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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
RADIATION PROTECTION INSTRUMENTATION IN NUCLEAR  
FACILITIES – CENTRALIZED SYSTEMS FOR CONTINUOUS  

MONITORING OF RADIATION AND/OR LEVELS OF RADIOACTIVITY –  
 

Part 1: General requirements 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61559-1 has been prepared by subcommittee 45B: Radiation 
protection instrumentation, of IEC technical committee 45: Nuclear instrumentation.  

This standard cancels and replaces the first edition of IEC 61559 published in 1996. The 
document has been updated to take account of the requirements of IEC standards published 
since 1996. Specifically, to meet the functional safety lifecycle requirements of IEC 61508 
and/or IEC 61513 have been introduced. Additionally, functional validation and verification 
tests have been added. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

45B/608/FDIS 45B/616/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of the IEC 61559 series can be found, under the general title Radiation 
protection instrumentation in nuclear facilities – Centralized systems for continuous 
monitoring of radiation and/or levels of radioactivity, on the IEC website. 

Future standards in this series will carry the new general title as cited above. Titles of existing 
standards in this series will be updated at the time of the next edition. 

The committee has decided that the contents of this publication will remain unchanged until 
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in 
the data related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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INTRODUCTION 

a) Technical background, main issues and organisation of this standard 

This IEC standard specifically applies to centralized systems intended for continuous 
monitoring of radiation and/or levels of radioactivity in nuclear facilities, primarily in support of 
radiological protection in the working areas. These centralized systems play an auxiliary or 
indirect role in the achievement or maintenance of a nuclear facility’s safety. These are 
classified as category C in IEC 61226 since they include functions that have some safety 
significance. 

This standard is intended for use by purchasers in developing specifications for their plant 
specific centralized systems radiation monitoring systems and by manufacturers to identify 
needed product characteristics when developing systems. 

This standard is one associated with a series of standards which cover process and safety 
monitoring, and  radiation protection and effluents monitoring in nuclear facilities. The full 
series is detailed in paragraph b) below. 

b) Situation of the current standard in the structure of the IEC SC 45A/SC 45B 
standard series 

IEC 60951 series of standards are at the third level in the hierarchy of SC 45A standards. 

They provide guidance on the design and testing of radiation monitoring equipment used for 
accident and post accident conditions.  

IEC 60951-1 – General requirements 
IEC 60951-2 – Equipment for continuous off-line monitoring of radioactivity in gaseous 
effluents and ventilation air 
IEC 60951-3  –  Equipment for continuous high range area gamma monitoring 
IEC 60951-4 – Equipment for continuous in-line or on-line monitoring of radioactivity in 
process stream 

Other standards developed by SC 45A and SC 45B provide guidance on instruments used for 
monitoring radiation as part of normal operations. IEC 60761 series provide requirements for 
equipment for continuous off-line monitoring of radioactivity in gaseous effluents in normal 
conditions. IEC 60861 provides requirements for equipment for continuous off-line monitoring 
of radioactivity in liquid effluents in normal conditions. IEC 60768 provides requirement for 
equipment for continuous in-line and on-line monitoring of radioactivity in process stream in 
normal and incident conditions. ISO standard 2889 gives guidance on gas and particulate 
sampling. The relationship between these various radiation monitoring standards is given in 
the table below: 

 
Developer  ISO SC 45A – process and safety 

monitoring 

Scope Sampling 
circuits 
and 
methods 

Accident and post 
accident 
conditions 

 

Normal and 
incident 
conditions 

 

SC 45B – radiation 
protection and effluents 
monitoring 

Gas, particulate and 
iodine with sampling 

(OFF LINE) 

 

ISO 2889 IEC 60951-1 and 
-2 

IEC 60761 series 

 

Liquid with sampling N/A N/A IEC 60861 

Full document details: IEC 61559-1 2009

http://www.avadocuments.com/doc/iec-61559-1-2009
http://www.avadocuments.com/doc/iec-61559-1-2009


61559-1 © IEC:2009 – 7 – 

(OFF LINE) 

 

 

Process stream 
(gaseous effluents, 
steam or liquid) 
without sampling 

(ON or IN-LINE) 

 

N/A IEC 60951-1 and 
-4 

IEC 60768 

 

N/A 

Area monitoring N/A IEC 60951-1 and 
-3 

IEC 60532 

 

Central system N/A IEC 61504 IEC 61559 

 
c) Recommendations and limitations regarding the application of this standard 

It is important to note that this standard establishes no additional functional safety 
requirements for safety systems. 

d) Description of the structure of the IEC SC 45A/SC 45B standard series and 
relationships with other IEC documents and other bodies’ documents (IAEA, ISO) 

The basic safety publication is IEC 61508-7, Functional safety of electrical/electronic/ 
programmable electronic safety-related systems. It defines the requirements for an overall 
safety life-cycle framework and a system life-cycle framework. IEC 61508 should be complied 
with when developing instruments with safety functions for centralized systems of radiation 
monitoring outside the nuclear power plant sector whilst complying with the requirements 
defined in this standard.  

The top-level document of the IEC SC 45A standard series is IEC 61513. It provides general 
requirements for I&C systems and equipment that are used to perform functions important to 
safety in nuclear power plants. IEC 61513 structures the IEC SC 45A standard series. 

