운전원을 지시하기 위해서 

사용될 때에는 확성기는 그 위치가 신속하게 식별되고 의도된 경보표시장치 

의 위치에 일치하도록 방향이 설정되어야 한다. 인접하는 경보표시장치의 

확성기는 개개의 위치가 식별될 수 있도록 적절하게 분리되어야 한다. 

출 처 : NUREG-0700, EPRI NP-3659 

5.6.3-13 청 각신호판별 

각 청각신호는 애매모호하지 않아서 제어실의 모든 다른 톤(tones)과 쉽게 

구별되어야 한다. 

부가정보: 현재의 신호발생기술은 청각정보를 처리하는 운전원의 능력을 보 

다 잘 활용하게 하는 경보신호의 설계를 가능하게 한다. 전통적인 신호보다 

다른 신호와 더 잘 구분될 뿐만 아니라 더 많은 신호를 전달할 수 있는 잠 

재력을 가진 신호를 설계하는 것이 가능하다(예를 들면 Patterson, 1982). 신 

호는 톤패턴(tone pattem)과 주파수의 단일한 결합으로 구성되어야 한다. 또 

한， 만일 음위치가 운전원에게 특정 경보표시장치를 지시하는데 사용된다면， 

음원(sound source)의 위치는 유일하여야 한다. 만일 음원의 위치가 자극(cue) 

으로서 사용된다면， 위치를 나타내기 어려울 수 있는 고주파수 톤인 신호이 

어서는 안된다. 
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토의: 이 지침은 생리적인 양립성 (Physiological Compatabi1ity)에 대한 상위수 

준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : EPRI NP-3448, NUREG-0700, NUREGjCR-6105 

5.6.3-14 톤신호의 수 

정보가 협대역 신호(narrow-band signals; 예， 톤)의 피치 (pitch)에 의해서 코딩 

될 때에， 3개 이상의 주파수가 사용되어서는 안된다. 

부가정보: 피치를 인식하기가 어려울 수 있으므로， 주파수는 다른 주파수에 

대해 2:1의 비율로 사용되어서는 안된다. NUREG-0700과 NUREGjCR-3217은 

5개 이상의 분리된 주파수가 사용되어서는 안된다고 권고하고 있다. 몇 운 

전원은 3개 이상의 피치코딩간의 차이를 신뢰성 있게 구분하지 못할 수 있 

다. 상이한 조치를 요구하는 긴급한 경보에 대해서는 더 보수적인 지침을 

따라야 한다. 만일 3개 이상의 긴급한 경보가 코딩된다면， 더 잘 구분되는 

신호를 발생시키기 위해서 다른 차원을 가진 피치와 결합하는 것이 바람직 

하다. 

출처 : EPRI NP-3659, NUREGjCR-6105 

5.6.3-15 톤신호의 주파수 
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토의 : 이 지 침 은 생 리 적 인 양 립 성 (Physiological Compatability) 에 대 한 상위 수 

준의 설계검토원리와 일치한다(부록 A 참조). 

출처: EPRI NP-3448, NUREG-0700, NUREGjCR-6105 

5.6.3-14 톤선호의 수 

정보가 협대역 신호(narrow-band signals; 예， 톤)의 피치 (pitch)에 의해서 코딩 

될 때에， 3개 이상의 주파수가 사용되어서는 안된다. 

부가정보: 피치를 인식하기가 어려울 수 있으므로， 주파수는 다른 주파수에 

대해 2:1의 비율로 사용되어서는 안된다. NUREG-0700과 NUREGjCR-3217은 

5개 이상의 분리된 주파수가 사용되어서는 안된다고 권고하고 있다. 몇 운 

전원은 3개 이상의 피치코딩간의 차이를 신뢰성 있게 구분하지 못할 수 있 

다. 상이한 조치를 요구하는 긴급한 경보에 대해서는 더 보수적인 지침을 

따라야 한다. 만일 3개 이상의 긴급한 경보가 코딩된다면， 더 잘 구분되는 

신호를 발생시키기 위해서 다른 차원을 가진 피치와 결합하는 것이 바람직 

하다. 

출 처 : EPRI NP-3659, NUREGjCR-6105 

5.6.3-15 톤신호의 주파수 
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2oo-50ooHz도 수용할 수 있지만， 500-3000Hz의 범위 내에 중심주파수가 넓 

게 분포되어야 한다. 

부가정보 NUREG-07oo은 톤신호가 광대역(broad band: +/- 100Hz)이고 

200-5어OHz 범위 내에서 넓게 분포할 것을 추천하고 있다. 

출처 : EPRI NP-3659, NUREG/CR-6105 

5.6.3-16 펄스 코딩 

코딩을 목적으로 3개이상의 펄스 반복비율(pulse repetition rate)이 사용되어 

서는 안된다. 

부가정보: 빠른 비율은 펄스로서 지각되지 않을 수 있기 때문에， 반복비율은 

초당 1개에서 8개 펄스사이 이어야 한다. 반복비율은 운전원의 판별을 보장 

하기 위해서 충분히 분리되어야 한다. 

출처 : EPRI NP-3659, NUREG-07oo 

5.6.3-17 주파수 변조된 신호의 수 

3개이상의 변조된 주파수 코딩이 청각경보에 대해 사용되어서는 안된다. 
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2oo-50ooHz도 수용할 수 있지만， 500-30ooHz의 범위 내에 중심주파수가 넓 

게 분포되어야 한다. 

부가정보 NUREG-07oo은 톤신호가 광대역(broad band: +/- 100Hz)이고 

2oo-5000Hz 범위 내에서 넓게 분포할 것을 추천하고 있다. 

출처 : EPRI NP-3659, NUREG/CR-6105 

5.6.3-16 펄스 코딩 

코딩을 목적으로 3개이상의 펄스 반복비율(pulse repetition rate)이 사용되어 

서는 안된다. 

부가정보: 빠른 비율은 펄스로서 지각되지 않을 수 있기 때문에， 반복비율은 

초당 1개에서 8개 펄스사이 이어야 한다. 반복비율은 운전원의 판별을 보장 

하기 위해서 충분히 분리되어야 한다. 

출처 : EPRI NP-3659, NUREG-07oo 

5.6.3-17 주파수 변조된 신호의 수 

3개이상의 변조된 주파수 코딩이 청각경보에 대해 사용되어서는 안된다. 
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부가정보: 초당 1번에서 3번 변조되는 주파수를 가진 떨리는 음(warbling 

sounds)은 쉽게 인지될 수 있고 주의를 끄나， 반면에 낮은 변조비율은 경보 

로 사용하기에 적절할 정도로 신속하게 구분되는 특성을 갖지는 못한다. 

출처 : NUREG-0700 

5.6.3-18 주파수 변조된 신호의 중심주파수 

만일 신호에 대한 주파수(Hz)변조가 정보를 나타내기 위해 사용된다면， 중 

심주파수는 500Hz와 l어OHz 사이 이어야 한다 

출처 : NUREG-0700 

5.6.3-19 청각패턴코딩 

만일 톤의 연쇄가 정보를 표현하기 위해서 사용된다면， 그 패턴은 쉽게 인 

지될 수 있어야 한다. 

부가정 보 Patterson(l 982)은 “폭발음(burst)"으로 구성 된 경 고음은 0.15에 서 

0.3초의 펼스간 간격을 갖는 다섯 이상의 단순한 펄스(brief pulse, 약 0.1초의 

지속시간)로 구성할 것을 추천하고 있다. 펄스는 onset과 offset 형성， 기본적 

인 주파수， 그리 고 고조파구조(harmonic structure) 등에 대 해 서 구분될 수 있 
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부가정보: 초당 I번에서 3번 변조되는 주파수를 가진 떨리는 음(warbling 

sounds)은 쉽게 인지될 수 있고 주의를 끄나， 반면에 낮은 변조비율은 경보 

로 사용하기에 적절할 정도로 신속하게 구분되는 특성을 갖지는 못한다. 

출처 : NUREG-0700 

5.6.3-18 주파수 변조된 신호의 중심주파수 

만일 신호에 대한 주파수(Hz)변조가 정보를 나타내기 위해 사용된다면， 중 

심주파수는 500Hz와 1000Hz 사이 이어야 한다 

출처 : NUREG-0700 

5.6.3-19 청각패턴코딩 

만일 톤의 연쇄가 정보를 표현하기 위해서 사용된다면， 그 패턴은 쉽게 인 

지될 수 있어야 한다. 

부가정보 Patterson(l 982)은 “폭발음(burst)"으로 구성된 경고음은 0.15에서 

0.3초의 펼스간 간격 을 갖는 다섯 이 상의 단순한 펄스(brief pulse, 약 0.1초의 

지속시간)로 구성할 것을 추천하고 있다. 펄스는 onset과 offset 형성， 기본적 

인 주파수， 그리고 고조파구조(harmonic structure) 등에 대해서 구분될 수 있 
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도록 설계될 수 있다. 폭발음은 펄스의 수， 표시되는 박자(tempo)， 그리고 리 

듬과 피 치 윤곽(pitch contours)에 따라 변화할 수 있다. 

토의: 결과적으로 이 신호는 간략한 멜로디로 묘사될 수 있다. 이 폭발음은 

지속적으로 표시되지 않으나， 적절한 간격으로 반복된다. 예를 들면， 신규 

경보는 처음 경보표시에 의해 바빠진 운전원이 메시지를 취득할 수 있는 기 

회를 주기 위해서 1-2초 후에 반복되는 폭발음을 동반할 수 었다. 필요한 

경우 운전원이 통신할 수 있게 할 수 있도록 그 신호는 몇 초 동안 off로 

유지될 것이다. 만일 경보가 위급한 경보이지만 인지되지 않은 채로 남아있 

다면， 폭발음은 더 큰 음량과 혹은 더 빠른 박자로 반복될 것이다. 덜 위급 

한 경보는 느린 박자로 덜 빈번하게 반복될 것이다. 

출처: EPRI NP-3448, NUREGjCR-6105 

5.6.3-20 복합 코드 

둘 이상의 차원에 의해 코딩될 때에 최대 9개의 청각신호가 사용될 수 있 

다. 

