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요  약  문 
 
 

Ⅰ. 제  목 

 

음성 인터페이스에 대한 인간공학 설계지침 

 

 

Ⅱ. 연구개발의 목적 및 필요성 

 

영광 3&4호기 이후 우리나라 표준원전의 주제어반 설계에 CRT, LCD 등, 

디지털 MMI의 사용이 점차 확대되어 가고 있다.  이러한 디지털 MMI의 사용 

확대에 따라 또한 다양한 음성 인터페이스의 사용이 가능해졌다. 

 

원전에서 사용되는 각종 기기를 통해 표현하는 음성 인터페이스가 

표준화되지 않은 상태로 보급되어 있는 실정이어서 운전원이 생각하는 

정신모형과 양립성이 부족한 경우 음성 경보를 식별하는 과정에서 인적오류가 

발생할 가능성이 있다. 따라서, 컴퓨터 기술의 발전에 따른 음성 인터페이스 

지침을 개발할 필요가 있다.  

 

 

Ⅲ. 연구개발의 내용 및 범위 

     

본 연구에서는 다음과 같은 내용의 연구를 수행하였다. 

 

·  음성 인터페이스에 관한 지침 자료 수집 

·  음성 인터페이스에 관한 인간공학 설계지침 대분류 항목 구성 

·  음성 인터페이스에 관한 인간공학 설계지침 세부구조 구성 

·  분류 항목별 지침 통합 정리 

·  지침 데이터베이스 시스템 개발 

 

 

Ⅳ. 연구개발결과  

 

음성 인터페이스에 관해 Sound Formats, Alarms, Sound Controls, 
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Communication, Environments 등, 5가지 대분류 항목의 총 147개 세분류 항목

에 대한 인간공학 설계지침과 이들의 데이터베이스 시스템이 개발되었다. 

 

 

Ⅴ. 연구개발결과의 활용계획 및 건의사항 

     

본 연구를 통해 개발된 음성 인터페이스에 대한 인간공학 설계지침과 

데이터베이스 시스템은 우리나라 원전 주제어실에 점차 사용이 늘어가는 디지털 

MMI의 설계에서 sound 관련 인터페이스의 설계에 종합적인 참고자료로 활용될 

수 있다. 
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SUMMARY 
 

Ⅰ. Project Title 
 

Integrated Human Factors Design Guidelines for Sound Interface 

 
Ⅱ. Objective and Importance of the Project 
 

Digital MMI, such as CRT, LCD etc., has been used increasingly in the design 
of main control room of the Korean standard nuclear power plants following the YGN 
units 3 & 4.  The utilization of digital MMI may introduce various kind of sound 
interface into the control room design. 

Since the sound interface used in current NPPs has not been standardized 
yet, if it would be less compatible to operators’ mental model, operators may make 
errors in the process of identification of sound information. Hence, it is necessary to 
develop human factors guidelines for sound interface design in accordance with the 
development of computer technology. 

 
 

Ⅲ. Scope and Contents of Project 
 

In this project, the following studies have been performed: 
 

·  Collection of guideline documents regarding sound interface 
·  Selection of top-level guideline items  
·  Development of detail guideline items  
·  Integration of guidelines for the detail items  
·  Development of a database system of the integrated guidelines. 

 

Ⅳ. Result of Project 
 

For five top-level guideline items, including Sound Formats, Alarms, Sound 
Controls, Communications, and Environments, a total of 147 detail guidelines were 
developed and a database system for these guidelines was developed. 
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Ⅴ. Proposal for Applications 
 

The integrated human factors design guidelines for sound interface and the 
database system developed in this project will be useful for the design of sound 
interface of digital MMI in Korean NPPs. 
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제 1 장  서  론 
 
 
1. 배경 및 필요성 
 

원전과 같은 인간 기계 시스템의 성능은 디스플레이 및 컨트롤로 구성되어 

있는 인터페이스의 시스템 적합성에 의해 크게 좌우되고 있다. 컴퓨터가 

상용화되고 그 기술이 비약적으로 발전하면서 원전 운전원을 포함한 컴퓨터 

사용자들의 사용자 정신모형(user's mental model)이 인터페이스의 아날로그 

형태에서 디지털 형태의 스테레오타입 (stereotype)으로 점차 바뀌어 가고 있다. 

따라서, 일정부분 디지털 형태의 인터페이스를 수용하고 있는 개량형 원전 제어실 

설계 시, 컴퓨터 기술을 활용한 CRT(Cathode Ray Tube), PDP(Plasma Display 

Panel), LCD(Liquid Crystal Display) 등의 VDT(Visual Display Terminal) 

상의 정보 디스플레이의 인간 기계 시스템 적합성 현안들을 도출하고, 도출된 

현안들의 신뢰성 있는 설계 평가를 위하여 인간공학 지침이 필요하다.  

 

이러한 필요성에 따라 감시 및 운전지원 기술개발 과제를 통해 VDU 기반 

워크스테이션의 일반인간공학 설계지침 개발 [1], PMAS 경보화면 설계지침 개발 

[2], PMAS SPADES 화면설계의 인간공학지침개발 [3], DPPS FPD 화면설계를 

위한 스타일가이드 개발 [4], 전자식 표시기에 대한 인간공학 설계지침 개발 [5] 

등, 일련의 인간공학 지침을 개발한 바 있다.  그러나, 개발된 인간공학 지침 

이외에도 음성 인터페이스, ICON 등의 디지털 MMI(Man Machine Interface)의 

인간공학 요소에 대한 지침은 부가적인 연구를 필요로 한다.  

 

다중 작업 (MULTI-TASK)을 하는 운전원들에게 음성 인터페이스의 

중요성이 크게 대두되고 있다. 특히 원전에서 사용되는 각종 기기를 통해 

표현하는 음성인터페이스가 표준화되지 않은 상태로 보급되어 있는 실정이어서 

현장 운전원이 생각하는 정신모형과 양립성이 부족하여 음성 경보를 식별하는 

과정에서 인적오류 유발 가능성이 있다.  
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본 연구에서는 음성 인터페이스 사용실태를 조사하고 컴퓨터 기술의 발전에 

따른 음성 인터페이스 지침을 개발하고 원전 적용 가능성을 분석하였다.  

 
 

2. 활용자료 

 

현재 음성인터페이스에 관한 인간공학 지침에 사용된 지침은 다음과 같은 지침들

을 종합하였다. 각 지침에 대하여 Abstract, Publishing Organization, Date 

Published, Security Classification, Structure 등 개요를 부록 1에 첨부하였다. 

 

 

- NUREG-0700 (rev.2) Human-System Interface Design Review 

Guidelines, 2002 [6]. 

- ANSI/HFS-100, Human Factors Engineering of Visual Display 

Terminal Workstations, 1988 [7]. 

- MIL-STD-1472F, Human Engineering Guideline, 1999 [8]. 

- HF-010 Human Engineering Guide, 1992 [9]. 

– FAA Guide, DOT/FAA/CT-01/08, Computer-Human Interface 

Guidelines: A Revision to Chapter 8 of the Human Factors Design 

Guide, 2001 [10]. 

- NASA-STD-3000 Revision B, Man-Systems Integration Standards, 

1995 [11]. 
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제 2 장  지침 개발 내용 
 

 

1. 음성인터페이스(sound interfaces)에 관한 인간공학 지침의 구성 

 

가. 수집된 지침의 내용 

 

 수집된 지침은 원자력과 일반 산업체 혹은 정부기관에서 발간한 것으로 다양

한 수준을 보이고 있다. 따라서, 인적 요소의 세부 항목별로 지침을 종합하였다. 지

침의 세부 내용을 기술하기 위하여 지침을 다음과 같이 분류하였다. 

 

- title : 

- general : definition, related items, etc. 

- criteria : recommended, maximum and minimum, conditional, etc. 

- amendment : measuring method, trade-off, source, etc. 

 

본 개발에 활용된 지침의 대부분이 영문 자료인데, 인간공학 지침의 내용을 결정

하는 기준으로 shall과 should에 대하여 유의하여 구분하였다. 왜냐하면, shall로 기

술된 내용은 매우 강력한 요건적인 성격을 나타내는 반면에 should로 기술된 내용

은 권고 혹은 상대적인 고려가 가능한 항목이기 때문이다. 

 

 

나. 지침항목의 구성 

 

 일반적인 음성관련 인간공학 지침의 항목들을 비교 검토하여 지침 항목의 구조를 

도출하였다. 지침항목은 가장 일반적인 계층적인 구조(hierarchical structure)로 

구성하였다. 다음은 지침항목의 최상위 분류를 나타낸 것이고, 이러한 분류에 따라 

세부 항목을 계층적으로 표시한 것이다. 
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- Sound Formats 

- Alarms 

- Sound Controls 

- Communication 

- Environments 

 

 

 

그림 2. 대분류 항목 분류 체계 

 

 

 (1) Sound Formats. 

 

 정상적으로 들을 수 있는 음향의 파동에 상응하는 청각적, 기계적, 전기적인 진동

에 대한 음성에 관한 전반적인 표시 형태를 나타낸다. audio displays, speech 

displays, number of signal, signal type, intensity, 3D audio display 등에 대한 

지침을 포함한다. 

 

 (2) Alarms. 

 

  일반적인 음성정보에서 중요시 다루어지는 경보의 설비요소, 구성요소, 시스템, 기

능에 있어서 사용자의 주의를 요구하는 상태에 대한 기본적인 정보를 제공한다. 

alarm controls, audible codes, alarms display, alarm response procedures 
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auditory qualities 항목들에 대한 지침을 포함한다 

 

 (3) Sound Controls. 

 

  아날로그 계기와 통제 수단 기술에 바탕을 둔 재래식 경보 시스템에 대한 전반적

인 음성 정보 제어에 대한 지침들을 포함한다. input vocabulary, interword 

delays, prompting, user-system interaction and controls 등에 대한 지침을 

제공한다. 

 

 (4) Communication. 

 

  사용자간의 의사소통과 통신에 관계된 상황과 그에 따르는 하드웨어적인 장비들

에 대한 지침을 포함하고 있다. operator comfort and convenience, telephone 

systems, loudspeakers, high noise areas, echoes, 등에 대한 지침을 제공한다. 

 

 (5) Environments. 

 

  음성정보의 적합성에 영향을 주는 환경 요소에 대한 것으로 설계에서 고려되어야 

할 항목들에 대한 정보를 제시하였다. acoustics design consideration, noise, 

limiting noise transmission, hearing protection 등과 같은 내용을 포함한다. 

 

 

다. 지침내용의 구성 

 

 본 보고서에서 제시하고 있는 지침은 앞에서 제시된 바와 같이 지침이 계층적

인 구조를 가진 개별 지침의 항목 벼로 다음과 같은 구조로 기술되어 있다. 또한, 

세부 요소 이후에는 참조를 위한 용어(glossary)집을 첨부하였다. 

 

- 지침번호(Guideline Number) : Within sections/subsections, each 

guidelines are numbered consecutively from 1 to n, followed by and 
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then its serial number. 

- 제목(title) : Each guidelines has a unique, descriptive title. 

- 내용(contents) : Each guidelines contain a statement of a relevant 

guideline. 

- 자료원(source) : The source document from which the guideline was 

cited is shown in italic bold, consisting source documents, source 

title number, and source title. 

- 기타 부가정보(Additional Information, Discussion) : 참조사례, 설계요건 

및 권고사항(requirements and recommendations) 

 

2. 음성인터페이스에 관한 인간공학 지침의 세부구조 

 

 (1) 분류별 항목 선정 

 

 여러 번의 피드백을 거친 브레인스토밍과 매트릭스 분석을 이용하여 대분류 

항목에서 중분류 항목을 선정하고, 중분류 항목에서 소분류 항목을, 소분류 

항목에서 세분류 항목을 선정하였다. 브레인스토밍을 거친 평가항목 결과들과 6 개 

지침서의 지침 항목간의 매트릭스 분석을 통해 음성관련 지침서는 5 개의 대분류 

항목과 31 개의 중분류 항목 그리고 104 개의 소분류 항목 마지막으로 147 개의 

세분류 항목으로 구성되었다. 아래의 그림들은 각 5 개 대분류 항목에서의 

분류항목의 체계를 보여주고 있다. 
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그림 2. Sound Format에 대한 세분류 

 

 
그림 3. Alarms에 대한 세분류 
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그림 4. Sound Controls에 대한 세분류 

 

 
그림 5. Communications에 대한 세분류 
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그림 6. Environments에 대한 세분류 
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3. 음성 주요 지침 항목 현황 

 

개발된 지침의 항목 수는 다음 표와 같다. 

 

표 1. 음성인터페이스 지침 항목 수 
 TITLE 대표항목 개수 가이드라인 개수

1.1 Audio Displays 68 190 
Sound Formats 

1.2 Speech Displays 29 70 
2.1 General 1 23 
2.2 Alarm Controls 2 2 
2.3 Alarm Sequence 2 2 
2.4 Alarm Matrix 1 2 
2.5 Auditory Qualities 1 2 
2.6 Alarm Implementation 1 22 
2.7 Prioritizing Alarms 1 15 
2.8 Acknowledging signals 7 8 
2.9 Audible Codes 20 21 
2.10 Alarm Display 1 7 

Alarms 

2.11 Alarm Response Procedures(ARPs) 1 6 
3.1 General 1 1 
3.2 Use 1 1 
3.3 Input Vocabulary 1 1 
3.4 Interword Delays 1 1 
3.5 Prompting 1 1 
3.6 Correction Capability 1 1 

Sound Controls 

3.7 Alternative Input Device 1 1 
4.1 Speech-Based Communication 10 79 
4.2 Telephone Systems 13 63 
4.3 Loudspeakers 4 7 
4.4 High Noise Areas 2 2 

Communication 

4.5 Equipment 21 22 
5.1 Acoustics 31 56 
5.2 Control Room 6 16 
5.3 Noise 7 7 

Environment 

5.4 Accommodating People with Disability 11 15 
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4. 음성관련 지침 항목별 원전지침 비교 

다음 표 2는 본 연구의 지침항목에 대해 음성인터페이스 관련 지침자료의 

연관된 지침항목 수를 비교한 것이다. 

표 2. 세분류 지침항목에 대한 지침자료의 관련 항목 비교 

 TITLE ANSI-BSR
-HFE100 FAA HF010 MIL-STD

-1472F 
NASA- 

STD-3000 
NUREG 

0700REV.2
1.1 Audio Displays · 80 · 78 · 32 

Sound Formats 
1.2 Speech Displays · 31 · 27 · 12 
2.1 General · 16 · 5 1 1 
2.2 Alarm Controls · · 2 · · · 
2.3 Alarm Sequence · · 2 · · · 
2.4 Alarm Matrix · · 2 · · · 
2.5 Auditory Qualities · · 2 · · · 
2.6 Alarm  

Implementation · 13 · 2 · 7 
2.7 Prioritizing  

Alarms · 10 · 5 · · 
2.8 Acknowledging 

signals · 8 · · · · 

2.9 Audible Codes · · · · · 21 
2.10 Alarm Display · · · · · 7 

Alarms 

2.11 Alarm Response
Procedures(ARPs) · · · · · 6 

3.1 General · · · 1 · · 
3.2 Use · · · 1 · · 
3.3 Input Vocabulary · · · 1 · · 
3.4 Interword Delays · · · 1 · · 
3.5 Prompting · · · 1 · · 
3.6 Correction 

Capability · · · 1 · · 
3.7 Alternative Input

Device · · · 1 · · 
3.8 Controls for Audio

Warning Device · · · 8 · · 

Controls 

3.9 User-System 
Interaction and 
Controls 

· · · · · 5 

4.1 Speech-Based 
Communication · 23 · 23 · 33 

4.2 Telephone  
Systems · 12 · 24 · ·27 

4.3 Loudspeakers · · · · · 7 
4.4 High Noise Areas · · · · · 2 

Communication 

4.5 Equipment · · · 22 · · 
5.1 Acoustics 1 · · 12 43 · 
5.2 Control Room · · 10 · · 6 
5.3 Noise · · · · · 7 Environment 

5.4 Accommodating 
People with Disability · 15 · · · · 
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5. 분류별 항목의 지침 통합 

 

본 연구에서 구조화 과정을 통해서 음성관련 지침서의 구조 체계를 제시하였다. 

제시된 구조에 맞는 지침을 추출하기 위해 지침 데이터베이스 시스템을 개발하였다. 

시용자는 분류별 항목(e.g., SOUND FORMATS > Audio Display > When to 

Use)을 키워드로 검색을 하여, 최하위 항목에 맞는 지침들을 가려낸다. 추출된 

지침들은 음성관련 설계 지침과 출처를 밝혀준다. 이와 같이 개발된 지침의 

인쇄본은 부록 3 에 수록하였다. 

 

 
 

그림 6. 음성인터페이스 지침 데이터 베이스 시스템 
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제 3 장  결론 및 활용방안 
 

영광 3&4호기 이후 우리나라 표준원전의 주제어반 설계에 CRT, LCD 등, 디지

털 MMI의 사용이 점차 확대되어 가고 있다.  이러한 디지털 MMI의 사용 확대에 

따라 또한 다양한 음성 인터페이스의 사용이 가능해졌다. 본 지침은 디지털 MMI를 

사용한 원전 주제어반의 설계에서 음성(sound)를 사용한 인터페이스의 설계에 종

합적인 참고자료로 활용될 수 있다. 
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부록 1. 활용자료 개요 
 
NUREG 0700 Rev.2  
TITLE: Human-System Interface Design Review Guidelines  
 
ABSTRACT: The U.S. Nuclear Regulatory Commission (NSC) staff reviews the human factors engineering 
(HFE) aspects of nuclear power plants in accordance with the Standard Review Plan (NUREG-0800). Detailed 
design review procedures are provided in the HFE Program Review Model (NUREG-0711). As part of the 
review process, the interface between plant personnel and plant systems and components are evaluated for 
conformance with HFE guidelines. This document, the Human-System Interface Design Review Guidelines 
(NUREG-0700, Revision2), provides the guidelines necessary to perform this evaluation. In addition to the 
review of actual human-system interfaces (HSIs), the staff can use the NUREG-0700 guidelines to evaluate a 
design-specific HFE guidance document or style guide. The HFE guidelines are organized into four basic parts, 
which are divided into sections. Part I contains guidance for the basic HSI elements: displays, user-interface 
interaction and management, and controls. These elements are used as building blocks to develop HSI systems 
to serve specific functions. Part II contains the guidance for reviewing six such systems: alarm system, 
group-review system, soft control system, computer-based procedure system, computerized operator support 
system, and communication system. Part III provides guidance for the review of workstations and workplaces. 
Part IV provides guidance for the review of HSI support, i.e., maintainability of digital systems.  
 
Publishing Organization: Division of System technology Office of Nuclear Regulatory Research U.S. 
Nuclear Regulatory Commission  
 
Date Published: May 2002  
Security Classification: unclassified  
 
Structure: refer to the home page  
 
 
 
ANSI/HFS 100-1988  
TITLE: American National Standard for Human Factors Engineering of Visual Display Terminal 
Workstations  
 
ABSTRACT: This technical standard specifies conditions that have been established as representing 
acceptable implementation of human factors engineering principles and practices in the design of visual display 
terminals (VDTs) associated furniture, and the office environment in which they are placed. Human Factors 
engineering principles and practices are highly application dependent. This technical standard is written for 
those VDT applications described as text processing, data entry, and data inquiry. As this is a technical 
standard, it is assumed that implementation of the standard will be by suitably trained and knowledgeable 
individuals. It is intended for use by professionals who have technical responsibility for the design, installation, 
and setup of VDTs, the associated furniture, and the work environments. The quantitative recommendations 
given here as numbers and ranges are based on accepted empirical data and established human factors 
engineering principles and practices. The nature of good human factors engineering is to tailor the 
specifications for the unique work situation of interest.  
 
Publishing Organization: The Human Factors Society, Inc.  
 
Date Published: April 1988  
 
 
MIL-STD-1472F  
TITLE: Human Engineering.  
 
ABSTRACT: This standard establishes general human engineering design criteria for military systems, 
subsystems, equipment and facilities. The purpose of this standard is to present human engineering design 
criteria, principles, and practices to achieve mission success through integration of the human into the system, 
subsystem, equipment, and facility, and achieve effectiveness, simplicity, efficiency, reliability, and safety of 
system operation, training, and maintenance. This standard is applicable to the design of all systems, 
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subsystems, equipment and facilities, except where provisions relating to aircraft design conflict with crew 
system design requirements or guidelines of JSSG-2010. Nothing in this standard is to be construed as limiting 
the selection of hardware, materials, or processes to the specific items described herein. Unless otherwise stated 
in specific provisions, this standard applies to design of systems, subsystems, equipment and facilities for use 
by both men and women.  
 
Publishing Organization: Dept. of Defense Design Criteria Standard  
 
Date Published: August 1999  
 
Security Classification: unlimited  
 
 
 
HF-010  
 
TITLE: Human Factors Engineering Guideline Document.  
 
ABSTRACT: This guideline document has been developed for Ulchin Nuclear Units (UCN) 3&4 by the 
Architect/Engineering (A/E). It is intended to assure that the UCN 3 and 4 Main Control Rooms (MCR), 
Remote Shutdown Panels (RSP), and plant computer displays located in the MCR and Emergency Response 
Facilities (ERF) adhere to good Human Factors Engineering (HFE) practice. Unless specifically called out in 
the body of this report, all guidelines, principles and criteria included are applied to the RSP, and the ERF, as 
well as the MCR. Specifically, these guidelines are applicable to the design and engineering work performed 
by pertinent vendors, NSSS suppliers, and the A/E. These guidelines are intended to safely all pertinent 
regulations and adhere to industry standards as well as to minimize the probability of operator error. 
Industry-wide human factors common practice and consistency other Korean nuclear facilities have also been 
taken into account. This document applies to the MCR, RSP, and ERF (for SPDS only). For applicability to 
other plant areas, the project A/E Instrumentation and Control (I & C) supervisor shall be consulted. 
 
Publishing Organization: Korean Electric Power Corporation 
 
 
DOT/FAA/CT-01/08 
TITLE: Computer-Human Interface Guidelines: A Revision to Chapter 8 of the Human Factors Design Guide.  
 
ABSTRACT: This document contains an updated and expanded version for the Human-Computer Interface 
chapter of the Human Factors Design Guide. A research team of human factors experts evaluated the existing 
guidelines for relevance, clarity, and usability. They drafted new guidelines as necessary based on relevant 
sources, and they reorganized the document to increase usability. This resulted in extensive changes to the 
original document, including the addition of more than 500 new guidelines and 22 new sources. This report 
contains a brief introduction along with the modified guidelines. This report was previously released in the 
December 2000 as technical note number DOT/FAA/CT-TN00/30.  
 
Publishing Organization: Federal Aviation Administration 
 
Date Published: April 2001 
 
Security Classification: unclassified  
 
 
NASA-STD-3000 Revision B 
TITLE: Man-Systems Integration Standards. 
 
ABSTRACT: This document provides specific user information to ensure proper integration of the 
man-system interface requirements with those of other aerospace disciplines. These man-system interface 
requirements apply to launch, entry, on-orbit, and extraterrestrial space environments. This document is 
intended for use by design engineers, systems engineers, maintainability engineers, operations analysts, human 
factors specialists, and others engaged in the definition and development of manned space programs. 
Concise design considerations, design requirements and design examples are provided. Requirements specified 
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herein are applicable to all U.S. manned-space flight programs. 
This document replaces earlier NASA field center human engineering standards documents (e.g., 
MSFC-STD-512A, Man/System Requirements for Weightless Environments; JSC-07387B, Crew Station 
Specifications). This document also incorporates human engineering standards and guidelines from many other 
NASA, military, and commercial human engineering standards applicable to the space environments described 
above. 
The document volumes have been extracted from a relational data base. 
(Refer to Paragraph 1.3, Scope, Precedence, and Limitations, for description of the documents.) 
 
 
Date Published: July 1995 
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부록 2. 용어정의 및 해설 

 
Abbreviation – A shortened form of a word or phrase used for brevity. 
 
Abduction - The movement of a body segment away from the midline of the body or body part to which 
it is attached. 
 
Acidosis - Reduction of alkali reserve due to excess of acid metabolites 
 
Acknowledged alarm – An alarm is considered to be acknowledged when the operator has made some 
type of input to the alarm system (such as pressing a button) to indicate receipt of the alert or message 
provided by the alarm system. The act of acknowledging an alarm typically causes the attention-getting 
characteristics of its display to cease or decrease (e.g., the sound stops and the flashing display changes to 
a steady illumination). 
 
Acknowledgment – Providing feedback to the sender that a message has been received. 
 
Action sequence – A set of operations that must be performed sequentially to carry out a control action. 
 
Activated alarm – The condition in which a monitored parameter exceeds a specified limit (setpoint), the 
deviation is evaluated by the processing portion of the alarm system, and a message is conveyed to the 
operator via the display portion of the alarm system (e.g., annunciators). 
 
Adaptive Response - Change in structure, form, or behavior of an organism to suit a new environment. 
 
Adduction - The movement of a body segment or segment combination toward the midline of the body 
or body part to which it is attached 
 
Addressing messages – Preparing header information to specify the destination for transmitting data. 
 
Advanced alarm system – A primarily digital alarm system employing alarm processing logic and 
advanced control (e.g., on-screen controls) and display (e.g., VDU) technology. (This is in contrast to 
conventional alarm systems, which are largely based on analog instrument and control technologies.) 
 
Advanced control room (ACR) – A control room that is primarily based on digital technology. ACRs 
typically allow the operator to interact with the plant via computer-based interfaces, such as video display 
units. This is in contrast to "conventional" control rooms, which provide interaction via analog interfaces, 
such as gauges. 
 
Advisory - A signal that indicates a safe or normal configuration, condition of performance, or operation 
of essential equipment, or attracts attention and imparts information for routine action purposes.  
 
Adjustment controls – Controls used by personnel to correct or adjust the operation of equipment, such 
as to set an operating value. These controls may be external, such as controls mounted on maintenance 
panels, or internal, such as test and relay switches located on printed circuit boards. 
 
Alveolar Pressure - Gas pressure existing within alveoli. 
 
Alarm – The term alarm is used in the broad sense, i.e., a plant parameter, component, system, or 
function that is currently in a state requiring the attention of plant personnel. For example, a monitored 
parameter exceeds a specified limit (setpoint), the deviation is evaluated by the processing portion of the 
alarm system, and a message is conveyed to the operator via the display portion of the alarm system. 
 
Alarm availability – The display processing method by which the results of alarm processing are made 
available to the operating crew. This relates to which alarms are made available to the operator rather than 
how they are presented (which is referred to as alarm display). Three techniques are identified: filtering, 
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suppression, and prioritization. 
 
Alarm display – The method(s) by which alarm coding and messages are presented to plant personnel. 
 
Alarm filtering - A technique by which unnecessary alarms are eliminated. 
 
Alarm generation processing – A class of alarm processing which includes techniques that analyze the 
existing alarms and, then based upon this, generate alarm messages which (1) give the operator higher 
level or combined information, (2) notify the operator when "unexpected" alarms occur, or (3) notify the 
operator when "expected" alarms do not occur. 
 
Alarm message – Information presented to the operator by the auditory, visual, and other display devices 
of the alarm system in response to an alarm condition. 
 
Alarm processing techniques – The rules or algorithms that are used to analyze plant sensor data to 
determine their importance, validity, and relevance, and determine whether an alarm message should be 
presented to the operator. 
 
Alarm signal processing – The process by which signals from plant sensors are automatically evaluated. 
This process, which includes signal validation and other techniques, determines whether an alarm 
condition exists. 
 
Alarm suppression - Alarm messages are not displayed but are available to the user upon request.  
 
Alarm system – An automated system consisting of processing and display hardware and software, 
which processes or analyzes signals from plant sensors and alerts the operator via visual and/or auditory 
displays when monitored parameters deviate from specified limits (setpoints) or predefined conditions. 
 
Alert - a signal that indicates a condition relating to the effective performance of duties. The condition or 
message requires the operator or maintainer to take immediate action or indicates that a significant update 
in information necessary for the effective performance of duties is available.  
 
Alphabetic – Pertaining to a character set that contains letters and other symbols, excluding numbers. 
 
Alphanumeric – Pertaining to a character set that contains letters, digits, and usually other symbols, such 
as punctuation marks. 
 
Alphanumeric code – A set of letters and/or numbers used to identify a group of data (e.g., in a table). 
 
Analytical redundancy – The calculation of expected parameter values using a model of system 
performance. 
 
Annoyance - The sense of being troubled, irritated, or disturbed by unwanted noise. 
Anoxia - Hypoxia especially of such severity as to result in permanent damage. 
 
Annunciator – An indicator of the status of a plant parameter, component, system, or function that does 
not necessarily require the attention of plant personnel. When such attention is required, an alarm 
condition exists. The term annunciator is sometimes used to refer to the spatially dedicated display 
portion of an alarm system. 
 
Anxiety - Nervous or fear reaction to perception of danger. 
 
Applicant – An organization, such as a nuclear plant vendor or utility, that is applying to the U.S. 
Nuclear Regulatory Commission for design certification or plant licensing. 
 
Audio – Pertaining to acoustic, mechanical, or electrical frequencies corresponding to normally audible 
sound waves. 
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Auditory – Pertaining to the sense of hearing. 
 
 
Automatic mode – A mode in which processing proceeds without human intervention (as contrasted with 
interactive and manual modes). 
 
Automatic, self-correcting features – Features that detect and automatically correct errors that users 
make when providing inputs. For example, a "Delete" command that is incorrectly entered as "DLE" may 
be automatically changed to its correct form, "DEL," and then executed. 
 
Automatic test equipment – Test equipment that checks two of more signals in sequence without the 
intervention of a maintainer. The test usually stops when the first out-of-tolerance signal is detected. 
 
Backlash – Failure of the output signal to track a control input as the movement of the control is started 
or stopped; in mechanical systems this is also referred to as 'play'. 
 
Bench mockup – An actual unit of equipment or replica used in training for checking or locating faults 
 
Beats - A periodic sound resulting from the interaction of two or more sounds of different frequencies. 
 
Bends - See Decompression Sickness. 
 
Binaural - Of, relating to, or involving both ears. 
 
Built-in test – An integral part of a unit of equipment that performs diagnostic tests. Built-in features may 
be as simple as a voltmeter, or as complex as an automatic checker. 
 
Built-in test panel – A panel containing connections for external test devices so that internal components 
can be assessed. 
 
Cancel – A capability that regenerates (or re-initializes) the current display without processing or 
retaining any changes made by the user. 
 
Capture error – An error of execution (slip) that occurs when an infrequently performed action requires 
a sequence of operations, some of which are the same as or similar to those of a frequently performed 
action. In attempting the infrequent action, the more frequent action is performed instead. For example, 
an operator intends to perform task 1, composed of operations A, B, C, and D, but instead executes the 
more frequently performed task 2, composed of operations A, B, C, and E. 
 
Category – A grouping of data values along a dimension defined for operational purposes. 
 
Caution - A signal that indicates the existence of a condition requiring attention but not immediate 
action.  
 
Caution signal – A signal that alerts the operator to an impending condition requiring attention, but not 
necessarily immediate action (See warning signal). 
 
Circuit packaging – A method for organizing equipment into modules in which all parts of a single 
circuit or logically related group of parts, and only that circuit or group, are placed in a separate module. 
 
Clear – A system function that removes the current selection but does not put it into the temporary buffer. 
A copy is retained, accessible immediately by the Undo command. 
 
Cleared alarm – An alarmed parameter that has returned from an alarmed state to its normal range. 
Some alarm systems generate alarm messages when the parameter enters the normal range. The operator 
may be required to reset the alarm in order to "clear" it. 
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Coding – Use of a system of symbols, shapes, colors or other variable sensory stimuli to represent 
specific information. Coding may be used (a) for highlighting (i.e., to attract a user's attention to part of a 
display), (b) as a perceptual indicator of a data group, or (c) to symbolize a state or attribute of an 
object(e.g., to show a temperature level or for warning purposes). 
 
Coherence mapping – A map between the features in the representation and the physical and cognitive 
characteristics of the operator (how comprehensible the representation is to the operator). 
 
Collating test equipment – Test equipment that presents the combined results of two or more checks. 
For example, a light might come on only if a number of different signals are all within tolerance. 
 
Command – (1) The act of instructing the computer or system to perform an action. (2) An entry 
provided by a user, which instructs the computer system to perform an action. 
 
Communication systems – Systems that support communications, such as between personnel in the main 
control room, between the main control room and local sites within the plant, and across sites within the 
plant. The broad variety of communication media may be generally categorized as speech-based and 
computer-based systems. 
 
Component – The meaning of the word component depends on its context. In context of the entire plant, 
it is an individual piece of equipment such as a pump, valve, or vessel; usually part of a plant system. In a 
human-system interface context, a component is one part of a larger unit, such as one meter in a control 
board. In a maintenance context, a component is a subdivision of a unit of equipment that can be treated 
as an object by the maintainer, but which can be further broken down into parts. A mounting board 
together with its mounted parts is an example of a component. 
 
Computer-based procedure systems – Systems that present plant procedures in computer-based rather 
than paper-based formats. 
 
Component packaging – A method for organizing equipment into modules in which similar parts or 
components are located together; for example, all the fuses or all the relays might be grouped together. 
 
Computerized operator support systems – Systems that use computer technology to support operators 
or maintenance personnel in situation assessment and response planning. They can monitor status and 
provide recommendations or warnings. 
 
Concatenation – (1) The process of linking data together. (2) A set of logically related items which are 
treated as a whole. 
 
Configural display – A display in which information dimensions are uniquely represented, but where 
new emergent properties are created from interactions between the dimensions. Configural display 
representations often use simple graphic forms, such as a polygon. 
 
Confirmation step – A step in a transaction sequence that requires the user to respond to a warning or 
advisory message. For example, the user may respond to the question, "Are you sure you want to do 
this?" by pressing "Yes" or "No." 
 
Context definition – Displaying an indication of previous user actions or computer processing that will 
affect the results of current actions, to help a user predict how the system will respond. 
 
Continuous – Marked by uninterrupted extension in space, time, or sequence; see also discrete. 
 
Continuous Noise - A noise with negligibly small fluctuations of level within the period of observation 
 
Continuous-adjustment interfaces – Computer-based formats that have continuous ranges usually 
accessed with some type of slewing motion requiring a gross movement followed by a fine adjustment. 
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Their operation is similar to that of physical control devices that provide continuous adjustment, such as 
rotary dials or slider switches. 
 
Control – A mechanism used to regulate, and/or guide the operation of a component, equipment, 
subsystem, or system. 
 
Controlling transmission – The process of ensuring that transmitted data are saved until they can be 
delivered or returned to the sender. 
 
Conventional alarm system – A primarily analog-based alarm system employing little or no alarm 
display processing logic and using conventional control (e.g., pushbutton) and display (e.g., annunciator 
tiles) technology. (This is in contrast to advanced alarm systems). 
 
Continuous on-line self-test – A testing capability that continuously monitors overall system availability 
by rapidly identifying hardware failures. 
 
Contrast – Diversity of adjacent parts in color and intensity. 
 
Contrast - The difference between the luminance of an object or figure C = [(Lc + Lr) - (Ld + Lr)] / (Lc 
+ Ld + 2Lr) and its immediate background. 

C  =  Contrast 
Lc =  Object luminance 
Ld =  Background luminance 
Lr =  Reflected luminance 

 
Control - A manually operated hardware item used to operate or change the performance of a machine or 
system. 
 
Contrast ratio – The measured luminance at one point divided by the measured luminance at another, 
equal to Lt/Lb, (Ls-Lb)/Lb, or (1+Ls)/Lb, where 
Lt = total luminance, or luminance of the image in the presence of background; 
Ls = luminance of the symbol without background (luminance emitted by CRT in the case of CRT 
displays); Lb = luminance of background. 
Contrast ratio, rather than contrast, is often specified by display manufacturers because it is numerically 
larger (by one) than contrast. 
 
Crew Station - Any location where a task or activity is performed.  There are two basic types of crew 
stations: workstation and activity center 
 
Data – The raw materials from which a user extracts information. (A user can be a human or another 
component of the system, such as an expert system.) Data may include numbers, words, and/or pictures. 
 
 
Data display – Output of data from a computer to its users. Generally, this phrase denotes visual output, 
but it may be qualified to indicate a different modality, such as an "auditory display". 
 
Data entry – User input of data for storage in, and/or processing by, the system. 
 
Data transmission – Computer-mediated communication among system users, and also with other 
systems. 
 
Data validation – A process by which data are checked for accuracy by comparing values from 
redundant sources (e.g., automated comparison of data from redundant sensors). 
 
Decompression Sickness - A sometimes fatal disorder that is marked by neuralgic pains and paralysis, 
distress in breathing, and often collapse and that is caused by the release of gas bubbles (as of nitrogen) in 
tissue upon too rapid decrease in air pressure after a stay in a compressed atmosphere; called also caisson 
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disease, the bends. 
 
De-emphasis – The inverse of pre-emphasis, employed for the purposes of restoring original vowel 
consonant amplitude relationships in pre-emphasis speech; primarily useful in maintaining the "natural" 
sound quality. 
 
Decibel (dBA) – Sound level in decibels, measured using A-weighting. The use of A-weighting causes 
the frequency response of the sound level meter to mimic that of the human ear, i.e., response is 
maximum at about 2kHz, less at very low or very high frequencies. A-weighted measurements correlate 
well with measures of speech interference and judgments of loudness. 
 
Default – A 'typical' or 'safe' value or setting that is used if no alternative is specified; the value assumed 
unless specifically overridden. Defaults represent predetermined, frequently used, values for data or 
control entries intended to reduce entry actions required from the user. 
 
Default Values - A value or option automatically provided by the computer system for use in processing 
when no alternative has been specified by the operator 
 
Delirium - A condition of mental confusion, often with hallucinations. 
 
Density – (Screen Density) The amount of the display screen that contains information; often expressed 
as a percentage of the total area 
 
Description error – An error of execution (slip) that involves performing the wrong set of well-practiced 
actions for the situation. Description errors occur when the information that activates or triggers the 
action is either ambiguous or undetected. 
 
Dimension – A scale or categorization along which data may vary, taking different values at different 
times. 
 
Discrete – Consisting of distinct or unconnected elements; see also continuous. 
 
Discrete-adjustment interfaces – Computer-based formats with individual settings that usually can be 
accessed using fairly gross movements. Their operation is similar to discrete-adjustment controls, such as 
push buttons. 
 
Display – A specific integrated, organized set of information. A display can be an integration of several 
display formats (such as a system mimic which includes bar charts, trend graphs, and data fields). 
 
Display control – Procedures by which a user can specify what and/or how data are shown. 
 
Display device – The hardware used to present the display to users. Examples include video display units 
and speakers for system messages. 
 
Display element – A basic component used to make up display formats, such as abbreviations, labels, 
icons, symbols, coding, and highlighting. 
 
Display format – The general class of information presentation. Examples of general classes are 
continuous text (such as a procedure display), mimics and piping and instrumentation diagram 
(P&ID)displays, trend graphs, and flowcharts. 
 
Display network – A group of display pages within an information system and their organizational 
structure. 
 
Display page – A defined set of information that is intended to be displayed as a single unit. Typical 
nuclear power plant display pages may combine several different formats on a single VDU screen, such 
as putting bar charts and digital displays in a graphic P&ID format. Display pages typically have a label 
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and designation within the computer system so they can be assessed by operators as a single "display." 
 
Display selection – Refers to the specification of data outputs, either by a user or automatically. 
 
Display structure – Functional or information-presenting aspects of a display that are consistent in 
appearance and use across applications, e.g., providing reference to the user's location in an information 
system and display of control options available. 
 
Display tailoring – Designing displays to meet the specific task needs of a user, rather than providing a 
general display that can be used for many purposes. 
 
Double Insulated Enclosure/Chassis - An enclosure/chassis  which incorporates an insulation system 
comprised of basic insulation and supplementary insulation with the two insulations physically separated 
and so arranged that they are not subject to the same deteriorating influences (e.g., temperature, 
contaminants, and the like) to the same degree. 
 
Dynamic – Marked by continuous activity or change. 
 
Dynamic display – Contains screen structures that change one or more feature(s), e.g., numerical value, 
color, shape, or spatial location, in real time or near real-time. 
 
Ear Clearing - Act of equalizing pressure between inner ear and ambient. 
 
Emergent feature – A high-level, global perceptual feature produced by the interactions among 
individual parts or graphical elements of a display (e.g., lines, contours, and shapes). 
 
Enhancement Coding - Any of a variety of techniques used to enhance, or increase the salience of 
selected items of information (e.g., color coding.  It is well suited for interactive computer applications. 
 
Entry – (1) The act of inputting information to the system. (2) Something that has been entered, such as 
data or a command. 
 
Environmental Control - Control of ambient conditions to produce habitable environments. 
 
Equipment packaging – The way that modules, components, and parts are arranged within an enclosure. 
 
Exchange Rate - The increase in sound level (dBA) for which permissible exposure time is halved 
 
Exposure Limit - Maximum safe acceleration exposure limit as a function of vibration frequency and 
exposure time 
 
Existing alarm – An acknowledged alarm that has not yet cleared. 
 
Extinguished alarm (also called reset alarm) – An alarm that has returned to an inactive state (e.g., the 
plant parameter has returned to the normal range and all associated alarm messages have been 
acknowledged by the operator). 
 
Feedback – System or component response (e.g., visual or aural) that indicates the extent to which the 
user's desired effect was accomplished. Feedback can be either intrinsic or extrinsic. Intrinsic feedback is 
that which the individual senses directly from the operation of the control devices (e.g., clicks, resistance, 
control displacement). Extrinsic feedback is that which is sensed from an external source that indicates 
the consequences of the control action (e.g., indicator lights, display changes, aural tones). 
 
Filtering – An alarm display processing technique which may eliminate alarm messages that are 
irrelevant, less important, or otherwise unnecessary. These alarm messages are not available to the 
operators. (This is in contrast to suppression, which does not make the alarm messages immediately 
available but does allow the operator to retrieve them.) 
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First-out alarm – An alarm message that indicates the initial change in parameter responsible for reactor 
and/or turbine trips. 
 
Form – A dialogue technique that presents category labels and requires the user to fill in the blanks. A 
formatted output to the user with blank spaces for inserting required or requested information. 
 
Format – The arrangement of data. 
 
Formatting – The process or act of arranging data. 
 
Frequency modulation – Sinusoidal variation of the frequency of a tone around a center frequency. 
 
Frequency – Rate of signal oscillation in cycles per second (Hz or Hertz). 
 
Function – (1) A software supported capability provided to a user to aid in performing a task. (2) A 
process or activity that is required to achieve a desired goal; see, e.g., safety function 
 
Glottis - The elongated space between the vocal cords; also : the structures that surround this space. 
 
Function areas – Specific screen or panel locations that are reserved for specific purposes. 
 
Harmonic - An overtone having a frequency that is an integral multiple of a given primary tone. 
 
Hierarchical branching – A method of structuring menu items that are hierarchically related which 
allows selection among alternatives without requiring the opening and closing of a series of menus; the 
entire hierarchy is contained in one menu. 
 
Hierarchy – The designated order or rank of items; a series of items that are classified by rank or order. 
 
Human engineering discrepancy (HED) – A departure from some benchmark of system design 
suitability for the roles and capabilities of the human operator. This may include a deviation from a 
standard or convention of human engineering practice, an operator preference or need, or an 
instrument/equipment characteristic that is implicitly or explicitly required for an operator's task but is not 
provided to the operator. 
 
Human factors – A body of scientific facts about human characteristics. The term covers all biomedical, 
psychological, and psychosocial considerations; it includes, but is not limited to, principles and 
applications in the areas of human factors engineering, personnel selection, training, job performance aids, 
and human performance evaluation (see human factors engineering). 
 
Human factors engineering (HFE) – The application of knowledge about human capabilities and 
limitations to plant, system, and equipment design. HFE ensures that the plant, system, or equipment 
design, human tasks, and work environment are compatible with the sensory, perceptual, cognitive, and 
physical attributes of the personnel who operate, maintain, and support it (see human factors). 
 
Human-system interface (HSI) – The human-system interface (HSI) is that part of the system through 
which personnel interact to perform their functions and tasks. In this document, "system" refers to a 
nuclear power plant. Major HSIs include alarms, information displays, controls, and procedures. Use of 
HSIs can be influenced directly by factors such as, (1) the organization of HSIs into workstations 
(e.g.,consoles and panels);  
(2) the arrangement of workstations and supporting equipment into facilities such as 
a main control room, remote shutdown station, local control station, technical support center, and 
emergency operations facility; and (3) the environmental conditions in which the HSIs are used, including 
temperature, humidity, ventilation, illumination, and noise. HSI use can also be affected indirectly by 
other aspects of plant design and operation such as crew training, shift schedules, work practices, and 
management and organizational factors. 
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Icon - A symbol that graphically resembles its intended meaning (e.g., a schematic drawing or a headlight 
on the control that is used to control an automobile's headlights). 
 
Identification – A code number or code name that uniquely identifies a record, block, tile, or other unit 
of information. 
 
Identifier – A symbol whose purpose is to identify, indicate or name a body of data. 
 
Impact Noise - See Impulse Noise. 
 
Impulse Noise - A noise consisting of one or more bursts of sound energy, each of a duration less than 
about one second. 
 
Information – Organized data that users need to successfully perform their tasks. Information can 
include (a) a representation of facts, concepts, or instructions in a formalized manner suitable for 
communication, interpretation, or processing by humans or automatic means; and (b) any representations, 
such as characters or analog quantities, to which meaning is, or might be, assigned. 
 
Information system – Those aspects of the human-system interface that provide information on the 
plant's processes and systems to the operator. 
 
Infrasonic - Sound at frequencies below the audibility range of the human ear, f 20 Hz.  
 
Initiating transmission – The process of actually sending a command, message, or data file. 
Transmission can either be initiated by the computer, or by a system user. 
 
Input – (1) Information entered into a system for processing. (2) The process of entering information. 
(3)Pertaining to the devices that enter information. 
 
Input/output – (1) Pertaining to either input or output, or both. (2) A general term for the equipment used 
to communicate with a computer, commonly called I/O. (3) The data involved in such communication. 
(4) The media carrying the data for input/output. 
 
Instrument cabinets and racks – Enclosures that hold modules, components, and parts. They typically 
have access doors or removable panels for access to their contents. 
 
Integral display – A display that depicts the integration of information in such a way that the individual 
parameters used to generate the display are not explicitly represented in it. 
 
Interface – (1) The point at which a user and the system interact. (2) A shared boundary, e.g., a hardware 
component to link two devices or a portion of storage or registers accessed by two or more computer 
programs. 
 
Interface management – Actions performed by the operator to control the human-system interface rather 
than the plant, including finding and retrieving displays and adjusting display windows. Operators 
typically navigate through displays and retrieve needed controls and displays. 
 
Intermittent Noise - A noise whose level suddenly drops to the level of the background noise several 
times during the period of observation, the time during which the level remains at a constant value, 
different from that of the ambient being of the order of magnitude of one second or more. 
 
Label – Descriptor that is distinguishable from, and helps to identify, displayed screen structures or 
components. 
 
Level Equivalent or Leq - Equivalent  sound level  or time-average sound level in dB.  The level of 
steady sound which, in a stated time period and at a stated location, has the same A-weighted sound in dB 
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energy as the time-varying sound. 
 
Level of abstraction – A hierarchy consisting of levels increasing in abstraction 
• Physical form – the appearance and spatial location of the components 
• Physical function – the characteristics of the components and their interconnections 
• Generalized function – the basic functions a system was designed to achieve 
• Abstract function – the causal structure of the process in terms of mass, energy, information or value 
flows 
• Functional purpose – the purpose for which the system was designed; the functional characteristics of 

the plant as opposed to physical characteristics. 
 
Local control station (LCS) – An operator interface related to 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 
normal, abnormal, or emergency operations. 
 
Logical flow packaging – A method for organizing equipment into modules in which circuits, parts, and 
components are packaged and arranged in correspondence with their functional relationships. 
 
Loss-of-activation error – An intended action is not carried out due to a failure of memory (i.e., the 
intention has partially or completely decayed from memory). A special case of loss-of-activation errors 
involves forgetting part of an intended act while remembering the rest (e.g., retrieving a display while not 
being able to remember why it is needed). 
 
Location – A position or site occupied or available for occupancy. 
 
Maintainability – The design of equipment to support effective, efficient maintenance activities. 
 
Maintenance – A process with the objective of preserving the reliability and safety of plant structures, 
systems, and components or restoring that reliability when it is degraded. 
 
Masking Noise - A background noise or signal with dynamic range in frequency and level sufficient to 
obscure another noise or signal from aural awareness 
 
Menu – A type of dialogue in which a user selects one item out of a list of displayed alternatives. 
Selection may be made by actions such as pointing and clicking and by depressing an adjacent function 
key. 
 
Message – (1) Alarm information displayed in text. (2) Data that are transmitted from another user or 
from the system. 
 
Message area – A specialized function area for communication from another user or from the system. 
 
Mistake – An error in intention formation, such as forming one that is not appropriate to the situation. 
Mistakes are related to incorrectly assessing the situation or inadequately planning a response 
 
Mobility Aid - A device (such as a handle) or a surface (padding which facilitates translation in a 
microgravity environment. 
 
Mode – A state of operation in which the system operates in specific, unique ways or has specific, unique 
characteristics. 
 
Modularization – The separation of equipment into physically and functionally distinct units that can be 
easily removed and replaced. 
 
Module – An assemblage of two or more interconnected parts or components that comprise a single 
physical entry, such as a printed circuit board, with a specific, singular function. 
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Monitor – The physical device housing the electronics, display, and display controls for an interactive 
computer system (See also video display unit). 
 
Mounting – The positioning and attachment of parts, components, and modules. 
 
Narrow Band Noise - A simple or complex tone having intense and steady state frequency components, 
relative to wideband noise components, in a very narrow band (1, of the octave band or 5Hz, whichever is 
less) and is heard as a musical sound either harmonic or discordant. 
 
Noise Canceling - A technique to delete, neutralize, or counteract any unwanted electrical signal within a 
communication system that interferes with the sound or image being communicated. 
 
Noise Shields - The physical coverings or shells used to protect or screen any unwanted electrical signal 
within a communication system that interferes with the sound or image being communicated. 
 
Non-adaptive Response - Pathological response to a new environment which presents conditions beyond 
an organisms ability to adapt. 
 
Nuisance alarm processing – A class of alarm display processing which includes techniques that 
essentially eliminate alarm messages having no operational significance to current plant conditions. For 
example, mode dependent processing eliminates alarms that are irrelevant to the current mode of the plant, 
e.g., a low temperature or pressure signal that is an alarm condition in normal operation mode but is 
expected and normal during startup or cold shutdown. 
 
Numeric – Pertaining to numerals or to representation by means of numerals. 
 
Object display – A type of integral display that uses a geometric object to represent parameter values 
graphically, but where the individual information dimensions or data contributing to the object are not 
displayed. 
 
Objects – Distinct information whose representation can be displayed and/or manipulated as a single 
entity. Objects are normally represented by graphic icons and/or names. 
 
Octave Band - The band of frequencies where the highest frequency is twice that of the lowest 
frequency. 
 
One-Third Octave Band - The band of frequencies In which the ratio of the extreme frequencies is equal 
to the cubic root of 2:  i.e. fn/fe  1.260, where fn and fe are the highest and lowest cutoff frequencies of 
the band. 
 
Operation – (1) A defined action, namely, the act of obtaining a result from one or more operands in 
accordance with a rule that completely specifies the result for any permissible combination of operands. 
(2) The set of such acts specified by such a rule, or the rule by itself. 
 
Output – The data that are the product of an information handling operation or series of operations; the 
data emitted from a storage device; the data being transferred from primary storage (central processing 
unit) to secondary storage (tape, floppy disk); electrical pulses; reports produced by a printer or typewriter 
unit; a general term for output media, such as cards and tape. Contrasts with Input. 
 
Overall SPL - Overall SPL (Sound Pressure Level) is interpreted as including all noise within the 
frequency range from 22.4 to 11,200 Hz. 
 
Packaging – The grouping of functions, components, and parts into units or modules. 
 
Page – (1) The data appearing at one time on a single display screen. (2) A fixed-length block of data, 
especially that which fits into a printed record or screen. (3) To summon a particular page or the next 
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logical page. 
 
Paging – A method of viewing and moving through data in which a user conceives data as being grouped 
into display-sized pages and moves through it by discrete steps. Also, to summon by calling out by name. 
 
Panel – The front face of an assembly, normally used for mounting controls and displays. 
 
Parameter – (1) A power-conversion process variable or quantity that can assume any of a given set of 
physically feasible values. Plant parameters are typically measures of the performance of systems and 
processes of the plant, e.g., the parameter 'T-hot' is a measure of the temperature of reactor coolant that 
has passed through the reactor core. (2) A variable that is measured. 
 
Part – An object that cannot normally be broken down further without destroying its designated use. 
Fuses, transistors, resistors, and capacitors are examples 
 
Pattern Coding - A perceptual indicator used to differentiate areas of interest to the observer, or reduce 
operator search time 
 
Peak-clipping – A technique for controlling amplitude relationships in speech by limiting the 
instantaneous peak-amplitudes to improve its intelligibility, usually followed by amplification of the 
signal to increase the amplitude of the clipped peaks to their original level, with a proportional increase of 
the weaker speech sounds. 
 
Peak Pressure Level - Peak sound pressure for any specified time interval is the maximum absolute 
value of the instantaneous sound pressure in that interval 
 
Perception - The awareness of the elements of environment through physical sensation such as 
perceiving a mild shock 
 
Performance-based test – Tests that involve the measurement of behavior of personnel, the 
humansystem interface, or aspects of the plant to address design issues and design acceptability. 
 
Personal safety – Relates to the prevention of individual accidents and injuries of the type regulated by 
the Occupational Safety and Health Administration. 
 
Plant – The operating unit of a nuclear power station including the nuclear steam-supply system, the 
turbine, electrical generator, and all associated systems and components. In the case of a multi-unit plant, 
the term plant refers to all systems and processes associated with the unit's ability to produce electrical 
power, even though some systems or portions of systems may be shared with the other units. 
 
Plant variable – A variable that represents the status of a plant system or process. For example, the 
variable reactor coolant system pressure represents the pressure inside the piping of the reactor coolant 
system. (See variable.) 
 
Position – In a string, each location that may be occupied by a character or binary digit, and may be 
identified by a serial number. 
 
Pre-emphasis – Systematic distortion of the speech spectrum to improve intelligibility of the sound by 
attenuating the low-frequency components of vowels (relatively unimportant for intelligibility) and 
proportionately increasing the amplitude of high-frequency vowel components and consonants (highly 
important for intelligible speech transmission). 
 
Preparing messages – Includes specification of contents, format, and header information. 
 
Primary tasks – Those tasks performed by the operator to supervise the plant; i.e., monitoring, detection, 
situation assessment, response planning, and response implementation. 
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Prioritization – A class of alarm-display processing that presents alarm messages to the operator 
according to an evaluation of importance, often using 2 to 4 categories of priority. The intent of this 
approach is to help the operators focus attention on the most important alarm conditions when there are 
multiple alarm conditions. 
 
Prioritization – A class of alarm-display processing that presents alarm messages to the operator 
according to an evaluation of importance, often using 2 to 4 categories of priority. The intent of this 
approach is to help the operators focus attention on the most important alarm conditions when there are 
multiple alarm conditions. 
 
Processing – The execution of a systematic sequence of operations. 
 
Prompt - A message or other signal displayed on a computer generated display advising the operator that 
he or she is expected to provide some specific response. 
 
Prompting – The process or act of assisting by suggestion. 
 
Random Noise - A sound whose instantaneous amplitudes occur, as a function of time, according to a 
normal (Gaussian) distribution curve.  Random noise need not have a uniform frequency spectrum. 
 
Reaction Time - The time between the presentation of a stimulus and the beginning of a response to that 
stimulus. 
 
Redundant alarm processing – A class of alarm-display processing which includes techniques that 
evaluate active alarm conditions to identify those that are true/valid but are redundant with other active 
alarm conditions. This processing filters, suppresses, or reduces the priority of alarm messages that have 
been determined to be of less importance because they provide information that is redundant with other 
existing alarm conditions and theoretically provide no new/unique information to the operator. For 
example, in causal-relationship processing, alarm messages associated with "causes" are displayed 
prominently, while alarm messages associated with "consequences" are eliminated or lowered in priority. 
 
Reflash – A method of alarm presentation that can be implemented any time an alarm condition is based 
on input from more than one plant parameter. Reflash causes an alarm display to re-enter the new alarm 
state when an associated plant parameter reaches its setpoint. The alarm display cannot return to normal 
until all related parameters return to their normal ranges. 
 
Reflectance – The ratio of reflected light to incident light. 
 
Rejection level – The minimum level of certainty (represented by a number) required by a speech 
recognition system for a spoken command to be executed. 
 
Remote – Acting on or controlling indirectly from a distance. 
 
Request – A user input specifying the operation(s) to be performed. 
 
Response time – The time between the submission of an item of work to a computing system and the 
return of results. 
 
Reasonable accommodation - any modification or adjustment to a job or the work environment that will 
enable a qualified person with a disability to participate in the application process and to perform 
essential job functions.  
 
Retrace – A capability that returns a user to the last previous display in a defined transaction sequence 
(also called "backup"). 
 
Reverberation Time - Time required for the average sound energy density in an enclosure to decrease to 
-60 d B of the initial value after the source has stopped. 
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Ringback – An alarm display feature that provides a distinct cue such as a slow flash or audible tone to 
indicate that an alarm condition has cleared, i.e., the monitored parameter(s) has returned to its normal 
range. 
 
Safety function – Safety functions are those functions that serve to ensure higher-level objectives and are 
often defined in terms of a boundary or entity that is important to plant integrity and the prevention of the 
release of radioactive materials. A typical safety function is "reactivity control." A high-level objective, 
such as preventing the release of radioactive material to the environment, is one that designers strive to 
achieve through the design of the plant and that plant operators strive to achieve through proper operation 
of the plant. The function is often described without reference to specific plant systems and components 
or the level of human and machine intervention that is needed to carry out this action. Functions are often 
accomplished through some combination of lower-level functions, such as "reactor trip." The process of 
manipulating lower-level functions to satisfy a higher-level function is defined here as a control function. 
During function allocation the control function is assigned to human and machine elements. 
 
Safety goal – A high-level objective such as, "Preventing the release of radioactive material to the 
environment" which designers strive to achieve through the design of the plant, and which plant operators 
strive to achieve through its safe operation. 
Safety-related – A term applied to those plant structures, systems, and components (SSCs) that prevent 
or mitigate the consequences of postulated accidents that could cause undue risk to the health and safety 
of the public (see Appendix B to Part 50 of Title 10 of the U.S. Code of Federal Regulations). These are 
the SSCs on which the design-basis analyses of the safety analysis report are performed. They also must 
be part of a full quality assurance program in accordance with Appendix B of that document. 
 
Segment - A body segment is the largest dimensional mass which when moved will maintain a constant 
geometry. 
 
Selection display – Any display from which the operator may make a selection, such as choosing a plant 
variable, plant component, or a command. Two formats commonly used for selecting plant components 
and variables are the menu and mimic. 
 
Separable display – Each process parameter is presented individually and no relationships between the 
parameters are shown by the representation itself. The key aspect of separable displays is not the 
individual parameters are presented, but that no interaction or relationship between them is perceived. 
 
Sequence – An arrangement of items according to a specified set of rules. 
 
Sequence control – Logic and means by which user's actions and computer responses are linked to 
become coherent transactions. 
 
Setpoint – The value of a monitored parameter that defines the boundary between the parameter's normal 
range and an alarm condition. An alarm condition exists when the parameter exceeds the normal range 
that is defined by the upper and/or lower limit setpoints. Graded alarms may have multiple setpoints 
outside the normal range that produce alarms that indicate increasing levels of severity of the abnormal 
condition, such as Low Level, or Low-Low Level. 
 
Shared alarm – An alarm condition that is defined by the activation of one or more of a set of different 
process deviations. An example of a shared alarm is a "reactor coolant system trouble" message, which 
may be displayed when any one of the reactor coolant pumps malfunctions. An individual alarm message 
associated with the particular malfunctioning reactor coolant pump may also be displayed in addition to 
the former message. 
 
Should – The word 'should' is used to denote a recommendation; see also 'may'. 
 
Signal-To-Noise Ratio - The ratio of the amplitude of the signal transmitted through an instrumentation 
system to the amplitude of the noise generated within the system. 
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Signal validation – A set of alarm processing techniques by which signals from redundant or 
functionally related sensors are compared and analyzed to determine whether a true alarm condition exists. 
The purpose of these techniques is to prevent false alarms being presented to the operator due to 
malfunctioning plant instrumentation, such as a failed sensor. 
 
Significance processing – A class of alarm display processing which includes techniques that evaluate 
active alarm conditions to identify those that are true/valid but are of less operational significance than 
other active alarm conditions. This processing filters, suppresses, or reduces the priority of alarm 
messages that have been determined to be of less importance. For example, in an anticipated transient 
without scram event, alarms associated with minor disturbances on the secondary side of the plant are 
eliminated or lowered in priority. 
 
Situation awareness – The relationship between the operator's understanding of the plant's condition and 
its actual condition at any given time. 
 
Slip – An error in carrying out an intention. Slips result from "automatic" human behavior, when 
schemas, in the form of subconscious actions that are intended to accomplish the intention, get waylaid en 
route to execution. Thus, while one action is intended, another is accomplished. An expert's highly 
practiced behavior leads to the lack of focused attention that increases the likelihood of some forms of 
slips. 
 
Soft control – A control device that has connections with the control or display system mediated by 
software rather than direct physical connections. As a result, the functions of a soft control may be 
variable and context-dependent rather than statically defined. Also, the location of a soft control may be 
virtual (e.g., within the display system structure) rather than spatially dedicated. Soft controls include 
devices activated from display devices (e.g., buttons and sliders on touch screens), multi-function control 
devices (e.g., knobs, buttons, keyboard keys, and switches that perform different functions depending 
upon the current condition of the plant, the control system, or the human-system interface), and devices 
activated via voice input. 
 
Sonic - 1.  Relating to the speed of sound in air (about 761 miles per hour or 1224 kilometers per hour) 
at sea level at 59°F (15°C).  2.  Sound at frequencies with the human ear's audibility limit (between 20 
Hz and 20KHz). 
 
Spatially dedicated, continuously visible (SDCV) alarm display – An alarm display that is in a 
spatially dedicated position and is always visible whether in an alarmed or cleared state. Conventional 
alarm tiles are an example of an SDCV alarm display. 
 
Speech display – Speech messages (either computer-generated or a recorded human voice) presented 
through audio devices, such as speakers and headsets. 
 
Speech Interference Level - The background or sound noise level in dB at frequencies between 150 and 
7500 Hz that will result in the loss of intelligibility conversation. 
 
Speech interference level - A measure of the effectiveness of noise in masking speech. It is the 
arithmetic mean of the same pressure levels of interfering noise in the four octave bands centered on the 
frequencies 500, 1000, 2000, and 4000 Hz, respectively. The unit of speech  
interference is the decibel (dB).  
 
Speech recognition – Permits a user to provide spoken input that a computer interprets as data or 
commands. 
 
Squeeze - Condition arising when gas pocket is compressed to a smaller size than its normal residual 
volume. 
 
Status information – Information pertaining to the state of the system or components (e.g., on/off, 
open/closed, automatic/manual) that is displayed either automatically or by user's request. 
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Status setpoints – Criterion values used in display systems to indicate a change in status of a variable, 
such as to indicate the approach to an unsafe operating condition. 
 
Subsystem – A collection of modules that perform a particular function. 
 
Suppression – A class of alarm display processing by which alarms determined by processing techniques 
to be less important, irrelevant, or otherwise unnecessary are not presented to the operators, but can be 
accessed by operators upon request. This approach is intended to help the operators focus attention on the 
most important alarm conditions when multiple alarm conditions exist. 
 
Symbol – A representation of something by reason of relationship, association, or convention. 
 
System – An integrated collection of plant components and control elements that operate together, and 
possibly in conjunction with other systems, to perform a function. 
 
System response time – The elapsed time between the initiation of a command and the notification to the 
user that the command has been completed. 
 
System response – The manner in which the computer system behaves after receiving inputs from the 
user. 
 
Task – A series of transactions that comprises part of a user's defined job. A group of activities that have 
a common purpose, often occurring in temporal proximity, and that utilize the same displays and controls. 
 
Terminal – An input/output device used to enter and display data. Data are usually entered via a 
keyboard, and are usually displayed via a video screen (soft copy) or a printer (hard copy). A device, 
usually equipped with a keyboard and some kind of display, which can send and receive information over 
a communication channel. 
 
Terminology – The technical or special terms of expressions used; nomenclature. 
 
Test equipment – Diagnostic tools used to assess the status of equipment and locate faults that may be 
present. 
 
Test points – Equipment locations used for conducting tests to determine the operational status of 
equipment and for isolating malfunctions. Test equipment may be connected at these points. 
 
Tile – A type of spatially dedicated, continuously visible alarm-display that changes state (i.e., brightness, 
color, and/or flash rate) to indicate the presence or absence of an alarm condition, and includes text to 
identify the nature of the alarm state. 
 
Tiling – A means of manipulating windows by which multiple windows on the same display abut, but do 
not overlap. As the number of windows increases in the tiled window environment, the size of each 
window decreases. 
 
Transaction – An action by a user followed by a response from the computer. Transaction is used here to 
represent the smallest functional unit of user-system interaction. 
 
Translation - To move from one place to another by use of reaction power 
 
Transilluminated display – A display having light passed through, rather than reflected off, an element 
to be viewed, e.g., illumination used on traditional annunciator tile panels or indicators using edge or back 
lighting techniques on clear, translucent, fluorescent, or sandwich-type plastic materials (in contrast to 
video display units). 
 
Turnaround time – (1) The elapsed time between submission of a job to a computing center and the 
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return of results. (2) In communications, the actual time required to reverse the direction of transmission 
from send to receive when using a half-duplex circuit. 
 
Ultrasonic - Sound at frequencies above the human ear's audibility limit of about 20,000 hertz -- used of 
waves and vibrations 
 
Unacknowledged alarm – An alarm that has not been acknowledged and displays attention-directing 
characteristics, such as rapid flashing. 
 
Unit of equipment – An assemblage of items that may include modules, components, and parts that are 
packaged together into a single hardware package. 
 
User response time – The speed with which a user can enter commands and control a system regardless 
of the computer's ability to quickly process the commands. 
 
User-system interaction – The set of methods provided in a computer system through which personnel 
and the computer communicate with each other. 
 
Value – Specified data for a particular parameter or variable. 
 