부가정보: 신호가 물 이상의 차원(예를 들면， 피치와 패턴)에서 차이가 있을 

때 더 많은 수의 신호가 신뢰성 있게 구분될 수 있다. 이 최대 수는 제어실 

밖에서 사용되는 청각신호(예를 들변 화재경보 혹은 지역비상경보)를 포함 

한다. 신뢰성 있게 인지될 수 있는 청각코딩을 사용할 수 있는 상황의 는
 

수
 

’ 

지각되는 경보음의 위급도 차이를 이용하여 최대화시킬 수 었다(Edworthy， 
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도록 설계될 수 있다. 폭발음은 펄스의 수， 표시되는 박자(tempo)， 그리고 리 

듬과 피 치 윤곽(pitch contours)에 따라 변화할 수 있다. 

토의: 결과적으로 이 신호는 간략한 멜로디로 묘사될 수 있다. 이 폭발음은 

지속적으로 표시되지 않으나， 적절한 간격으로 반복된다. 예를 들면， 신규 

경보는 처음 경보표시에 의해 바빠진 운전원이 메시지를 취득할 수 있는 기 

회를 주기 위해서 1-2초 후에 반복되는 폭발음을 동반할 수 있다. 필요한 

경우 운전원이 통신할 수 있게 할 수 있도록 그 신호는 몇 초 동안 off로 

유지될 것이다 만일 경보가 위급한 경보이지만 인지되지 않은 채로 남아있 

다면， 폭발음은 더 큰 음량과 혹은 더 빠른 박자로 반복될 것이다. 덜 위급 

한 경보는 느린 박자로 덜 빈번하게 반복될 것이다. 

출처: EPRI NP-3448, NUREGjCR-6105 

5.6.3-20 복합 코드 

둘 이상의 차원에 의해 코딩될 때에 최대 9개의 청각신호가 사용될 수 있 

다. 

부가정보: 신호가 둘 이상의 차원(예를 들면， 피치와 패턴)에서 차이가 있을 

때 더 많은 수의 신호가 신뢰성 있게 구분될 수 있다. 이 최대 수는 제어실 

밖에서 사용되는 청각신호(예를 들면 화재경보 혹은 지역비상경보)를 포함 

한다. 신뢰성 있게 인지될 수 있는 청각코딩을 사용할 수 있는 상황의 수는 

지각되는 경보음의 위급도 차이를 이용하여 최대화시킬 수 있다(Edworthy， 
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Loxley, and Dennis, 1991). 

출처 : NUREGjCR-3217 

5.6.3-21 강도 코딩 

강도에 의한 코딩은 사용되어서는 안된다. 

부가정보: 가청도를 보장하기 위하여 필요한 수준과 신호가 불쾌감을 주는 

수준 사이의 강도범위는 상대적으로 좁을 수 있다; 그러므로 코딩을 위한 

이 차원의 유용성은 제한적이다. EPRI NP-3659는 코딩을 위해서 사용되는 

청각 강도에 대해서 단지 두 수준을 추천하고 았다. 신호는 최소 6dB(A)이 

상에 의해 다른 신호와 구분되어야 한다 낮은 강도는 주변잡음수준보다 

1 OdB(A)정도 높아야 하고， 최대 신호 대 잡음비 (signal-to-noise ratio)는 대부 

분의 청각 강도 코딩에 대해 lOdB(A)이어야 한다. EPRI NP-3659에서는 청 

각강도가 최대 95dB(A)로 제한하여야 한다고 추천하고 있으나， 극도의 위험 

을 지시하는 경보에 대해 요구되는 주의취득 선뢰도( attention-getting 

reliabi1ity)를 얻기 위해서 절대적으로 필요하다고 판단되는 경우에는 

115dB(A)의 신호수준이 사용될 수 있다고 언급하고 있다. 이 코딩이 효과적 

인 지는 제어실 주변잡음과 신호주파수의 주파수 스펙트럼 (frequency 

spectrum)에 의 존할 것 이 다. 

출처 : NUREG-0700, EPRI NP-3448, EPRI NP-3659, NUREGjCR-6105 
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Loxley, and Dennis, 1991). 

출처 : NUREGjCR-3217 

5.6.3-21 강도 코딩 

강도에 의한 코딩은 사용되어서는 안된다. 

부가정보: 가청도를 보장하기 위하여 필요한 수준과 신호가 불쾌감을 주는 

수준 사이의 강도범위는 상대적으로 좁을 수 있다; 그러므로 코딩을 위한 

이 차원의 유용성은 제한적이다. EPRI NP-3659는 코딩을 위해서 사용되는 

청각 강도에 대해서 단지 두 수준을 추천하고 있다. 신호는 최소 6dB(A)이 

상에 의해 다른 신호와 구분되어야 한다 낮은 강도는 주변잡음수준보다 

1 OdB(A)정도 높아야 하고， 최대 신호 대 잡음비 (signal-to-noise ratio)는 대부 

분의 청각 강도 코딩에 대해 lOdB(A)이어야 한다. EPRI NP-3659에서는 청 

각강도가 최대 95dB(A)로 제한하여야 한다고 추천하고 있으나， 극도의 위험 

을 지시하는 경보에 대해 요구되는 주의취득 신뢰도(attenti on -getting 

reliability)를 얻기 위해서 절대적으로 필요하다고 판단되는 경우에는 

115dB(A)의 신호수준이 사용될 수 있다고 언급하고 있다. 이 코딩이 효과적 

인 지는 제어실 주변잡음과 신호주파수의 주파수 스펙트럼 (frequency 

spectrum)에 의존할 것이다. 

출처 : NUREG-0700, EPRI NP-3448, EPRI NP-3659, NUREGjCR-6105 
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5.7 경보의 구성 

5.7.1 SDCV 경보표시기 

5.7.1-1 경보의 기능 그룹 

한 표시기의 경보는 기능별， 계통별， 또는 다른 논리적 구조로 그룹 지어져 

야 한다 

부가정보: 경보는 계통 기능상 관계가 쉽게 드러날 수 있도록 그룹 지어져 

야 한다 예를 뜰면， 지역 방사능 경보(area radiation alanns)는 제어실 전반에 

흩어져 있지 않고 한 표시기에 그룹 지어져야 한다. 가능한 많이， 경보는 동 

일 계통의 제어기 및 표시기와 그룹 지어져야 한다. 

출 처 : NUREG-0700, EPRI AL WR, EPRI NP-3659 

5.7.1-2 기 능별 그룹의 분리 

기능별 그룹은 시각적으로 서로 차별화되어야 한다. 

출처 : EPRI NP-3659 

5.7.1-3 그룹 라벨 

부록 6- 65 

5.7 경보의 구성 

5.7.1 SDCV 경보표시기 

5.7.1-1 경보의 기능 그룹 

한 표시기의 경보는 기능별， 계통별， 또는 다른 논리적 구조로 그룹 지어져 

야 한다 

부가정보: 경보는 계통 기능상 관계가 쉽게 드러날 수 있도록 그룹 지어져 

야 한다 예를 뜰면， 지역 방사능 경보(area radiation alarrns)는 제어실 전반에 

흩어져 있지 않고 한 표시기에 그룹 지어져야 한다. 가능한 많이， 경보는 통 

일 계통의 제어기 및 표시기와 그룹 지어져야 한다. 

출 처 NUREG-0700, EPRI AL WR, EPRI NP-3659 

5.7.1-2 기능별 그룹의 분리 

기능별 그룹은 시각적으로 서로 차별화되어야 한다. 

출처: EPRI NP-3659 

5.7.1-3 그룹 라벨 

부록 6- 65 



계통/기능별 그룹은 분명하게 구분 지어지고 라벨이 붙여져서， 어느 계통이 

아직 해지되지 않은 경보를 가지고 있고 어느 계통이 특정 신규 경보에 의 

해 영향을 받는지를 운전조가 쉽게 결정할 수 있도록 해야 한다. 

출처 : EPRI ALWR 

5.7.1-4 좌표 지정 표식 

경보표시가 매트릭스 형태로 구성된다면， 표시기의 수직 및 수평축들은 특 

정 시각 요소의 손쉬운 좌표지정을 위해 영문숫자(alphanumerics)로 라벨이 

붙여져야 한다. 

부가정보: 좌표지정은 표시기의 좌상단에 표시하는 것이 바람직하다 

출처 : NUREG-0700 

5.7.1-5 경보 요소의 밀도 

경보 타일 표시 매트릭스(alann tile display maπix)는 매트릭스당 최대 50개 

의 경보를 포함하도록 한다. 

부가정보: 507H 미만의 경보 매트릭스가 바람직하다. 

5.7.1-6 변수들의 순서 매 김 

부록 6- 66 

계통/기능별 그룹은 분명하게 구분 지어지고 라벨이 붙여져서， 어느 계통이 

아직 해지되지 않은 경보를 가지고 있고 어느 계통이 특정 신규 경보에 의 

해 영향을 받는지를 운전조가 쉽게 결정할 수 있도록 해야 한다. 

출처 : EPRI ALWR 

5.7.1-4 좌표 지정 표식 

경보표시가 매트릭스 형태로 구성된다면， 표시기의 수직 및 수평축들은 특 

정 시각 요소의 손쉬운 좌표지정을 위해 영문숫자(alphanumerics)로 라벨이 

붙여져야 한다. 

부가정보: 좌표지정은 표시기의 좌상단에 표시하는 것이 바람직하다 

출처: NUREG-0700 

5.7.1-5 경보 요소의 밀도 

경보 타일 표시 매트릭스(alann tile display maπix)는 매트릭스당 최대 50개 

의 경보를 포함하도록 한다. 

부가정보: 507R 미만의 경보 매트릭스가 바람직하다. 

5.7.1-6 변수들의 순서 매김 
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경보는 자연스럽게 발생하는 관계를 묘사하도록 순서가 매겨져야 한다. 

부가정보: 자연스런 발생관계(예， 불리적 공정으로부터 도출된 것과 같은)는 

다음을 포함한다. 

• 유체계통의 압력， 유량， 수위， 온도 경보들 

• 계통내의 진행을 지시하는 다른 지점에서의 한 정해진 열역학적 변수에 

대한 경보 

(예， 한 유체계통에서， 근원 탱크(source tank)에서 시작하여 계통 배출로 

끝나는 일련의 압력 경보들) 

• 심 각도(severity)의 수준을 나타내 는 동일 변수에 대 한 여 러 경 보 

(예， 탱크 수위 저와 탱크 수위 저-저) 

• 원인과 영향 관계를 가지는 경보들 

예를 들변， 압력， 유량， 수위 및 온도는 좌에서 우로 배열될 수 있다. 

출처 : EPRI NP-3448 EPRI NP-3659 

5.7.1-7 일관성 있는 순서 매김 

한 패널에서 한 순서에 의해 배열된 경보 변수들(예， 수위， 유량， 압력 및 

온도)은 다른 패널에서도 동일한 순서로 배열되어야 한다. 

부가정보: 한 배열이 선정되었으면， 이 배열은 유사한 계통이나 경보 그룹에 

대해 일관성 있게 적용되어야 한다. 한 경보 표시기에 대해 왼쪽에서 오른 

쪽으로 놓여진 A, B, C와 같이 구분된 중복기기들은 모든 표시기에 대해 일 

관성 있게 놓여져야 한다. 그리고， 한 계통에서 유체가 어떻게 흐르는가를 
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경보는 자연스럽게 발생하는 관계를 묘사하도록 순서가 매겨져야 한다. 

부가정보: 자연스런 발생관계(예， 불리적 공정으로부터 도출된 것과 같은)는 

다음을 포함한다. 

• 유체계통의 압력， 유량， 수위， 온도 경보들 

• 계통내의 진행을 지시하는 다른 지점에서의 한 정해진 열역학적 변수에 

대한 경보 

(예， 한 유체계통에서， 근원 탱크(source tank)에서 시작하여 계통 배출로 

끝나는 일련의 압력 경보들) 

• 심각도(severity)의 수준을 나타내는 동일 변수에 대한 여러 경보 

(예， 탱크 수위 저와 탱크 수위 저-저) 

원인과 영향 관계를 가지는 경보들 

예를 들면， 압력， 유량， 수위 및 온도는 좌에서 우로 배열될 수 있다. 

출처 : EPRI NP-3448 EPRI NP-3659 

5.7.1-7 일관성 있는 순서 매 김 

한 패널에서 한 순서에 의해 배열된 경보 변수들(예， 수위， 유량， 압력 및 

온도)은 다른 패널에서도 동일한 순서로 배열되어야 한다. 

부가정보: 한 배열이 선정되었으면， 이 배열은 유사한 계통이나 경보 그룹에 

대해 일관성 있게 적용되어야 한다. 한 경보 표시기에 대해 왼쪽에서 오른 

쪽으로 놓여진 A, B, C와 같이 구분된 중복기기들은 모든 표시기에 대해 일 

관성 있게 놓여져야 한다. 그리고， 한 계통에서 유체가 어떻게 흐르는가를 
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표현하기 위해 왼쪽에서 오른쪽으로 배열된 요소들은 다른 계통에 대해서도 

같은 순서로 배열되어야 한다. 

출처 : EPRI NP-3659 

5.7.1-8 경보표시 식별 라벨 

각 경보표시기 그룹은 표시기 상단에 라벨을 사용하여 구분되어야 한다. 

부가정보: 표시기의 그룹은 타일로된 패널이나 VDU 형식의 경보표시기 그 

룹일 수 있다. 

출처 : NUREG-0700, NUREG/CR-6105 

5.7.2 경보메시지 리스트 

5.7.2-1 우선순위에 의한 리스트작성 

경보메시지의 리스트는 최고 우선순위의 경보가 처음에 기록되도록 경보 우 

선순위에 따라 작성되어야 한다. 

출처 : NUREG/CR-3987 

5.7.2-2 메시지 리스트작성 선택안 
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표현하기 위해 왼쪽에서 오른쪽으로 배열된 요소들은 다른 계통에 대해서도 

같은 순서로 배열되어야 한다. 

출처: EPRI NP-3659 

5.7.1-8 경보표시 식별 라벨 

각 경보표시기 그룹은 표시기 상단에 라벨을 사용하여 구분되어야 한다. 

부가정보: 표시기의 그룹은 타일로된 패널이나 VDU 형식의 경보표시기 그 

룹일 수 있다. 

출처 : NUREG-0700, NUREG/CR -6105 

5.7.2 경보메시지 리스트 

5.7.2-1 우선순위에 의한 리스트작성 

경보메시지의 리스트는 최고 우선순위의 경보가 처음에 기록되도록 경보 우 

선순위에 따라 작성되어야 한다. 

출 처 : NUREG/CR-3987 

5.7.2-2 메시지 리스트작성 선택안 
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우선순위에 의한 그룹화와 더불어 기능， 시간순서， 상태(인지되지 않은， 인 

지된/활성화된， 해지된)와 같은 동작상 관련된 범주에 따라 경보메시지를 운 

전원이 그룹지을 수 있어야 한다. 

부가정보: 예를 들면， 경보메시지는 기장 최근의 메시지를 메시지 스택 

(stack)의 최상단에 두어(즉， 경보 메시지를 아래로 밀며 쌓아 가는 형식으 

로) 시간순의 리스트작성이 가능해야 한다. 그룹화의 대안이 운전원이 높은 

우선순위의 경보를 검출하는 데 지장을 주어서는 안된다. 

출처 : NUREGjCR-3987 

5.7.2-3 빈줄 

영문숫자로된 경보 리스트는 넷 또는 다섯 개의 메시지마다 분리선(빈줄)을 

두어야 한다. 

출 처 : NUREGjCR-3987 

5.7.2-4 메시지 리스트의 스크롤 

리스트에 경보메시지를 추가하는 방법이 메시지의 스크롤을 일어나게 해서 

는 안된다. 

부가정보: 스크롤은 많은 경보가 추가될 때 경보메시지를 읽기 힘들게 한다. 

페이지 바꿈(paging)과 같은 경보 리스트를 보는 다른 방법이 바람직하다. 
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우선순위에 의한 그룹화와 더불어 기능， 시간순서， 상태(인지되지 않은， 인 

지된/활성화된， 해지된)와 같은 동작상 관련된 범주에 따라 경보메시지를 운 

전원이 그룹지을 수 있어야 한다. 

부가정보: 예를 들면， 경보메시지는 기장 최근의 메시지를 메시지 스택 

(stack)의 최상단에 두어(즉， 경보 메시지를 아래로 밀며 쌓아 가는 형식으 

로) 시간순의 리스트작성이 가능해야 한다. 그룹화의 대안이 운전원이 높은 

우선순위의 경보를 검출하는 데 지장을 주어서는 안된다. 

출처 : NUREGjCR-3987 

5.7.2-3 빈줄 

영문숫자로된 정보 리스트는 넷 또는 다섯 개의 메시지마다 분리선(빈줄)을 

두어야 한다. 

출처 : NUREGjCR-3987 

5.7.2-4 메시지 리스트의 스크롤 

리스트에 경보메시지를 추가하는 방법이 메시지의 스크롤을 일어나게 해서 

는 안된다. 

부가정보: 스크롤은 많은 경보가 추가될 때 경보메시지를 읽기 힘들게 한다. 

페이지 바꿈(paging)과 같은 경보 리스트를 보는 다른 방법이 바람직하다. 
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5.7.2-5 메시지의 넘침 

경보메시지의 첫 페이지를 넘기는 경보메시지는 후속 경보페이지에도 표시 

되어야 한다. 

부가정보: 중요한 경보 정보는 현재의 표시면을 넘어선다는 이유만으로 잘 

려져서는 안된다. 

출처 : NUREGjCR-3987 

6. 제어 

6 .1 일반 경보제어 지침 

6.1-1 제어기능의 제공 

묵음화(silence) ， 인지， 재설정 (reset; 해지된 경보의 인지 및 정상으로의 복귀)， 

그리고 시험 동을 위한 별도의 제어기가 제공되어야 한다. 

부가정보: 누름 단추(push buttons), 기능키 (function keys) , 화면상에서의 제어 

(on-screen controls) 등 여 러 가지 의 제 어 기 가 가능하다. 

출처 : NUREG-0700, NUREGjCR-3987, EPRI NP-3448 
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5.7.2-5 메시지의 넘침 

경보메시지의 첫 페이지를 넘기는 경보메시지는 후속 경보페이지에도 표시 

되어야 한다. 

부가정보: 중요한 경보 정보는 현재의 표시면을 넘어선다는 이유만으로 잘 

려져서는 안된다. 

출처 : NUREG/CR-3987 

6. 제어 

6.1 일반 경보제어 지침 

6.1-1 제어기능의 제공 

묵음화(silence) ， 인지， 재설정 (reset; 해지펀 경보의 인지 및 정상으로의 복귀)， 

그리고 시험 동을 위한 별도의 제어기가 제공되어야 한다. 

부가정보: 누름 단추(push buttons), 기능키(function keys) , 화면상에서의 제어 

(on-screen controls) 등 여 러 가지 의 제 어 기 가 가능하다. 

출처: NUREG-0700, NUREG/CR-3987, EPRI NP-3448 
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6.1-2 제어기능의 구별된 코딩 

경보계통 제어기는 쉽게 인식되도록 구별되게 코딩되어야 한다. 

부가정보: 제어기의 우발적인 조종을 방지하기 위해， 제어기는 촉각적 및 시 

각적으로 서로 구별되어야 한다. 색 코딩， 경보제어기 그룹의 색 음영， 경보 

제어기 그룹의 분리( demarcating) , 또는 형상 코딩， 동과 같은 기법이 사용되 

어야 한다. 

출 처 : NUREG-0700, EPRI NP-3659, EPRI NP-3448 

6.1-3 제어기 그룹의 일관성 있는 배치( 

경보계통 제어기는 동일한 상대적 위치에서 작동하도록 하여야 한다. 

부가정보: 묵음화(silence) ， 인지， 재설정， 그리고 시험 작동 연속 제어 (test 

operating sequence controls)에 대해 일관성 있는 위치가 설정되어야 한다. 

출처 : EPRI NP-2411 , EPRI NP-3659, NUREG-0700 

6.1 -4 타일 및 VDU 경보에 대한 별도의 제어기 

경보계통이 경보 타일 및 VDU 경보표시기를 함께 사용한다면， 각각은 별도 

의 운전원 제어기를 가져야 한다. 
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6.1-2 제어기능의 구별된 코딩 

경보계통 제어기는 쉽게 인식되도록 구별되게 코딩되어야 한다. 