Variable – A quantity that can assume any of the given set of values. 
 
Verification – The process by which the human-system interface design is evaluated to determine 
whether it acceptably satisfies personnel task needs and human factors engineering design guidance. 
 
Vestibular System - Located in the inner ear, the vestibular system is responsible for the sense of balance 
(and relative position of the body with respect to the environment). The vestibular system senses 
acceleration and direction of gravity 
 
VDU – A video display unit. 
 
Vigilance – The degree to which an operator is alert. 
 
Warning - A signal that indicates the existence of a hazardous condition requiring immediate action to 
prevent loss of life, equipment damage, or a service interruption.  
 
Warning signal – A signal that alerts the operator to a condition requiring immediate action (see caution 
signal). 
 
Word – A character string or a bit string considered as an entity. 
 
Workstation – The physical console at which a user works. 
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1 SOUND FORMATS 
1.1 Audio Displays 
1.1.1 General 
 
Audio signals should be provided, as necessary, to warn personnel of impending danger, alert a user to a 
critical change in system or equipment status, and to remind a user of critical actions that must be taken.  
[Source: MIL-STD-1472F, 5.3.2.1] 
source FAA 8.16.1.1.1 General. 
 
 
Auditory signals shall not result in user or operator confusion, errors, or inefficiencies in response.  
[Source: Ameritech Services Inc., 1996 - 3.3.2.1] 
source FAA 8.16.1.1.8 Auditory signals. 
 
 
1.1.1.1 When to Use 
 
A single audio signal should be used in conjunction with multiple visual displays only if immediate 
identification of the appropriate visual display is not critical to personnel safety or system performance.  
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.2.3 Single audio signal 
 
 
An audio signal should be provided when any of the following conditions apply.  
 a. The information to be processed is short, simple, transitory, and requires immediate or time-based 

response. 
 b. The use of a visual display might be inappropriate because of overburdening of the visual modality, 

ambient light variability or limitation, user mobility, degradation of vision by vibration, other 
environmental considerations, or anticipated user inattention. 

 c. The criticality of a response to a visual signal makes supplementary or redundant alerting desirable. 
 d. It is desirable to warn, alert, or cue the user for subsequent or additional responses. 
 e. Custom or usage has created anticipation of an audio display. 
 f. Voice communication is necessary or desirable. 
[Source: MIL-STD-1472F, 5.3.1.1] 
source FAA 8.16.1.1.2 When to use. 
 
 
Auditory signals shall only be used when such signals contribute to understanding of and appropriate 
responses to the operational and task environment. 
[Source: Ameritech Services Inc., 1996 - 3.3.2.1] 
source FAA 8.16.1.1.7 Use of auditory signals. 
 
 
A single audio signal should be used in conjunction with multiple visual displays only if immediate 
identification of the appropriate visual display is not critical to personnel safety or system performance.  
[Source: MILSTD-1472F, 5.3.1.5] 
source FAA 8.16.1.3.3 Single audio signal. 
 
 
If immediate discrimination is not critical to personnel safety or system performance, one audio signal 
may be used in conjunction with several visual displays. 
source MIL-STD-1472F 5.3.1.5 Use with several visual displays. 
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1.1.1.2 Signal Type 
 
When an audio signal is used, the particular type of signal (tone, complex sound, or speech) should be the 
best for the intended use as indicated in Exhibit 8.16.1.1.5. 
[Source: MIL-STD-1472F, 5.3.1.2] 

 
source FAA 8.16.1.1.5 Signal type. 
 
 
When an audio presentation is required, the optimum type of signal should be presented in accordance 
with Table V. Audio signals should not interfere with other sound sources, including verbal 
communication. Auditory presentation is preferred over visual presentation: (1) for signals of acoustic 
origin; (2) for warning signals to call attention to imminent or potential danger; (3) for situations when 
many displays are visually presented, e.g., piloting an airplane; (4) for presenting information 
independently of head orientation; (5) for situations when darkness limits vision or makes seeing 
impossible; (6) for conditions of anoxia or high positive g forces; and (7) when signals must be 
distinguished from noise, especially periodic signals in noise. 
source MIL-STD-1472F 5.3.1.2 Signal type. 
 



3 

1.1.1.3 Signal Meaning 
 
The meaning of audio warning signals selected for a particular function in a system should be consistent 
with warning signal meanings already established for that function. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.4.1 Consistent signals 
 
 
Standard signals shall not be used to convey new meanings. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.4.2 New meanings for standard signals 
 
 
Established signals should be used provided they are compatible with the acoustic environment and voice 
communication systems. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.4.3 Established signals 
 
 
The meaning of audio warning signals selected for a particular function in a system should be consistent 
with warning signal meanings already established for that function. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.4.4 Consistent meanings 
 
 
Each audio signal shall have only one meaning. The ear acts as an effective detector of periodic signals in 
noise. Even when it is considerably weaker than the background noise, if the signal is a sinusoid (pure 
tone) or a combination of sinusoids (complex tone), the ear can detect it. The ear also efficiently detects 
periodic modulation in the very low frequency range and responds to variations in intensity or frequency. 
source MIL-STD-1472F 5.3.1.3 Signal meaning. 
 
 
1.1.1.4 Apparent Urgency 
 
The attention gaining characteristics of the signals in a set (e.g.,rapidity of pulse pattern, frequency, 
intensity) should match the relative priority of the signal. 
source MIL-STD-1472F 5.3.1.4 Apparent urgency. 
 
 
1.1.1.5 Speech Supplements 
 
When speech supplements are used, the length of the initialalerting and the actual message shall not 
interfere with other auditory inputs including interpersonalvoice communication unless the message is 
critical. 
source MIL-STD-1472F 5.3.1.6 Speech supplements. 
 
 
1.1.1.6 Silent Operations at Night 
 
In equipment designed for silent operation at night, the soundlevel at the ear under an earphone should be 
not greater than 60 dBA. 
source MIL-STD-1472F 5.3.1.7 Silent operations at night. 
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1.1.1.7 Use with Several Visual Displays 
 
Auditory alerts, as well as caution and warning sounds, should accompany visual displays. 
Additional Information: The audio signal should be used to alert and direct attention to the appropriate 
visual display.5908 
source NUREG0700 REV-2 1.3.11-6 Association with Visual Warnings 
 
 
One audio signal may be used in conjunction with several visual displays, provided that immediate 
discrimination is not critical to personnel safety or system performance.5908 
source NUREG0700 REV-2 1.3.11-9 Use with Several Visual Displays 
 
 
All nonverbal audio signals shall be accompanied by a visual signal that defines the condition.  
[Source: MIL-STD-1472F, 5.3.4.3.1] 
source FAA 8.16.1.1.3 Redundant visual warning. 
 
 
When used in conjunction with a visual display, an audio signal shall be supplementary or supportive, 
alerting and directing the user's attention to the appropriate visual display. 
[Source: MIL-STD-1472F] 
source FAA 8.16.1.1.4 Relation to visual displays. 
 
 
1.1.1.8 Startle 
 
Signals should not be so startling that they preclude appropriate responses or interfere with other 
functions by diverting attention away from other critical signals. 
[Source: MIL-STD-1472F, 5.3.4.2.1] 
source FAA 8.16.1.1.13 Startle. 
 
 
1.1.2 Audio Warning 
1.1.2.1 Warning Signals 
 
Signals should be provided to warn personnel of impending danger, to alert an operator to a critical 
change in system or equipment status, and to remind an operator of a critical action or actions that must 
be taken. An alerting/warning signal shall provide the operator with a greater probability of detecting the 
triggering condition than normal observation would provide in the absence of the signal. NOTE: Certain 
audio signals have been standardized for aircraft use by joint service and international agreement. Audio 
signals for future aircraft design should conform to these agreements. 
source MIL-STD-1472F 5.3.2.1 Warning signals. 
 
 
1.1.2.2 Nature of Signals 
 
Audio warning signals should normally consist of two sequential elements: an alerting signal and an 
identifying or action signal. 
source MIL-STD-1472F 5.3.2.2 Nature of signals. 
 
 
1.1.2.2.1 Two Element Signals 
 
When reaction time is critical and a two element signal is necessary, an alerting signal of 0.5 second 
duration shall be provided. All essential information shall be transmitted in the first 2.0 seconds of the 
identifying or action signal. 
source MIL-STD-1472F 5.3.2.2.1 Two element signals. 
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1.1.2.2.2 Single Element Signal 
 
When reaction time is critical, signals shall be short. If a single element signal is permissible, all essential 
information shall be transmitted in the first 0.5 second. 
source MIL-STD-1472F 5.3.2.2.2 Single element signal. 
 
 
1.1.2.3 Caution Signals 
 
Caution signals shall be readily distinguishable from warning signals and shall be used to indicate 
conditions requiring awareness, but not necessarily immediate action. 
source MIL-STD-1472F 5.3.2.3 Caution signals. 
 
 
1.1.3 Number of signals 
 
If the audio signal varies on one dimension only (such as frequency), the number of signals to be 
identified should not exceed four.5908 
source NUREG0700 REV-2 1.3.11-8 Total Number of Simple Signals 
 
 
When absolute identification is required, the number of signals to be identified should not exceed four.  
[Source: MIL-STD-1472F, 5.3.4.3.1]  
Discussion: Research shows that between 4 to 7 alarms can be acquired reasonably quickly, performance 
decreases dramatically for additional alarms. The meanings associated with up to nine alarms can be 
retained if the alarms are presented regularly. 
[Source: Patterson, 1982; Stanton & Edworthy, 1994] 
source FAA 8.16.1.3.1 Number of audio signals for absolute identification. 
 
 
When relative discrimination is required, the number of alarm signals should not exceed 12.  
[Source: Stanton & Edworthy, 1994] 
source FAA 7.2.2.2 Number of audio signals for relative identification 
 
 
1.1.4 Differentiating Signals 
1.1.4.1 General 
 
 
Auditory signals that require different user responses should be easily distinguishable from one another.  
[Source: MIL-STD-1472F, 5.3.4.3.2]  
Example: Varying frequency, modulation, or both can differentiate signals. One purpose of differentiating 
the 
signals is to minimize the user's search of visual displays. 
[Source: MIL-STD-1472F, 5.3.4.3.2] 
source FAA 8.16.1.4.1 Differentiating signals 
 
 
1.1.4.2 Differentiation from Routine Signals 
 
Audio alarms intended to attract the user's attention to a malfunction or failure shall be different from 
routine signals such as bells, buzzers, random noises generated by air conditioning and other equipment 
and normal operation noises. 
[Source: MIL-STD-1472F] 
source FAA 7.2.3.2 Differentiation from routine signals 
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1.1.4.3 Multiple Audio Signals 
 
When several different audio signals will be used to alert a user to different conditions, the signals shall 
be distinctive in intensity, pitch, or use of beats and harmonics. 
[Source: MIL-STD-1472F, 5.3.4.3.1] 
source FAA 8.16.1.4.3 Multiple audio signals. 
 
 
1.1.4.4 Unsuitable Auditory Signals 
 
Auditory signals should not be used if they resemble sounds that can occur in the actual operational 
setting.  
[Source: National Air Traffic Services, 1999 - 1.11.18.1.6] 
Example: Sounds that are similar to navigational signals or radio transmissions and hisses or humming 
sounds 
similar to electrical interference would not be good candidates for audio signals. 
source FAA 8.16.1.4.4 Unsuitable auditory signals. 
 
 
1.1.4.5 Noninterference 
 
 
Audio warning signals shall not interfere with any other critical functions or warning signals or mask any 
other critical audio signals. 
[Source: MIL-STD-1472F, 5.3.4.5.1] 
source FAA 8.16.1.4.5 Noninterference. 
 
 
1.1.5 Established Signals 
 
The meaning of audio warning signals selected for a particular function in a system should be consistent 
with warning signal meanings already established for that function. 
[Source: MIL-STD-1472F, 5.3.4.4.1] 
source FAA 8.16.1.5.1 Consistent signals. 
 
 
Standard signals shall not be used to convey new meanings. 
[Source: MIL-STD-1472F, 5.3.4.4.2] 
source FAA 8.16.1.5.2 New meanings for standard signals. 
 
 
Established signals should be used provided they are compatible with the acoustic environment and voice 
communication systems. 
[Source: MIL-STD-1472F, 5.3.4.4.2] 
source FAA 8.16.1.5.3 Established signals. 
 
 
1.1.6 Periodicity 
1.1.6.1 Intermittence 
 
Auditory signals should be intermittent rather than continuous. 
[Source: MIL-HDBK-761A, 5.3.1.6.2.d]  
Discussion: Continuous tones are the most easily confused signals, even if they vary considerably in pitch. 
Furthermore, the human auditory system quickly adapts to continuous auditory stimulation. 
[Source Merideth & Edworthy, 1994] 
source FAA 8.16.1.7.1 Intermittence. 
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1.1.6.2 Nature of Signals 
 
Audio warning signals should consist of two elements, an alerting signal and an identifying or action 
signal. [Source: MIL-STD-1472F, 5.3.2.2] 
source FAA 8.16.1.7.2 Nature of signals. 
 
 
1.1.7 Duration 
1.1.7.1 Two-Element Signals 
 
When reaction time is critical and a two-element signal is used, an alerting signal of 0.5 seconds duration 
shall be provided followed by an identifying or action signal with all essential information being 
transmitted in the first 2 seconds of the identifying or action signal. 
[Source: MIL-STD-1472F, 5.3.2.2.1] 
source FAA 8.16.1.8.1 Two-element signals 
 
 
1.1.7.2 Reaction Time Critical 
 
When reaction time is critical, signals shall be of short duration. 
[Source: MIL-STD-1472F, 5.3.2.2.2] 
source FAA 8.16.1.8.2 Reaction time critical. 
 
 
1.1.7.3 Single-Element Signal 
 
When a single-element signal is used, all essential information shall be transmitted in the first 0.5 seconds  
[Source: MIL-STD-1472F, 5.3.2.2.2] 
source FAA 8.16.1.8.3 Single-element signal. 
 
 
1.1.7.4 Duration 
 
Audio warning signal duration shall be at least 0.5 seconds and may continue until the appropriate 
responseis made. 
[Source: MIL-STD-1472F, 5.3.6.5] 
source FAA 8.16.1.8.4 Duration. 
 
 
1.1.7.5 Duration Limitations 
 
Signals that persist or increase progressively in loudness shall not be used if manual shutoff may interfere  
with the corrective action required. 
[Source: MIL-STD- 1472F, 5.3.6.6] 
source FAA 8.16.1.8.5 Duration limitations. 
 
 
1.1.7.6 Signal Termination 
 
Completion of a corrective action by the user or by other means shall automatically terminate the signal.  
[Source: MIL-STD-1472F, 5.3.6.5] 
source FAA 8.16.1.8.6 Signal termination. 
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1.1.8 Frequency 
1.1.8.1 Frequency Range 
 
The frequency range of a warning signal shall be between 200 and 5,000 Hz, preferably between 500 and 
3,000 Hz. 
[Source: MIL-STD-1472F, 5.3.3.1.1] 
source FAA 8.16.1.9.1 Frequency range. 
 
 
The frequency range shall be between 200 and 5,000 Hz and, if possible, between 500 and 3,000 Hz. 
When signals must travel over 300 m (985 ft), sounds with frequencies below 1,000 Hz should be used. 
Frequencies below 500 Hz should be used when signals must bend around obstacles or pass through 
partitions. The selected frequency band shall differ from the most intense background frequencies and 
shall be in accordance with other criteria in this section. 
source MIL-STD-1472F 5.3.3.1.1 Range. 
 
 
1.1.8.2 Frequency for Long Distances 
 
When a signal must be audible at a distance of 300 m (985 ft) or more, the frequency shall be below 
1,000 Hz. 
[Source: MIL-STD-1472F, 5.3.3.1.1] 
source FAA 8.16.1.9.2 Frequency for long distances. 
 
 
1.1.8.3 Signals around Obstacles 
 
When the signal must be heard around obstacles or through partitions, the frequency shall be below 500 
Hz.  
[Source: MIL-STD-1472F, 5.3.3.1.1] 
source FAA 8.16.1.9.3 Signals around obstacles. 
 
 
1.1.8.4 Frequencies Differing from Background 
 
The selected frequency band shall differ from the most intense background frequencies.  
[Source: MIL-STD-1472F, 5.3.3.1.1] 
source FAA 8.16.1.9.4 Frequencies differing from background. 
 
 
1.1.8.5 Spurious Signals 
 
The frequency of a warning tone shall be different from that of the electric power employed in the system 
to preclude the possibility that a minor equipment failure might generate a spurious signal.  
[Source: MIL-STD-1472F, 5.3.3.1.2] 
source FAA 8.16.1.9.5 Spurious signals. 
 
 
1.1.8.6 Frequencies Difficult to Localize 
 
Mid-frequencies (1500-3000 Hz) should not be used for auditory alarms that require localization.  
[Source: Sanders & McCormick, 1987]. 
source FAA 8.16.1.9.6 Frequencies difficult to localize. 
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1.1.8.7 Electric power frequency avoidance 
 
The frequency of a warning tone shall be different from that of the electric power employed in the 
system. 
source MIL-STD-1472F 5.3.3.1.2 Electric power frequency avoidance. 
 
 
1.1.8.8 Frequency Change Coding 
 
If modulation of the frequency (Hz) of a signal denotes information, center frequencies should be 
between 500 and 1000 Hz.0700 
source NUREG0700 REV-2 1.3.11-26 Frequency Change Coding 
 
 
1.1.9 Intensity(Loudness) 
1.1.9.1 Environmental Compatibility 
 
The intensity, duration, and source location of an auditory signal should be compatible with the acoustic 
environment of the intended receiver as well as with the requirements of other personnel within acoustic 
range of the signal. 
[Source: MIL-HDBK-761A, 1989] 
Discussion: Avoid the use of loud sounds unless the task requires it (e.g., the environment is loud and 
it is critical that the user hear the sounds). 
source FAA 7.2.8.1 Environmental compatibility 
 
 
1.1.9.2 Discomfort 
 
Audio warning signals should not be of such intensity as to caused is comfort or "ringing" in the ears. 
Levels should not exceed 115 dB at the ear of the listener. 
source MIL-STD-1472F 5.3.3.2.3 Discomfort. 
 
 
1.1.9.3 Exceeding Ambient Noise 
 
Auditory signals shall exceed the prevailing ambient noise level by at least 10 dB(A) or any maximum 
sound level with a duration of 30 seconds by at least 5 dB(A), whichever is louder, without exceeding 115 
dB(A)for emergency signals or 90 dB(A) for other signals. 
[Source: MIL-STD-1472F, 5.3.4.1; NUREG-0700, 6.2.2.6] 
source FAA 8.16.1.10.3 Exceeding ambient noise. 
 
 
1.1.9.4 Maximum Intensity 
 
The intensity of evacuation and emergency signals shall not exceed 115 dB(A). The intensity of other 
signals shall not exceed 90 dB(A). 
[Source: MIL-STD-1472F, 5.3.4.1;NUREG-0700, 6.2.2.6] 
source FAA 8.16.1.10.4 Maximum intensity. 
 
 
1.1.9.5 Control of Volume 
 
The user, the sensing mechanism, or both shall control the volume (loudness) of an audio warning signal 
depending upon the operational situation and personnel safety.  
[Source: MIL-STD-1472F, 5.3.6.4.1] 
source FAA 8.16.1.10.5 Control of volume. 
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1.1.9.6 Volume Limits 
 
Volume control movement shall be restricted to prevent reducing the volume to an inaudible level or 
increasing it to an unacceptably high level. 
[Source: MIL-STD- 1472F, 5.3.6.4.1] 
source FAA 8.16.1.10.6 Volume limits. 
 
 
1.1.9.7 Signal Intensity 
 
The intensity of auditory signals should be set to unmistakably alert and get a user's attention. 
Additional Information: A signal should generally yield a 20dB signal-to-noise ratio in at least one octave 
band between 200 and 5000 Hz. This level should apply throughout the main operating area. (A 20dB 
differential may not be necessary for all signals and all environments.) Auditory signal intensity should 
not cause discomfort or 'ringing' in the ears. Auditory signal intensities should not exceed 90 dB(A), 
except for evacuation signals, which may be up to 115 dB(A).0700 
source NUREG0700 REV-2 1.3.11-17 Signal Intensity 
 
 
1.1.9.8 Coding by Intensity 
 
Using the intensity of a sound to convey information is not recommended.0700 
source NUREG0700 REV-2 1.3.11-28 Coding by Intensity 
 
 
Coding of auditory signals by intensity (loudness) should not be used. 
Additional Information: The range of intensities between the level required to ensure audibility and the 
level at which signals become aversive can be relatively narrow; the usefulness of this dimension for 
coding is therefore limited. If such coding must be used, no more than two levels should be defined. The 
signals should differ from each other by a minimum of 6 dB(A). The lower intensity should be about 10 
dB(A) above the ambient noise level, and the maximum signal-to-noise ratio should be 10 dB(A) for most 
applications of sound intensity coding. It is recommended that sound intensity should be limited to a 
maximum of 95 dB(A), but that signal levels of 115 dB(A) may be used if considered absolutely 
necessary to achieve required attention-getting reliability for alarms indicating extreme danger. Whether 
this coding would be effective would depend on the frequency spectrum of the ambient control room 
noise and the frequency of the signal.6105, 0700 
source NUREG0700 REV-2 4.2.6.3-21 Intensity Coding 
 
 
1.1.9.9 Compatibility with Clothing and Equipment 
 
When the audio alarms and signals must be heard and understood through equipment or garments (e.g., 
parka hoods and hearing protective devices covering the ears of a listener), audio signals shall be loud 
enough to compensate for the attenuation characteristics of the garments without exceeding 115 dB(A) 
for emergency signals and 90 dB(A) for other signals.  
[Source: MILSTD-1472F, 5.3.3.2.2 & 5.3.3.2.3] 
source FAA 8.16.1.10.2 Compatibility with clothing and equipment. 
 
 
1.1.9.10 Compatibility with acoustical environment 
 
The intensity, duration and source location of audio alarms and signals shall be compatible with the 
acoustical environment of the intended receiver as well as the requirements of other personnel in the 
signal areas. 
source MIL-STD-1472F 5.3.3.2.1 Compatibility with acoustical environment. 
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1.1.10 Auditory Coding 
1.1.10.1 Use 
 
Auditory signals should be provided to alert the user to situations that require attention, such as an 
incorrect input action or a failure of the HSI to process an input from the user. 
Additional Information: An auditory signal should provide users with a greater probability of detecting 
the triggering condition than their normal observations would provide in the absence of the auditory 
signal.5908 
source NUREG0700 REV-2 1.3.11-1 Appropriate Use of Auditory Signals 
 
 
Systems used to transmit non-verbal auditory signals should be used only for that purpose.0700 
source NUREG0700 REV-2 1.3.11-2 Dedicated Use 
 
 
Auditory coding should be used 

a. to alert users to critical conditions or operations; 
b. to supplement visual signals; 
c. to present information in situations in which visual presentation is not feasible; and 
d. to provide feedback for control actuation, data entry, or the completion of timing cycles and 

sequences. [Source: MIL-HDBK-761A, 5.3.1.6.2.a ] 
source FAA 8.16.2.1 Appropriate use. 
 
 
Auditory coding should not be used when ambient noise prevents effective listening.  
[Source: National Air Traffic Services, 1999 - 1.11.18.1.5] 
source FAA 8.16.2.2 Inappropriate use. 
 
 
1.1.10.2 Localization 
 
Auditory signals should provide localization cues that direct users to those control room workstations 
where attention is required.0700 
source NUREG0700 REV-2 1.3.11-3 Localization 
 
 
1.1.10.3 Selection 
 
Auditory signals should be selected to avoid interference with other auditory sources, including verbal 
communication.0700 
source NUREG0700 REV-2 1.3.11-4 Selection 
 
 
1.1.10.4 Signal Priority Distinction 
 
Advisory or caution signals should be readily distinguishable from warning signals and used to indicate 
conditions requiring awareness, but not necessarily immediate action.5908 
source NUREG0700 REV-2 1.3.11-5  Signal Priority Distinction 
 
 
1.1.10.5 Unique Signal-Event Association 
 
Once a particular auditory signal code is established for a given operating situation, the same signal 
should not be designated for some other display. 
Additional Information: The meaning of each auditory signal should be clear and unambiguous.5908,  
source NUREG0700 REV-2 1.3.11-7 Unique Signal-Event Association 
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1.1.10.6 Confusable Signals 
 
Audio warning signals that might be confused with routine signals or with other sounds in the operating 
environment should not be used. 
Additional Information: Auditory signals intended to alert the user to a malfunction or failure must be 
different from routine signals such as bells, buzzers, and normal operating noises. Examples of such 
signals include trains of impulses that resemble electrical interference, or signals similar to noise 
generated by air conditioning or other equipment. The frequency of a warning tone should be different 
from that of the electric power employed in the system, to preclude the possibility that a minor equipment 
failure may generate a spurious signal.5908, 0700 
source NUREG0700 REV-2 1.3.11-10 Confusable Signals 
 
 
1.1.10.7 Signal Compatible with Environment 
 
The intensity, duration, and source location of the signal should be compatible with the acoustical 
environment of the intended receiver as well as with the requirements of other personnel in the signal 
area. 
Additional Information: Audio signals should not startle listeners, add significantly to overall noise levels, 
or prevent communication among users.5908 
source NUREG0700 REV-2 1.3.11-11 Signal Compatible with Environment 
 
 
1.1.10.8 Turning Off Non-Critical Auditory Signals 
 
Non critical auditory signals should be capable of being turned off at the discretion of the user.  
Additional Information: A simple, consistent means of acknowledging and turning off warning signals 
should be provided.5908 
source NUREG0700 REV-2 1.3.11-12 Turning Off Non-Critical Auditory Signals 
 
 
1.1.10.9 Indicating Who is to Respond 
 
When the signal must indicate which user (of a group of users) is to respond, a simple repetition code 
should be used.5908 
source NUREG0700 REV-2 1.3.11-13 Indicating Who is to Respond 
 
 
1.1.10.10 Direction of Sound 
 
Sound sources (speakers or buzzers) should direct sound toward the center of the main operating area.0700 
source NUREG0700 REV-2 1.3.11-14 Direction of Sound 
 
 
1.1.10.11 Signal Bending Around Obstacles 
 
When an audio signal must bend around major obstacles or pass through partitions, its frequency should 
be less than 500 Hz.5908 
source NUREG0700 REV-2 1.3.11-15 Signal Bending Around Obstacles 
 
 
1.1.10.12 Signal Travel Over 1000 Feet 
 
When an audio signal must travel over 1000 feet, its frequency should be less than 1000 Hz.5908 
source NUREG0700 REV-2 1.3.11-18 Signal Travel Over 1000 Feet 
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1.1.10.13 High or Unknown Noise Environments 
 
When the noise environment is unknown or expected to be difficult to penetrate, audio signals should 
have a shifting frequency that passes through the entire noise spectrum and/or be combined with a visual 
signal.5908 
source NUREG0700 REV-2 1.3.11-19 High or Unknown Noise Environments 
 
1.1.10.14 Reliability 
 
The audio display device and circuit should be designed to preclude warning signal failure in the event of 
system or equipment failure and vice versa. 
Additional Information: Failure of auditory signal circuitry should not adversely affect plant 
equipment.5908, 0700 
source NUREG0700 REV-2 1.3.11-21 Failure of Auditory Signals 
 
 
Auditory alarm systems should be designed so that false alarms are avoided.0700 
source NUREG0700 REV-2 1.3.11-22 False Alarms 
 
 
It should be possible to test the auditory signal system.0700 
source NUREG0700 REV-2 1.3.11-29 Testing 
 
 
In the event of a complete system failure, the system shall integrate messages and report the system 
failure rather than the failure of components. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.3.1 System failure 
 
 
The design of audio display devices and circuits shall preclude false alarms. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.3.2 False alarms 
 
 
The audio display device and circuit shall be designed to preclude warning signal failure in the event of 
system or equipment failure and vice versa. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.3.3 Failure 
 
 
All audio displays shall be equipped with circuit test devices or other means of testing their operation.  
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.3.4 Circuit test 
 
 
Alarm system inputs (such as sensors) should be validated to ensure that spurious alarms are not 
presented to the user. 
[Source: NUREG-0700, 1981] 
source FAA 7.1.3.5 Alarm input validation 
 
 
Alarm systems should have the capability to filter out noise signals to eliminate unnecessary alarms.  
[Source: NUREG-0700, 1981]  
Discussion: Spurious alarms can be generated through signals momentarily exceeding the threshold. Time 
filtering and/or time delay processing can be used to prevent these signals from generating alarms.  
[Source: NUREG-0700, 1981] 
source FAA 7.1.3.6 Noise filtering 
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1.1.10.15 Distinctive Coding 
 
Coding methods should be distinct and unambiguous, and should not conflict with other auditory 
signals.0700 
source NUREG0700 REV-2 1.3.11-23 Distinctive Coding 
 
1.1.10.16 Not Contradictory 
 
Similar auditory signals must not be contradictory in meaning with one another.0700 
source NUREG0700 REV-2 1.3.11-24 Not Contradictory 
 
 
1.1.10.17 Pulse Coding 
 
Auditory signals may be pulse coded by repetition rate. Repetition rates should be sufficiently separated 
to ensure discrimination.0700 
source NUREG0700 REV-2 1.3.11-25 Pulse Coding 
 
 
1.1.10.18 Discrete Frequency Coding 
 
If discrete-frequency codes are used for audible signal coding, frequencies should be broad band and 
widely spaced within the 200 to 5000 Hz range (preferably between 500 and 3000 Hz). 
Additional Information: The signal frequency of auditory displays should be compatible with the 
midrange of the ear's response curve, i.e., the use of signals with frequencies to which the ear is less 
sensitive should be avoided. No more than 4 separate frequencies should be used.5908, 0700 
source NUREG0700 REV-2 1.3.11-27 Discrete Frequency Coding 
 
 
1.1.11 Signal characteristics in relation to operational conditions and objectives 
1.1.11.1 Audibility 
 
Auditory alert and warning signals should be audible in all parts of the control room. 
Additional Information: The guideline applies to warnings that need to be heard by all members of the 
operating crew. Some signals may be pertinent to a particular functional role and therefore may need to be 
heard only at workstations supporting that function. Where there is a concern that important information 
might be missed if the workstation is temporary not staffed, a general alert can be added if there is no 
response at the workstation for a specified period.0700 
source NUREG0700 REV-2 1.3.11-16 Audibility 
 
 
A signal-to-noise ratio of at least 10 dB shall be provided in at least one octave band between 200 and 
5,000 Hz at the operating position of the intended receiver is usually sufficient. Signal to noise ratios can 
be greater as long as the levels do not exceed 115 dB at the ear of the listener. 
source MIL-STD-1472F 5.3.4.1 Audibility. 
 
 
1.1.11.2 Alerting capability 
 
Signals with high alerting capacities should be provided when the system or equipment imposes a 
requirement on the user for concentration of attention. 
[Source: MIL-STD-1472F, 5.3.4.2.1] 
source FAA 8.16.1.1.12 Attention. 
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Signals with high alerting capacity should be provided when the system or equipment requires the 
operator to concentrate attention. Such signals shall not, however, be so startling as to preclude 
appropriate responses or interfere with other functions by holding attention away from other critical 
signals. To minimize startle reactions, the increase in sound level during any 0.5 sec period should be not 
greater than 30 dB. In addition, the first 0.2 sec of a signal should not be presented at maximum intensity, 
use square topped waveforms, or present abruptly rising waveforms.  
source MIL-STD-1472F 5.3.4.2.1 Attention and avoidance of startle reaction. 
 
 
The onset of critical alerting signals should be sudden, and a relatively high sound pressure level should 
be provided as specified 5.3.4.1. 
source MIL-STD-1472F 5.3.4.2.2 Onset and sound pressure level. 
 
 
When earphones will be worn in the operational situation, a dichotic presentation should be used 
whenever feasible, alternating the signal from one ear to the other by means of a dual-channel headset. 
source MIL-STD-1472F 5.3.4.2.3 Dichotic presentation. 
 
 
1.1.11.3 Discriminability 
1.1.11.3.1 Use of different characteristics 
 
When several different audio signals are to be used to alert an operator to different types of conditions, 
discriminable differences in intensity, pitch, beats and harmonics, or temporal patterns shall be provided. 
If absolute discrimination is required, the number of signals to be identified shall not exceed four. Signal 
intensity shall not be used alone as a means of discriminating between signals. Warnings should differ on 
two or more parameters. 
source MIL-STD-1472F 5.3.4.3.1 Use of different characteristics. 
 
 
1.1.11.3.2 Coding 
 
Where discrimination of warning signals from each other will be critical to personnel safety or system 
performance, audio signals shall be appropriately coded. Alarms that are perceptibly different shall 
correlate with different conditions requiring critically different operator responses (e.g., maintenance, 
emergency conditions, and health hazards). Such signals shall be sufficiently different to minimize the 
operator's search of visual displays. Harmonically related frequencies should not be used to code different 
signals; they may, however, be used within a single signal. 
source MIL-STD-1472F 5.3.4.3.2 Coding. 
 
 
1.1.11.3.3 Critical signals 
 
The first 0.5 second of an audio signal requiring fast reaction shall be discriminable from the first 0.5 
second of any other signal that may occur. Familiar signals with established names or associations shall 
be selected. Speech should be used whenever feasible. 
source MIL-STD-1472F 5.3.4.3.3 Critical signals. 
 
 
1.1.11.3.4 Action segment 
 
The identifying or action segment of an audio warning signal shall specify the precise emergency or 
condition requiring action. 
source MIL-STD-1472F 5.3.4.3.4 Action segment. 
 
 
1.1.13.3.5 Differentiation from routine signals 
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Audio alarms intended to bring the operator's attention to a malfunction or failure shall be differentiated 
from routine signals, such as bells, buzzers, and normal operation noises. 
source MIL-STD-1472F 5.3.4.3.5 Differentiation from routine signals. 
 
 
1.1.11.3.6 Prohibited types of signals 
 
The following types of signals shall not be used as warnings where possible confusion might exist 
because of the operational environment: 

a. Modulated or interrupted tones that resemble navigation signals or coded radio transmissions. 
b. Steady signals that resemble hisses, static, or sporadic radio signals. 
c. Trains of impulses that resemble electrical interference, whether regularly or irregularly spaced in 

time. 
d. Simple warbles that may be confused with the type made by two carriers when one is being shifted in 

frequency (beat-frequency-oscillator effect). 
e. Scrambled speech effects that may be confused with cross modulation signals from adjacent channels. 
f. Signals that resemble random noise, periodic pulses, steady or frequency modulated simple tones, or 

any other signals generated by standard countermeasure devices (e.g., "bagpipes"). 
g. Signals similar to random noise generated by air conditioning or any other equipment. 

source MIL-STD-1472F 5.3.4.3.6 Prohibited types of signals. 
 
 
1.1.11.4 Compatibility 
1.1.11.4.1 Existing signals 
 
The meaning of audio warning signals selected for a system should be consistent with warning signal 
meanings already established for that function. 
source MIL-STD-1472F 5.3.4.4.1 Existing signals. 
 
 
1.1.11.4.2 Acoustic environment 
 
Established signals shall be used, provided they are compatible with the acoustic environment and the 
requirements specified herein for the voice communication system. Standard signals shall not be used to 
convey new meanings. 
source MIL-STD-1472F 5.3.4.4.2 Acoustic environment. 
 
 
1.1.11.5 Masking 
1.1.11.5.1 Other critical channels 
 
Audio warning signals shall not interfere with any other critical functions or warning signals, or mask any 
other critical audio signals. 
source MIL-STD-1472F 5.3.4.5.1 Other critical channels. 
 
 
1.1.11.5.2 Separate channels 
 
Where a warning signal delivered to a headset might mask another essential audio signal, separate 
channels may be provided to direct the warning signal to one ear and the other essential audio signal to 
the other ear. When required by operating conditions, this dichotic presentation may also alternate the two 
signals from ear to ear. 
source MIL-STD-1472F 5.3.4.5.2 Separate channels. 
 
 
1.1.12 3D audio displays 
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1.1.12.1 Use 
 
3D audio displays may be used in an environment with numerous and important spatial cues or where an 
operator is likely to be highly tasked visually (e.g., fighter cockpits) to enhance situation awareness, 
segregate multiple channels, or rapidly redirect the user’s vision. 
source MIL-STD-1472F 5.3.12.1 Use. 
 
1.1.12.2 Presentation format 
 
For most applications, 3D audio displays should present data in a two dimensional format (I.e., discrete 
sound source azimuth and elevation with a constant distance). 
source MIL-STD-1472F 5.3.12.2 Presentation format. 
 
 
1.1.12.3 Angular separation 
 
Angular separation between discrete sounds should be not less than5° in the horizontal plane and not less  
than 10° in the vertical plane. 
source MIL-STD-1472F 5.3.12.3 Angular separation. 
 
 
1.1.12.4 Binaural vs. monaural 
 
3D audio cues should be presented binaurally. 
source MIL-STD-1472F 5.3.12.4 Binaural vs. monaural. 
 
 
1.2 Speech Displays 
1.2.1 General 
1.2.1.1 Use 
 
Voice signals should be used 

a. to supplement visual displays when communication flexibility is necessary,  
b. when coded signal meanings are numerous or may be forgotten,  
c. for presentation of complex directions or instructions,  
d. when ambient noise may mask simple tonal signals,  
e. in conjunction with tonal signals, and  
f. for presentation of continuous information when the rate of change is low.  

[Source: MIL-HDBK-761A, 1989] 
source FAA 7.3.1.1 When to use 
 
 
Speech displays may be used where mobility is necessary or where the user’s eyes are busy. They should 
announce discrete events, not continuous status information. They should not be used if display use 
frequency is high, if simultaneous display of multiple messages is required, if messages are long, if 
messages include information that must be memorized, or if messages include a series of instructions that 
must be remembered. 
source MIL-STD-1472F 5.3.13.1 Use. 
 
 
1.2.1.2 Output rate 
 
All speech displays should provide an output rate between 150 and 180words per minute. 
source MIL-STD-1472F 5.3.13.2 Output rate. 
 
 
1.2.1.3 Digitized speech 
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Digitized speech should be used in preference to synthesized speech. 
source MIL-STD-1472F 5.3.13.3 Digitized speech. 
 
 
1.2.1.4 Message priority control 
 
Where simultaneous messages could occur, they should be prioritized so that the initial presentation of 
the most critical message receives transmission priority and overrides lower priority messages. 
source MIL-STD-1472F 5.3.13.4 Message priority control. 
 
 
1.2.1.5 Instructional display structure 
 
Instructional prompt messages should be structured with the desired goal first, followed by the desired 
action (e.g., “to delete, press enter” rather than “press enter to delete”). Prompts should be repeated 
following a user command or 10 seconds of inactivity. 
source MIL-STD-1472F 5.3.13.5 Instructional display structure. 
 
 
1.2.1.6 Message cancel capability 
 
A manual cancellation capability shall be provided for all speech displays after the initial presentation. 
source MIL-STD-1472F 5.3.13.6 Message cancel capability. 
 
 
1.2.1.7 Repeat capability 
 
User-commanded message repetition should be provided. 
source MIL-STD-1472F 5.3.13.7 Repeat capability. 
 
 
The user should be able to have speech messages repeated.5908 
source NUREG0700 REV-2 1.2.12-2 Message Repeat Capability 
 
 
1.2.2 Intensity 
1.2.2.1 General 
 
Verbal signals for critical functions shall be at least 20 dB above the speech interference level at the 
operating position of the intended receiver but shall not exceed 90 dB(A).  
[Source: NUREG-0700, 1981; MIL-STD-1472F, 1999] 
Definition: Speech interference level is a measure of the effectiveness of noise in masking speech. It is 
the arithmetic mean of the same pressure levels of interfering noise (in dB) in the four octave bands 
centered on the frequencies 500, 1000, 2000, and 4000 Hz, respectively. The unit of speech interference is 
the decibel (dB).  
[Source: NUREG-0700, 1981; MIL-STD-1472F, 1999] 
source FAA 7.3.2.1 Intensity 
 
 
Verbal signals for critical functions shall be at least 20 dB above the speech interference level at the 
operating position of the intended receiver but shall not exceed 90 dB(A).  
[Source: NUREG-0700, 6.2.2.6; MIL-STD-1472F, 5.3.5.2] 
Definition: Speech interference level is a measure of the effectiveness of noise in masking speech. It is 
the arithmetic mean of the same pressure levels of interfering noise (in dB re 20_ Pa) in the four octave 
bands centered on the frequencies 500, 1000, 2000, and 4000 Hz, respectively. The unit of speech 
interference is the decibel (dB).  
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[Source: NUREG-0700, 6.2.2.6; MIL-STD-1472F, 5.3.5.2] 
source FAA 8.16.3.2.1 Intensity. 
 
 
Verbal alarms for critical functions shall be not less than 20 dB above the speech interference level at the 
operating position of the intended receiver. 
source MIL-STD-1472F 5.3.5.2 Intensity. 
 
 
1.2.2.2 Speech intensity 
 
Speech signal intensity should be clearly audible for the expected ambient noise environment. 
Additional Information: For critical messages, speech should be at least 20 dB above the speech 
interference level at the operating position of the intended receiver. Signal to noise ratios should be at 
least 5:1. Audio signal power should be approximately 300 milliwatts at the listener ear. Speech signals 
should fall within the range of 200 to 6100 Hz.5908 
source NUREG0700 REV-2 1.2.12-9 Intensity of Speech Presentation 
 
 
Speech intensity should be appropriate to the expected ambient noise environment, with a signal to noise  
ratio of at least 5:1.  
[Source: MIL-HDBK-761A, 5.3.3.2.b] 
source FAA 8.16.3.2.2 Speech intensity. 
 
 
1.2.3 Word Selection 
1.2.3.1 General 
 
Word selection priority should all be intelligibility, descriptiveness, and conciseness, in that order.  
[Source: MIL-STD-1472F, 1999]  
Discussion: Given the prioritization criteria above, if two word choices are being considered and both are 
concise, intelligible, and appropriate, but one is more intelligible, the one that is the most intelligible of 
the two should be used even if the other word choice is more concise. 
source FAA 7.3.3.2 Word characteristic prioritization 
 
 
Words in a speech message should be concise, intelligible, and appropriate for the information presented. 
Additional Information: Where possible, words that rhyme or may confuse message interpretation should 
not be part of the spoken lexicon, or should not be presented within the same message. Use of slang 
should be avoided. Words with more than one syllable should be used. Alphanumeric data should be 
presented using phonetic alphabets, e.g., 'Whiskey Zebra three two seven' should be used in preference to 
'WZ327' where the 'Z' and '3' are too phonetically similar.5908 
source NUREG0700 REV-2 1.2.12-6 Word Selection 
 
 
1.2.3.2 Word Choice 
 
The words used in verbal signals shall be concise, intelligible, and appropriate to the task and the 
information presented. 
[Source: MIL-HDBK-761A, 5.3.3.1.a] 
source FAA 8.16.3.3.1 Word choice. 
 
 
1.2.3.3 Words to Avoid 
 
To the extent possible, words that rhyme with other words or that sound similar in other ways should be 
avoided if these other words might be used in the same context and, therefore, possibly be confused with 
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the original words. 
[Source: MIL-HDBK-761A, 5.3.3.1.b] 
source FAA 8.16.3.3.2 Words to avoid. 
 
 
1.2.3.4 Formal Words 
 
Formal or correct words should be used; slang, jargon, and colloquial words should be avoided.  
[Source: MIL-HDBK-761A, 5.3.3.1.c] 
source FAA 8.16.3.3.3 Formal words. 
 
 
1.2.3.5 Alphabetic Information 
 
Alphabetic information should be presented using a phonetic alphabet that uses words like alpha, bravo, 
and Charlie rather than the letters A, B, and C.  
[Source: MIL-HDBK-761A, 5.3.3.1.e] 
source FAA 8.16.3.3.4 Alphabetic information. 
 
 
1.2.4 Presentation 
1.2.4.1 Average Talker 
 
Spoken messages should sound like an average talker from the user country without a regional dialect.  
[Source: MIL-HDBK-761A, 5.3.3.2.a] 
source FAA 8.16.3.4.1 Average talker. 
 
 
1.2.4.2 Distinctive Voices 
 
When different categories of voice signals are used, a different, distinctive voice should be used for each 
category of data.  
[Source: MIL-HDBK-761A, 5.3.1.6.2.g]  
Example: One voice might be used for instructional messages and another for warnings. 
[Source: MIL-HDBK-761A, 5.3.1.6.2.g] 
source FAA 8.16.3.4.2 Distinctive voices. 
 
 
1.2.4.3 Content 
 
Spoken messages should be brief, informative, and to the point.  
[Source: MIL-HDBK-761A, 5.3.3.2.d] 
source FAA 8.16.3.4.3 Content. 
 
 
1.2.4.4 Type of Voice 
 
A distinctive and mature voice should be used.5908 
source NUREG0700 REV-2 1.2.12-4 Type of Voice 
 
 
The voice used in recording verbal warning signals should be mature and distinct enough not to be 
confused  
with voice communications including radio and intercom communications.  
[Source: MIL-STD-1472F, 5.3.5.3.1] 
source FAA 8.16.3.4.4 Type of voice. 
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The voice shall be distinctive and mature. 
source MIL-STD-1472F 5.3.5.3.1 Type of voice. 
 
 
1.2.4.5 Delivery Style 
 
Spoken messages should be presented in a formal, impersonal manner.5908 
source NUREG0700 REV-2 1.2.12-5 Delivery Style 
 
 
Voice signals shall be presented in a formal, impersonal manner.  
[Source: MIL-STD-1472F, 1999] 
source FAA 7.3.4.5 Delivery style 
 
 
Verbal warning signals shall be presented in a formal, impersonal manner.  
[Source: MIL-STD-1472F, 5.3.5.3.2] 
source FAA 8.16.3.4.5 Delivery style. 
 
 
The messages shall be presented in a formal, impersonal manner. 
source MIL-STD-1472F 5.3.5.3.2 Delivery style. 
 
 
1.2.4.6 Repetition 
 
Critical warning signals shall be repeated with not more than a 3 sec pause between messages until the 
condition is corrected or overridden by an operator or user. 
[Source: MIL-STD-1472F, 5.3.5.6.1] 
source FAA 8.16.3.4.6 Repetition. 
 
 
1.2.4.7 Speech Processing 
 
Verbal warning signals shall be processed only if necessary to increase or preserve intelligibility, for 
example, by increasing the strength of consonant sounds relative to vowel strength.  
[Source: MIL-STD-1472F, 5.3.5.4] 
Discussion: When a signal must be relatively intense because of high ambient noise, peak clipping may 
be used to protect the listener against auditory overload. 
[Source: MIL-STD-1472F, 5.3.5.4] 
source FAA 8.16.3.4.7 Speech processing. 
 
 
1.2.5 Limits on Speech Messages 
 
Speech should be limited to provide only a few messages.  
Additional Information: Speech messages would not be useful, for example, if many messages might be 
given at one time, or for conveying a lengthy list of menu options.5908 
source NUREG0700 REV-2 1.2.12-1 Limits on Speech Messages 
 
 
1.2.6 Simple Spoken Messages 
 
Messages should be short and simple. 
Additional Information: If a user does not understand a written message, it can be reread. That is not as 
easy with spoken messages, even though a REPEAT function should be provided. A better approach is to 
restrict use of speech outputs to short and simple messages. If a user who may not be watching a display 
must be given long or complex messages, it is probably better to provide a simple auditory signal such as 
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a chime, and then display the messages visually for the user to read. In general, users will understand 
complex messages better when they see them displayed than when they hear them.5908 
source NUREG0700 REV-2 1.2.12-3 Simple Spoken Messages 
 
 
1.2.7 Distinctive Spoken Warnings 
 
If speech is used to provide warnings as well as other forms of user guidance, spoken warnings should be 
easily distinguishable from routine messages. 
Additional Information: For example, speech output used to identify emergency conditions might use 
some distinctive voice and/or preface each warning message with some other distinctive auditory alert 
signal. In some applications, computer- generated speech might be useful for providing a few short and 
simple warnings. However, if speech output is also used for other purposes, then the warning messages 
must be distinctive.5908 
source NUREG0700 REV-2 1.2.12-8 Distinctive Spoken Warnings 
 
 
1.2.8 Speech intelligibility 
1.2.8.1 General 
 
When information concerning the speech intelligibility of a system is required, three recommended 
methods are available, with the appropriate selection being dependent upon the requirements of the test. 

a. The modified rhyme test (MRT) described in ANSI 3.2 should be used to measure the communication 
performance of most military communication systems. It is easy to administer and requires only a 
short training time of 1-2 hours. 

b. The phonetically balanced (PB) word test should be used when the highest accuracy and sensitivity 
are required. It is difficult to administer accurately and requires a long training time (typically 20-40 
hours) before the responses of the listeners have peaked and are stable. 

c. The articulation index (AI) and/or the speech transmission index (STI) are predictive estimators of 
intelligibility. They should be used to estimate system performance during the concept and design 
phase but not as a substitute for intelligibility test when system hardware is available. 

source MIL-STD-1472F 5.3.14.1 General. 
 
 
1.2.8.2 Criteria 
 
The intelligibility criteria shown in Table VI shall be used for voice communication. The efficiency of 
communications needed and the type material to be transmitted shall determine which of the three 
communication requirements of Table VI is to be selected. 

TABLE VI. Intelligibility criteria for voice communication systems 

 
1 The Articulation Index (AI) should not be used to measure intelligibility of synthetic speech because 
some key acoustic features are not present in non-human “speech.” Instead, intelligibility of synthetic 
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speech should be measured using representative panels of talkers and listeners. 
source MIL-STD-1472F 5.3.14.2 Criteria. 
 
 
1.2.9 Verbal Warning Signals 
1.2.9.1 General 
 
Verbal warning signals should be used 

a. to supplement visual displays when communication flexibility is necessary, 
b. when coded signal meanings are numerous or may be forgotten, 
c. for presentation of complex directions or instructions, 
d. when ambient noise may mask simple tonal signals, 
e. in conjunction with tonal signals, and 
f. for presentation of continuous information when the rate of change is low.  

[Source: MIL-HDBK-761A, 5.3.3] 
source FAA 8.16.3.1.1 When to use. 
 
 
Verbal warning signals shall consist of a brief, standardized speech signal (e.g., a verbal message) to 
identify the specific condition and suggest an appropriate action.  
[Source: MIL-STD-1472F, 5.3.5.1] 
source FAA 8.16.3.1.2 Nature of signals. 
 
 
The system should require that users acknowledge spoken warning signals.  
[Source: MIL-HDBK-761A, 5.3.3.2.c] 
source FAA 8.16.3.1.3 Acknowledging warning signals. 
 
 
1.2.9.2 Message content 
 
Word selection priority shall be intelligibility, descripitiveness, and conciseness, in that order. To provide 
sufficient context for comprehension, not less than foursyllables should be used unless the resulting 
message would be inconsistent with stand practice. 
source MIL-STD-1472F 5.3.5.5 Message content. 
 
 
1.2.9.3 Critical warnings and priorities 
 
Critical warning signals shall be repeated with not more than a 3-second pause between messages until 
the condition is corrected or overridden by the crew. 
source MIL-STD-1472F 5.3.5.6.1 Critical warning signals. 
 
 
A priority system shall be established to ensure that higher criticality messages override the presentation 
of lesser priority messages. If two or more incidents or malfunctions occur simultaneously, the message 
having the higher priority shall be given first. The remaining messages shall follow in order of priority. In 
the event of a complete subsystem failure, the system shall integrate previous messages via electronic 
gating and report the subsystem rather than the component failure. 
source MIL-STD-1472F 5.3.5.6.2 Message priorities. 
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2 ALARMS 
2.1 General 
 
If equipment is not regularly monitored, an audio alarm shall be provided to indicate malfunctions or 
conditions that would cause personnel injury or equipment damage.  
[Source: Department of Defense (MIL-STD-1472F), 1999] 
source FAA 7.1.1.1 When to use. 
 
 
Alerting and warning systems shall be unambiguous, with a clear indication of the cause for the alert.  
[Source: Billings, 1996] 
source FAA 7.1.1.2 Be clear and unambiguous 
 
 
Alarms systems should alert the user to the fact that a problem exists, 
inform the user of the priority and nature of the problem, guide the user’s initial responses, and confirm in 
a timely manner whether the user’s response corrected the problem.  
[Source: Nuclear Regulatory Commission (NUREG-0700), 1981] 
source FAA 7.1.1.3 Alarm system characteristics 
 
 
Alarms/alerts should indicate the degree of malfunction or emergency.  
[Source: Wiener & Curry, 1980] 
source FAA 7.1.1.4 Indicate degree of problem 
 
 
When a parameter value represents a fault in some modes and not in others, it should only be alarmed in 
the appropriate modes. 
[Source: Nuclear Regulatory Commission (NUREG/CR-6105), 1994] 
source FAA 7.1.1.5 Alarm in appropriate mode 
 
 
When part of a redundant system, unit of equipment, module, or component becomes inoperable, an 
alarm signaling the loss of redundancy shall be provided to the user immediately.  
[Source: National Aeronautics and Space Administration (NASA STD 3000A), 1989] 
source FAA 7.1.1.6 Signal loss of redundancy 
 
 
When alarm signals are based on user defined logic, the system should allow the users to access current 
alarm settings that are specified in terms of dimensions (variables) covered and which values (categories) 
are established as critical.  
[Source: Smith and Mosier, 1986] 
source FAA 7.1.1.7 Allow access to current alarm settings 
 
 
An alerting and warning system or signal shall provide the user with a greater probability of detecting the 
triggering condition than his or her normal observation would provide in the absence of the alerting or 
warning system or signal.  
[Source: MIL-STD-1472F, 1999]  
source FAA 7.1.1.8 Provide greater probability of detection 
 
 
When necessary, users shall be able to request help and related information for the operation and 
processing of critical and non-critical alarms, messages, and signals.  
[Source: Department of Defense (MIL-STD-1801), 1987] 
source FAA 7.1.1.9 Provide help 
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Auditory as well as visual alarms shall be provided when the users work in an area with a high degree of 
ambient illumination.  
[Source: Department of Energy (UCRL-15673), 1985] 
source FAA 7.1.1.10 Areas with high ambient illumination 
 
 
All nonverbal audio signals shall be accompanied by a visual signal that defines the condition. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.1.11 Provide redundant visual warning 
 
 
When used in conjunction with a visual display, an audio signal shall be supplementary or supportive, 
alerting and directing the user's attention to the appropriate visual display. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.1.12 Supplement visual displays 
 
 
An alerting and warning system or signal shall provide the user with a greater probability of detecting the 
triggering condition than his or her normal observation would provide in the absence of the alerting or 
warning system or signal. 
[Source: MIL-STD-1472F] 
source FAA 8.16.1.1.6 Alerting and warning system. 
 
 
Auditory signals shall be tested and evaluated for usability, operational suitability, and user acceptance 
using representative users in as near to a realistic operational environment as possible before the signals 
are incorporated into a system. 
[Source: Ameritech Services Inc., 1996 - 3.3.2.1] 
Discussion: All auditory signals including verbal signals act as symbols that users must learn and interpret 
in the light of their operational and task environment. When designers overuse sound, the auditory signals 
often are ignored and can cause annoyance, interference, or confusion for the system users. 
source FAA 8.16.1.1.9 User evaluation of alarms. 
 
 
When appropriate to the task, a system or application should allow a user to set the parameter or 
condition that results in a software-generated alarm, alert, or status message.  
[Source: DOE HFDG ATCCS, V2.0, 2.6.4; MILHDBK- 761A, 5.1.1.11.a] 
Example and discussion: Some examples of parameters or conditions are priorities, percentages, and 
absolute values or ranges of values. When multiple users are involved with a system, it may be the 
supervisors who determine the alarm parameters, not the individual users. 
source FAA 8.16.1.1.10 User setting of alarm parameters. 
 
 
User setting of parameters should not be allowed when (1) the settings by one user might affect the 
reception of alarms by another user; (2) the settings might affect the safety of systems, equipment, or 
personnel; or (3) alarm parameters are determined by functional, procedural, or legal requirements. 
[Source: DOE HFDG ATCCS, V2.0, 2.6.4; MIL-HDBK-761A, 5.1.1.11.a] 
source FAA 8.16.1.1.11 When users should not set alarm parameters. 
 
 
2.2 Alarm Controls 
 
All four controls shall be pushbuttons of large (2 cm or greater) diameter. Each type of pushbutton shall 
look or feel different from the others. The global silence buttons shall be spaced a minimum of 5 cm (2 
inches) apart from the others. 
source HF010 5.7.1 Control Type 
 
 



26 

Pushbuttons should be located in a horizontal line on the lower edge of the benchboard section of the 
MCBs with one set of controls per MCB section. 
source HF010 5.7.2 Control Arrangement 
 
 
2.3 Alarm Sequence 
 
The normal alarm sequence is as follows. 
 

PROCESS NORMAL 
SEQUENCE NORMAL 

VISUAL OFF 
ALARM 

AUDIBLE SILENT 

RINGBACK 
AUDIBLE SILENT 

        RESET                                                            TO 
ABNORMAL 

PROCESS NORMAL RETURN TO 
ABNORMAL PROCESS ABNORMAL OR 

NORMAL 
SEQUENCE RINGBACK   SEQUENCE ALARM 

VISUAL SLOW 
FLASHING 

  VISUAL FLASHING 

ALARM 
AUDIBLE SILENT ACKNOWLEDGE 

WHILE NORMAL 
ALARM 

AUDIBLE AUDIBLE 

RINGBACK 
AUDIBLE 

TIMED 
AUDIBLE 

  RINGBACK 
AUDIBLE SILENT 

       RETURN TO                 
SILENCE 
       NORMAL 

PROCESS ABNORMAL   PROCESS ABNORMAL 
OR NORMAL 

SEQUENCE ACKNOWLEDGEACKNOWLEDGE
WHILE SEQUENCE SILENCED 

VISUAL ON ABNORMAL VISUAL FLASHING 
ALARM 
AUDIBLE SILENT   ALARM 

AUDIBLE SILENT 

RINGBACK 
AUDIBLE SILENT   RINGBACK 

AUDIBLE SILENT 

 

LINE PROCESS 
CONDITION 

PUSHBUTTON 
OPERATION 

SEQUENCE 
STATE 

VISUAL 
DISPLAY 

ALARM 
AUDIBLE 
DEVICE 

RINGBACK 
AUDIBLE 
DEVICE 

1 NORMAL - NORMAL OFF SILENT SILENT 
2 ABNORMAL - ALARM FLASHING AUDIBLE SILENT 

3 ABNORMAL 
OR NORMAL SILENCE SILENCED FLASHING SILENT SILENT 

4A ABNORMAL ACKNOWLEDGED ON SILENT SILENT 
4B NORMAL ACKNOWLEDGE TO LINE 5 

5 NORMAL - RINGBACK SLOW 
FLASHING SILENT TIMED 

AUDIBLE 
6 ABNORMAL - TO LINE 2 
7 NORMAL RESET NORMAL OFF SILENT SILENT 

(ISA S18.1 SEQUENCE R-1-2-9) 
source HF010 5.10.1.1 Normal Alarm Sequence 
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First-out alarm are used to indicate which one of a group alarm operated first. 
The sequence for first-out window lamp box shall be same as ISA F3A sequence except the window 
flashing as follows. 
 

CONDITION FIELD CONTACT WINDOW ALARM 
AUDIBLE RINGBACK 

ALARM ABNORMAL 
(FIRST ALARM) 

FAST 
FLASHING SOUNDING OFF 

ALARM ABNORMAL 
(SUBSEQUENT) FLASHING SOUNDING OFF 

source HF010 5.10.1.2 First-Out Alarm Sequence 
 
 
2.4 Alarm Matrix 
 
Matrix designators shall be numbers from 1 to n for rows and letters from A to Z for columns. 
source HF010 5.12.1 ALARM MATRIX 
 
 
The following vertical hierarchy should be used: 
 Reactor protection, radioactive effluent and Engineered Safety Feature (ESF) alarms -Top rows 
 Second and third priority alarms - as previously identified. 
 For fluid systems - from top to bottom - pressure, flow, level and temperature (assuming these have no 

other priority rating) 
source HF010 5.12.1.1 ALARM MATRIX 
 
 
2.5 Auditory Qualities 
 
At least 4 annunciator sound generators should be used in the MCR. There should be no more than 4 
types of sound for annunciator alarms, with each of the zones being readily discriminable from the others. 
This can be done by modifying alarm frequency and modulation code. 
source HF010 5.14.1 AUDITORY QUALITIES 
 
 
Intensity should be adjustable to at least 10 dB above ambient noise levels. Ambient noise levels, under 
power operation, should be measured by the utility prior to making this adjustment. 
source HF010 5.14.2 AUDITORY QUALITIES 
 
 
2.6 Alarm Implementation 
 
Alarms should be automatically organized and presented to the users in prioritized form, with the most 
significant alarms receiving the highest priority.  
[Source: NUREG-0700, 1981]  
Discussion: Prioritization of alarms can be based on the immediacy of required action and impact on 
overall safety.  
[Source: NUREG/CR-6105, 1994] 
source FAA 7.1.2.1 Prioritize presentation 
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Processed alarm information should be simple enough that users can easily evaluate the meaning or 
validity of the resulting alarm messages.  
[Source: NUREG-0700, 1981]  
Discussion: Complex processing can impact the user’s ability to understand the constraints and 
limitations of alarm processing and the validity of resulting alarms. Users rely on the system’s 
information. Thus, it is essential that the users understand the validity of the data, how they are processed, 
and the limitations of the system.  
[Source: NUREG-0700, 1981] 
source FAA 7.1.2.10 Make information simple and understandable 
 
 
System status indication generally should be presented on a separate display from the alarm indicators.  
[Source: NUREG-0700, 1981] 
Discussion: Status indication is not intended to alert the user to the need for action. When status 
indication is presented together with alarm information, it can increase the demands on the user.  
[Source: NUREG-0700, 1981] 
source FAA 7.1.2.11 Status indication 
 
 
Filtering should only be used for alarms that have no current operational significance.  
[Source: NUREG-0700, 1981] 
Discussion: Alarm filtering is a technique by which unnecessary alarms are eliminated. This differs from 
alarm suppression in which alarm messages are not displayed but are available to the user upon request. 
[Source: NUREG-0700, 1981] 
source FAA 7.1.2.12 Alarm filtering 
 
 
When a single alarmed event invariably leads to subsequent alarmed events, the primary alarmed event 
should be shown with the subsequent events suppressed, as long as it does not interfere with the user’s 
tasks.  
[Source: NUREG-0700, 1981] 
source FAA 7.1.2.13 Use of suppressed alarms 
 
 
When an alarm is suppressed, users should be able to access the alarm information that is not shown.  
[Source: NUREG-0700, 1981] 
source FAA 7.1.2.14 Access to suppressed alarms 
 
 
The method for accessing information on suppressed alarms should not be excessively complex.  
[Source: NUREG/CR-6105, 1994] 
source FAA 7.1.2.15 Ease of accessing suppressed alarms 
 
 
Training techniques should be devised to ensure that users are exposed to all forms of alerts and possible 
combinations of alerts and that they understand how to deal with them.  
[Source: Wiener & Curry, 1980] 
source FAA 7.1.2.16 Training for alerts 
 
 
The display of alarms with higher current operational significance should automatically override the 
display  
of alarms with lower current operational significance.  
[Source: NUREG-0700, 1981] 
source FAA 7.1.2.2 Display by significance 
 
 
When two or more incidents or malfunctions occur simultaneously, the one generating a message of 
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higher priority shall be presented first. After presentation of the highest priority message, remaining 
messages shall be presented in descending order of priority.  
[Source: MIL-STD-1472F, 1999] 
source FAA 7.1.2.3 Simultaneous alarms 
 
 
The number of priority levels for alarm messages should be limited to four.  
[Source: Department of Energy (DOE STD HFAC), 1992] 
source FAA 7.1.2.4 Limit number of priority levels 
 
 
A message priority system shall be established so that a more critical message shall override the 
presentation of any message having a lower priority.  
[Source: MIL-STD-1472F, 1999] 
Definition:  
 Caution - A signal that indicates the existence of a condition requiring attention but not immediate 
action. 

[Source: Department of Defense (MIL-STD-411), 1991] 
 Warning - A signal that indicates the existence of a hazardous condition requiring immediate action to 

prevent loss of life, equipment damage, or a service interruption. 
[Source: MIL-STD-411, 1991] 

 Advisory - A signal that indicates a safe or normal configuration, condition of performance, or operation 
of essential equipment or attracts attention and imparts information for routine action purposes. 
[Source: MIL-STD-411, 1991] 

source FAA 7.1.2.5 Establish priority system 
 
 
Alarm signals and messages shall be distinctive and consistent for each class of event.  
[Source: Avery, L.W., & Bowser, S.E. (DOE HFDG ATCCS V2.0), 1992; Department of Defense 
(MIL-HDBK-761A), 1989; MIL-STD-1801, 1987]  
Example: A signal alerting a user to an incoming message would be different from a signal alerting a user 
to a hazardous condition. 
[Source: DOE HFDG ATCCS V2.0, 1992; MIL-HDBK-761A, 1989; MIL-STD-1801, 1987] 
source FAA 7.1.2.9 Make alarms distinctive and consistent 
 
 
2.7 Prioritizing Alarms 
 
A message priority system shall be established so that a more critical message shall override the 
presentation of any message having a lower priority. 
[Source: MILSTD-1472F, 5.3.5.6.2] 
Definition: 
Caution - A signal that indicates the existence of a condition requiring attention but not immediate action. 
[Source: Department of Defense, 1991 – 3.5.1] 
Warning - A signal that indicates the existence of a hazardous condition requiring immediate action to 
prevent loss of life, equipment damage, or a service interruption. 
[Source: Department of Defense, 1991 – 3.5.2] 
Advisory - A signal that indicates a safe or normal configuration, condition of performance, or operation 
of essential equipment, or attracts attention and imparts information for routine action purposes. 
[Source: Department of Defense, 1991 – 3.13.1] 
source FAA 8.16.1.6.1 Message priorities. 
 
 
Warning signals shall be used to indicate the existence of a hazardous condition requiring immediate 
action to prevent loss of life, equipment damage, or a service interruption.  
[Source: Department of Defense, 1991 - 3.5.2] 
source FAA 8.16.1.6.2 Warning signals. 
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Caution signals shall be used to indicate conditions requiring awareness but not necessarily immediate 
action. [Source: MIL-STD-1472F, 5.3.2.3] 
source FAA 8.16.1.6.3 Caution signals. 
 
 
Caution signals shall be readily distinguishable from warning signals.  
[Source: MIL-STD- 1472F, 5.3.2.3] 
source FAA 8.16.1.6.4 Distinguishing caution signals. 
 