부가정보: 제어기의 우발적인 조종을 방지하기 위해， 제어기는 촉각적 및 시 

각적으로 서로 구별되어야 한다. 색 코딩， 경보제어기 그룹의 색 음영， 경보 

제어기 그룹의 분리( demarcating) , 또는 형상 코딩， 동과 같은 기법이 사용되 

어야 한다. 

출 처 : NUREG-0700, EPRI NP-3659, EPRI NP-3448 

6.1-3 제어기 그룹의 일관성 있는 배치( 

경보계통 제어기는 동일한 상대적 위치에서 작동하도록 하여야 한다. 

부가정보: 묵음화(silence) ， 인지， 재설정， 그리고 시험 작동 연속 제어 (test 

operating sequence controls)에 대해 일관성 있는 위치가 설정되어야 한다. 

출처 : EPRI NP-24 11 , EPRI NP-3659, NUREG-0700 

6.1-4 타일 및 VDU 경보에 대한 별도의 제어기 

경보계통이 경보 타일 및 VDU 경보표시기를 함께 사용한다면， 각각은 별도 

의 운전원 제어기를 가져야 한다. 
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부가정보: 경보정보가 중복되도록 타일과 VDU 기기에 표현된다면， 한 기기 

에서의 경보 인지는 다른 기기에 있는 중복된 경보가 자동적으로 인지되도 

록 해야 한다. 

출처 : NUREGjCR-3987 

6.1-5 제어기능의 억제 

경보계통의 제어기능은 운전원이 억제시키지 못하도록 설계되어야 한다. 

부가정보: 예를 들면， 경보의 묵음화 및 인지를 위해 사용되는 누름 단추 

(push buttons)는 누름 단추 주위의 홈에 이 물질을 삽입하여 눌려져 있도록 

할 수 있다. 소프트제어기 (soft controls)는 소프트웨어적으로 억제될 수 있다. 

경보계통은 제어기능이 억제되는 것을 방지하도록 설계되어야 한다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처: NUREG-0700, NUREGjCR-6105 

6.1-6 표시되지 않은 신규 경보에 대한 접근 

VDU 기반 경보계통은 현재 표시화변에 나타나지 않은 새로운 경보메시지 

에 빨리 접근할 수 있는 수단을 제공해야 한다. 
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부가정보: 경보정보가 중복되도록 타일과 VDU 기기에 표현된다면， 한 기기 

에서의 경보 인지는 다른 기기에 있는 중복된 경보가 자동적으로 인지되도 

록 해야 한다. 

출처 : NUREGjCR-3987 

6.1-5 제어기능의 억제 

경보계통의 제어기능은 운전원이 억제시키지 못하도록 설계되어야 한다. 

부가정보: 예를 들면， 경보의 묵음화 및 인지를 위해 사용되는 누름 단추 

(push buttons)는 누름 단추 주위의 홈에 이 물질을 삽입하여 눌려져 있도록 

할 수 있다. 소프트제어기 (soft controls)는 소프트워1 어적으로 억제될 수 있다. 

경보계통은 제어기능이 억제되는 것을 방지하도록 설계되어야 한다. 

토의: 이 지침은 오류허용 및 제어(Eπor Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출 처 : NUREG-0700, NUREGjCR-6105 

6.1-6 표시되지 않은 신규 경보에 대한 접근 

VDU 기반 경보계통은 현재 표시화변에 나타나지 

에 빨리 접근할 수 있는 수단을 제공해야 한다. 

부록 6- 72 
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부가정보: 신규 경보가 지시되었을 때， 예를 들면 청각적으로， 발전소 작업 

자는 그 경보상태를 기술하는 경보메시지에 빨리 접근할 수 있어야 한다. 

출처 : NUREGjCR-3987 

6.2 묵음 제어 

6.2-1 묵음제어의 효과 

주작업영역 내의 어느 경보계통 제어기 집합에서도 청각경고신호를 묵음화 

하는 것이 가능해야 한다. 

부가정보: 묵음화 시키는 기능(silence capabi1ity)이 특정 경보를 읽을 수 있 

는 곳에만 제공될 필요는 없다. 청각신호의 주목적은 운전원에게 새로운 경 

보를 알려주는 것이다. 일단 청각경보를 인지하면 시각적 신호가 운전원에 

게 특정 경보 및 메시지에 대한 경고를 준다. 청각 신호는 곧 운전원의 주 

의를 흩뜨리거나 운전원을 짜증나게 할 수 있다. 

출처 : NUREG-0700, NUREGjCR-3987 

6.2-2 수동 묵음화 

중요한 운전원의 조치를 방해하지 않는 한， 청각선호는 운전원에 의해 수동 

으로 묵음화되어야 한다. 

부록 6- 73 

부가정보: 신규 경보가 지시되었을 때， 예를 들면 청각적으로， 발전소 작업 

자는 그 경보상태를 기술하는 경보메시지에 빨리 접근할 수 있어야 한다. 

출처 : NUREG/CR-3987 

6.2 묵음 제어 

6.2-1 묵음제어의 효과 

주작업영역 내의 어느 경보계통 제어기 집합에서도 청각경고신호를 묵음화 

하는 것이 가능해야 한다. 

부가정보: 묵음화 시키는 기능(silence capability)이 특정 경보를 읽을 수 있 

는 곳에만 제공될 필요는 없다. 청각신호의 주목적은 운전원에게 새로운 경 

보를 알려주는 것이다. 일단 청각경보를 인지하면 시각적 신호가 운전원에 

게 특정 경보 및 메시지에 대한 경고를 준다. 청각 신호는 곧 운전원의 주 

의를 흩뜨리거나 운전원을 짜증나게 할 수 있다. 

출처 : NUREG-0700, NUREG/CR-3987 

6.2-2 수동 묵음화 

중요한 운전원의 조치를 방해하지 않는 한， 청각신호는 운전원에 의해 수동 

으로 묵음화되어야 한다. 

부록 6- 73 



부가정보: 일반적으로 수동 묵음화는 운전원의 주의를 유지하게 하는 바람 

직한 특성이지만， 경보다발상태에서 모든 경보를 수동으로 묵음화 시키는 

일은 운전원의 주의를 흩뜨린다. 7-1 및 7-2의 지침은， 경보다발상태에서 낮 

은 우선순위의 경보에 대한 청각경고의 자동 묵음화와 같이， 자동적 또는 

운전원의 선택에 의한 경보계통의 구성변경 (configuration changes)에 대해 언 

급하고 있다. 

출처 : NUREG/CR-3217 

6.3 경보 인지제어 

6.3-1 인지제어의 효과 

경보 인지제어는 경보의 점멸을 중지시켜야 하며 경보가 해지될 때까지 일 

정한 조명상태를 유지시켜야 한다. 

출처 : NUREG-0700 

6 .3-2 인지제어의 위치 

인지제어 (acknowledgement)는 경보메시지를 읽을 수 있는 곳에서만 가능하여 

야한다. 

부록 6- 74 

부가정보: 일반적으로 수동 묵음화는 운전원의 주의를 유지하게 하는 바람 

직한 특성이지만， 경보다발상태에서 모든 경보를 수동으로 묵음화 시키는 

일은 운전원의 주의를 흩뜨린다. 7-1 및 7-2의 지침은， 경보다발상태에서 낮 

은 우선순위의 경보에 대한 청각경고의 자동 묵음화와 같이， 자동적 또는 

운전원의 선택에 의한 경보계통의 구성변경(configuration changes)에 대해 언 

급하고 있다. 

출처 : NUREGjCR-3217 

6.3 경보 인지제어 

6.3-1 인지제어의 효과 

경보 인지제어는 경보의 접멸을 중지시켜야 하며 경보가 해지될 때까지 일 

정한 조명상태를 유지시켜야 한다. 

출처 : NUREG-0700 

6.3-2 인지제어의 위치 

인지제어 (acknowledgement)는 경보메시지를 읽을 수 있는 곳에서만 가능하여 

야한다. 

부록 6- 74 



부가정보: 경보정보가 여러 VDU기기에서 가용 하다면， 운전원은 작업중인 

작업반의 VDU기기에서 경보의 인지제어를 할 수 있어야 한다. 경보정보가 

제어실의 대형 개관정보표시기에 표시된다면， 운전원은 그 경보를 볼 수 있 

는 경보제어 위치에서 인지를 할 수 있어야 한다. 이 유연성은 경보계통의 

상호작용으로 인해 야기되는 혼란을 최소화할 수 있다. 경보를 볼 수 없는 

위치에서 인지 조작의 수행이 가능하지 않아야 한다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR -6105 

6.3-3 경보메시지의 인지 

Non-SDCV(spatially dedicated continuously visible) 경 보는 경 보메 시 지 가 화변 

에 표시된 후에만 인지되어야 한다. 

부가정보: 대안으로， 인지 조치가 경보메시지를 표시하도록 할 수 있다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR-3987, NUREG/CR-6105 

6.4 재설정 제어 

부록 6- 75 

부가정보: 경보정보가 여러 VDU기기에서 가용 하다면， 운전원은 작업중인 

작업반의 VDU기기에서 경보의 인지제어를 할 수 있어야 한다. 경보정보가 

제어실의 대형 개관정보표시기에 표시된다면， 운전원은 그 경보를 볼 수 있 

는 경보제어 위치에서 인지를 할 수 있어야 한다. 이 유연성은 경보계통의 

상호작용으로 인해 야기되는 혼란을 최소화할 수 있다. 경보를 볼 수 없는 

위치에서 인지 조작의 수행이 가능하지 않아야 한다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR -6105 

6.3-3 경보메시지의 인지 

Non-SDCV(spatially dedicated continuously visible) 경 보는 경 보메 시 지 가 화면 

에 표시된 후에만 인지되어야 한다. 

부가정보: 대안으로， 인지 조치가 경보메시지를 표시하도록 할 수 있다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG/CR-3987, NUREG/CR-6105 

6.4 재설정 제어 

부록 6- 75 



6.4-1 재설정 제어의 효과 

재설정 제어는 경보가 해지된 후 경보계통을 경보 없는 상태로 만들어야 한 

다 

부가정보: 재설정 제어는 해지를 얄리는 어떤 청각신호도 묵음화 시켜야 하 

며， 소등시키고 경보를 비활성상태로 복귀시켜야 한다. 어떤 경보는， 운전원 

이 특별히 재설정 상태를 알아야 할 펼요가 없을 때， 자동적으로 재설정될 

수도 있다는 점에 주의하여야 한다. 