 
Alarm signals and messages shall be distinctive and consistent for each class of event. 
[Source: DOE HFDG ATCCS, V2.0, 2.6.3; MIL-HDBK-761A, 5.1.1.11.b; MIL-STD-1801, 4.2.5.1] 
Example: A signal alerting a user to an incoming message would be different from a signal alerting a user 
to a hazardous condition. 
[Source: DOE HFDG ATCCS, V2.0, 2.6.3; MIL-HDBK-761A, 5.1.1.11.b; MIL-STD-1801, 4.2.5.1] 
source FAA 8.16.1.6.5 Distinctive and consistent alarms. 
 
 
When two or more incidents or malfunctions occur simultaneously, the one generating a message of 
higher priority shall be presented first. After presentation of the highest priority message, remaining 
messages shall be presented in descending order of priority.  
[Source: MIL-STD-1472F, 5.3.5.6.2] 
source FAA 8.16.1.6.6 Simultaneous alarms. 
 
 
In the event of a complete system failure, the system shall integrate messages and report the system 
failure rather than the failure of components.  
[Source: MIL-STD-1472F, 5.3.5.6.2] 
source FAA 8.16.1.6.7 System failure. 
 
 
2.8 Acknowledging Signals 
2.8.1 Special Acknowledgement of Critical Alarms 
 
When a user must acknowledge a special or critical alarm in a unique way (e.g., with a special 
combination of key strokes), this special acknowledgement shall not inhibit or slow the response to the 
condition initiating the alarm. 
[Source: DOE HFDG ATCCS, V2.0, 2.6.1; MIL-HDBK-761A, 5.1.1.11.d ] 
source FAA 8.16.1.2.1 Special acknowledgement of critical alarms. 
 
 
2.8.2 Alarm Reset 
 
A system or application shall provide users with a simple means for turning off non-critical auditory 
alarms without erasing any displayed message that accompanies the auditory signal.  
[Source: DOE HFDG ATCCS, V2.0, 2.6.2; MILHDBK- 761A, 5.1.1.11.c; MIL-STD-1801, 4.2.5.35] 
source FAA 8.16.1.2.2 Alarm reset. 
 
 
2.8.3 Acknowledging and Terminating Alarms 
 
A system or application shall provide users with a means of acknowledging alarms and of turning off 
alarm signals once the alarms have been acknowledged or the condition generating the alarm has been 
corrected. [Source: MIL-STD-1801, 4.2.5.2] 
source FAA 8.16.1.2.3 Acknowledging and terminating alarms. 
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2.8.4 Procedures for Acknowledging Alarms 
 
Procedures for acknowledgment and termination shall not decrease the speed and accuracy of operator 
reaction to the alerting situation.  
[Source: MILSTD- 1801, 4.2.5.2] 
source FAA 8.16.1.2.4 Procedures for acknowledging alarms. 
 
 
2.8.5 Consistent Means of Acknowledging 
 
A simple, consistent means of acknowledging auditory signals shall be provided.  
[Source: MIL-HDBK-761A, 5.3.1.6.2.b ] 
source FAA 8.16.1.2.5 Consistent means of acknowledging. 
 
 
2.8.6 Acknowledging Signals 
 
When the signal is non critical, the acknowledgement action shall also turn the signal off.  
[Source: MIL-HDBK-761A, 5.3.1.6.2.b] 
source FAA 8.16.1.2.6 Acknowledging signals. 
 
 
2.8.7 Auditory Feedback 
 
Users shall be provided informative feedback for actions that trigger alarm and alerting signals.  
[Source: MIL-STD-1801, 4.2.5.2] 
source FAA 8.16.1.1.14 Feedback about alarms and alerts. 
 
 
The most common auditory feedback, the system beep, should be used with other forms of notification 
such as flashing or message dialogs.  
[Source: Microsoft Corp., 1992 - 3.6.2] 
source FAA 8.16.1.2.7 Auditory feedback. 
 
 
2.9 Audible Codes 
2.9.1 Audio Signals for Alarms 
 
An auditory signal should be used to alert the user to the existence of a new alarm, or any other condition 
of which the user must be made immediately aware. 
Additional Information: Auditory cues should be provided for all new alarms under normal operating 
conditions. However, under off-normal conditions where high alarm density exists, the designer should 
consider suppressing the auditory signal for those alarmed conditions that (1) do not require immediate 
response and (2) do not indicate a challenge to plant safety and technical specifications. For example, 
audio signals associated with clearing alarms might be omitted under certain circumstances. This will 
prevent operators from being distracted by less important alarms while attending to more significant ones. 
Some designs may have a timed audible signal rather than one that is continuous until acknowledged. In 
this case, see the guideline for reminder audible signals, below.6105 
source NUREG0700 REV-2 4.2.6.3-1 Audio Signals for Alarms 
 
 
2.9.2 Auditory Coding of Remote Alarms 
 
Auditory coding techniques should be used when the workstation associated with the alarm is not in the 
main operating area. 
Additional Information: During off-normal conditions, the designer should consider the suppression of 
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the auditory code for those alarms that (1) do not require immediate response and (2) do not indicate a 
challenge to plant safety and technical specifications. This will prevent operators from being distracted by 
less important alarms while attending to more significant ones.0700 
source NUREG0700 REV-2 4.2.6.3-2 Auditory Coding of Remote Alarms 
 
 
2.9.3 Distinguishable Auditory Signals 
 
The auditory signal associated with a SDCV alarm should be easily distinguishable from the auditory 
signal associated with an alarm message displayed by other means (e.g., on a VDU message 
display).6105 
source NUREG0700 REV-2 4.2.6.3-3  Distinguishable Auditory Signals 
 
 
2.9.4 Audible Signals for Alarm States 
 
The tones used for incoming alarms should be separate and distinct from tones used to signify "clearing" 
alarms.6105 
source NUREG0700 REV-2 4.2.6.3-4 Audible Signals for Alarm States 
 
 
2.9.5 Reminder Audible Signals 
 
If the tone associated with an unacknowledged alarm automatically turns off after an interval of time, a 
reminder tone should be presented to alert the user to the continued presence of an unacknowledged alarm. 
Additional Information: The same principle holds for alarms that may have had the auditory code 
suppressed because of high alarm conditions or the presence of more important alarms. When the more 
important alarms have been addressed, the alarm system should remind the operator, via visual or 
auditory signals, of the presence of the unacknowledged alarms.6105 
source NUREG0700 REV-2 4.2.6.3-5 Reminder Audible Signals 
 
 
2.9.6 Reset of Auditory Alert 
 
The auditory alert mechanism should automatically reset when it has been silenced.0700 
source NUREG0700 REV-2 4.2.6.3-6 Reset of Auditory Alert 
 
 
2.9.7 Interference Among Signals 
 
Audio alarm signals should not conflict with other auditory codes or signals. 
Additional Information: If continuous, relatively loud signals are used, they may render other codes and 
signals less audible. Thus, it may be necessary to consider the audibility of a signal not just in the 
presence of ambient control room noise, but also in combination with other signals that might plausibly 
occur at the same time. To avoid mutual masking, the frequencies of tonal signals associated with alarms 
that may be active at the same time should be separated by at least 20 percent of the center frequency. 
Interference among alarm signals is less of a concern if the signals consist of a number of widely 
separated frequency components or of brief groups of pulses presented at intervals. Techniques are 
available that allow the audibility of signals in noise to be predicted.6105, 6684, 0700 
source NUREG0700 REV-2 4.2.6.3-7  Interference Among Signals 
 
 
2.9.8 Readily Identifiable Source 
 
The user should be able to quickly determine where to direct attention (e.g., which functional area of the 
plant or which station) from the characteristics of the auditory alert and/or the source from which the 
auditory alert originated. 



33 

Additional Information: This guideline pertains to the use of auditory tones to direct the operator to the 
location of a spatially fixed alarm display device in order to expedite the operator's response to the alarm 
condition. The use of sound to indicate the location of the alarm display may be of less value if the 
advanced alarm system allows the same alarm message to be retrieved from multiple locations (e.g., from 
redundant VDUs) in the control room. It should also be noted that in advanced control rooms that feature 
compact control consoles, the alarm display devices may not be physically separated enough to use sound 
localization as a cue. In this case, coded audio signals (possibly from a single source) would be used to 
direct the operators' attention. Thus, this guideline is most appropriate for advanced alarm systems that 
feature spatially fixed alarm display devices. It has been recommended that coded signals from a single 
audio source should not be used to identify individual workstations within the main operating area, and 
that each major console should be equipped with a separate sound generator capable of producing a 
distinctive sound. If the direction of a source sound is to be used as a cue, the signal should not be a high 
frequency pure tone, since such signals can be difficult to localize.6105, 6684, 0700 
source NUREG0700 REV-2 4.2.6.3-8  Readily Identifiable Source 
 
 
2.9.9 Signal Level 
 
The signal intensity should be such that users can reliably discern the signal above the ambient control 
room noise. 
Additional Information: The intensity of an audio signal should be such that users are alerted aurally to an 
alarm occurrence under the most adverse anticipated background noise conditions. A signal level 10 
dB(A) above average ambient noise is generally considered adequate. It has also been recommended that 
sound intensity should be limited to a maximum of 95 dB(A), but that signal levels of 115 dB(A) may be 
used if considered absolutely necessary to achieve required attention-getting reliability for alarms 
indicating extreme danger. The tendency for designers to err on the side of conservatism results in many 
audio signals being more intense than is necessary to ensure reliable detection (see Guideline 4.2.6.3-10, 
Design of Audio Signals).6105, 0700 
source NUREG0700 REV-2 4.2.6.3-9 Signal Level 
 
 
2.9.10 Design of Audio Signals 
 
Audio signals should be designed to minimize irritation and startle. 
Additional Information: Signals should reliably capture the user's attention but should not be unpleasant. 
Considerations include the selection of signal frequency and intensity, and the overall design of the 
audible alarm scheme.6105, 0700 
source NUREG0700 REV-2 4.2.6.3-10 Design of Audio Signals 
 
 
2.9.11 Manual Disable/Adjustment of Signal Intensity 
 
Manual disable or adjustment of auditory signal intensity (loudness) should be avoided. 
Additional Information: The need to adjust auditory signal level can be alleviated by improved signal 
design and level selection. If signal level is adjustable, it should be controlled by administrative procedure. 
Under no circumstances should users be able to disable audio alarm signals or reduce their level so as to 
render them inaudible.6105, 0700 
source NUREG0700 REV-2 4.2.6.3-11 Manual Disable/Adjustment of Signal Intensity 
 
 
2.9.12 Sound Sources 
 
The number and placement of loudspeakers should be such that auditory signals are free of distortion and 
are equally audible at any workstation in the control room. 
Additional Information: Speakers should be oriented away from surfaces that could scatter or diffuse the 
acoustic wave. Speakers should not be located behind structures that could cause distortion, echoes, or 
sound shadows. When sound localization is used to direct the operator to particular alarm display devices, 



34 

the loudspeakers should be oriented such that their location can be quickly discerned and corresponds to 
the location of the intended alarm display device. Loudspeakers for adjacent alarm display devices should 
have adequate separation to allow their individual locations to be discerned.6105, 0700 
source NUREG0700 REV-2 4.2.6.3-12 Sound Sources 
 
 
2.9.13 Auditory Signal Discriminability 
 
Each audio signal should be unambiguous and easily distinguishable from every other tone in the control 
room. 
Additional Information: Current sound generation technology allows the design of alarm signals that 
make better use of the operator's ability to process audio information. It is possible to design signals that 
are not only more discriminable from one another than are conventional signals, but also have the 
potential to carry more information. Signals should be composed of unique combinations of tone pattern 
and frequency. See also Guideline 4.2.6.3-8.6105, 6684, 0700 
source NUREG0700 REV-2 4.2.6.3-13 Auditory Signal Discriminability 
 
 
2.9.14 Tonal Signals 
 
When information is coded by the pitch of narrow-band signals (i.e., tones), no more than three 
frequencies should be used. 
Additional Information: The frequencies should not be in a ratio of 2:1 with one another, since it can be 
difficult to identify pitches an octave apart. Although some sources recommend that no more than five 
separate frequencies should be used, operators may not reliably distinguish among more than three pitch 
codes. For critical alarms with differing response requirements, the more conservative guidance should be 
followed. If more than three critical alarms are to be coded, it is preferable to combine pitch with another 
dimension to create more distinctive signals. See Guideline 4.2.6.3-13.6105 
source NUREG0700 REV-2 4.2.6.3-14 Number of Tonal Signals 
 
 
Center frequencies should be widely spaced within a range of from 500 to 3,000 Hz, although a wider 
range of from 200 to 5,000 Hz may be acceptable. 
Additional Information: It is recommended that tonal signals be broad band and widely spaced within the 
200 to 5000 Hz range.6105 
source NUREG0700 REV-2 4.2.6.3-15 Frequency of Tonal Signals 
 
 
2.9.15 Pulse Codes 
 
No more than three pulse repetition rates should be used for coding purposes. 
Additional Information: Repetition rates should be between 1 and 8 pulses per second, since faster rates 
may not be perceived as pulses. Repetition rates should be sufficiently separated (e.g., differ by a factor of 
2) to ensure operator discrimination. Sounds with the same temporal pattern, including signals with 
similar duty cycles (on-off times), may be confused, despite having very different pulse speeds (i.e., 
periods). Such signals are therefore more appropriate for coding the level of urgency of a condition than 
for indicating different types of conditions.6105, 6684, 0700 
source NUREG0700 REV-2 4.2.6.3-16 Pulse Codes 
 
 
2.9.16 Number of Frequency Modulated Signals 
 
No more than three modulated frequency codes for audible alarms should be used. 
Additional Information: Warbling sounds, with frequencies modulating from 1 to 3 times per second, are 
attention-getting as well as easily recognized, whereas slower modulation rates do not develop 
distinguishable characteristics rapidly enough to be appropriate for alerting applications.6105 
source NUREG0700 REV-2 4.2.6.3-17 Number of Frequency Modulated Signals 
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2.9.17 Center Frequency of Frequency Modulated Signals 
 
If modulation of frequency (Hz) of a signal is used to denote information, the center frequencies should 
be  
between 500 and 1000 Hz.0700 
source NUREG0700 REV-2 4.2.6.3-18  Center Frequency of Frequency Modulated Signals 
 
 
2.9.18 Audio Pattern Codes 
 
If sequences of tones are used to represent information, the patterns should be easily recognizable. 
Additional Information: Warning sounds consisting of "bursts" composed of five or more brief pulses 
(about 0.1 second in duration) with inter-pulse intervals of .15 to .3 seconds have been recommended. The 
pulses may be designed to be distinctive with respect to their onset and offset shaping, fundamental 
frequency, and harmonic structure. The bursts may vary as to the number of pulses, the tempo at which 
they are presented, and the rhythmic and pitch contours.6105 
source NUREG0700 REV-2 4.2.6.3-19  Audio Pattern Codes 
 
 
2.9.19 Compound Codes 
 
A maximum of nine auditory signals should be used when coded in two or more dimensions. 
Additional Information: When signals differ in two or more dimensions (e.g., pitch and temporal pattern), 
a greater number of signals can be reliably distinguished. This maximum includes auditory signals used 
outside of the control room (e.g., fire alarm or site emergency alarm).6105, 6684 
source NUREG0700 REV-2 4.2.6.3-20 Compound Codes 
 
 
2.9.20 Speech Presentation of Alarm Information 
 
Using speech alone for presenting alarm information is not recommended. 
Additional Information: Speech is an acceptable medium for presenting interface-related information (see 
Section 1.2.12, Speech Displays), and there may be advantages associated with using speech for 
presenting alarm information as well. However, its appropriateness has been questioned for tasks where 
there is a memory component, there is likely to be some delay before the fault is attended to, there is 
likely to be more than one alarm presented at a time, and the operator is required to assimilate 
information from a variety of sources using spatial reference. Therefore, it has not yet been shown that it 
is an appropriate method for presenting alarm information in process control contexts. Speech should 
only be used in conjunction with other methods of presenting alarm information.6684 
source NUREG0700 REV-2 4.2.6.3-22 Speech Presentation of Alarm Information 
 
 
2.10 Alarm Display 
 
The alarm display should support the user's ability to rapidly discern: 
 • Priority (e.g., urgency for action and importance to plant safety); 
 • Distinct alarm states: new, acknowledged, and cleared; 
 • The first-out alarms for reactor trip; 
 • The need to access other displays to verify or clarify the alarm state; and 
 • The difference between alarms which can be cleared through ongoing corrective actions (i.e., by 

operations personnel) and alarms that require significant maintenance intervention. 
Additional Information: Multiple alarm display formats, such as dedicated tile-like display and message 
lists, may be necessary to satisfy all alarm information needs.0700, 6105, 6684 
source NUREG0700 REV-2 4.2.1-1 Display Functions 
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When alarm alerts are displayed separately from detailed alarm information, the design should support 
rapid transitions between alerts and detailed information. 
Additional Information: In conventional annunciator tile-based alarm systems, the annunciator tile 
performs both the alerting function (i.e., providing a salient indication of the presence of an alarm 
condition) and the informing function (i.e., providing information that describes the nature of the alarm 
condition). In advanced alarm systems, the alerting and informing functions may be separated. For 
example, an alarm tile display may alert the operator to the presence of an alarm condition while an alarm 
message list display may provide detailed information such as the alarm parameter name and setpoint 
value. The presentation of the alerting and informing information should be coordinated so the operator 
can rapidly access detailed alarm information associated with the alarm condition alerts.6105, 6684 
source NUREG0700 REV-2 4.2.1-2 Coordination of Alarm Alerting and Informing Functions 
 
 
When alarm alerts are displayed separately from detailed alarm information, the detailed alarm 
information display should provide an indication of the priority and status of the alarm condition. 
Additional Information: The operational significance of the detailed alarm information, such as the 
parameter name and the exceeded setpoint value, may be more readily apparent to the operator when 
accompanied by an indication of alarm's priority and its status (e.g., whether it is acknowledged or 
unacknowledged).6105, 6684 
source NUREG0700 REV-2 4.2.1-3  Presentation of Alarm Priority with Detailed Alarm Information 
 
 
Spatially dedicated, continuously visible (SDCV) alarm displays should be considered for: 
 • Regulatory Guide 1.97 Category 1 parameters, 
 • Alarms that require short-term response, 
 • The most important alarms used in diagnosing and responding to plant upsets, and 
 • The most important alarms used to maintain an overview of plant and system status. 
Additional Information: Spatial dedication means that the alarm messages always appear in the 
sameposition. Continuously visible means a parallel presentation method is used, i.e., the alarm 
information isalways available to the operator, as opposed to serial presentation methods in which the 
operator mustselect the information to be seen. A SDCV alarm display (such as is provided by 
conventional tiles)generally has been found during high-density alarm conditions to be superior to other 
forms of alarmpresentation, such as message lists. SDCV displays provide perceptual advantages of rapid 
detection andenhanced pattern recognition.6105, 6684 
source NUREG0700 REV-2 4.2.1-4  Use of Spatially Dedicated, Continuously Visible Displays 
 
 
Coding (e.g., flash-rate, intensity, and color coding) conventions should be consistently applied 
throughout alarm displays (e.g., on tiles and on VDUs).6105 
source NUREG0700 REV-2 4.2.1-5 Alarm Coding Consistency 
 
 
Alarms for any shared systems in multiple-unit plants should be duplicated in all control rooms. 
Additional Information: Multiple-unit NPPs may contain systems that are shared by two or more units. 
The status of any such equipment should be provided in all control rooms. When an item of shared 
equipment is being operated from one control room, a status display or signal should be provided in all 
other control rooms where the condition of the equipment is operationally relevant (e.g., other locations 
from which the equipment could be controlled).0700 
source NUREG0700 REV-2 4.2.1-6 Multi-Unit Alarms 
 
 
Each group of alarm displays should be identified by a label above the display.Additional Information: A 
group of displays could be a panel of tiles or a group of tile-format VDU displays.0700, 6105 
source NUREG0700 REV-2 4.2.7.1-8 Alarm Display Identification Label 
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2.11 Alarm Response Procedures(ARPs) 
 
ARPs should be available for alarm conditions that require a response that affects the plant process 
control system or plant equipment. 
Additional Information: Minor alarms associated with data input errors or computer space navigation 
errors may not require ARPs. In addition, other alarms such as those in alarm systems that are separate 
from the main process alarm systems and require simple responses, may not need ARPs. In this latter case, 
the lack of ARPs should be specifically considered and justified.5908 
source NUREG0700 REV-2 4.5-1 ARP Scope 
 
 
Users should have immediate access to ARPs from the location at which the alarm messages are read. 
Additional Information: An operator should not be required to leave the location at which the alarm 
message is displayed in order to access ARP information. In a tile system, the identification and indexing 
of ARPs should be consistent with the method of identifying the alarm. The means used for identifying 
row and column locations of alarms should be distinct so that possible confusion of these identifiers is 
avoided. A computerized system may display the appropriate procedure for a given alarm on a VDU when 
the operator "selects" the alarm message.6105, 6684 
source NUREG0700 REV-2 4.5-2 ARP Access 
 
 
ARPs should contain the following information: 
 • The system/functional group to which the alarm belongs, 
 • The exact alarm text or legend, 
 • The alarm source (i.e., the sensor(s) sending the signal, processors and signal validation logic, and the 

actuating device(s) for the alarm with a reference to a schematic diagram on which such devices can 
be found), 

 • Alarm setpoints, 
 • Priority, 
 • Potential underlying causes for the alarm (e.g., low water level - inadequate feed flow), 
 • Required immediate actions, including actions that can be taken to confirm the existence of the alarm 

condition, 
 • Actions which occur automatically when the alarm occurs (and which should be verified as having 

taken place), 
 • Followup actions, 
 • Explanations of relevant alarm processing (e.g., comparisons and combinations of plant parameters; 

alarm filtering and suppression; alarm setpoints that are conditional, such as setpoint values and time 
delays used to prevent the occurrence of nuisance alarms when a parameter oscillates in an out of the 
alarm range), and 

 • Pertinent references. 
Additional Information: Users should be given information (such as that associated with 'alarm source' in 
the guideline) that they can use to confirm the existence of alarmed conditions.6105, 6684 
source NUREG0700 REV-2 4.5-3  ARP Content 
 
 
Information contained in the ARPs should be consistent with information on control boards, in the alarm 
system, in I&C procedures used to calibrate alarm setpoints, in controlling documents that determine 
setpoints (e.g., Technical Specifications and accident analyses), in P&IDs, in emergency operating 
procedures, and in other plant procedures.6105 
source NUREG0700 REV-2 4.5-4 Information Consistency with the HSI 
 
 
The terminology, conventions, standards, and codes used in the presentation of the ARPs should be 
consistent with the rest of the HSI. 
Additional Information: The ARPs should use the same conventions, such as terminology for plant 
systems and equipments, identification codes for plant components and parameters, and measurement 
units, that are used in the main HSI displays and procedures. Defined values, such as alarm setpoints, 
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should be consistent. In addition, information coding schemes used in the ARPs should be consistent with 
the rest of the HSI. For example, if graphical displays are used in the presentation of the ARPs , then 
coding conventions, such as symbols, icons and color, should be consistent with the rest of the HSI, such 
as information presented via plant displays and computer-based systems for emergency operating 
procedures. For example, if color codes are used to indicate priority, it should have the same meaning 
across all displays of the HSI.6684 
source NUREG0700 REV-2 4.5-5 Presentation Consistency with the HSI 
 
 
The ARP format should: 
 • Highlight the ARP identifier on each page of the procedure, 
 • Highlight important items, 
 • Locate information categories in the same position on each page, 
 • Consistently present information throughout the ARP, and 
 • Minimize the need for paging back and forth to obtain the information.6105 
source NUREG0700 REV-2 4.5-6  ARP Format 
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3 SOUND CONTROLS 
3.1 General 
 
Speech recognition devices may be used as controls when the user’s hands are occupied, when regular or 
frequent mobility is required, or when the user’s visual attention is fully occupied. Speech recognition 
devices are used when: 

a. the consequences of recognition errors are low, 

 
b. identifying and correcting errors should be easy, 
c. use is expected to be infrequent, and 
d. the device can be readily inhibited when speech recognition is not desired. 

Speech recognition devices should not be used for tasks that involve describing the position or 
manipulation of objects. Speech recognition devices should be used only where satisfactory performance 
can be obtained. This may preclude environments that produce stress in the user, are noisy, or have high 
g-loading. 
source MIL-STD-1472F 5.4.7.1 Use. 
 
 
3.2 Use 
 
The devices should adapt to the operator, instead of vice versa. Speech recognition devices should require 
minimal training. 
source MIL-STD-1472F 5.4.7.2 General. 
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3.3 Input Vocabulary 
 
Input vocabulary shall be minimized, consistent with system needs, and selected to provide phonetically 
distinct elements to eliminate misinterpretation. 
source MIL-STD-1472F 5.4.7.3 Input vocabulary. 
 
 
3.4 Interword Delays 
 
Speech recognition devices shall not require inter word delays or exaggeration in speech. 
source MIL-STD-1472F 5.4.7.4 Interword delays. 
 
 
3.5 Prompting 
 
Voice prompting from the computer should be provided where there is an advantage to freeing the user 
from reading a display. Lack of user response to the prompt shall result in a repetition of the prompt. 
source MIL-STD-1472F 5.4.7.5 Prompting. 
 
 
3.6 Correction Capability 
 
A capability should be provided to reject unintendent and in voluntary sounds (e.g., sneezes, coughs, 
throat clearing, non-command words). 
source MIL-STD-1472F 5.4.7.6 Correction capability. 
 
 
3.7 Alternative Input Device 
 
Speech recognition devices shall not be used as the sole control device; an alternative control device shall 
be provided in case of speech recognition device degradation or failure. 
source MIL-STD-1472F 5.4.7.7 Alternative input device. 
 
 
3.8 Controls for Audio Warning Devices 
3.8.1 Automatic or Manual Shut-off 
 
When an audio signal is designed to persist as long as it contributes useful information, a shut-off switch, 
controllable by the operator, the sensing mechanism, or both, shall be provided, depending on the 
operational situation and safety factors. When a manual shut-off is used, a visual indication that the 
warning has been turned off shall be provided. 
source MIL-STD-1472F 5.3.6.1 Automatic or manual shut-off. 
 
 
3.8.2 Automatic Reset 
 
Whether an audio warning signal is designed to be terminated automatically, manually, or both, an 
automatic reset function shall be provided. The automatic reset function shall be controlled by the sensing 
mechanism which shall recycle the signal system to a specified condition as a function of time or the state 
of the signaling system so that the warning device can sound again if the condition repeats. 
source MIL-STD-1472F 5.3.6.2 Automatic reset. 
 
 
3.8.3 Redundant Visual Warning 
 
All non-verbal aural annunciations shall be accompanied by a visual annunciation which defines the 
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condition. In a cockpit, this may be an illuminated display. In the case of a warning horn on a backing 
vehicle, the vehicle's backward motion provides adequate redundancy. 
source MIL-STD-1472F 5.3.6.3 Redundant Visual Warning. 
 
 
3.8.4 Volume Control 
3.8.4.1 Automatic or Manual 
 
The volume (loudness) of an audio warning signal shall be designed to be controlled by the operator, the 
sensing mechanism, or both, depending on the operational situation and personnel safety factors. Control 
movements shall be restricted to prevent reducing the volume to an inaudible level, or increasing it to an 
unacceptably high level. When detection of an audio signal is essential (e.g., hand-held mine detectors), 
the signal level shall be adjustable by the operator. 
source MIL-STD-1472F 5.3.6.4.1 Automatic or manual. 
 
 
3.8.4.2 Ganging to Mode Switches 
 
Volume controls may be ganged to mode switches to provide maximum output during mission phases 
when intense noise may occur and to provide reduced volume at other times. Ganging shall not be used if 
intense noise may occur during an emergency in a mission phase when the volume would be decreased 
below an audible level. 
source MIL-STD-1472F 5.3.6.4.2 Ganging to mode switches. 
 
 
3.8.4.3 Caution Signal Controls 
 
Audio caution signals shall be provided with manual reset and volume controls. 
source MIL-STD-1472F 5.3.6.4.3 Caution signal controls. 
 
 
3.8.5 Duration 
 
The duration of an audio warning signal shall be at least 0.5 second, and may continue until the 
appropriate response is made. The completion of a corrective action by the operator or by other means 
shall automatically terminate the signal. 
source MIL-STD-1472F 5.3.6.5 Duration. 
 
 
3.8.6 Duration limitations 
 
Signals that persist or increase progressively in level shall not be used for emergency situations if manual 
shut-off may interfere with the corrective action required. 
source MIL-STD-1472F 5.3.6.6 Duration limitations. 
 
 
3.9 User-System Interaction and Controls 
3.9.1 Silence Functions 
 
It should be possible to silence an auditory alert signal from any set of alarm system controls in the main 
operating area. 
Additional Information: A global silence capability together with separate silence and acknowledge 
capabilities can be useful during high alarm situations. It can allow the operator to silence many 
distracting alarms and then acknowledge these alarms at their respective panels. It is not necessary that 
silence capability be provided only where the specific alarm can be read, so long as the operator is made 
aware of all alarms that are being silenced. That is, the operator should not be able to silence alarms that 
cannot be visually detected from the global silence control. The primary purpose of the auditory signal is 
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to alert the operator to a new alarm. Once alerted, the operator refers to visual indications of the specific 
alarm and its message. The auditory signal can rapidly become distracting and irritating to the operators. 
It should be possible to silence an audible cue from either a VDU or a tile panel control station (see also 
Guideline 4.3.5-3). 
source NUREG0700 REV-2 4.3.2-1 Global Silence Capability 
 
 
3.9.1.1 Global Silence Capability 
 
Auditory signals should be silenced manually unless this interferes with other more critical actions. 
Additional Information: While manual silence is a generally desirable feature to get the operator's 
attention, it may become distracting to manually silence all alarms under high-alarm conditions. 
Guidelines 4.3.5-3 and 4.3.6-3 address alarm system configuration changes made either automatically or 
by operator-selection, such as automatic silence of auditory alerts for lower priority alarms under 
high-alarm conditions. 
source NUREG0700 REV-2 4.3.2-2  Manual Silencing 
 
 
3.9.2 Alarm Management 
 
If the alarm system provides user-selectable operational configurations, then these configuration changes 
should be coupled with an indication of the present configuration. 
Additional Information: Alarm systems allow users to select alternative functional configurations of the 
alarm system under some alarm situations, such as automatic silence of auditory alerts for lower priority 
alarms under high-alarm conditions. Another example may be operator selection of an alarm message 
suppression mode in which low priority messages are not presented via the alarm displays but may be 
accessed through operator action. It is important that the alarm system informs the operators that a 
requested change in system configuration has been successfully achieved. In addition, a prominent 
display of the present configuration should be available. 
source NUREG0700 REV-2 4.3.5-1 User-Selectable Alarm System Configuration 
 
 
3.9.3 Automatic Features 
3.9.3.1 Automated Alarm System Configuration 
 
If the alarm system automatically changes operational configurations under some alarm situations, then 
these configuration changes should be coupled with an alert to the user and an indication that the 
configuration has changed. 
Additional Information: Alarm systems may provide automated functions under some alarm situations, 
such as automatic silence of auditory alerts for lower priority alarms under high-alarm conditions. It is 
important that operators be notified of the change in system functioning. In addition, a prominent display 
of the present configuration should be available to remind operators of the current configuration of the 
system. 
source NUREG0700 REV-2 4.3.6-1 Automated Alarm System Configuration 
 
3.9.3.2 Acknowledgment of Automatic Alarm System Configuration Changes 
 
Acknowledgment (or confirmation) should be required if a significant alarm system configuration change 
is to be made automatically. 
Additional Information: Alarm systems may allow users to select alternative functional configurations of 
the alarm system under some alarm situations, such as automatic silence of auditory alerts for lower 
priority alarms under high-alarm conditions. It is important that the alarm system informs the users that a 
requested change in system configuration has been successfully achieved. In addition, a prominent 
display of the present configuration should be available. 
source NUREG0700 REV-2 4.3.6-2 Acknowledgment of Automatic Alarm System Configuration 
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4 COMMUNICATION 
4.1 Speech-Based Communication 
4.1.1 General Requirement 
 
Communication equipment to be worn should be designed to preclude discomfort. 
Additional Information: Supporting structures for earpieces should not impose discomforts of weight, 
concentrated pressures, or metal contact with the skin. 
source NUREG0700 REV-2 10.2.1-1 Comfort 
 
 
When several channels are to be monitored simultaneously by means of loudspeakers, the speakers 
should be mounted at least 10 degrees apart in the horizontal plane frontal quadrant, ranging radially from 
45 degrees left to 45 degrees right of the user's normal forward facing position. 
Additional Information: When additional channel differentiation is required, apparent lateral separation 
should be enhanced by applying low-pass filtering (frequency cutoff, Fc = 1,800 Hz) to signals fed to 
loudspeakers on one side of the central user position. If there are three channels involved, one channel 
should be left unfiltered, a high pass filter with 1,000 Hz cutoff should be provided in the second channel, 
and a low-pass filter with 2,500 Hz cutoff should be provided in the third channel. A visual signal should 
be provided to show which channel is in use. 
source NUREG0700 REV-2 10.2.1-10  Loudspeakers for Multi-Channel Monitoring 
 
 
Accessible volume or gain controls should be provided for each communication receiving channel (e.g., 
loudspeakers or headphones) with sufficient electrical power to drive sound pressure level to at least 100 
dB overall when using two earphones. 
Additional Information: The minimum setting of the volume control should be limited to an audible level; 
i.e., it should not be possible to inadvertently disable the system with the volume control. While 
separation of power (on-off) and volume control adjustment functions into separate controls is preferred, 
should conditions justify their combination, a noticeable detent position should be provided between the 
OFF position and the lower end of the continuous range of volume adjustment. When combined power 
and volume controls are used, the OFF position should be labeled. Speaker volume should be adjusted to 
ensure that speaker communications will not prevent detection of other audio signals, e.g., alarms. 
source NUREG0700 REV-2 10.2.1-11 Volume Controls 
 
 
When communication channels are to be continuously monitored, each channel should be provided with a 
signal-activated switching device (squelch control) to suppress channel noise during no-signal periods. 
Additional Information: A manually operated on-off switch should be provided to deactivate the squelch 
when receiving weak signals. 
source NUREG0700 REV-2 10.2.1-12  Squelch Control 
 
 
Periodic tests should be performed on all communication systems to ensure that messages remain 
intelligible under changes in ambient noise levels that may have occurred since the last check. 
source NUREG0700 REV-2 10.2.1-13 Periodic Maintenance Tests 
 
 
Communication equipment should be designed to permit hands-free operation. 
Additional Information: Hands-free operation may have to be compromised to accommodate a 
push-to-talk switch in anticipation of possible use in areas of high ambient noise. 
source NUREG0700 REV-2 10.2.1-2  Hands-Free Operation 
 
 
Microphones and associated amplification equipment should be designed to respond optimally to that part 
of the speech spectrum most essential to speech intelligibility (i.e., 200 to 6,100 Hz). 
Additional Information: Where system engineering necessitates speech-transmission dynamic range 
bandwidths narrower than 200 to 6,100 Hz, the minimum acceptable frequency range is 250 to 4,000 Hz. 
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The system should achieve at least standard telephone sound quality. 
source NUREG0700 REV-2 10.2.1-3 Frequency Response 
 
 
The dynamic range of a microphone used with a selected amplifier should be great enough to admit 
variations in signal input of at least 50 dB. 
source NUREG0700 REV-2 10.2.1-4 Microphone Dynamic Range 
 
 
When ambient noise is high (85 dB(A) or greater), the microphone should be put in a noise shield. 
Additional Information: Noise shields should be designed to meet the following requirements: 

•Volume of at least 15.25 cubic inches (250 cubic centimeters) to permit a pressure gradient 
microphone to function normally 

•A good seal against the face with the pressure of the hand or tension of straps 
•A hole or combination of holes covering a total area of 0.1 in (65 mm) in the shield to prevent 

pressure buildup 
•Prevention of a standing wave pattern by shape or by use of sound absorbing material 
•No impediment to voice effort, mouth or jaw movement, or breathing 

source NUREG0700 REV-2 10.2.1-5 Microphone Noise Shields 
 
 
In very loud, low frequency noise environments (100 dB overall), noise-canceling microphones should be 
used. 
Additional Information: The noise-canceling microphones should be capable of effecting an improvement 
of not less than 10 dB peak speech-to-root-mean-square-noise ratio, as compared with non-noise 
canceling microphones of equivalent transmission characteristics. 
source NUREG0700 REV-2 10.2.1-6  Noise-Canceling Microphones 
 
 
If the environment or the speech transmission equipment is such that the signal-to-noise ratio of the 
speech is degraded, signal-processing techniques should be used to maintain speech intelligibility. 
Additional Information: Where speech signals are to be transmitted over channels showing less than 15 
dB peak speech-to-root-mean-square-noise ratios, peak clipping of 12 to 20 dB may be employed at 
system input. If necessary, clipping may be preceded by frequency pre-emphasis. The frequency 
preemphasis should have a positive slope frequency characteristic no greater than 18 dB per octave from 
140 to 1,500 Hz, and no greater than 9 dB per octave over the frequency range 1,500 to 4,800 Hz, when 
no clipping is used. When transmission equipment employs pre-emphasis and peak clipping is not used, 
reception equipment should employ frequency de-emphasis of characteristics complementary to those of 
pre-emphasis only if it improves intelligibility. Frequency de-emphasis should be a negative-slope 
frequency response not greater than 9 dB per octave over the frequency range 140 to 4,800 Hz. 
source NUREG0700 REV-2 10.2.1-7 Signal Processing 
 
 
Loudspeakers, earpieces, and headphone elements should respond uniformly (plus or minus 5 dB) over 
the range 100 to 4,800 Hz. 
Additional Information: Headphones and loudspeakers are subject to the same frequency response 
restrictions as microphones and transmission equipment. 
source NUREG0700 REV-2 10.2.1-8 Speaker Frequency Range 
 
 
If listeners will be working in high ambient noise (85 dB(A) or above), binaural headsets should be 
provided rather than monaural headsets. 
Additional Information: Unless operational requirements dictate otherwise, binaural headsets should be 
wired so that the sound reaches the two ears in opposing phases. Their attenuation qualities should be 
capable of reducing the ambient noise level to less than 85 dB(A). Provisions should be incorporated to 
furnish the same protection to those who wear glasses. 
source NUREG0700 REV-2 10.2.1-9 Binaural Headsets For High Noise Environments 
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4.1.2 Portable Radio Transceivers 
 
Walkie-talkies should be used in both emergency and normal operations for two-way communications 
beyond the range of installed telephone connections or as a convenient alternative to the sound-powered 
telephone. Additional Information: However, each licensee/applicant who intends to use radio 
communications should determine the extent to which radio interference could adversely affect control 
room operations. 
source NUREG0700 REV-2 10.2.4-1 Appropriate Use 
 
 
Walkie-talkies should realize the same quality desired throughout all of the communications systems 
within  
the engineering constraints imposed by radio frequency spectrum availability and by design for easy 
portability. 
source NUREG0700 REV-2 10.2.4-2 Sound Quality 
 
 
Modulation and a radio frequency should be chosen, as FCC regulations permit, to provide broad-area 
walkie-talkie communication to the control room. 
Additional Information: One consideration for frequency selection should be radio-wave penetration of 
metal or reinforced concrete barriers, which at certain frequencies, would tend to attenuate or bounce the 
signal. Use of walkie-talkies should be prohibited in areas close to low-level analog or digital equipment, 
unless EMI noise susceptibility tests have been conducted that demonstrate that the equipment is not 
affected by the frequency bands used. 
source NUREG0700 REV-2 10.2.4-3 Area Coverage 
 
 
To the extent permitted by design for effective electrical/radio frequency function, walkie-talkies should 
be small, light, and easy to carry. The microphone should be integrated into the transceiver package. 
source NUREG0700 REV-2 10.2.4-4 Portability 
 
 
Procedures should provide for unambiguous identification of the speaker when there are more than two 
parties on a channel operating at separate locations. 
source NUREG0700 REV-2 10.2.4-5 Party Identification 
 
 
A supply of fresh replacement batteries should be stowed in an accessible, well-marked space. 
Additional Information: The stock should be kept large enough to support long periods of continuous 
operation in case of emergency. 
source NUREG0700 REV-2 10.2.4-6 Battery Replenishment 
 
 
4.1.3 Other Communications Systems 
 
A fixed-base UHF transceiver may be used for normal emergency communications between the control 
room and the following locations similarly equipped with fixed-base transceivers: Dispatcher, Security, 
and Utility Headquarters (if within UHF range). 
Additional Information: Procedures should be established (and conspicuously posted) for use of the 
system. Each licensee/applicant who intends to use radio communications should determine the extent to 
which radio interference could affect control room operations. 
source NUREG0700 REV-2 10.2.6-1 Fixed-Base UHF Transceivers 
 
 
Intercom systems should be provided to interconnect the control room with important plant areas and 
other areas where control room or operating personnel might be. 
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Additional Information: Areas served by intercoms might include the Shift Supervisor's Office, Plant 
Security Office, operators' lounge, locker rooms, and restrooms. 
source NUREG0700 REV-2 10.2.6-2 Point-to-Point Intercom Systems 
 
 
Provisions should be made to assure complete internal and external communications capabilities during 
emergencies. 
source NUREG0700 REV-2 10.2.7-1 Backup Equipment 
 
 
Communications equipment should be usable by personnel wearing protective gear without impediment 
to their tasks. 
source NUREG0700 REV-2 10.2.7-2  Equipment Usability 
 
 
Emergency facemasks should be equipped with diaphragms that are specially designed to transmit 
speech. 
Additional Information: The diaphragms should be able to separate voice from exhaust valve action. If 
not equipped with diaphragms, masks should be equipped with electronic speech systems that pick up the 
voice with an internal microphone and transmit it to a loudspeaker attached outside the mask. 
source NUREG0700 REV-2 10.2.7-3 Voice Communications with Masks 
 
 
4.1.4 Announcing Systems 
 
The system should provide rapidly intelligible messages to all areas where personnel subject to a page 
may be located. 
Additional Information: Adequate coverage requires that speakers should be placed so that they are 
available in all necessary areas and that there are no "dead spots" within any area. 
source NUREG0700 REV-2 10.2.5-1 Intelligibility and Coverage 
 
 
If the powered telephone system is used to provide microphone input to the announcing system, the 
telephone system should contain transmitters of quality compatible with that of the announcing system. 
Additional Information: Frequency response should be compatible with that of the rest of the system. 
Microphones should have high sensitivity to speech signals. Microphone input should be provided within 
the control room. 
source NUREG0700 REV-2 10.2.5-2 Microphone Characteristics 
 
 
Speakers should be provided in the control room and other areas where personnel might be (e.g., 
restrooms, eating areas, and locker rooms). 
Additional Information: Speakers should be placed to yield an intelligible level of signal throughout the 
area. 
source NUREG0700 REV-2 10.2.5-3  Loudspeaker Location 
 
 
Since proper speech over an announcing system differs from normal conversation, users should be 
familiarized with the proper way to speak on the announcing system. 
source NUREG0700 REV-2 10.2.5-4  Speech Clarity 
 
 
Speaker volume should be adjusted to ensure that speaker communications will not prevent detection of 
auditory alarms. 
source NUREG0700 REV-2 10.2.5-5 Loudspeaker Volume 
 
 
Control room inputs to the plant announcing system should have priority over any other input. 
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Additional Information: The control room input should be capable of interrupting an announcement in 
progress, or of bypassing queued announcements. 
source NUREG0700 REV-2 10.2.5-6 Priority 
 
 
4.1.5 Emergency Communications 
 
Provisions should be made to assure complete internal and external communications capabilities during 
emergencies. 
source NUREG0700 REV-2 10.2.7-1 Backup Equipment 
 
 
Communications equipment should be usable by personnel wearing protective gear without impediment 
to their tasks. 
source NUREG0700 REV-2 10.2.7-2  Equipment Usability 
 
 
Emergency facemasks should be equipped with diaphragms that are specially designed to transmit speech. 
Additional Information: The diaphragms should be able to separate voice from exhaust valve action. If 
not equipped with diaphragms, masks should be equipped with electronic speech systems that pick up the 
voice with an internal microphone and transmit it to a loudspeaker attached outside the mask. 
source NUREG0700 REV-2 10.2.7-3 Voice Communications with Masks 
 
 
4.1.6 Speech Intelligibility 
 
If information about the speech intelligibility of a system is needed, the most appropriate of the following 
methods should be selected. 

a. The phonetically balanced (PB) word test should be used when the highest accuracy and sensitivity 
are required. It is difficult to administer accurately and requires a long training time (typically 20-40 
hours) before the responses of the listeners have peaked and are stable. 

b. The modified rhyme test (MRT) described in ANSI 3.2 should be used to measure the communication 
performance of most military communication systems. It is easy to administer and requires only a short 
training time of 1-2 hours. 

c. The articulation index (AI) and/or the speech transmission index (STI) are predictive estimators of 
intelligibility. They should be used to estimate system performance during the concept and design 
phase but not as a substitute for intelligibility test when system hardware is available. 

[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.1.1 Evaluation method 
 
 
Speech intelligibility shall meet the criterion in Exhibit 7.4.1.2 for the appropriate communication 
requirement and evaluation method. 
[Source: MIL-STD-1472F, 1999] 
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source FAA 7.4.1.2 Intelligibility criteria 
 
 
4.1.7 Speech Transmission Equipment 
 
Microphones and associated system input devices shall respond optimally to that part of the speech 
spectrum most essential to intelligibility (i.e., 200 to 6,100 Hz). Where system engineering necessitates 
speech-transmission bandwidths narrower than 200 to 6,100 Hz, the minimum acceptable frequency 
range shall be 250 to 4,000 Hz. 
[Source: MILSTD-1472F, 1999] 
source FAA 7.4.2.1 Frequency range 
 
 
The dynamic range of a microphone used with a selected amplifier shall be great enough to admit 
variations in signal input of at least 50 dB. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.2.2 Dynamic range 
 
 
In very loud, low frequency noise environments (100 dB overall), noise canceling microphones shall be 
used and shall be capable of effecting an improvement of at least 10 dB peak-speech to root-mean-square 
noise ratio as compared with microphones that are not noise canceling, but that have equivalent 
transmission characteristics. [Source: MIL-STD-1472F, 1999] 
source FAA 7.4.2.3 Noise canceling microphones 
 
 
If necessary, speech system input devices shall employ frequency pre-emphasis with a positive slope 
frequency characteristic no greater than 18 dB per octave from 140 to 1,500 Hz, and no greater than 9 dB 
per octave over the frequency range of 1,500 to 4,800 Hz when no clipping is used. 
Discussion. If speech signals are to be transmitted over channels that have less than 15 dB peak-speech to 
root mean-square noise ratios, peak-clipping of 12 to 20 dB may be employed at system input and can be 
preceded by frequency pre-emphasis. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.2.4 Pre-emphasis 
 
 
If the talker is in an intense noise field, the microphone should be put in a noise shield. Noise shields 
should be designed to meet the following requirements: 
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a. a volume of at least 250 cu cm (15.25 cu in) to permit a pressure gradient microphone to function 
normally, 

b. a good seal against the face achieved by pressure of the hand or by tension straps, 
c. a hole or combination of holes covering a total area of 65 sq mm (0.1 sq in) in the shield to prevent 
pressure buildup, 

d. prevention of a standing wave pattern by shape or by use of sound absorbing material, and 
e. no impediment to voice effort, mouth or jaw movement, or breathing. 

[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.2.5 Noise shields 
 
 
4.1.8 Speech Reception Equipment 
 
Headphones and loudspeakers shall be subject to the same frequency response restrictions as 
microphones and transmission equipment except that loudspeakers for use in multi-speaker installations 
and multiple channels fed into headphones (e.g., where several speech channels are to be monitored 
simultaneously) shall respond uniformly (±5 dB) from 100 to 4,800 Hz. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.3.1 Frequency range 
 
 
If transmission equipment employs pre-emphasis and peak clipping is not used, reception equipment shall 
employ frequency de-emphasis of characteristics complementary to those of pre-emphasis only if it 
improves intelligibility, that is, de-emphasis shall be a negative-slope frequency response not greater than 
9 dB per octave over the frequency range of 140 to 4,800 Hz. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.3.2 Use of de-emphasis 
 
 
If several channels are to be monitored simultaneously by means of loudspeakers, the speakers shall be 
mounted at least 10° apart in the horizontal plane frontal quadrant, from 45° left to 45° right of the user's 
normal forward-facing position. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.3.3 Monitoring of speakers 
 
 
If additional channel differentiation is required, apparent lateral separation shall be enhanced by applying 
low-pass filtering (frequency cutoff, Fc=1,800 Hz) to signals fed to loudspeakers on one side of the 
central user position. If there are three channels involved, one channel shall be left unfiltered; a high-pass 
filter with a 1,000 Hz cutoff shall be provided in the second channel; and a low-pass filter with a 2,500 
Hz cutoff shall be provided in the third channel. A visual signal shall be provided to show which channel 
is in use. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.3.4 Filtering of speaker signals 
 
 
The speaker's verbal input shall be in phase with its reproduction as heard on the headset. This side tone 
shall not be filtered or modified before it is received in the headset. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.3.5 Speaker and side tone 
 
 
If listeners will be working in high ambient noise (85 dB(A) or above), binaural rather than monaural 
headsets shall be provided. Unless operational requirements dictate otherwise, binaural headsets shall be 
wired so that the sound reaches the two ears in opposing phases. 
[Source:MIL-STD-1472F, 1999] 
source FAA 7.4.3.6 Use of binaural headsets 



50 

 
 
Binaural headsets should be capable of reducing the perceived ambient noise level to less than 85 dB(A). 
Provisions should be incorporated to furnish the same protection to those who wear glasses. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.3.7 Binaural headsets 
 
 
4.1.9 Design for User Comfort and Convenience 
 
Communication equipment to be worn by a user, such as headphones and telephone headsets, shall be 
designed to preclude user discomfort. Metal parts of a headset shall not come into contact with a user's 
skin. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.4.1 Comfort 
 
User microphones, headphones, and telephone headsets shall be designed to permit hands-free operation 
under normal working conditions.  Specialized emergency equipment may be exempt from this criterion. 
[Source: MIL-STD-1472F, 1999]  
source FAA 7.4.4.2 Hands-free operation 
 
 
When communication requirements necessitate the use of several telephone handsets, the accessibility of 
their locations when not in use shall be determined by operational priority, that is, the most frequently or 
most urgently needed handset shall be the most accessible. The handsets may be color coded if the users 
will be able to perceive the coding under normal working conditions. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.4.3 Accessibility of handsets 
 
 
4.1.10 Operation Controls for Voice Communication Equipment 
 
Accessible volume or gain controls shall be provided for each communication receiving channel, such as 
loudspeakers or headphones, with sufficient electrical power to drive the sound pressure level to at least 
100 dB overall, when using two earphones. The minimum setting of the volume control shall be limited to 
an audible level, that is, it shall be impossible to inadvertently disable the system using the volume 
control. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.5.1 Volume controls 
 
 
Separate controls should be provided for power (ON-OFF) and for volume control. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.5.2 Separate controls for power and volume 
 
 
If power and volume controls are combined because of space limitations, an easily noticeable detent 
position shall be provided between the OFF position and the lower end of the continuous range of volume 
adjustment, and the OFF position shall be labeled. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.5.3 Combined power and volume controls 
 
 
If communication channels are to be continuously monitored, each channel shall be provided with a 
signal-activated switching device (squelch control) to suppress channel noise during no-signal periods. A 
manually operated ON-OFF switch shall be provided to deactivate squelching during the reception of 
weak signals. 
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[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.5.4 Squelch control 
 
 
 
When normal working conditions will permit the operator to remain seated at the working position and 
require access to "talk-listen" or "send-receive" control switches, or if console operation requires the use 
of both hands, foot-operated controls shall be provided. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.5.5 Foot-operated controls 
 
 
Hand-operated controls for the same functions as foot operated controls shall be provided for emergency 
use and for use when the operator may need to move from one position to another. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.4.5.6 Duplicate emergency controls 
 
 
4.2 Telephone Systems 
4.2.1 Conventional Telephone Systems 
 
The size and shape of handsets should be compatible with user's hand size and mouth-ear distance 
(standard telephone dimensions are acceptable). 
source NUREG0700 REV-2 10.2.2-1 Handset Size and Shape 
 
 
The volume of ringing should be adjustable at the individual telephone instrument. 
source NUREG0700 REV-2 10.2.2-10  Telephone Ringing 
 
 
The transmitter should be compatible with the rest of the announcing system when used as the 
microphone input to the announcing system. 
source NUREG0700 REV-2 10.2.2-11 Announcing Use 
 
 
Handset earpieces should maintain firm ear contact while the transmitter is positioned in front of the 
mouth. 
source NUREG0700 REV-2 10.2.2-2 Handset Design 
 
 
Cords should be of non kink or self-retracting type. 
source NUREG0700 REV-2 10.2.2-3  Retractable Handset Cords 
 
 
Cords should be of sufficient length to permit reasonable user mobility. 
source NUREG0700 REV-2 10.2.2-4 Handset Cord Length 
 
 
Cords should be positioned so as to avoid entangling critical controls or endangering passing traffic. 
source NUREG0700 REV-2 10.2.2-5 Handset Cord Position 
 
 
Vertically mounted handset cradles should be designed and located to prevent the handset from being 
knocked out of the cradle by passing traffic. 
source NUREG0700 REV-2 10.2.2-6 Handset Cradles 
 
 
Where multiple telephone instruments are located close together (e.g., on a single desk), they should be 
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coded to indicate circuit or function. 
source NUREG0700 REV-2 10.2.2-7  Multiple Instruments 
 
 
If a press-to-talk button is used, the button should be convenient to both left-and right-hand operation. 
source NUREG0700 REV-2 10.2.2-8 Press-to-Talk Button 
 
 
Switching should be designed and/or programmed to minimize delay in making desired connections 
under both normal and emergency conditions. 
Additional Information: Usually the switching function is accomplished by dial switching, and the 
switching mechanism is located in-plant. Switching should be programmed to give the control room 
automatic priority of access to the switching system. 
source NUREG0700 REV-2 10.2.2-9 Switching Mechanism 
 
 
In special environments such as control rooms, selection and placement of conventional telephone 
systems may be more critical than in a normal office environment. Within such specialized environments, 
systems selected for use shall provide a good frequency response in that portion of the spectrum essential 
for speech intelligibility. The standard telephone band pass of 200 to 3,300 Hz is acceptable. Handsets 
shall be compatible with users' hand sizes and mouth-to-ear distances. Again, the standard telephone 
dimensions are acceptable. Handsets shall provide firm ear contact. 
[Source: NUREG-0700, 1981] 
source FAA 7.4.6.1 General 
 
 
Cords shall be non-kinking or self-retracting and of sufficient length to permit reasonable user mobility. 
Cords shall be positioned to avoid entangling critical controls or becoming entangled with passing people 
or objects. [Source: NUREG-0700, 1981] 
source FAA 7.4.6.2 Cords 
 
 
Vertically mounted handset cradles shall be designed and located to prevent the handset from being 
knocked out of the cradle by passing people or objects. 
[Source:NUREG-0700, 1981] 
source FAA 7.4.6.3 Handset cradles 
 
 
If several telephones are located close to each other, they shall be coded to indicate circuit or function. 
[Source: NUREG-0700, 1981] 
source FAA 7.4.6.4 Multiple telephones 
 
 
If a press-to-talk button is used, the button shall be convenient to both left- and right-handed people. 
[Source: NUREG-0700, 1981] 
source FAA 7.4.6.5 Press-to-talk button 
 
 
Switching should be designed and programmed to minimize delay in making desired connections under 
both normal and emergency conditions. 
[Source: NUREG-0700, 1981] 
source FAA 7.4.6.6 Switching 
 
 
Switching shall be programmed to give the control room and critical functions automatic priority of 
access to the switching system. 
[Source: NUREG-0700, 1981] 
source FAA 7.4.6.7 Priority 
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In noisy environments, volume controls should be provided for loudness of ringing and speaker output. 
[Source: NUREG-0700, 1981] 
source FAA 7.4.6.8 Noisy environments 
 
 
Handsets used with conventional telephones having a band pass of 200 - 3300 Hz shall be compatible 
with users’ hand sizes and mouth-to-ear distances, and should provide firm ear contact. 
source MIL-STD-1472F 5.3.11.1.1 Telephone handsets. 
 
 
Cords shall be non-kinking or self-retracting, of sufficient length to permit reasonable operator mobility, 
and positioned to avoid entangling critical controls or be coming entangled with passing people or 
objects. 
source MIL-STD-1472F 5.3.11.1.2 Cords. 
 
 
Vertically mounted handset cradles shall be configured and located to prevent the handset from being 
knocked out of the cradle by passing people or objects. 
source MIL-STD-1472F 5.3.11.1.3 Handset cradles. 
 
 
If several telephones are located close to each other, they should re-code to indicate circuit or function. 
They should be labeled to indicate circuit or function. 
source MIL-STD-1472F 5.3.11.1.4 Multiple telephones. 
 
 
If a manual press-to-talk button is used, it shall be convenient to both left- and right-handed people and 
designed to avoid inadvertent actuation. 
source MIL-STD-1472F 5.3.11.1.5 Press-to-talk button. 
 
 
Switching should be designed and programmed to minimize delay in making desired connections under 
both normal and emergency conditions. Switching shall be programmed to give senior personnel and 
critical functions automatic priority access to the switching system. 
source MIL-STD-1472F 5.3.11.1.6 Switching. 
 
 
Telephones located in high noise areas (80 dBA to 95 dBA) should have manual controls to boost the 
ringer and speaker output levels to compensate for ambient noise. If at all possible, telephones should not 
be used in environments greater than 95 dBA unless sufficient handset output and unless noise attenuation 
is available and/or a noise control booth is used to reduce the noise to 95 dBA or less. 
source MIL-STD-1472F 5.3.11.1.7 High-noise environment. 
 
 
4.2.2 Sound-powered Telephones 
4.2.2.1 Feedback. 
 
Within engineering constraints imposed by sound-powering, the system should provide in-phase feedback 
to the user. 
Additional Information: In control room use, sound-powered phones are generally of the headset variety 
(either one or two earphones and a boom microphone in an assembly fitting on the head). Sound-powered 
phones are independent of external power, a feature of value in emergency use. Additionally, the headset 
configuration, used with conveniently located plug-in jacks, provides mobility for the user when moving 
to remote locations (back panels or outside the control room). 
source NUREG0700 REV-2 10.2.3-1 Feedback 
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Telephones located in high noise areas (80 dBA to 95 dBA) should have manual controls to boost the 
ringer and speaker output levels to compensate for ambient noise. If at all possible, telephones should not 
be used in environments greater than 95 dBA unless sufficient handset output and unless noise attenuation 
is available and/or a noise control booth is used to reduce the noise to 95 dBA or less. 
source MIL-STD-1472F 5.3.11.2.1 Feedback. 
 
 
4.2.2.2 Headsets. 
 
The headset should be held firmly in place, yet be easy to remove. 
source NUREG0700 REV-2 10.2.3-7  Fit of Headsets 
 
 
A well-marked and accessible place should be provided for headset stowage. 
source NUREG0700 REV-2 10.2.3-8 Storage of Headsets 
 
 
When the user will wear earphones covering both ears during normal equipment operation, the audio 
warning signal shall be directed to the user's headset as well as to the work area. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.10.1 Headset 
 
 
Binaural headsets should not be used in any operational environment with ambient noise below 85 
dB(A) if that environment contains sounds that provide the user with useful information and that 
information cannot be directed to the user's headset. 
[Source: MIL-STD-1472F, 1999] 
Discussion: Such sounds may include voices, machine noise that indicates wear or malfunctions, and 
other auditory indications of system performance or mission status. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.10.2 When not to use headsets 
 
 
When feasible, a warning signal delivered to a headset that might mask another essential audio signal 
should be delivered to one ear and the other signal to the other ear. 
[Source: MIL-STD-1472F, 1999] 
source FAA 7.2.10.3 Separate channels 
 
 
When earphones will be worn in an operational environment, a dichotic presentation should be used 
whenever feasible, with the signal alternating from one ear to the other by means of a dual-channel 
headset.  
[Source: MIL-STD-1472F, 1999]  
source FAA 7.2.10.4 Dichotic presentation 
 
 
Vertically mounted handset cradles shall be configured and located to prevent the handset from being 
knocked out of the cradle by passing people or objects. 
source MIL-STD-1472F 5.3.11.1.3 Handset cradles. 
 
 
When the operator is wearing earphones covering both ears during normal equipment operation, the audio 
warning signal shall be directed to the operator's headset as well as to the work area. Binaural headsets 
should not be used in any operational environment below 85 dBA where sounds that provide the operator 
with useful information cannot be directed to the operator's headset. Such sounds may include voices, 
machine noise that indicates wear or malfunction and other audible indications of system 
performance/mission status. 
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source MIL-STD-1472F 5.3.4.2.4 Headset. 
 
 
Headsets should be used when any of the following conditions exists: (a) ambient noise levels are so high 
that protective devices are required to protect the ears of the listener; (b) different listeners must receive 
different messages; and (c) reverberation interferes with loudspeaker listening. Use binaural headsets if 
the listeners will be in intense noise. Earphone cushioning should provide comfort for extended periods of 
wear. Earphones should cover the outer ear without causing uncomfortable pressure. The earpiece should 
be held firmly in place, yet be easy to remove. A well-marked and accessible place should be provided for 
headset stowage. Corded headsets should have jacks placed in such a way and have cords sufficiently 
long that the cord does not interfere with the operator’s activities. 
source MIL-STD-1472F 5.3.11.2.2 Over-the-ear headsets. 
 
 
4.2.2.3 Ringing. 
 
If ringing is not installed, the user should be able to switch the sound-powered transmitter to the paging 
system so that a desired party can be called to the line. 
Additional Information: Sound-powered phones require supplemental power, which is often 
handgenerated, to energize a ringing function. Often sound-powered phone circuits have no provision for 
ringing. Need for ringing must be determined for the individual plant depending on the sound-powered 
phone procedures. 
source NUREG0700 REV-2 10.2.3-2 Ringing 
 
 
If ringing is not installed, then the user should be able to switch the sound powered transmitter to the 
paging system so that a desired party can be called to the line. 
source MIL-STD-1472F 5.3.11.2.3 Ringing. 
 
 
4.2.2.4 Jack provisions. 
 
Plug-in jacks for the sound-powered system should be provided within the control room. 
Additional Information: Jacks should be located close to the workstations to prevent the need for unduly 
long cords. Jacks should not accommodate plugs of the conventionally powered phone system, in order to 
avoid wrong instrument-system connections. 
source NUREG0700 REV-2 10.2.3-3  Jack Provisions 
 
 
Plug-in jacks should be provided within the operational area. 
source MIL-STD-1472F 5.3.11.2.4 Jack provisions. 
 
 
4.2.2.5 Switching. 
 
When used, patch panels should be conspicuously marked and located in reasonably accessible places. 
Terms used to describe the connections should be clear to the operator; wiring codes should not be used. 
source MIL-STD-1472F 5.3.11.2.5 Switching. 
 
 
4.2.2.6 Dedicated emergency circuits. 
 
Dedicated lines should be provided for frequent or emergency communications. 
source MIL-STD-1472F 5.3.11.2.6 Dedicated emergency circuits. 
 
 
4.2.2.7 System access locations. 
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System stations should be located to ensure easy access and a relatively quiet location. 
source MIL-STD-1472F 5.3.11.2.7 System access locations. 
 
 
4.2.2.8 Earpieces 
 
Earphone cushioning to provide comfort for extended periods of wear. 
source NUREG0700 REV-2 10.2.3-5  Cushioning of Earpieces 
 
 
Earpieces should cover the outer ear without causing uncomfortable pressure. 
source NUREG0700 REV-2 10.2.3-6 Fit of Earpieces 
 
 
4.2.3 Multiple Telephones 
 
If several telephones are located close to each other, they should re-code to indicate circuit or function. 
They should be labeled to indicate circuit or function. 
source MIL-STD-1472F 5.3.11.1.4 Multiple telephones. 
 
 
4.2.4 Press-to-talk Button 
 
If a manual press-to-talk button is used, it shall be convenient to both left- and right-handed people and 
designed to avoid inadvertent actuation. 
source MIL-STD-1472F 5.3.11.1.5 Press-to-talk button. 
 
 
4.2.5 Switching 
 
When used, patch panels should be conspicuously marked and located in reasonably accessible places. 
Additional Information: These requirements are particularly critical in back-panel areas. A complete set of 
cords should be provided at each panel if cord-type patching is used. The requirements for switching must 
be assessed for the individual plant depending on procedures for use of sound-powered phones. 
source NUREG0700 REV-2 10.2.3-4 Switching 
 
 
Switching should be designed and programmed to minimize delay in making desired connections under 
both normal and emergency conditions. Switching shall be programmed to give senior personnel and 
critical functions automatic priority access to the switching system. 
source MIL-STD-1472F 5.3.11.1.6 Switching. 
 
 
4.2.6 High-noise Environment 
 
Telephones located in high noise areas (80 dBA to 95 dBA) should have manual controls to boost the 
ringer and speaker output levels to compensate for ambient noise. If at all possible, telephones should not 
be used in environments greater than 95 dBA unless sufficient handset output and unless noise attenuation 
is available and/or a noise control booth is used to reduce the noise to 95 dBA or less. 
source MIL-STD-1472F 5.3.11.1.7 High-noise environment. 
 