출처 : NUREG-0700 

6 .4-2 수동 재설정의 적절한 사용 

비정상에 있다가 해지된 경우 그 해지된 상태를 운전원에게 명백히 얄리는 

것이 중요하다면 수동 재설정 연속조치 (manual reset sequence)를 사용해야 

한다. 

부가정보:비정상에 있다가 해지된 경우 그 해지된 상태를 운전원에게 명백 

히 알리는 것이 중요하다면 이런 상황에서는 자동 재설정이 사용되지 않아 

야한다. 

출처: EPRI NP-3659 

부록 6- 76 

6.4-1 재설정 제어의 효과 

재설정 제어는 경보가 해지된 후 경보계통을 경보 없는 상태로 만들어야 한 

다 

부가정보: 재설정 제어는 해지를 얄리는 어떤 청각신호도 묵음화 시켜야 하 

며， 소등시키고 경보를 비활성상태로 복귀시켜야 한다. 어떤 경보는， 운전원 

이 특별히 재설정 상태를 알아야 할 필요가 없을 때， 자동적으로 재설정될 

수도 있다는 점에 주의하여야 한다. 

출처 : NUREG-0700 

6 .4-2 수동 재설정의 적절한 사용 

비정상에 있다가 해지된 경우 그 해지된 상태를 운전원에게 명백히 알리는 

것이 중요하다면 수동 재설정 연속조치 (manual reset sequence)를 사용해야 

한다. 

부가정보:비정상에 있다가 해지된 경우 그 해지된 상태를 운전원에게 명백 

히 알리는 것이 중요하다면 이런 상황에서는 자동 재설정이 사용되지 않아 

야한다. 

출처: EPRI NP-3659 

부록 6- 76 



6.4-3 자동 재설정의 적절한 사용 

자동 재설정 연속조치 (automatic reset sequence)는 운전원이 수많은 경보에 

대처해야 할 경우， 또는 신속하게 재설정하는 것이 필수적일 경우 가용해야 

한다 

부가정보: 운전원이 수많은 경보에 대처해야 할 경우， 또는 신속하게 재설정 

하는 것이 필수적일 경우에는 수동 재설정이 사용되지 않아야 한다. 

출 처 : EPRI NP-3659 

6.4-4 재설정 제어의 위치 

재설정 제어는 발전소 작업자가 재설정되는 경보를 알 수 있는 위치에서만 

작동해야 한다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREG-0700, NUREGjCR-6105 

7. 자동적， 동적 및 변경 가능한 특성 

7-1 자동 경보계통 구조 

부록 6- 77 

6.4-3 자동 재설정의 적절한 사용 

자동 재설정 연속조치 (automatic reset sequence)는 운전원이 수많은 경보에 

대처해야 할 경우， 또는 신속하게 재설정하는 것이 필수적일 경우 가용해야 

한다. 

부가정보: 운전원이 수많은 경보에 대처해야 할 경우， 또는 신속하게 재설정 

하는 것이 필수적일 경우에는 수동 재설정이 사용되지 않아야 한다. 

출 처 : EPRI NP-3659 

6.4-4 재설정 제어의 위치 

재설정 제어는 발전소 작업자가 재설정되는 경보를 알 수 있는 위치에서만 

작동해야 한다. 

토의: 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처: NUREG-0700, NUREGjCR-6105 

7. 자동적， 동적 및 변경 가능한 특성 

7-1 자동 경보계통 구조 

부록 6- 77 



경보계통이 어떤 경보 상황하에서 자동적으로 작동구성( operational 

configuration)을 바꾼다면， 이 구성의 변경과 동시에 운전원에게 이를 알려주 

고 구성이 변경되었음을 표시하여야 한다. 

부가정보: 경보계통은 어떤 경보상황하에서 자동화된 기능을 - 경보다발상 

황하에서 낮은 우선순위의 경보에 대한 청각경고의 자동 묵음화와 같은 -

가질 수 있다. 운전원에게 계통 기능의 변화를 알려주는 것은 중요하다. 또 

한， 운전원이 현재의 계통구성을 상기하도록 현재의 구성에 대한 독특한 표 

시가 있어야 한다. 

토의: 경보계통의 구성변경은 작동 모드(혹은 유형)의 변화에 따른 혼동으로 

인해 운전원 오류를 발생시킬 수 있다. 구성변경이 가능한 디지털 계통에서 

의， “모드 오류(mode error)"라고 불리는， 공통적인 인적오류는 계통의 현 작 

동 모드를 잘못 인식하고， 결과적으로 제공된 정보를 부적절하게 해석하며 

사용하는 것 이 다.(Cook， Woods, and Howie, 1990; Sarter and Woods, 1992). 

또한， 이 지침은 상황파악도(Situation Awareness), 피드백 (Feedback) ， 그리고 

오류허용 및 제어(Eπor Tolerance and Control)에 관한 상위수준의 설계검토 

원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR -6105 

7-2 운전원 선택가능 경보계통 구성 

경보계통이 운전원이 선택할 수 있는 여러 가지 구성을 제공한다면， 구성의 

부록 6- 78 

경보계통이 어떤 경보 상황하에서 자동적으로 작동구성( operational 

configuration)을 바꾼다면， 이 구성의 변경과 동시에 운전원에게 이를 알려주 

고 구성이 변경되었음을 표시하여야 한다. 

부가정보: 경보계통은 어떤 경보상황하에서 자동화된 기능을 - 경보다발상 

황하에서 낮은 우선순위의 경보에 대한 청각경고의 자동 묵음화와 같은 -

가질 수 있다. 운전원에게 계통 기능의 변화를 알려주는 것은 중요하다. 또 

한， 운전원이 현재의 계통구성을 상기하도록 현재의 구성에 대한 독특한 표 

시가 있어야 한다. 

토의: 경보계통의 구성변경은 작동 모드(혹은 유형)의 변화에 따른 혼동으로 

인해 운전원 오류를 발생시킬 수 있다. 구성변경이 가능한 디지털 계통에서 

의， “모드 오류(mode error)"라고 불리는， 공통적인 인적오류는 계통의 현 작 

동 모드를 잘못 인식하고， 결과적으로 제공된 정보를 부적절하게 해석하며 

사용하는 것 이 다.(Cook， Woods, and Howie, 1990; Sarter and Woods, 1992). 

또한， 이 지침은 상황파악도(Situation Awareness) , 피드백 (Feedback) ， 그리고 

오류허용 및 제어 (Error Tolerance and Control)에 관한 상위수준의 설계검토 

원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR -6105 

7-2 운전원 선택가능 경보계통 구성 

경보계통이 운전원이 선택할 수 있는 여러 가지 구성을 제공한다면， 구성의 
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변화는 현재 구성에 대한 표시를 동반하여야 한다. 

부가정보: 경보계통은 어떤 경보 상황하에서 운전원이 경보계통의 다른 기 

능구성을 선택할 수 있도록 할 수 있다 - 경보다발상황에서 낮은 우선순위 

의 경보들에 대한 청각경고의 자동 묵음화와 같은. 다른 예로， 낮은 우선순 

위의 경보메시지가 경보표시기에 표현되지는 않으나 운전원의 조치에 따라 

접근 가능한 경보메시지 억제모드(suppression mode)를 운전원이 선택하게 

할 수도 있다. 운전원이 선택한 계통구성의 변화가 성공적으로 이루어졌음 

을 경보계통이 알려주는 것이 중요하다. 또한， 현재의 경보구성에 대한 독특 

한 표시가 있어야 한다. 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR-6105 

7-3 경보계통 구성변화의 인정 

자동적으로 또는 운전원 선택에 의해 중요한 경보계통 구성변화가 발생하 

면， 운전원의 인정 (acknowledgement) (또는 확인( confirmation))을 요구하여야 

한다. 

부가정보: 7-2와 동일함 

토의 : 7-1 의 유형오류에 대한 논의 참조 
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변화는 현재 구성에 대한 표시를 동반하여야 한다. 

부가정보: 경보계통은 어떤 경보 상황하에서 운전원이 경보계통의 다른 기 

능구성을 선택할 수 있도록 할 수 있다 - 경보다발상황에서 낮은 우선순위 

의 경보들에 대한 청각경고의 자동 묵음화와 같은. 다른 예로， 낮은 우선순 

위의 경보메시지가 경보표시기에 표현되지는 않으나 운전원의 조치에 따라 

접근 가능한 경보메시지 억제모드(suppression mode)를 운전원이 선택하게 

할 수도 었다. 운전원이 선택한 계통구성의 변화가 성공적으로 이루어졌음 

을 경보계통이 알려주는 것이 중요하다. 또한， 현재의 경보구성에 대한 독특 

한 표시가 있어야 한다. 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR-6105 

7-3 경보계통 구성변화의 인정 

자동적으로 또는 운전원 선택에 의해 중요한 경보계통 구성변화가 발생하 

면， 운전원의 인정 (acknowledgement) (또는 확인(conf피nation))을 요구하여야 

한다. 

부가정보: 7-2와 동일함 

토의 : 7-1 의 유형오류에 대한 논의 참조 
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출처 : NUREGjCR -6105 

7-4 운전원 정의 경보/설정치 

어떤 선정된 운전모드에서 운전원이 정의한 경보 및 설정치가 운전원에게 

도움을 준다고 판단되는 특정 상황에 대해서 경보계통은 일시적으로 운전원 

이 정의한 경보 및 설정치를 제공할 수 있다. (예를 들면， 문제 기기에 대한 

집중적인 감시를 지원하기 위한 일시적 경보， 또는 한계에 접근하는 변수 

추이를 운전원이 알고 싶을 때) 

부가정보: 또한， 행정적인 관리 (administrati ve controls)를 통해 운전원이 정의 

한 경보계통의 특성에 대한 정의와 제거를 통제해야 한다. 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR -6105 

7-5 운전원 정의 경보/설정치와 기존 경보와의 간섭 

운전원 정의 경보 및 설정치는 기존 경보 및 설정치를 무시 (override)하거나 

손상시키지 않아야 한다 

부가정보: (7-4와 동일) 

토의 : 7-1의 유형오류에 대한 논의 참조 

부록 6- 80 

출처 : NUREGjCR-6105 

7-4 운전원 정의 경보/설정치 

어떤 선정된 운전모드에서 운전원이 정의한 경보 및 설정치가 운전원에게 

도움을 준다고 판단되는 특정 상황에 대해서 경보계통은 일시적으로 운전원 

이 정의한 경보 및 설정치를 제공할 수 있다. (예를 들면， 문제 기기에 대한 

집중적인 감사를 지원하기 위한 일시적 경보， 또는 한계에 접근하는 변수 

추이를 운전원이 알고 싶을 때) 

부가정보: 또한， 행정적인 관리 (administrative controls)를 통해 운전원이 정의 

한 경보계통의 특성에 대한 정의와 제거를 통제해야 한다. 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR-6105 

7-5 운전원 정의 경보/설정치와 기존 경보와의 간섭 

운전원 정의 경보 및 설정치는 기존 경보 및 설정치를 무시 (override)하거나 

손상시키지 않아야 한다. 