 
4.3 Loudspeakers 
4.3.1 Range of Coverage of Loudspeakers 
 
Loudspeaker coverage should be such that members of the work force can be alerted under all plant 
conditions. 
source NUREG0700 REV-2 12.2.4.1-1 Range of Coverage of Loudspeakers 
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4.3.2 Coverage Areas of Loudspeakers 
 
Loudspeaker coverage should be provided in all areas where the work force may be. 
source NUREG0700 REV-2 12.2.4.1-2 Coverage Areas of Loudspeakers 
 
 
4.3.3 Locations and Amplitudes of Loudspeakers 
 
Speakers should be placed within a space so that their number, location, and volume provide an 
intelligible signal to all workers therein. 
Additional Information: Room size and configuration, and ambient noise levels should be taken into 
account. 
source NUREG0700 REV-2 12.2.4.1-3 Locations and Amplitudes of Loudspeakers 
 
 
4.3.4 Echoes 
 
Page stations should be located so that time required for access by personnel does not exceed 30 seconds. 
source NUREG0700 REV-2 12.2.4.2-1 Locations of Page Stations 
 
 
Sound shielding should be provided where ambient noise levels exceed 90 dB(A). 
source NUREG0700 REV-2 12.2.4.2-2 Shielding of Page Stations 
 
 
Design features or administrative controls should limit unauthorized or excessive paging. 
source NUREG0700 REV-2 12.2.4.2-3 Control of Page System 
 
 
A means of varying speaker amplitude should be provided when ambient noise levels may vary by more 
than 20 dB. 
Additional Information: Features should be provided to allow the volume setting to be monitored. 
Administrative controls should be established to ensure that speaker amplitude is restored after having 
been reduced, e.g., during an outage. 
source NUREG0700 REV-2 12.2.4.2-4 Variable Amplitude Speakers 
 
 
4.4 High Noise Areas 
4.4.1 High Noise Environments 
 
Communications equipment should conform to guidelines in Section 10.2.1, General Requirements, 
relevant to high noise environments (i.e., Guidelines 10.2.1-5, 10.2.1-6, 10.2.1-9). 
source NUREG0700 REV-2 12.2.4.3-1 High Noise Environments 
 
 
4.4.2 Portable Alerting Devices 
 
Personal page devices should be provided and should be suitable for high-noise or remote areas. 
source NUREG0700 REV-2 12.2.4.3-2 Portable Alerting Devices 
 
 
4.5 Equipment 
4.5.1 Speech Transmission Equipment 
4.5.1.1 Frequency 
 
Microphones and associated system-input devices shall respond optimally to that part of the speech 
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spectrum most essential to intelligibility (i.e., 200 to 6,100 Hz). Where system engineering necessitates 
speech-transmission bandwidths narrower than 200 to 6,100 Hz, the minimum acceptable frequency 
range shall be 250 to 4,000 Hz. 
source MIL-STD-1472F 5.3.7.1 Frequency. 
 
 
4.5.1.2 Dynamic Range 
 
The dynamic range of a microphone used with a selected amplifier shall be wide enough to admit 
variations in signal input of at least 50 dB. 
source MIL-STD-1472F 5.3.7.2 Dynamic range. 
 
 
4.5.1.3 High-pass filtering 
 
In an environment with predominantly low-frequency noise, 300 Hz cut-off, high-pass filtering should be 
used. In very loud, low frequency noise environments (100 dB overall), noise canceling microphones 
shall be used and shall be capable of achieving an improvement of not less than 10 dB peak-speech to 
root-mean-square-noise ratio as compared with non-noise-canceling microphones of equivalent 
transmission characteristics. 
source MIL-STD-1472F 5.3.7.3 High-pass filtering. 
 
 
4.5.1.4 Pre-emphasis 
 
If necessary, speech system input devices should employ frequency preemphasis with a positive slope 
frequency characteristic no greater than 18 dB per octave from 140 to 1,500 to and no greater than 9 dB 
per octave over the frequency range 1,500 to 4,800 Hz, when no clipping is used. 
source MIL-STD-1472F 5.3.7.4 Pre-emphasis. 
 
 
4.5.1.5 Peak-clipping of speech signals 
 
Where speech signals are to be transmitted over channels showing less than 15 dB peak-speech to 
root-mean-square-noise ratios, peak clipping of 12 to20 dB may be employed at system input and may be 
preceded by frequency pre-emphasis as specified in 5.3.7.4. 
source MIL-STD-1472F 5.3.7.5 Peak-clipping of speech signals. 
 
 
4.5.1.6 Noise Shields 
 
When the talker is in an intense noise field, the microphone should be put in a noise shield. Noise shields 
should be meet the following requirements: 

a. A volume of at least 250 cu cm (15.25 cu in) shall be provided to permit a pressure gradient 
microphone to function normally. 

b. A good seal shall be provided against the face with the pressure of the hand or the tension of straps. 
c. A hole or combination of holes covering a total area of 65 sq mm (0.1 sq in) shall be provided in the 
shield to prevent pressure buildup. 

d. Standing wave patterns shall be prevented by shape, or by use of sound absorbing material. 
e. The shield shall present no impediment to voice effort, mouth, jaw movement or breathing. 

source MIL-STD-1472F 5.3.7.6 Noise shields. 



59 

4.5.1.7 Automatic loudness control 
 
Automatic loudness control may be used in situations with a consistent speech-to-noise differential not 
greater than 20 dB. 
source MIL-STD-1472F 5.3.7.7 Automatic loudness control. 
 
 
4.5.1.8 Binaural asychronous delay 
 
Except for 3D sound localization applications, critical voice communications systems shall not introduce 
a discernible binaural asynchronous delay (>1 msec). 
source MIL-STD-1472F 5.3.7.8 Binaural asychronous delay. 
 
 
4.5.1.9 Speaker/side tone 
 
The speaker's verbal input shall be in phase with its reproduction as heard on the headset. This side tone 
should not be filtered or modified before it is received in the headset. 
source MIL-STD-1472F 5.3.7.9 Speaker/side tone. 
 
 
4.5.2 Speech Reception Equipment 
4.5.2.1 Frequency Range 
 
Headphones and loudspeakers shall be subject to the same frequency response restrictions as 
microphones and transmission equipment except that loudspeakers for use in multi-speaker installations 
and multiple channels fed into headphones (e.g., where several speech channels are to be monitored 
simultaneously) shall respond uniformly (±5 dB) from 100 to 4,800 Hz. 
source MIL-STD-1472F 5.3.8.1 Frequency range. 
 
 
4.5.2.2 Loudspeakers for Multi-channel Monitoring 
4.5.2.2.1 Monitoring of Speakers 
 
If several channels are to be monitored simultaneously by means of loudspeakers, the speakers shall be 
mounted at least 10° apart in the horizontal plane frontal quadrant, from 45° left to 45° right of the 
operator's normal forward facing position. 
source MIL-STD-1472F 5.3.8.2.1 Monitoring of speakers. 
 
 
4.5.2.2.2 Filtering 
 
When additional channel differentiation is required, apparent lateral separation shall be enhanced by 
applying low-pass filtering (frequency cutoff = 1,800 Hz) to signals fed to loudspeakers on one side of the 
central operator position. If three channels are involved, one channel shall be left unfiltered, a high pass 
filter with 1,000 Hz cutoff shall be provided in the second channel, and a low-pass filter with 2,500 Hz 
cutoff shall be provided in the third channel. A visual signal shall be provided to show which channel is in 
use. 
source MIL-STD-1472F 5.3.8.2.2 Filtering. 
 
 
4.5.2.3 Use of De-emphasis 
 
When transmission equipment employs pre-emphasis, and peak clipping is not used, reception equipment 
shall employ frequency de-emphasis of characteristics complementary to those of pre-emphasis only if it 
improves intelligibility, i.e., de-emphasis shall be a negative-slope frequency response not greater than 9 
dB per octave over the frequency range 140 to 4,800 Hz. 
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source MIL-STD-1472F 5.3.8.3 Use of de-emphasis. 
 
 
4.5.2.4 Headsets 
 
If listeners will work in high ambient noise (85 dBA or above), binaural rather than monaural headsets 
shall be provided. Unless operational requirements dictate otherwise, binaural headsets shall be wired so 
that the sound reaches the two ears in opposing phases. Their attenuation qualities should be capable of 
reducing the ambient noise level to less than 85 dBA. Provisions should be incorporated to furnish the 
same protection to those who wear glasses. 
source MIL-STD-1472F 5.3.8.4 Headsets. 
 
 
4.5.2.5 Earphone/speaker-to-microphone feedback isolation 
 
Sufficient electrical, mechanical, and acoustical isolation shall be provided to preclude feedback 
oscillations (squeal problems) or echo effects (no discernible unwanted voice echo to speaker). 
source MIL-STD-1472F 5.3.8.5 Earphone/speaker-to-microphone feedback isolation. 
 
 
4.5.2.6 Public address systems 
 
The location, number, and loudness of speakers should provide intelligible signals/messages to all 
personnel. Speaker range in reverberant spaces should be not greater than 15 m (50 ft) to avoid excessive 
echoing (also see 5.8.3.4.3). Speaker amplitude should not mask audio warnings. 
source MIL-STD-1472F 5.3.8.6 Public address systems. 
 
 
4.5.3 Operator comfort and convenience 
4.5.3.1 Comfort 
 
Communication equipment to be worn by an operator (e.g., headphones and telephone headsets) shall be 
designed to preclude operator discomfort. Metal parts of the headset shall not come in contact with the 
user's skin. 
source MIL-STD-1472F 5.3.9.1 Comfort. 
 
 
4.5.3.2 Hands-free operation 
 
Operator microphones, headphones, and telephone headsets shall be designed to permit hands-free 
operation under normal working conditions. 
source MIL-STD-1472F 5.3.9.2 Hands-free operation. 
 
 
4.5.3.3 Accessibility of handsets 
 
Where communication requirements necessitate the use of several telephone handsets, the accessibility of 
their standby locations shall be determined by operational priority, i.e., the most frequently or urgently 
needed handset shall be the most accessible. The handsets may also be color coded if they will be visible 
to operating personnel under the working conditions. 
source MIL-STD-1472F 5.3.9.3 Accessibility of handsets. 
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4.5.4 Operating controls for voice communication equipment 
4.5.4.1 Volume controls 
 
Accessible volume or gain controls shall be provided for each communication receiving channel (e.g., 
loudspeakers or headphones) with sufficient electrical power to drive sound pressure level to at least 100 
dB overall when using two earphones, and shall have pressure operated gain control switches to 
compensate for altitude in unpressurized compartments. The minimum setting of the volume control shall 
be limited to an audible level, i.e., it shall not be possible to inadvertently disable the system with the 
volume control. Power (on-off) and volume adjustment should not be combined into the same control; 
however, if conditions justify their combination, a noticeable detent position shall be provided between 
the OFF position and the lower end of the continuous range of volume adjustment. When combined 
power and volume controls are used, the OFF position shall be labeled. 
source MIL-STD-1472F 5.3.10.1 Volume controls. 
 
 
4.5.4.2 Squelch control 
 
Where communication channels are to be continuously monitored, each channel shall be provided with a 
signal-activated switching device (squelch control) to suppress channel noise during no-signal periods. A 
manually operated on-off switch, to deactivate the squelch when receiving weak signals, shall be 
provided. 
source MIL-STD-1472F 5.3.10.2 Squelch control. 
 
 
4.5.4.3 Foot-operated controls 
 
When normal working conditions will permit the operator to remain seated at the working position and 
require access to "talk-listen" or "send-receive" control switches, or if console operation requires the use 
of both hands, foot-operated controls shall be provided. Hand-operated controls for the same functions 
shall be provided for emergency use and for use when the operator may need to move from one position 
to another. 
source MIL-STD-1472F 5.3.10.3 Foot-operated controls. 
 
 



62 

5 ENVIRONMENTS 
5.1 Acoustics 
5.1.1 Introduction 
 
Acoustics is the science and technology of sound, including its production, transmission, and effects. 
Sound is generally used to refer to any vibration or passage of zones of compression and rarefaction 
through the air or any other physical medium which is sufficient to stimulate an auditory sensation. The 
primary concern here is with sound that arrives at the crewmember's ear via an airborne path. 
This section establishes the appropriate noise level for manned spacecraft. Acoustic design requirements 
include general design goals, and noise exposure limits for working and living areas. Examples of typical 
acoustic design solutions are included. This section also discusses the potential sources of noise, 
propagation paths to the receiver, and human response to noise. (Refer to Paragraph 4.3, Auditory System, 
for related information.) 
source NASA-STD-3000 5.4.1 Introduction 
 
 
5.1.2 Acoustics Design Considerations 
 
The acoustical design goals are to establish a satisfactory environment relative to the human response to 
noise, to prevent hearing loss, to minimize disruption of speech communications, and to minimize 
noise-induced annoyance/stress factors. 
Launch/entry noise is categorized as short-term noise exposure. Orbiting (and flight) phase spacecraft 
noise limits are in the category of long-term exposure, where duration of exposure is a very important 
consideration. 
Acoustic noises are pressure fluctuations in the atmosphere, measured with instruments displaying sound 
pressure levels in logarithmic units known as decibels (dB). The ear perceives sound pressure amplitudes 
with logarithmic sensitivity; therefore, it is more convenient to express sound pressure in terms of 
decibels. 
The threshold of hearing in the frequency range of 1000 to 5000 Hz is about 20 uPascals (2.9 X 10-9 psi). 
The ear experiences pain when the sound pressure reaches about 200 Pascals (0.029 psi). The ratio of 
sound pressure between thresholds of hearing and pain at the ear is about 107. Sound pressure level in dB 
is a ratio between any two sound pressures where one sound pressure is a reference sound pressure, 
usually the threshold of hearing (20 uPascals). The definition of sound pressure level (SPL) is: where P is 
the root-mean-square sound pressure in Pascals for the sound in question, and Po is the reference sound 
pressure is 20 X 10-6 Pascals. The dynamic range of hearing is therefore: 
Figure 5.4.2-1 shows the relationship of sound pressure level in decibels to sound pressure in Pascals. 
Some approximate SPLs for certain sounds and noises are indicated. 
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Figure 5.4.2-1  Sound Pressure Level (dB) as a Function of Pascals and PSI 
 

Sound pressure level (SPL) in decibels (dB) SPL in Pascals (psi) 
 198   

194
192
186
180

100,000 (14.7) 

Some military guns 174
168
162
156

10,000 (1.47) 

150
144
138

1,000 (147,000µ) 

Sonic booms 132
126
120

100 (14,700µ) 

Threshold discomfort, 1000 Hz tone, steady state 114 10 (1470µ) 
108
102

  

1500 ft. from commercial jet aircraft 96 
90 

1 (147µ) 

84 
78 

  

50ft. from auto, 35 mph 74 
72 

0.1 (14.7µ) 

Speech in noise, 1 meter from talker 66 
60 

  

Speech in quiet, 1 meter from talker 54 
48 
42 

0.01 (1.47µ) 

36 
30 
24 

0.001 (0.147µ) 

Audiometer threshold, 1000 Hz 18 
12 
6 

100µ (0.0147µ) 

Open ear threshold, 1000 Hz tone 0 20µ (0.0029µ) 
Open ear threshold, 4000 Hz tone -6 

-12 
10µ (0.00147µ) 

Reference:223, Figure 2.2, Page 8; NASA-STD-3000 69 
 
Note: 
1. Sound pressure level in decibels (dB) 20 log 10(P/20mPa) 
2. Normal atmosphere is (0 deg C sea level) 1 bar = 14.7lbs./in2 = 2117 lbs/ft2  = 105  Pascals =106 

Pascals = 106 dynes/cm2 = 194 dB re 20m Pa = 105 Newtons/m2  
3. Every doubling of the sound pressure causes an increase of 6 dB 
4. A 1.41 increase in sound pressure causes an increase of 3 dB in sound pressure level and represents a 

doubling of sound energy 
5. The SPL's given here are for linear frequency weighting 
source NASA-STD-3000 5.4.2 Acoustics Design Considerations 
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5.1.2.1 Acoustic Environments Design Considerations 
 
Spacecraft crewmembers should be provided with an acoustic environment that will not cause injury or 
hearing loss, interfere with voice or any other communications, cause fatigue, or in any other way 
degrade overall man/machine system effectiveness. 
A high noise level environment typically occurs during the launch (boost) phase. The primary concern is 
crewmember exposure that will cause hearing loss or interfere with intercom and radio voice 
transmission. 
The on-orbit and flight phase of spacecraft missions is of relatively long duration. During work periods, 
the summation of the individual sound pressure levels from all operating systems and subsystems should 
not exceed exposure limits that will cause hearing loss or interfere with voice communication. Sleep and 
rest period noise levels should not exceed noise levels that interfere with sleep or comfort and the hearing 
of wanted sounds. 
The entry phase is similar to the launch phase, because high-level noise typically occurs within the 
spacecraft for a relatively short time. Hearing loss and interference with intercom and radio voice 
transmission are of primary concern. 
source NASA-STD-3000 5.4.2.1 Acoustic Environments Design Considerations 
 
 
5.1.2.1.1 Launch Phase Acoustic Environment 
 
The noise environment within the spacecraft during the launch phase is, initially, the result of high level 
jet noise of the booster rockets impinging on the outer surface of the fuselage and being transmitted to the 
spacecraft interior. As the spacecraft accelerates from its launch pad, noise reduces due to loss of ground 
reflection, and jet noise diminishes as velocity increases. With increasing velocity, however, the crew 
compartment receives aerodynamic noise generated by boundary layer turbulence along the outer surface 
of the fuselage. This boundary layer noise reaches its maximum level as the spacecraft passes through the 
range of maximum dynamic pressure and decreases progressively thereafter. Aerodynamic noise becomes 
insignificant approximately two minutes after liftoff. 
Figure 5.4.2.1.1-1 shows Space Shuttle Orbiter noise, external and internal, of the crew module during the 
atmospheric launch phase. Crewmember exposure is less than the internal noise level because of the 
attenuation offered by helmets. 
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Figure 5.4.2.1.1-1.  Space Shuttle Orbiter Crew Module Noise Survey Launch Phase. 
 

 
NASA-STD-3000 74 
source NASA-STD-3000 5.4.2.1.1 Launch Phase Acoustic Environment 
 
 
5.1.2.1.2 On-Orbit Phase Acoustic Environment 
 
The flight and on-orbit acoustic environment within the spacecraft is composed of continuous 
(long-duration) and intermittent (short-duration) noises. 

a. Typical continuous sources of on-orbit noise are: 
1. Environmental control equipment, (e.g., motors, fans, pumps). 
2. Avionics equipment (e.g., transformers, oscillators). 

b. Typical intermittent sources of on-orbit noise are: 
1). Waste control system pumps, fans, valves. 
2). Galley fans. 
3). Personal hygiene station pumps, fans, valves. 
4). Pressure regulators. 
5). Thruster firings. 

Figure 5.4.2.1.2-1 shows Space Shuttle Orbiter mid-deck and flight deck noise spectra during the on-orbit 
phase. Component noise spectra of individual prime noise sources are included. 
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Figure 5.4.2.1.2-1  Space Shuttle Orbiter On-Orbit Noise 

 
NASA-STD-300075 
source NASA-STD-3000 5.4.2.1.2 On-Orbit Phase Acoustic Environment 
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5.1.2.1.3 Entry Phase Acoustic Environment 
 
The noise environment within the spacecraft during the entry phase is dominated by boundary-layer 
turbulence containing broadband noise of high intensity. The sound pressure levels during entry are 
comparable with those produced during the maximum dynamic pressure at launch, but the high intensities 
may be maintained for a longer period of time during entry. 
source NASA-STD-3000 5.4.2.1.3 Entry Phase Acoustic Environment 
 
 
5.1.2.2 Propagation of Noise Design Considerations 
 
Noise and vibration travel different paths to reach the ear. Airborne noise travels through the air ducts and 
other openings that exist in enclosures as well as directly between source and ear for exposed equipment. 
Noise emitted into equipment enclosures, such as the avionics and equipment bays, couples with the 
enclosure surfaces and reradiates into the crew module where the noise again reaches the ear through 
airborne transmission. Vibration generated by rotating motors, fans, pumps, and transformer oscillations 
travel through the structural support members and is finally radiated as sound from vibrating surfaces in 
the crew module. The amount of noise reaching the receiver is dependent on the source level and the 
degree to which the transmission paths reduce the disturbances due to various attenuation factors 
encountered along the way. 
 
The structure-borne acoustic noise loss factors will change between terrestrial gravity and 
one-atmosphere conditions to on-orbit microgravity and no-atmosphere conditions. The effect on 
infrasonic and low frequency noise in a spacecraft is especially significant, because propagation of 
low-frequency energy through the spacecraft pressure hull into the vacuum of outer space cannot occur. 
source NASA-STD-3000 5.4.2.2 Propagation of Noise Design Considerations 
 
 
5.1.2.3 Human Responses to Noise Design Considerations 
 
The most significant effects of noise and transient pressures on humans are damage to hearing, masking 
of speech and warning signals, and annoyance. In addition, noise interferes with some human sensory and 
perceptual capabilities and thereby may degrade critical task performance. Noise may also produce 
temporary or permanent alterations in body chemistry. 
The effects of noise on human responses can be categorized as follows: 

a. Physiological effects – non auditory responses. 
b. Performance effects - masking. 
c. Annoyance - perceived noisiness, and sleep interference. 
d. Fatigue - Resulting from attempting to speak over elevated noise levels. 
Recommended references on human responses to noise are References 10, 92, and 223. 

source NASA-STD-3000 5.4.2.3 Human Responses to Noise Design Considerations 
 
 
5.1.2.3.1 Physiological Effects of Noise 
 
Exposure to intense sound may result in temporary and/or permanent hearing loss. The severity of the loss 
is dependent upon the duration of exposure, the physical characteristics of the sound (intensity, frequency, 
pure or wide-band), and the nature of the exposure (continuous or intermittent). 
For various exposure times to a given amount of acoustic energy, continuous noise causes greater 
temporary hearing loss for unprotected ears than does impulse noise. 
 
Figure 5.4.2.3.1-1 lists many of the physiological effects of noise for various conditions of exposure. 
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Figure 5.4.2.3.1-1.  Physiological Effects of Noise 

 
Condition of exposure Reported disturbances 

Sound Pressure 
Level (dB) re: 20 

µ Pa 

Spectrum Duration 

Reduced visual acuity; chest wall vibrations; 
gag sensations; respiratory rhythm changes. 

150 1-100 Hz 2 min 

Reflex response of tensing, grimacing, covering 
the ears, and urge to avoid or escape 

100  Sudden onset 

Pain in the ears 135 20-2,000 Hz  
Pain in the ears 160 3 Hz  
Discomfort in the ear 120 300-9,600 Hz 2 sec 

Hearing Temporary Threshold Shift of 10 dB 94 4000 Hz 15 min 
Hearing Temporary Threshold Shift of 10 dB 100 4000 Hz 7 min 

Hearing Temporary Threshold Shift of 10 dB 106 4000 Hz 4 min 
Tympanic membrane rupture 155 2,000 Hz  low 

freq. 
Continuous 
blast 

Tympanic membrane rupture 175   
Mechanical vibrations of body felt; during 
sensations 

120-150 OASPL  

Vertigo and, occasionally, disorientation, nausea 
and vomiting 

120-150 1.6 To 4.4 Hz Continuous 

Irritability and fatigue 120 OASPL  
Temporary Threshold Shift occurs 65 Broadband 60 days 
Human lethality 167 2000 Hz  
Human lethality 161 2000 Hz  
Temporary Threshold Shift occurs  75 8 to 16 kHz 5 min 
Temporary Threshold Shift occurs 110 20 to 31.5 kHz 45 min 

TTS - Temporary Threshold Shift NASA-STD-3000 76 
SPL - Sound Pressure Level re: 20 Pa 
 
Reference: 10, pp. 9-40, 41, 43, 47, 48; 15, p. 381; 92, pp. 719, 733, 738; NASA-STD-3000 76 
 
Other observed physiological effects of noise are: 

a. Noise exposure causes increases in the concentration of corticosteroids in the blood and brain and 
affects the size of the adrenal cortex. Continued exposure is also correlated with changes in the liver 
and kidneys and with the production of gastrointestinal ulcers. 

b. Electrolytic imbalances (magnesium, potassium, sodium, and calcium) and changes in blood glucose 
level are associated with noise exposure. 

c. The possibility of effects on sex-hormone secretion and thyroid activity is indicated. 
d. Vasoconstriction, fluctuations in blood pressure, and cardiac muscle changes have been reported. 
Vasoconstriction in the extremities, with concomitant changes in blood pressure, have been found for 
noises of 70 dB SPL, and these effects become progressively worse with higher levels of exposure. 

e. Abnormal heart rhythms have been associated with occupational noise exposure; this and other 
evidence support the tentative conclusion that noise may cause cardiovascular disorders. 

f. High intensity sound changes the mode of the stapes (in the middle ear), reducing the stimulus to the 
cochlea. An additional protective mechanism causes the stapedius and tensor tympana muscles to 
contract, which stiffens the middle ear ossicular chain. This reflex occurs about 10 m sec. after the 
initial onset of loud noise 

source NASA-STD-3000 5.4.2.3.1 Physiological Effects of Noise 
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5.1.2.3.2 Performance Effects of Noise 
 
Masking of speech occurs when the presence of one sound, such as noise, inhibits the perception of 
another sound. Hence, a given frequency will mask signals at neighboring frequencies rendering them 
completely inaudible. 
Crewmember's efficiency is impaired when noise interferes with voice communications. The frequencies 
used for voice communication range from about 200 to 6000 Hz. When this occurs, the penalty is an 
increase in time required to accomplish communication through slower, more deliberate verbal exchanges. 
This results in increased possibilities of human error due to misunderstandings. Crewmember's 
communication limitations must be considered an integral part of the system in which they perform (see 
Figure 5.4.2.3.2-1). 
 
Figure 5.4.2.3.2-1 Speech Interference Level (SIL) Criteria for Voice Communications 

Speech interference level 
(dB) 

Person to person communication 

30 - 40 Communication in normal voice satisfactory 

40 -50 Communication satisfactory in normal voice 1 to 2m (3 to 6ft), and raised voice 
2 to 4m (6 to 12ft), telephone use satisfactory to slightly difficult 

50 - 60 Communication satisfactory in normal voice 30 to 60cm (1 to 2ft), raised voice 
1 to 2m (3 to 6ft), telephone use slightly difficult. 

60 - 70 Communication with raised voice satisfactory 30 to 60 cm ( 1 to 2ft) slightly 
difficult 1 to 2m (3 to 6ft), telephone use difficult. Ear plugs and/or ear muffs 
can be worn with no adverse effects on communications. 

70 - 80 Communication slightly difficult with raised voice 30 to 60 cm (1 to 2ft), 
slightly difficult with shouting 1 to 2m (3 to 6ft). Telephone use very difficult. 
Ear plugs and/or ear muffs can be worn with no adverse effects on 
communication. 

80 - 85 Communication slightly difficult with shouting 30 to 60 cm (1 to 2ft). 
Telephone use unsatisfactory. Ear plugs and/or ear muffs can be worn with no 
adverse effects on communication. 

Overall speech level(dB) 
minus SIL (dB)* 

Communications via earphones or loudspeaker 

+ 10 dB or greater Communication satisfactory over range of SIL 30 maximum **SIL** 
permitted by exposure time. 

+ 5dB Communication slightly difficult. About 90 percent of sentences are correctly 
heard over range of SIL 30 to maximum SIL permitted by exposure time. 

0 dB to - 10 dB Special vocabularies (i.e., radio-telephone voice procedures) required. 

Communication difficult to completely unsatisfactory over range of SIL 30 to 
maximum SIL permitted by exposure time. 

* The overall long-time RMS sound pressure level of speech and the SIL for the noise must be measured at or 
estimated for a position in the ear canal of the listener. The long-time RMS value of speech can be 
approximated by subtracting 4 dB from the peak VU meter readings on monosyllabic words. 

** Ear plugs and/or muffs worn in noise having SIL’s above 60 dB will not adversely affect communication 
and will extend maximum permissible SIL in accordance with protection provided. 

Reference: 5, Table XXIX, p. 279; NASA-STD-3000 77 
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The sound reflected from room surfaces is known as reverberation. If the delay relative to the original 
sound is small, the reflections and the original will fuse and be heard singly by the listener. If the delay is 
long, a separate sound (an echo) will be heard. 
If the reverberation time is long, the room is termed live and a spoken word is heard first directly and then 
as a series of reflections. A certain amount of reverberation is desirable because it makes speech sound 
alive and natural. Too much reverberation is undesirable because reflections arrive at the same time as a 
subsequent word and interfere with its perception. 
If the reverberation time is short, the room is termed dead. There is less interference between words but, 
because the sound of the word decays before it can propagate through the room, communication may be 
reduced. 
 
Figure 5.4.2.3.2-2 lists many of the performance effects of noise on humans as a condition of exposure. 
Other observed performance effects of noise are: 
 

Figure 5.4.2.3.2-2 Performance Effects of Noise on Humans 

Condition of exposure 
Performance Effects SPL (dB) re: 20 µ Pa Spectrum Duration 

Reduced ability to balance on a thin rail  120 Broadband  
Chronic fatigue  110 Machinery noise 8 hr  
Reduced visual acuity, stereo-scopic acuity, 
near point accommodation  

105 Aircraft engine noise  

Vigilance decrement; altered thought 
processes; interference with mental work  

90 Broadband Continuous  

Fatigue, nausea, headache  85 1/3-octave@ 16 kHz Continuous  
Degraded astronauts’ performance  75 Background noise in 

spacecraft 
10-30 days  

Performance degradation of multiple-choice, 
serial-reaction tasks  

90 Broadband  

Overloading of hearing due to loud speech  100 Speech  
Affects person-to-person voice 
communication  

See Fig. 5.4.2.3.2-1.    

Hearing TTS at 2 minutes  70 4000 Hz  
Hearing TTS at 2 minutes after exposure 155  8 hr 

100 impulses 
NASA-STD-300075NASA-STD-300075 
 
Reference: 5, p. 279; 10, pp. 9-49, 50; 15, p. 381; 92, p. 725; 223, pp. 239, 249 NASA-STD-3000 78 
 

a. Continuous regular periodic and aperiodic noise reduces performance on a complex visual tracking 
task. At levels of 50, 70 and 90 dB of white noise, the greatest decrement occurred with the highest 
noise level. 

b. As the noise intensity increases, increased arousal causes an improvement in task performance up to a 
point; beyond that level of intensity, over arousal sufficient to degrade task performance occurs. 

c. Psychological effects of noise can include anxiety, learned helplessness, degraded task performance, 
narrowed attention, and/or other adverse after effects. 

source NASA-STD-3000 5.4.2.3.2 Performance Effects of Noise 
 
 
5.1.2.3.3 Annoyance Effects of Noise 
 
The term annoyance refers to the degree noise is perceived to be unwanted, objectionable, or 
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unacceptable. High noise levels can delay the onset of sleep, awaken one from sleep, and interfere with 
rest and with the hearing of wanted sounds. In the presence of objectionable noise levels, long path 
transmission voice communications cannot be tolerated as easily. Noise is stressful when it creates 
feelings of emotion, i.e., surprise, fear, anger, frustration, etc. Noise is annoying when it begins to 
interfere with low-level conversational speech (especially intermittent noise), becoming noticeable at 50 
dB(A). The threshold for noise annoyance varies depending on the sensitivity and mental state of the 
individual. 
source NASA-STD-3000 5.4.2.3.3 Annoyance Effects of Noise 
 
 
5.1.2.4 Noise Exposure Limits Considerations 
 
Spacecraft crewmember noise exposure limits are established by criteria for: 

a. Hearing conservation. 
b. Communication requirements. 
c. Habitability requirements. 