부가정 보: (7-4와 통 일) 

토의 : 7-1의 유형오류에 대한 논의 참조 
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출처 : NUREGjCR-6105 

7-6 운전원 정의 경보/설정치의 제어 

경보계통은 운전원 정의 경보 및 설정치가 설계된 경보/설정치와 차이가 나 

도록 분명하게 표시를 해야 한다. 

부가정 보: (7-4와 동일) 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR-6105 

7-7 자동 모드정의 설정치 

경보계통이 상이한 발전소 모드 또는 상태에 대해서 설정치의 자동조정 기 

능이 있다면， 중요 변화에 대한 운전원 인정/확인의 필요성이 검토되어야 한 

다. 

부가정보: 경보계통은 불필요한 경보를 최소화하기 위해 설정치를 변경할 

수 있다. 한편， 그러한 변화는 잘 이해되고 쉽게 인식할 수 있는 발전소 상 

태와 관련되어 있을 수 있지만， 다른 한편으로는 발전소 작업자가 덜 익숙 

하고 쉽게 알 수 없는 것 일 수도 있다. 후자의 상황에서는， 발전소 작업자 

가 설정치가 변경된 것을 알지 못하고 경보정보를 오해할 수 있다. 이런 경 

부록 6- 81 

출처 : NUREGjCR-6105 

7-6 운전원 정의 경보/설정치의 제어 

경보계통은 운전원 정의 경보 및 설정치가 설계된 경보/설정치와 차이가 나 

도록 분명하게 표시를 해야 한다. 

부가정 보: (7-4와 동일) 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR-6105 

7-7 자동 모드정의 설정치 

경보계통이 상이한 발전소 모드 또는 상태에 대해서 설정치의 자동조정 기 

능이 있다면， 중요 변화에 대한 운전원 인정/확인의 필요성이 검토되어야 한 

다. 

부가정보: 경보계통은 불필요한 경보를 최소화하기 위해 설정치를 변경할 

수 있다. 한편， 그러한 변화는 잘 이해되고 쉽게 인식할 수 있는 발전소 상 

태와 관련되어 있을 수 있지만， 다른 한편으로는 발전소 작업자가 덜 익숙 

하고 쉽게 알 수 없는 것 일 수도 있다. 후자의 상황에서는， 발전소 작업자 

가 설정치가 변경된 것을 알지 못하고 경보정보를 오해할 수 있다. 이런 경 
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우가 문제시되면 운전원의 확인이 고려되어야 한다. 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR -6105 

8. 신뢰도， 시험， 유지보수 및 고장 표시 

8.1 신뢰도 

8.1-1 신뢰도를 위한 설계 

어떤 단일 고장이 많은 수의 경보 상실을 초래하지 않도록 경보계통이 설계 

되어야 한다. 

토의 : 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105 

8.1-2 VDU 신뢰 도 

경보가 주표시장치로 VDU를 사용한다면， 운전원은 하나 이상의 VDU기기 

에서 경보를 접근할 수 있어야 한다. 

부록 6- 82 

우가 문제시되면 운전원의 확인이 고려되어야 한다 

토의 : 7-1 의 유형오류에 대한 논의 참조 

출처 : NUREGjCR-6105 

8. 신뢰도， 시험， 유지보수 및 고장 표시 

8.1 신뢰도 

8.1-1 신뢰도를 위한 설계 

어떤 단일 고장이 많은 수의 경보 상실을 초래하지 않도록 경보계통이 설계 

되어야 한다. 

토의 : 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105 

8.1-2 VDU 신뢰도 

경보가 주표시장치로 VDU를 사용한다면， 운전원은 하나 이상의 VDU기기 

에서 경보를 접근할 수 있어야 한다. 
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부가정보: 한 VDU 기기의 고장으로 운전원의 주작업반(primary workstation) 

에서 VDU기반 경보표시로 운전원이 접근하지 못하게 해서는 안된다. 경보 

프린터가 VDU표시의 유일한 백업(back-up)이 되어서는 안된다. 

토의 : 이 지침은 오류허용 및 제어 (Error Tolerance and Control)에 관한 상위 

수준의 설계검토원리와 일치힌다(부록 A 참조). 

출처 : NUREGjCR -6105 

8.1-3 이중 경보등 

경보 타일형 표시 기 (annunciator tile-type displays)는 이중 경보둥을 갖도록 설 

계하여 한 경보등의 고장으로 인해서 운전원의 경보상태 검색이 저해 받지 

않도록 하여야 한다. 

부가정보: 경보계통 표시기는 고수준의 신뢰도를 가져야 한다. 경보타일 표 

시기의 경우， 각 타일은 두 개 또는 그이상의 등으로 비추어져서 한 둥의 

고장으로 인해 경보표시가 상실됨을 방지하여야 한다. 

출처 : EPRI NP-3448 

8.1-4 점 멸 기 기능고장 

동작중인 경보요소의 점멸기가 기능고장일 경우， 그 요소는 꺼진 것과 같은 

덜 두드러진 상태보다는 높은 점멸률 또는 지속적 켜짐(예를 들변， 불이 들 
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부가정보: 한 VDU 기기의 고장으로 운전원의 주작업반(primary workstation) 

에서 VDU기반 경보표시로 운전원이 접근하지 못하게 해서는 안된다. 경보 
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출 처 : EPRI NP-3448 
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어온) 상태와 같은 많이 두드러진 상태를 취해야 한다. 

부가정보 NUREG-0700에서는 점멸기 기능고장일 경우， 동작중인 경보요소 

는 켜진(예를 들면， 붙이 들어온) 상태로 있어야 한다고 기술되어 있다. 그 

러나， 독특하고 현저한 코딩이 바람직하다. 이 코딩은 새 경보와 인지된 

(acknowledged) 경 보간의 혼동을 방지 하기 위 해 독특해 야 한다. 경 보표시 계 

통의 오작동을 운전원에게 경고하기 위해서 두드러져야 한다. 또한 경고메 

시지와 같은 다른 경고메카니즘이 경보표시계통의 오작동을 운전원에게 알 

려주기 위해서 사용될 수 있다. 

토의 : 이 지침은 상황인식도(Situation Awareness)와 오류허용 및 제 oì (Error 

Tolerance and Control)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 

참조). 

출처 : NUREG-0700, NUREG/CR -6105 

8.2 시험 

8.2-1 시험 가용성 

처리논리(processing logic), 청각경보， 시각경보표시 등을 포함하는 경보계통 

의 모든 필수적인 변에 대한 시험 조종수단(test controls)이 가용해야 한다. 

출처 : NUREG-0700, EPRI NP-3659, EPRI NP-3448 
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8.2-2 시험 요건 

경보계통에 대한 주기적인 시험이 요구되며 행정적인 절차( administrative 

procedure)에 의 해 관리 되 어 야 한다. 

부가정보: 단순 기능시험은 보통 교대당 한 번 요구된다. 경보계통의 신뢰도 

분석은 경보계통에 수행될 시험의 적절한 간격과 정도를 결정하는 데 이용 

할수 있다. 

출처 : NUREG-0700 

8.3 유지보수 

8.3-1 유지보수를 위한 설계 

유지보수 활동이 운전원의 작업에 최소한의 지장을 주도록 경보계통을 설계 

하여야 한다. 

부가정보: 바람직한 설계특성으로， 내장된 시험능력(built-in test capability), 

신속히 제거하고 설치될 수 있는 모률화된 기기 (modular components), 유지보 

수 작업이 운전원의 제어 및 표시 장치에 대한 시야를 가리지 않도록 하는 

후방접근판넬(rear access panel), 등을 포함할 수 있다. 

출처: NUREGjCR-6105, EPRI NP-3448 
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8.3-2 꼬리표 부착 경보 

어떤 경보에 꼬리표 부착시키는 것(사용 정지시컴)은 그 경보와 관련되는 

시 각 및 청 각신호가 작동하지 않도록 하여 야 한다. 

부가정보: 꼬리표가 부착된 경보는 결코 등이 들어오지 않고 깜박거리지 말 

아야 하며， 청각신호 발생장치가 소리를 내지 않아야 한다. 

출처 : EPRI NP-3448 

8.3-3 보수중인 경보 표시 

사용 정지된(out-of-service) 경보를 즉시 알아볼 수 있도록 하는 수단이 경보 

계통 설계에 반영되어야 한다. 

부가정보: 경보의 꼬리표 부착은 이미 꼬리표가 부착된 경보의 판별을 방 

해하지 않아야 하고， 다른 어떤 경보에 장애를 주지 않으며， 운전작업과 간 

섭을 일으키지 않아야 한다. 

출처 : NUREG-0700, EPRI NP-3448 

8.3-4 장시간 경보보수에 대한 차별적인 코딩 

장비의 수리나 교체로 정상운전중 오랫동안 경보타일이 켜져 있어야 한다 

면， 이 기간 동안 명확한 인식을 위해 구별되게 표시되어야 하고， 행정적인 

부록 6- 86 

8.3-2 꼬리표 부착 경보 

어떤 경보에 꼬리표 부착시키는 것(사용 정지시킴)은 그 경보와 관련되는 

시 각 및 청 각신호가 작동하지 않도록 하여 야 한다. 

부가정보: 꼬리표가 부착된 경보는 결코 등이 들어오지 않고 깜박거리지 말 

아야 하며， 청각신호 발생장치가 소리를 내지 않아야 한다. 

출처 : EPRI NP-3448 

8.3-3 보수중인 경보 표시 

사용 정지된(out -of-servÎCe) 경보를 즉시 알아볼 수 있도록 하는 수단이 경보 

계통 설계에 반영되어야 한다. 

부가정보: 경보의 꼬리표 부착은 이미 꼬리표가 부착된 경보의 판별을 방 

해하지 않아야 하고， 다른 어떤 경보에 장애를 주지 않으며， 운전작업과 간 

섭을 일으키지 않아야 한다. 

출처 : NUREG-0700, EPRI NP-3448 

8.3-4 장시간 경보보수에 대한 차별적인 코딩 

장비의 수리나 교체로 정상운전중 오랫동안 경보타일이 켜져 있어야 한다 

면， 이 기간 동안 명확한 인식을 위해 구별되게 표시되어야 하고， 행정적인 

부록 6- 86 



절차에 의해 관리되어야 한다. 

출처 : NUREG-0700 

8.3-5 경보타일 덮개 교체 

경보등(lamp)의 교체를 위해 경보명을 표시한 타일(legend tile)을 제거할 필 

요가 있을 경우， 그 경보타일이 올바른 위치에 교체됨을 확인할 수 있는 방 

법이 있어야 한다. 

부가정보: 경보요소 그리고/혹은 교체작업은 덮개， 경보명， 또는 타일 둥이 

틀린 위치에 놓이는 것을 방지하도록 설계되어야 한다. 예를 들면， 경보타일 

은 경보창 매트릭스에서 그 위치를 명시해주는 독특한 구분자(unique 

identifier)로 영구적인 표시를 할 수도 있다. 

출처 : NUREG-0700, EPRI NP-3448 

8.3-6 위험 회피 

경보둥(lamp) 교체 시에 전기 충격의 위험이 없어야 한다. 

출처 : NUREG-0700 

8.3-7 경보둥교체에 대한 운전원 지원수단 
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운전원 지원수단이 경보등교체를 위해 펼요하다면 제공되어야 한다. 

부가정보: 운전원 지원수단은 지시 및 특수 도구(instructions and specialized 

tools)를 포함한다. 

출처 : NUREG-0700 

8.4 고장표시 

8.4-1 경보계통 고장표시 

경보계통 또는 주요 부품의 고장은 운전원에게 즉시 표시되어야 한다. 

토의 NRC Infonnation Notice 93-47은 오랫동안 작동하지 않은 경보를 운전 

원이 알지 못한 사건을 기술하고 있다. 운전원은 발전소 이상상태에 대한 

최초의 표시를 경보계통으로부터 받고 있기 때문에， 어떤 기능상실이 발생 

했을 때 경보계통이 운전원에게 이를 알려준다는 것은 중요하다. 일반적으 

로， 경보계통은 오작동이 발생할 때 좀더 안전성에 부합하는 (예， 점멸기능 

의 상실이 지속적으로 꺼진 상태보다는 두드러진 표시를 하게 된다) 구조를 

취하는 이중안전 설계 (fail-safe design)로 되어 있어야 한다. 고장표시를 포함 

하는 경보계통의 기능기준이 NUREGjCR-3217에 기술되어 있다. 또한， 이 지 

침은 상황인식도(Situation Awareness), 피드백 (Feedback)， 그리고 오류허용 및 

제어 (Error Tolerance and Control)에 관한 상위수준의 설계검토원리와 일치한 

다(부록 A 참조). 
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출처 : NUREGjCR -6105 

9. 경 보조치 절 차서 (Alarm Response Procedure :ARP) 

9-1 경보조치절차서 범위 

경보조치절차서(ARP)는 모든 경보 조건에 대해 가용하여야 한다. 

출처 : EPRI NP-3659, IEC 964, EPRI NP-3448 

9-2 경보조치절차서 접근 

운전원은 경보 메시지를 읽는 곳에서 즉각적으로 경보조치절차서에 접근할 

수 있어야 한다. 

부가정보: 운전원은 ARP 정보에 접근하기 위해 경보 메시지가 표시되는 곳 

을 떠나지 않아야 한다. 타일형 경보계통에서는 경보조치절차서의 표식 및 

색~ (identification and indexing) 이 경보를 식별하는 방법과 일치하여야 한다. 

경보의 행과 열 위치를 구분하기 위한 수단은 차별화 되어 서로 혼동 가능 

성이 없도록 해야 한다. 전산화된 계통은 운전원이 경보메시지를 선택하변 

경보에 적절한 절차를 VDU상에 표시할 수도 있다. 

토의: 이 지침은 직무양립성(Task Compatibility)과 반응 작업부하(Response 

Work1oad)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 참조). 
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출처 : NUREG/CR-6105, NUREG/CR-3987, EPRI NP-3448 

9-3 경보조치절차서의 내용 

ARP는 다음 정보를 포함해야 한다. 

• 경보가 속한 계통/기능별 그룹 

• 정확한 경보 타일 또는 이름(legend) 

경보원천(신호를 보내는 센서， 처리 또는 신호검증논리) 그리고 

경보에 의해 작동되고 있는 장치(그러한 장치를 찾을 수 있는 도식을 

지시하는 장치) 

• 경보설정치 

우선순위 

경보의 잠재원인(예， 낮은 수위-장시간후 급수유량의 부족) 

요구되는 즉각적인 운전원의 조치， 경보조건의 존재를 확인하기 위해 

운전원이 취할 수 있는 조치를 포함함 

• 경보발생시 자동적으로 취해지는 조치들 

(그리고， 운전원은 조치가 발생하였음을 확인해야 함) 

• 후속조치 (followup actions) 

관 련 참조불(pertinent references) 

출처: NUREG/CR-6105 , Regulatory Guide 1.33, EPRI NP-3448 , IEC 964 

9-4 일관성 
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ARP의 정보는 제어반， 경보계통， 경보설정치를 보정하기 위해 사용되는 

I&C 절차서， 설정치를 결정하는 문서， P&ID, 다른 발전소 절차서 둥에서의 

정보와 일관성이 있어야 한다. 

토의: 이 지침은 일관성(Consistency)과 오류허용 및 제어 (Error Tolerance and 

Control)에 관한 상위수준의 설계검토원리와 일치한다(부록 A 참조). 

출처 : NUREGjCR-6105 

9-5 경보조치절차서 형식 

ARP의 형식은 다음과 같아야 한다. 

• 각 절차서의 페이지에서 ARP 표식은 강조한다. 

중요 항목은 강조한다. 

• 각 페이지의 같은 위치에 정보 범주가 놓이도록 한다 . 

• 전 ARP에 걸쳐 정보를 일관성 있게 표현한다. 

• 운전원이 필요한 정보를 얻기 위해 페이지를 이동하는 것을 최소화한다. 

출처: EPRI NP-3448 

10. 제어-표시 통합 및 배치 

10-1 표시와 시션 

시각 경보 표시는 운전원의 정상 작업위치에서 직시선의 각방향에 대해 약 
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60도 이내에 위치해야 한다. 

출처: EPRI NP-3659 

10-2 근접 지시기와의 간섭 

불이 들어오지 않은 표시기 요소가 적합한 발전소 상태를 나타내는 데 사용 

될 때， 장비의 상태에 관한 정보를 표현하는 데 사용되는 지시등(indicator 

lights)이 그 요소 근처에 위치하지 않아야 한다. 

출처: EPRI NP-3659 

10-3 표시기와 경보의 위치 

경보표시기와 제어기는 서로 근접하게 위치하여 경보표시를 읽으면서 제어 

가 가능하도록 해야한다. 

부가정보: 운전원이 경보를 인정하거나 재설정하기 위해 작업반을 떠나지 

않도록 설계되어야 한다. 

출처 : EPRI ALWR, EPRI NP-3448, EPRI NP-2411 

10-4 최초발생경보의 위치 

최초발생경보의 표시기는 그 계통에 대한 주작업반 그리고/또는 운전조가 
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볼 수 있는 발전소 개관정보표시기에 위치해야 한다. 

출처 : NUREG-0700 

10-5 일관성 있는 순서 매김 

표시된 경보그룹의 순서 매김은(예， 왼쪽에서 오른쪽으로 위치 매김) 관련된 

발전소 계통 및 기기 들에 대한 표시기 및 제어기의 순서 매김과 일치하여 

야한다 

출 처 : EPRI NP-3659 

10-6 신속한 조치를 위한 위치 

경보에 조치를 취해야 하는 운전원이 적절히 조치하기에 충분한 시간을 가 

지고 경보 정보에 접근할 수 있도록 경보표시 및 제어장치가 배열되고 위치 

하여야 한다. 

부가정보: 한 운전원이 단지 다른 운전원에게 경보메시지를 전달하기 위해 

서 경보 메시지를 읽도록 하는 설계는 결코 피해야 한다. 선염 원자로 운전 

원이 모든 제어실 작업 영역에서 발생하는 경보를 듣는 것이 필요한지에 대 

해 숙고하여야 한다. 

출처: Regulatory Guide 1. 114, EPRI ALWR 
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10-7 공정 제어 및 표시장치에 접근하기 위한 위치 

경보에 따른 조정이나 진단 조치를 취하기 위해 필요한 관련 제어기 및 표 

시기 근처에 시각경보반은 위치하여야 한다. 

부가정보: 경보와 관련된 제어기 및 표시기가 다른 제어반 구획 (segment)에 

위치하면， 경보표시기는 공정표시 구획(process display segment) 근처에 위치 

하여야 한다. 

출처 : NUREG-0700, EPRI NP3659, EPRI NP-2411 , IEC 964 
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부록 A. 상위수준의 설계검토원리 

(HIGH-LEVEL DESIGN REVIEW PRINCIPLES) 

1. 일 반 원 리 (General Principl않) 

운전요원의 안전성 (Personnel Safety) - 설계는， 부상 및 위해물질에 대한 노 

출의 최소화를 포함하여， 적용대상 계통 및 운전원 안전 요소를 반영하여야 

한다. 

인지적 양립성 (Cognitive Compatibility) - 운전원의 역할은 수행도에 부정적 

인 영향을 줄 정도로 높은 작업부하 수준을 내포해서는 안되나， 목적있고 

의미있는 행위를 수행토록하여 경계수준 및 친숙도를 유지할 정도의 수준으 

로 책정되어야 한다. 