The types of noise that need to be considered are steady state noise (22.4 to 11,200 Hz), and impulse 
noise.  
Infrasonic and ultrasonic noise, though beyond the range of hearing, have a physiological effect on 
humans and should be considered. The duration of noise exposure directly affects permissible noise limits 
and should be considered. Also, noise criteria limits should be applied which enable certain tasks to be 
performed without degradation. 
source NASA-STD-3000 5.4.2.4 Noise Exposure Limits Considerations 
 
 
5.1.2.4.1 Hearing Conservation Criteria Considerations 
 
Hearing conservation criteria have been established which, when exceeded, are indications for the 
employment of hearing conservation measures. Hearing conservation criteria are based on comprehensive 
statements of the relation between various descriptive parameters of the noise exposure, such as sound 
pressure level and exposure time, and the probability of temporary or permanent hearing loss. Material 
design standards evolve from consideration of hearing damage risk, speech intelligibility, and annoyance 
factors intended to cover typical operational conditions 
source NASA-STD-3000 5.4.2.4.1 Hearing Conservation Criteria Considerations 
 
 
Long-term noise may be continuous, intermittent or fluctuating, with the sound pressure level varying 
over a wide range, provided such variations have a duration exceeding one second. 
source NASA-STD-3000 5.4.2.4.1.1 Long-Term Hearing Conservation Criteria Considerations 
 
 
Wide-band or continuous sound is the spectrum of a wave whose components are continuously distributed 
over a frequency region. Audio frequencies range from approximately 15 to 20,000 Hz. 
The equivalent continuous noise level (Leq) is the constant sound level that is equivalent to a varying 
sound level during a specified sample time. Implicit in this equivalence is an exchange rate between 
sound level and time of 5 dB per doubling of time. [See Reference 58, Paragraph 3.5, for method of 
calculating Leq]. 
Audible noise with constant sound levels of 85 dB(A) or greater is considered hazardous regardless of the 
duration of exposure. Hearing protection devices need to be provided during exposure to conditions of 
exposure to noise levels of 85 dB(A) or greater. Crewmembers should not be exposed to continuous noise 
levels which exceed 120 dB in any octave band or 135 dB overall sound pressure level (PASPL) under 
any circumstances. 
source NASA-STD-3000 5.4.2.4.1.1.1 Wide-Band, Long-Term Hearing Conservation 
Considerations 
 
 
If the sound pressure level of any one-third octave band exceeds the level in the adjacent one-third octave 
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bands by 5 dB or more, that band and associated octave band shall be considered to contain pure tone or 
narrow-band components. Narrow-band noise is a simple or complex tone or line spectra having intense 
and steady state frequency components, relative to wideband noise components, in a very narrow band 
(1% of the octave band or 5 Hz, whichever is less) and is heard as a musical sound, either harmonic or 
discordant. 
source NASA-STD-3000 5.4.2.4.1.1.2 Narrow-Band, Long-Term Hearing Conservation 
Considerations 
 
 
Short-term noise exposure is that period required for spacecraft launch and boost phase, the entry phase, 
and other conditions normally not exceeding five minutes continuous duration. 
Also, impulse or impact noise that may occur during any phase of spacecraft operation is considered to be 
short-term noise exposure. 
source NASA-STD-3000 5.4.2.4.1.2 Short-Term Hearing Conservation Criteria Considerations 
 
 
5.1.2.4.2 Voice Communications Criteria Considerations 
 
Intelligibility is the psychological process of understanding meaningful words, phrases, and sentences that 
may occur face-to-face or over communication systems. For satisfactory communication of most voice 
messages in noise, 75% intelligibility is required. The ratio of speech level to background noise level 
affects intelligibility. 
source NASA-STD-3000 5.4.2.4.2 Voice Communications Criteria Considerations 
 
 
Direct (face-to-face) communication provides visual cues that enhance voice communication 
intelligibility in the presence of background noise. The distance from speaker to listener, background 
noise level, and voice level are important considerations. Ambient air pressure and gaseous composition 
of the air are important considerations, because they affect voice efficiency and frequency content. 
source NASA-STD-3000 5.4.2.4.2.1 Direct Voice Communications Criteria Considerations 
 
 
Indirect voice communication systems lack visual cues that aid in speech intelligibility. The Articulation 
Index , (AI) should be used to calculate speech intelligibility in voice communication situations other than 
face-to-face. Standards for calculating the AI are described in Reference 222. The relationship between AI 
and various measures of speech intelligibility criteria are shown in Figure 5.4.2.4.2.2-1. Articulation 
Index criteria is given in paragraph 5.4.3.2.2.2. 
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Figure 5.4.2.4.2.2-1.  Articulation Index and Speech Intelligibility 

 
NASA-STD-3000 79 
source NASA-STD-3000 5.4.2.4.2.2 Indirect Voice Communications Criteria 
Considerations 
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5.1.2.4.3 Annoyance Criteria Considerations 
 
Problems of annoyance and task disruption will be minimal if acoustic requirements for acceptable 
speech communication, sleep, and rest are met. 
source NASA-STD-3000 5.4.2.4.3 Annoyance Criteria Considerations 
 
 
Long-term noises that can cause annoyances affecting sleep and rest periods and the hearing of wanted 
sounds are broad-band random noise or narrow-band noise with tone components. Long-term noise may 
be continuous, intermittent, or fluctuating, provided that such variations have a duration exceeding one 
second. Inaudible infrasonic and ultrasonic noise frequencies can also produce annoying effects. 
source NASA-STD-3000 5.4.2.4.3.1 Long-Term Annoyance Noise Criteria Considerations 
 
 
Short-term annoyance noise exposure does not exceed five minutes continuous duration. This includes 
wide-band random noise, narrow-band noise or tones, impulse or impact noise, and intermittent noise 
source NASA-STD-3000 5.4.2.4.3.2 Short-Term Annoyance Noise Criteria Considerations 
 
 
5.1.3 Acoustics Design Requirements 
5.1.3.1 General Acoustic Design Requirements 
 
This section defines the basic environmental limitations and criteria that the designer shall apply to the 
design of crew stations and other habitable compartment areas. 
Noise levels shall be specified in terms of A-weighted sound level, L(A). Noise exposure over 24 hour 
periods shall be specified in terms of the equivalent A-weighted sound level La eq. The maximum 
allowable on orbit continuous broad band sound pressure exposure limits produced by the summation of 
all individual sound pressures from all sources, including all operating systems, subsystems and payloads, 
considered over a 24 hour period are defined in the following paragraphs. 
source NASA-STD-3000 5.4.3 Acoustics Design Requirements 
 
 
The following general acoustic design requirements shall be observed: 

a. General Acoustic Design - Noise generation and penetration shall be controlled to the extent that 
acoustic energy will not cause personnel injury, interfere with voice or any other communications, 
induce fatigue, or contribute to the degradation of overall man-machine effectiveness. (All sound 
pressure levels in decibels are referenced to 20 u-Pascals unless otherwise stated and are to be 
measured at or translated to the outer ears of crewmembers.) 

b. Equipment Noise: 
1.Equipment shall be designed to meet noise requirements of MIL-STD-1474B. 
2. All noisy equipment shall be mounted and located to reduce noise at crewmember stations. 
3. System designs shall include noise control provisions. 
4. Means shall be provided onboard to facilitate measurement of acoustic noise levels to verify that 

exposure limits are not being exceeded. 
source NASA-STD-3000 5.4.3.1 General Acoustic Design Requirements 
 
 
5.1.3.2 Noise Exposure Requirements 
 
The following types of noise shall be taken into account: 

a. Wide-band random noise (22.4 to 11,200 Hz). 
b. Narrow-band noise and tones. 
c. Impulse noise. 
d. Infrasonic and ultrasonic noise. 

There are three sets of noise requirements that shall be satisfied depending on crewmember task and 
acceleration regimes: 1) hearing conservation, 2) voice communication, and 3) annoyance. 
source NASA-STD-3000 5.4.3.2 Noise Exposure Requirements 
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5.1.3.2.1 Hearing Conservation Noise Exposure Requirements 
 
a. Maximum Noise Exposure - A maximum noise exposure of 115 dB(A) is allowable, providing the 

duration does not exceed two minutes during a 24-hour period. 
 
b. Hearing Protection Devices - Hearing protection devices shall be provided for use during exposure to 

noise levels of 85 dB(A) or greater. 
source NASA-STD-3000 5.4.3.2.1 Hearing Conservation Noise Exposure Requirements 
 
 
The following long-term, wide-band hearing conservation noise exposure criteria shall apply: 

a. Hazard Level - Noise of constant sound levels of 85 dB(A) and greater are considered hazardous 
regardless of the duration of exposure. Total exposure during a 24-hour period shall not exceed an 
average of 80dB(A). 

b. Allowable Noise Exposure - A noise exposure below 84 dB(A) for up to eight hours duration without 
hearing protection is allowable but not desirable. 

c. Unacceptable Noise Levels - Crewmembers shall not be exposed to continuous noise levels that 
exceed 120 dB in any octave band or 135 dB OASPL under any circumstances. 

source NASA-STD-3000 5.4.3.2.1.1 Wide-Band, Long-Term Hearing Conservation Noise Exposure  
 
 
The relative sound pressure levels of narrow-band components, pure-tones, and beat frequencies shall be 
limited to a level at least 10 dB lower than the allowed maximum sound pressure level of the octave-band 
that contains the component. 
source NASA-STD-3000 5.4.3.2.1.2 Narrow-Band, Long-Term Hearing Conservation Noise Exposure  
 
 
Maximum Noise Level (Hearing Conservation Criteria) - Impulse sound is a change in sound pressure 
level of more than 10 dB in one second or less. Impulse noise shall not exceed 140 dB peak pressure level 
to meet hearing conservation criteria for unprotected ears. 
(See MIL-STD-1474B (Ref. 58) regarding the relationship between the number of daily exposures, the 
corresponding peak levels, B-duration values, and the required hearing protection devices when impulse 
peak pressure levels exceed 140 dB.) 
source NASA-STD-3000 5.4.3.2.1.3 Impulse Hearing Conservation Noise Exposure Requirements 
 
 
The following infrasonic noise annoyance criteria shall apply: 

a. Infrasound Sound Pressure Level - Infrasound sound pressure level shall be less than 120 dB in the 
frequency range of 1 to 16 Hz for 24-hour exposure. 

b. Hearing Protection - Passive hearing protection devices shall not be a method for low-frequency 
infrasound noise control. 

source NASA-STD-3000 5.4.3.2.1.4 Infrasonic, Long-Term Annoyance Noise Exposure Requirements 
 
 
The following ultrasonic noise annoyance criteria shall apply: 

a. Hearing Conservation Measures - Hearing conservation measures shall be initiated when the 
ultrasonic criteria provided in Figure 5.4.3.2.1.5-1 are exceeded. 
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Figure 5.4.3.2.1.5-1 Airborne High Frequency and Ultrasonic Hazard Noise Limits 

One third octave band center 
frequency, kHz 

One-third octave band level in 
dB 

10 80 

12.5 80 
16 80 
20 105 
25 110 
31.5 115 
40 115 

Reference: 281, Page 1-3; NASA-STD-3000 401 
 
b. Hearing Protection - Ultrasonic noise hearing protection shall be provided where overexposure is 
possible and in such a way that communication is not hampered. 

source NASA-STD-3000 5.4.3.2.1.5 Ultrasonic, Long-Term  Annoyance Noise Exposure Requirements 
 
 
5.1.3.2.2 Voice Communication Noise Exposure Requirements 
 
The following noise level criteria shall apply to areas where voice communications are necessary: 

a. Voice Communication Criteria - The communication criteria shown in Figure 5.4.3.2.2.1-1 shall be 
used to define maximum noise level based on voice communication requirements. 

b. Background Noise Level - Background noise for work areas shall not exceed the NC 50 contour 
unless otherwise specified. (Refer to Figure 5.4.3.2.2.1-1). 

c. Room reverberation time - 
1. The reverberation time of a spacecraft compartment shall be adjusted according to room volume and 

the criterion for conversational speech as shown in Figure 5.4.3.2.2.1-2. 
2. In areas where crewmember display users must communicate by voice, provide a room reverberation 

time of approximately 0.5 seconds. 
3. Reverberation time shall be verified utilizing the natural frequency of the system. 
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Figure 5.4.3.2.2.1-2. PSIL and Effective Voice 

 
Figure 5.4.3.2.2.1-2.  Preferred Reverberation Time 

 
NASA-STD-3000 82 
source NASA-STD-3000 5.4.3.2.2.1 Direct Voice Communications Noise Exposure Requirements 
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The following intelligibility criteria for Articulation Index (AI) shall apply: 

a. Very Good to Excellent Intelligibility - AI = 0.7 to 1.0. 
b. Good Intelligibility - AI = 0.5 to 0.7. 
c. Generally Acceptable Intelligibility - AI = 0.3 to 0.5. 
d. Unsatisfactory or Only Marginally Satisfactory - AI = 0.0 to 0.3. 

Reference Figure 5.4.2.4.2.2-1. 
source NASA-STD-3000 5.4.3.2.2.2 Indirect Voice Communications Noise Exposure Requirements 
 
 
5.1.3.2.3 Annoyance Noise Exposure Requirements 
 
The following long-term, wide-band annoyance noise criteria shall apply: 

a. Maximum Continuous Noise - The maximum allowable continuous broad band sound pressure levels 
produced by the summation of all the individual sound pressure levels from all operating systems and 
subsystems considered at a given time shall not exceed the Noise Criteria (NC) 50 contour for work 
periods and the NC 40 contour for sleep compartments shown in Figure 5.4.3.2.3.1-1. Also see Figure 
5.4.3.2.3.1-2 for correlation of the NC curves to the A-Weighted sound pressure levels 

b. Sleep Compartment Noise Level  
1. In sleep areas, the continuous broad-band noise level shall not be less than NC25 contour. 
2. Hearing protection devices shall be available in sleep areas to provide aural isolation as needed. 

 
Figure 5.4.3.2.3.1-1.  Indoor Noise Criteria (NC) Curves 

 
NASA-STD-3000 83 
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Figure 5.4.3.2.3.1-2  A-Weighted Sound Pressure Level as Weighted to the NC Curve 

NC Curve A- Weighted Sound Pressure 
Level dB (A) 

70 80 

65 72 

60 67 

55 63 

50 58 

45 53 

40 49 

35 44 

30 40 

25 36 

20 31 

15 27 

NASA-STD-3000 432 
source NASA-STD-3000 5.4.3.2.3.1 Wide-Band, Long-Term Annoyance Noise Exposure Requirements 
 
 
The maximum SPL of any narrow-band continuous component or tone shall be at least 10 dB less than 
the broad-band SPL of the octave-band which contains the component. 
source NASA-STD-3000 5.4.3.2.3.2 Narrow-Band Annoyance Noise Exposure Requirements 
 
 
The wide-band annoyance noise level as a result of long-term and short-term (less than five minutes) 
noise shall not exceed an Leq (8-hours) of 32 dB during the sleep period. Intermittent noises shall be 
minimized. 
source NASA-STD-3000 5.4.3.2.3.3 Wide-Band, Short-Term Annoyance Noise Exposure Requirements 
 
 
The following impulse noise annoyance criteria shall apply: 

a. Sleep/Rest Periods - Anticipated impulse or transient noises shall not exceed background noise by 
more than 10 dB during sleep/rest periods. 

b. Masking Noise: 
1. Masking noise generation to cover-up impulse or fluctuating noise is not a preferred solution but, 

where utilized, it shall not exceed 55 dB(A) at the crewmember's ear. 
2. Masking noise level and spectrum shape shall be under the control of crewmembers. 

source NASA-STD-3000 5.4.3.2.3.4 Impulse Annoyance Noise Exposure Requirements 
 
 
5.1.3.2.4 Measurement of Noise Levels 
 
Acoustic noise measurements shall be conducted in accordance with the requirements conforming to the 
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sections on Instrumentation and Measurement in MIL-STD-1474B (Reference 58). 
source NASA-STD-3000 5.4.3.2.4 Measurement of Noise Levels 
 
 
5.1.3.2.5 Noise Reduction For Equipment Upgrades 
 
Mid-Program system upgrades shall include noise reduction according to the latest technical state of the 
art which is applicable to the equipment which is being upgraded. 
source NASA-STD-3000 5.4.3.2.5 Noise Reduction For Equipment Upgrades 
 
 
5.1.4 Example Acoustics Design Solutions 
5.1.4.1 Noise Control at the Source 
 
The sources of equipment/system noise are vibration, impact, friction and fluid flow turbulence. Figure 
5.4.4.1-1 lists typical methods to control noise at the source. 
source NASA-STD-3000 5.4.4.1 Noise Control at the Source 
 
 
5.1.4.2 Control of Noise Path Transmission 
 
A source of acoustic noise can radiate sound directly into the air or induce vibrations into a structural path 
that, in turn, radiate into the air. Airborne noise can be reduced by 1) enclosure and barriers between noise 
source and crewmembers, 2) sound absorption linings, and 3) sealing of enclosure and perimeter wall 
penetrations. 
Structurally transmitted vibration and radiated noise can be reduced by 1) vibration isolation of 
machinery supports and panels, 2) panel damping applications, 3) decoupling pipes from pumps with a 
section of hose, and 4) detuning vibration frequencies by panel stiffening. 
The Space Shuttle Orbiter required noise control application to the IMU Cooling System. Inlet and outlet 
duct reactive/dissipative mufflers were developed and tuned to alleviate a 2000 Hz noise problem. The 
fan/heat exchanger is a single duct that was silenced by a straight- through, foam-lined, dissipative 
muffler. A 22 dB reduction in 2000 Hz octave-band noise was accomplished. 
 
Figure 5.4.4.1-1.  Typical Noise Source Corrective Actions 
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NASA-STD-3000 84 
source NASA-STD-3000 5.4.4.2 Control of Noise Path Transmission 
 
 
5.1.4.3 Hearing Protection 
 
Noise that has not been sufficiently reduced requires the use of hearing protection devices. These devices 
consist of earplugs, ear muffs, noise-attenuating helmets, or combinations of these. TB MED 501 
(Reference 281) provides information regarding acceptable personal hearing protective devices. 
The Space Shuttle Orbiter noise level during the launch phase is 149 dB (external) and 118 dB (internal). 
A NASA helmet equipped with communication-type earmuffs will provide 5 to 42 dB attenuation over 
the range of frequencies from 63 Hz to 8,000 Hz, reducing launch noise at the crewmember's ear to about 
110 dB. The NASA helmet reduces launch noise from 107.7 dB(A) to 92.7 dB(A). 
source NASA-STD-3000 5.4.4.3 Hearing Protection 
 
 
5.1.5 Acoustical Noise 
5.1.5.1 General 
 
Ambient sound pressure levels should not be greater than 55 dBA, excluding noise generated by the user. 
The time-average A-weighted sound pressure level should be determined by measurements according to 
the ANSI S1. 13-1971 survey method for measurement of sound pressure levels. Impulse noise with 
pressure levels significantly above the ambient pressure levels and narrow band tones that are audible 
above the ambient sound pressure level should be avoided. 
 
DISCUSSION: 
The acoustical design objectives for a work space should consider a balance of sound from all sources. 
The background level should be low enough to avoid interference with activity or speech but high enough 
to mask intrusive sounds from adjacent spaces. For more information, see ASHRAE (1980), MIL STD 
1472C, and OSHA (1983). 
 
Noise emission measurements involve procedures significantly different from ambient noise 
measurements. Noise emission measurements for workstation equipment also should be made, in 
accordance with the ANSI S12.10-1985 are obtained in a controlled environment and are not directly 
comparable with installation sound pressure levels. 
source ANSI-HFS100 5.5 Acoustic Noise 
 
 
Personnel shall be provided an acoustical environment which will not cause personnel injury, interfere 
with voice or any other communications, cause fatigue, or in any other way degrade system effectiveness. 
The fact that a component which contributes to the overall noise may be government furnished equipment 
shall not eliminate the requirement that the total system conform to the criteria herein. 
source MIL-STD-1472F 5.8.3.1 General. 
 
 
5.1.5.2 Hazardous Noise 
 
Equipment shall not generate noise in excess of maximum allow ablelevels prescribed by 
MIL-STD-1474. 
source MIL-STD-1472F 5.8.3.2 Hazardous noise. 
 
 
5.1.5.3 Non-hazardous Noise 
5.1.5.3.1 General Workspaces 
 
Workspace noise shall be reduced to levels that permit necessary direct (person-to-person) and telephone 
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communication and establish an acceptable acoustical work environment. Criteria for workspaces are 
defined by either the A-weighted sound level (dB(A)) or the speech interference level (SIL) and are given 
in 5.8.3.3.1 through 5.8.3.3.6. The A-weighted sound level is the desired requirement. Where it is not 
possible to meet the specified A-weighted sound level, the corresponding SIL requirement shall be met. 
Figure 37 provides guidance on the relationship between required vocal-effort, speaker-to-listener 
distance and noise level. Procedures for determining speech intelligibility are provided in 5.3.14. 
source MIL-STD-1472F 5.8.3.3 Non-hazardous noise. 
 
 
Areas requiring occasional telephone use or occasional direct communication at distances up to 1.5 m (5 
ft) shall not exceed 75 dBA SIL. (Examples: maintenance shops and shelters, garages, keypunch areas, 
shipboard engineering areas.) 
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source MIL-STD-1472F 5.8.3.3.1 General workspaces. 
 
 
5.1.5.3.2 Operational Areas 
 
Areas requiring frequent telephone use or occasional direct communication at distances up to 150 cm (5 
ft) shall not exceed 65 dBA SIL. (Examples: operation centers, mobile command and communication 
shelters, combat information centers, word processing centers.) 
source MIL-STD-1472F 5.8.3.3.2 Operational areas. 
 
 
5.1.5.3.3 Large Workspaces 
 
Areas requiring no difficulty with telephone use or requiring occasional direct communication at 
distances up to 460 (15 ft) shall not exceed 55 dBA SIL.(Examples: drafting rooms, shop offices, 
laboratories.) 
source MIL-STD-1472F 5.8.3.3.3 Large workspaces. 
 
 
5.1.5.3.4 Small Office Spaces/Special Areas 
 
Areas requiring no difficulty with direct communication shall not exceed 45 dBA SIL. (Examples: 
conference rooms, libraries, offices, command and control centers.) 
source MIL-STD-1472F 5.8.3.3.4 Small office spaces/special areas. 
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5.1.5.3.5 Extreme Quiet Areas 
 
Areas requiring extreme quiet shall not exceed 35 dBA SIL.(Example: recording studios.) 
source MIL-STD-1472F 5.8.3.3.5 Extreme quiet areas. 
 
 
5.1.5.3.6 Shipboard Areas 
 
As applicable, noise in shipboard areas requiring a specified speech communication environment shall be 
not greater than 5 dB above the levels specified by 5.8.3.3.1 to 5.8.3.3.5. Levels for spaces and categories 
not covered in those paragraphs shall be as given in the detailed shipbuilding specification (e.g., sonar 
control rooms, ward rooms). Equipment noise acceptance criteria to achieve specified space levels shall 
conform to Requirement 5 of MIL-STD-1474. 
source MIL-STD-1472F 5.8.3.3.6 Shipboard areas. 
 
 
5.1.5.4 Facility Design 
5.1.5.4.1 General 
 
The workspace or facility design shall minimize the ambient noise level to the extent feasible through 
effective sound reduction or attenuation to meet the criteria herein. 
source MIL-STD-1472F 5.8.3.4.1 General 
 
 
5.1.5.4.2 Attenuation by Materials and Layout 
 
Acoustic materials with high sound-absorption coefficients should be provided as necessary in the 
construction of floors, walls, and ceiling to provide the required sound control. Transmission of excessive 
noise into rooms and work stations should be attenuated by such means as high density materials and 
multi-layer materials such as concrete, lead, gypsum board, sound attenuating (STC rated) ceiling tiles 
(high density), etc. and construction techniques such as staggered seams in walls, acoustic caulking of 
walls to the hard structure of the floor and ceiling (not suspended ceiling), attenuators in heating, 
ventilation and air conditioning (HVAC) supply and return ducts, STC rated doors, and at least 
double-paned windows. Excessive reverberation in rooms and work stations may be controlled by 
applying sound absorbing materials on floor, ceiling tiles, and special wall treatments. Excessive noise in 
rooms and work stations should be attenuated by such means as staggered construction of walls, 
staggering of doors in corridors or between rooms, and use of thick-paned or double-paned windows. 
source MIL-STD-1472F 5.8.3.4.2 Attenuation by materials and layout. 
 
 
5.1.5.4.3 Reduction of Reverberation Time 
 
Where speech communication is a consideration, the acoustical treatment of facilities should be sufficient 
to reduce reverberation time below the applicable limits of Figure 38. 
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source MIL-STD-1472F 5.8.3.4.3 Reduction of reverberation time. 
 
 
5.2 Control Room 
5.2.1 General 
 
The acoustic design of the control room should ensure that verbal communications among personnel are 
not impaired; auditory signals are readily detected; and auditory distraction, irritation, and fatigue are 
minimized. 
source NUREG0700 REV-2 12.1.2.5-1 General 
 
 
General Principle - Ambient (background) noise shall be low enough so that all audible signals including 
the annunciators are clearly distinguishable and easy communication between operators is possible. 
Maximum ambient noise shall not exceed 65 decibels (dB) inside the MCB ring (the area circumscribed 
by the MCB) at peak times such as immediately following a reactor trip or when visitors are present. This 
should hold true in the RSR as well. All noise level readings are in decibels based on the A scale (i.e., 
dBA). 
source HF010 3.2 CONTROL ROOM ACOUSTICS 
 
 
Noise Source Reduction - All sources of background noise contributing to noise level above specified 
guideline measurement shall be minimized. 
source HF010 3.2.1 CONTROL ROOM ACOUSTICS 
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Unnecessary plant pages shall not be heard in the MCR 
source HF010 3.2.1.1 CONTROL ROOM ACOUSTICS 
 
 
RSR, ERF and MCR access shall be restricted to essential personnel to prevent interference with 
operations of the plant and to limit excess noise. 
source HF010 3.2.1.2 CONTROL ROOM ACOUSTICS 
 
 
MCR and RSR shall have access controlled via a locked door, key card or other appropriate security 
measures shall be used by authorized personnel to limit access. 
source HF010 3.2.1.2.1 CONTROL ROOM ACOUSTICS 
 
 
Shift Supervisor's permission shall be necessary to enter the work area. 
source HF010 3.2.1.2.2 CONTROL ROOM ACOUSTICS 
 
 
Decibel levels of annunciators shall be adjustable to at least 10 dB above the mean background noise 
level. 
source HF010 3.2.1.3 CONTROL ROOM ACOUSTICS 
 
 
Reduce Noise Impact  -  Appropriate materials and/or devices shall be installed to control noise and 
vibration. 
source HF010 3.2.2 CONTROL ROOM ACOUSTICS 
 
 
Sound absorbent materials are provided in the ceiling of the MCR and RSR. 
source HF010 3.2.2.1 CONTROL ROOM ACOUSTICS 
 
 
In the computer room, brief intervals of louder noise (such as during intermittent use of loud printers) are 
acceptable. 
source HF010 3.2.2.2 CONTROL ROOM ACOUSTICS 
 
 
5.2.2 Background Noise 
 
Background noise should not impair verbal communication between any two points in the main operating 
area. 
Additional Information: Verbal communications should be intelligible using normal or slightly raised 
voice levels. Figure 12.3 shows the voice levels needed for spoken communication over specified 
distances in the presence of different levels of background noise. Intelligibility of speech in noise is 
affected by the frequency spectra of the noise and of the speakers' voices and by the speakers' hearing 
sensitivity. 
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source NUREG0700 REV-2 12.1.2.5-2 Background Noise 
 
 
5.2.3 Background Noise Level 
 
Background noise levels should not exceed 65 dB(A). 
Additional Information: Operators eight feet apart will have to speak loudly to be heard in the presence of 
a 65 dB(A) background noise. Therefore, if workstations, display panels, or control interfaces are widely 
separated in the control room, the background noise limit should be reduced. 
source NUREG0700 REV-2 12.1.2.5-3 Background Noise Level 
 
 
5.2.4 Further Reductions 
 
Where communications between the main operating area and other control room locations are necessary, 
and voice transmission systems are not provided, further reductions in background noise should be 
implemented. 
source NUREG0700 REV-2 12.1.2.5-4 Further Reductions 
 
 
5.2.5 Noise Distractions 
 
Noise distractions generated either inside or outside the control room should be minimized. 
source NUREG0700 REV-2 12.1.2.5-5 Noise Distractions 
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5.2.6 Reverberation Time and Sound Absorption 
 
The acoustical treatment of the control room should limit reverberation time to 1 second or less. 
source NUREG0700 REV-2 12.1.2.5-6 Reverberation Time and Sound Absorption 
 
 
5.3 Noise 
5.3.1 Quieting the Work Process 
 
Steps should be taken to reduce noise at its source. 
Additional Information: The preferred approach for mitigating the effects of noise is to reduce the 
vibration that is causing the noise by isolating or dampening the vibration with machine mountings. The 
speed of the operating machinery can be altered, thereby changing the frequency of the noise. The 
resonance of the vibrating objects can be reduced. 
source NUREG0700 REV-2 12.2.5.3-1 Quieting the Work Process 
 
 
5.3.2 Limiting Noise Transmission 
 
Steps should be taken to limit the transmission of noise. 
Additional Information: Noise can be reduced by increasing the distance of the noise source from the 
worker. This technique is less effective for low frequencies. Sound-attenuating barriers or enclosures 
should be used when workers are required to work near equipment that, despite quieting measures, 
produces high levels of noise. Sound-absorbing materials can absorb 70% of the noise that strikes them. 
These materials are effective for both low and high frequencies. 
source NUREG0700 REV-2 12.2.5.3-2 Limiting Noise Transmission 
 
 
5.3.3 Limiting Noise Exposure 
 
Steps should be taken to protect workers from noise. 
Additional Information: Administrative controls should limit the amount of time that workers spend in 
noisy locations. 
source NUREG0700 REV-2 12.2.5.3-3 Limiting Noise Exposure 
 
 
5.3.4 Hearing Protection 
 
Ear protection devices should be available and required to be worn in areas where noise levels are 85 dB 
or more. 
source NUREG0700 REV-2 12.2.5.3-4 Hearing Protection 
 
 
5.3.5 Sound Attenuating Enclosures 
 
When workers may be required to remain in high noise areas for extended periods of time, appropriate 
sound attenuating enclosures should be provided. 
source NUREG0700 REV-2 12.2.5.3-5 Sound Attenuating Enclosures 
 
 
5.3.6 Auditory Capabilities of Users 
 
The hearing sensitivity of the work force should be monitored. 
Additional Information: The needs of those workers with hearing degradation should be taken into 
account. 
source NUREG0700 REV-2 12.2.5.3-6 Auditory Capabilities of Users 
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5.3.7 Communications and Hearing Protection 
 
Communication equipment in high noise areas should be compatible with ear protection devices. 
source NUREG0700 REV-2 12.2.5.3-7 Communications and Hearing Protection 
 
 
5.4 Accommodating People with Disabilities 
5.4.1 General 
 
The "Americans with Disabilities Act of 1990" (Public Law 101-336) prohibits employment 
discrimination against qualified individuals with disabilities. If a person's disability creates a barrier to 
employment, the Act requires that the employer consider whether reasonable accommodations could 
remove the barrier. The intent of the Act is to permit people with disabilities to compete with people 
without disabilities on the basis of the same performance standards and requirements once such 
accommodations have been made. 
Definitions. A disability is a physical or mental impairment that substantially limits one or more of a 
person's major life activities. A reasonable accommodation is any modification or adjustment to a job or 
the work environment that will enable a qualified person with a disability to participate in the application 
process and to perform essential job functions. 
source FAA 8.20 Accommodating people with disabilities 
 
 
When a system requires multiple, simultaneous activations, such as the simultaneous depression of two or 
more keys on a keyboard, the system should provide an optional, alternative mode of operation. 
[Source: Scadden & Vanderheiden, 1988, P-1, pp. 13] 
source FAA 8.20.1.1 Multiple, simultaneous activations. 
 
 
When a system requires multiple, simultaneous activations, such as the simultaneous depression of two or 
more keys on a keyboard, the system should provide an optional, alternative mode of operation. 
Example. One possible alternative mode of operation would accept sequential rather than simultaneous 
activations. 
[Source: Scadden & Vanderheiden, 1988, P-1, pp. 13-14] 
source FAA 8.20.1.2 Timed responses. 
 
 
The number of small targets should be minimized, especially if they are likely to be the objects of drag 
operations. 
[Source: Casali, Proc. Of the HFS, 36,311-315] 
source FAA 8.20.1.3 Minimal number of "small" targets. 
 
 
When a small target cannot be avoided, a zooming capability should be provided. 
[Source: Casali,Proc. Of the HFS, 36, 311-315] 
source FAA 8.20.1.4 Zooming capability. 
 
 
5.4.2 Accommodating People with Visual Disabilities 
5.4.2.1 General 
 
Most of the difficulty people with visual disabilities have with computer systems arise in connection with 
output displays. Some difficulty also arises from input devices that require eye-hand coordination. 
source FAA 8.20.2 Accommodating people with visual disabilities 
 
 
5.4.2.2 Auditory Screen Representation 
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5.4.2.2.1 Granularity 
 
When a graphical interface is given an auditory representation, the auditory representation should be 
based on interface objects, not pixels. 
[Source: Mynatt & Edwards,1992, 61-70] 
source FAA 8.20.2.2.1 Granularity. 
 
 
5.4.2.2.2 Navigation 
 
Navigation in an auditory representation should move the user's position among different auditory 
interface objects. 
Discussion: Standard mouse movement is in terms of pixels, which have little or no meaning in an 
auditory representation. 
[Source: Mynatt & Edwards, 1992, 61-70] 
source FAA 8.20.2.2.2 Navigation. 
 
 
5.4.2.2.3 Auditory and Operational Consistency 
 
Each type of object, such as a push button, shall have consistent auditory representation and operate in a 
consistent way throughout an auditory interface. 
[Source: Mynatt & Edwards, 1992, 61-70] 
source FAA 8.20.2.2.3 Auditory and operational consistency. 
 
 
5.4.2.2.4 Dual Representation 
 
All interactions that a person without visual disabilities would see between the mouse cursor and objects 
on the screen should have auditory counterparts. 
Discussion: These sounds may be simple or complex tones or patterns of tones, or speech. 
[Source: Edwards, 1988, p. 84] 
source FAA 8.20.2.2.4 Dual representation. 
 
 
5.4.2.2.5 Objects Represented 
 
An interface with both visual and auditory representation should incorporate into the auditory portion 
certain objects when they appear in the corresponding visual interface. These objects are 

a. menus, 
b. windows, 
c. dialogs, 
d. buttons, and 
e. scroll bars. 

[Source: Edwards, 1988, p. 84] 
source FAA 8.20.2.2.5 Objects represented. 
 
 
5.4.2.2.6 Eliciting an Object's Name 
 
A user should be able to elicit the name of the object currently being selected. 
Example: Pressing one of the buttons of a mouse might result in a synthesized speech announcement of 
the name of the object. 
[Source: Edwards, 1988, p. 84] 
source FAA 8.20.2.2.6 Eliciting an object's name. 
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5.4.3 Accommodating People with Hearing Disabilities 
5.4.3.1 General 
 
People who have hearing disabilities and people who are deaf usually have little difficulty using 
computers. Providing redundant visual outputs to tones and other auditory outputs can eliminate most of 
the problems they do have. 
source FAA 8.20.3 Accommodating people with hearing disabilities 
 
 
5.4.3.2 Redundant Visual Output 
 
All information required for system operation and error detection that is presented in auditory form 
should also be provided or available redundantly in an appropriate visual form. 
[Source: Scadden & Vanderheiden, 1988, H-1,pp. 40-41] 
source FAA 8.20.3.1.1 Redundant visual output. 
 
 
5.4.3.3 Hearing Auditory Outputs 
 
Computers and computer systems intended to be accessible to people with hearing disabilities should be 
designed to maximize the number of users who can hear the auditory outputs. 
[Source: Vanderheiden &Vanderheiden, 1991, O-1, pp. 20-21] 
source FAA 8.20.3.1.2 Hearing auditory outputs. 
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