생라학적 양립성(Physi이ogical Compatibility) - 인터페이스 설계는， 시각적/청 

각적 인식， 생체역학(닿는 범위 (reach) 및 동작)， 신경제어(motor control) 특 

성， 그리고 신체측정학 등을 포함한 인간의 생리학적 특성을 고려하여야 한 

다. 

절계의 단순성(Simplicity of Design) - HSI는 기능적， 직무적 요건에 부합하 

는 가장 단순한 설계를 표방하여야 한다. 

일관성 (Consistency) - HSI, 절차서， 훈련시스템， 그리고 전반적인 안전성분석 

보고서의 기술 및 가정， 등은 일관성이 높아야 한다. 계통이 동작하고 운전 

원에게 보여지는 방법은 항상 일정해야하며， 상당히 표준화되어야 하고， 절 

차서 및 훈련내용과 완전히 일치하여야 한다. 

2. 주요 직 무 설 계 원 리 (Primary Task Design Principles) 
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상황파악도(Situation Awareness) - HSI에 의 해 사용자에 게 제 시 되 는 정 보는 

정확하고， 신속하게 인지되며， 쉽게 이해되어야 한다(즉"직접인식 (direct 

perception)" 혹은 ”상태를 한눈에 알아보는(status at a glance)" 표시방식). 그 

리고 계통상태를 운전원이 파악하는 데 도움을 주어야 한다. 

직무 양립성(Task Compatibility) - 시스템은 직무(예를 들면， 운전， 안전정지， 

조사， 유지보수， 수리 등)를 수행하기 위한 사용자의 요건을 만족하여야 한 

다. 데이터는 그 직무(상위 수준의 표시기에서 확인을 위한 데이터나 원시 

데이터의 조회를 포함하여)에 적절한 형태로 제시되어야 하며， 제어기능은 

사용자의 가능한 조치범위를 포괄하여 제공되어야 한다; 불필요한 정보나 

제어기능이 없어야 한다. 

사용자 모형 양립성(User Model Compatibility) - 시스템의 모든 측면은 사용 

자의 정신모형(mental model 훈련， 절차서의 사용， 경험 등에 의해 형성되 

는 시스템의 동작에 대한 이해 및 예측)에 부합하여야 하고， 또한 기존 관 

례(즉， 추상적이고， 생소하거나 임의적인 형식， 또는 해석을 필요로하는 형 

식으로 보다는 관습적이고， 보편적이며 유용하고 기능적으로 표현된)와도 

부합하여야 한다. 

HSI 요소의 조직(Organization of HSI Elements) - HSI의 모든 측면에 대한 

조직은(개별 표시기에서의 요소부터 개별 작업반， 또는 전체 제어실에 걸쳐) 

설비의 안전성분석보고서와 사용자의 요건에 기초하여야 하며， 또한 중요도， 

빈도， 그리고 사용순서， 등에 의한 일반적인 조직화 원리를 반영하여야 한 

다. 중요 안전기능 정보는， 인식을 보장하고 탐색 및 반응시간을 최소화하 

기 위해 고정된 위치에서 모든 운전요원에게 가용하여야 한다. 

논리적l명시적 구조(LogicalfExplicit Structure) - 시스템의 모든 측면(형식， 용 

어， 순서， 묶음(grouping) ， 운전원 의사결정 지원기능)은 직무요건이나 다른 

임의적이지 않은 근거에 입각한 명확한 논리를 반영해야 한다. 표시기， 제어 

기， 그리고 데이터처리지원기능 등의 전반적인 직무/기능에 대한 관계는 명 

확해야 한다. 인터페이스와 그와 관련된 순항지원기능의 구조는 사용자가 
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례(즉， 추상적이고， 생소하거나 임의적인 형식， 또는 해석을 필요로하는 형 
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기 위해 고정된 위치에서 모든 운전요원에게 가용하여야 한다. 

논리적l명시적 구조(LogicalfExplicit Structure) - 시스템의 모든 측면(형식， 용 

어， 순서， 묶음(grouping) ， 운전원 의사결정 지원기능)은 직무요건이나 다른 

임의적이지 않은 근거에 입각한 명확한 논리를 반영해야 한다. 표시기， 제어 

기， 그리고 데이터처리지원기능 등의 전반적인 직무/기능에 대한 관계는 명 

확해야 한다. 인터페이스와 그와 관련된 순항지원기능의 구조는 사용자가 
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현재 어디에 위치하고 있는지를 쉽게 인지할 수 있도록 해야 하며， 또한 사 

용자가 현재 가시적이지 않는 데이터를 신속하게 접근할 수 있도록 해주어 

야 한다. 시스템의 구조와 동작 방식은 사용자에게 명확해야 한다. 

시기적절성 (Timeliness) - 시스템의 설계는 사용자의 직무가 요구되는 시간 

내에 수행될 수 있도록 공정-관련 시간제약 뿐만 아니라 사용자의 인지적인 

처리능력을 고려해야 한다. 너무 빠르거나 혹은 너무 느린 정보의 유동율과 

제어수행요건은 사용자의 수행도를 저하시킬 수 있다. 

제 어 기/표시 기 양립 성 (ControlsfDisplays Compatibility) - 데 이 터 입 력 및 제 어 

요건은 표시기와 양립하여야 한다. 

피드백 (Feedback) - 시스템은 시스템의 상태， 가능한 운전， 오류 및 오류복 

구， 위험한 운전， 그리고 데이터의 검증 등에 대한 정보를 제공하여야 한다. 

3. 부가적 인 직 무제 어 원 리 (Secondary Task Control Principles) 

인지적 작업부하(Cognitive Workload) 시스댐에 의해 제시되는 정보는 신 

속하게 인지되고 이해되어야 한다; 그리하여， 시스템은 사용자가 정신적인 

연산이나 변환， 그리고 회상기억(긴 코드목록， 복잡한 명령어， 표시기간에 

걸쳐있는 정보， 혹은 긴 연속적인 조치행위 등의 회상)의 사용에 할당하여 

야 하는 인지적인 용량을 최소화시켜야 한다. “윈시 (Raw)" 데이터는 즉시 

사용가능한 형태로 처리되고 표시되어야 한다(비록 사용자의 요구에 의해 

원시데이터가 접근가능할 지라도). 

반응 작업부하(Response Workload) - 시스템은 어떤 직무를 달성하는 데 필 

요한 행위의 최소수를 요구하여야 한다; 예를 들면， 단일 키 대 명령어 키 

((single vs. command keying) , 메뉴선택 (menu selection) 대 다중 명 령 어 입 력 

(multiple command entry), 단일 입 력 방식 (키 보드， 마우스)(single input mode 

(keyboard, mouse)) 대 혼합 방식(mixed mode). 또한 시스댐은 과잉 데이터의 
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3. 부가적 인 직 무제 어 원 리 (Secondary Task Control Principles) 

연지적 작업부하(Cognitive Workload) 시스댐에 의해 제시되는 정보는 신 

속하게 인지되고 이해되어야 한다; 그리하여， 시스템은 사용자가 정신적인 

연산이나 변환， 그리고 회상기억(긴 코드목록， 복잡한 명령어， 표시기간에 

걸쳐있는 정보， 혹은 긴 연속적인 조치행위 등의 회상)의 사용에 할당하여 
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입력이나， 시스템내 정보의 재입력， 혹은 기존 데이터로부터 시스템이 유도 

해낼 수 있는 데이터의 입력을 요구해서는 안된다. 

4. 직 무 지 원 원 리 (Task Support Principles) 

유연성(Flexibility) - 시스템은 조치수행을 위한 다중 수단을 제공해야 하며， 

직무에 가장 편리하게 구성된 정보표시/제어가 허용되어야 한다. 유연성은 

직무수행도에 이점이 있는 경우로 한정되어야 한다(사용자의 상이한 숙련 

수준을 수용하는 것과 같은); 일관성과 절충관계가 있고 인터페이스 관리에 

작업부하를 부여하므로 임의로 제공되어서는 안된다. 

사용자 지침 및 지원(User Guidance and Support) - 시스댐은 효과적인 도움 

기능을 제공해야 한다. 사용자가 시스댐을 이해하고 운전하는데 도움을 주 

기 위해서 사용하기 쉽고 적절한 지침이 on-line 그리고 off-line으로 제공되 

어야 한다-

오류허용 및 제어(Error Tolerance and Control) - 고장이 장비손상， 운전요원 

의 부상， 혹은 중요 장비의 부적절한 동작을 야기할 수 있다면 이중안전설 

계가 제공되어야 한다. 그리하여， 시스템은 사용자오류가 심각한 결과를 낳 

지 않도록 설계되어야 한다. 만일 오류가 발생했다면， 오류의 부정적인 영향 

이 통제되고 최소화되어야 한다. 시스템은 단순하고 이해하기 쉽게 오류를 

알려 주어야 하고， 복구를 위한 단순하고 효과적인 방법을 제공해야 한다. 
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직무에 가장 편리하게 구성된 정보표시/제어가 허용되어야 한다. 유연성은 

직무수행도에 이점이 있는 경우로 한정되어야 한다(사용자의 상이한 숙련 

수준을 수용하는 것과 같은); 일관성과 절충관계가 있고 인터페이스 관리에 

작업부하를 부여하므로 임의로 제공되어서는 안된다. 

사용자 지침 및 지원(User Guidance and Support) - 시스댐은 효과적인 도움 

기능을 제공해야 한다. 사용자가 시스댐을 이해하고 운전하는데 도움을 주 

기 위해서 사용하기 쉽고 적절한 지침이 on-line 그리고 off-line으로 제공되 

어야 한다-

오류허용 및 제<>1 (Error Tolerance and Control) - 고장이 장비손상， 운전요원 

의 부상， 혹은 중요 장비의 부적절한 동작을 야기할 수 있다면 이중안전설 

계가 제공되어야 한다. 그리하여， 시스템은 사용자오류가 심각한 결과를 낳 

지 않도록 설계되어야 한다. 만일 오류가 발생했다면， 오류의 부정적인 영향 

이 통제되고 최소화되어야 한다. 시스댐은 단순하고 이해하기 쉽게 오류를 

알려 주어야 하고， 복구를 위한 단순하고 효과적인 방법을 제공해야 한다. 
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