IEC 61513 refers directly to other IEC SC 45A standards for general topics related to 
categorization of functions and classification of systems, qualification, separation of systems, 
defence against common cause failure, software aspects of computer-based systems, 
hardware aspects of computer-based systems, and control room design. The standards 
referenced directly at this second level should be considered together with IEC 61513 as a 
consistent document set. 

At a third level, IEC SC 45A/SC 45B standards not directly referenced by IEC 61513 are 
standards related to specific equipment, technical methods, or specific activities. Usually 
these documents, which make reference to second-level documents for general topics, can be 
used on their own. 

A fourth level extending the IEC SC 45/SC 45B standard series, corresponds to the Technical 
Reports which are not normative. 

IEC 61513 has adopted a presentation format similar to the basic safety publication 
IEC 61508 with an overall safety life-cycle framework and a system life-cycle framework and 
provides an interpretation of the general requirements of IEC 61508-1, IEC 61508-2 and 
IEC 61508-4, for the nuclear power plant sector. Compliance with IEC 61513 will facilitate 
consistency with the requirements of IEC 61508 as they have been interpreted for the nuclear 
industry. In this framework IEC 60880 and IEC 62138 correspond to IEC 61508-3 for the 
nuclear application sector. 

IEC 61513 refers to ISO as well as to IAEA 50-C-QA (now replaced by IAEA 50-C/SG-Q) for 
topics related to quality assurance (QA). 
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The IEC SC 45A standards series consistently implements and details the principles and 
basic safety aspects provided in the IAEA code on the safety of NPPs and in the IAEA safety 
series, in particular the requirements NS-R-1, establishing safety requirements related to the 
design of nuclear power plants, and the safety guide NS-G-1.3 dealing with instrumentation 
and control systems important to safety in nuclear power plants. The terminology and 
definitions used by SC 45A standards are consistent with those used by the IAEA. 
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RADIATION PROTECTION INSTRUMENTATION IN NUCLEAR  
FACILITIES – CENTRALIZED SYSTEMS FOR CONTINUOUS  

MONITORING OF RADIATION AND/OR LEVELS OF RADIOACTIVITY –  
 

Part 1: General requirements 
 
 
 

1 Scope  

This part of IEC 61559 series applies to centralized systems intended for continuous 
monitoring of radiation and/or levels of radioactivity installed in nuclear facilities, primarily in 
support of radiological protection in the working areas. This standard specifies general 
characteristics, general test procedures, radiation, electrical, safety, and environmental 
characteristics and the identification certificate for the systems addressed by this standard. 

More specifically, it applies to centralized data processing systems, data links, and equipment 
sitting and layout. It also applies to indications displayed locally and centrally. It gives general 
guidance to the specification, operation, and testing of computers for the centralized 
monitoring function. 

Typically these centralized systems play an auxiliary or indirect role in the achievement or 
maintenance of nuclear facility’s safety. These are classified as category C in IEC 61226 
since they include functions that have some safety significance. 

It does not directly apply to the design and testing of detection and measurement assemblies. 
These should, wherever practical, conform to relevant IEC specifications. 

This standard applies to normal monitoring functions. IEC 61559-2 applies to Requirements 
for Discharge, Environmental, Accident, or Post-Accident Monitoring Functions. 

For Radiation monitoring equipment for accident and post-accident conditions in nuclear 
power plants see IEC 60951. 

This standard does not apply to criticality alarm systems. These shall conform to IEC 60860. 

2 Normative references 

The following referenced documents are relevant to the application of this document. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments). 

IEC 60038:2002, IEC standard voltages 

IEC 60050-151:2001, International Electrotechnical Vocabulary (IEV) – Part 151: Electrical 
and magnetic devices 

IEC 60050-393:2003, International Electrotechnical Vocabulary (IEV) – Part 393: Nuclear 
instrumentation – Physical phenomena and basic concepts 

IEC 60050-394:2007, International Electrotechnical Vocabulary (IEV) – Part 394: Nuclear 
instrumentation – Instruments, systems, equipment and detectors 
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IEC 60532:1992, Radiation protection instrumentation – Installed dose ratemeters, warning 
assemblies and monitors – X and gamma radiation of energy between 50 keV and 7 MeV 

IEC 60860:1987, Warning equipment for criticality accidents  

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) – Part 4-2: Testing and 
measurement techniques – Electrostatic discharge immunity test 

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) – Part 4-3: Testing and 
measurement techniques – Radiated, radio-frequency, electromagnetic field immunity test 

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) – Part 4-4: Testing and 
measurement techniques – Electrical fast transient/burst immunity test 

IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) – Part 4-5: Testing and 
measurement techniques – Surge immunity test 

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) – Part 4-6: Testing and 
measurement techniques – Immunity to conducted disturbances induced by radio-frequency 
fields 

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) – Part 4-11: Testing and 
measurement techniques – Voltage dips, short interruptions and voltage variations immunity 
tests 

IEC 61000-4-12:2006, Electromagnetic compatibility (EMC) – Part 4-12: Testing and 
measurement techniques – Ring wave immunity test 

IEC/TR 61000-5-1:1996, Electromagnetic compatibility (EMC) – Part 5: Installation and 
mitigation guidelines – Section 1: General considerations 

IEC 61000-6-4:2006, Electromagnetic compatibility (EMC) – Part 6-4: Generic standards – 
Emission standard for industrial environments 

IEC 61005:2003, Radiation protection instrumentation – Neutron ambient dose equivalent 
(rate) meters 

IEC 61187:1993, Electrical and electronic measuring equipment – Documentation  

IEC 61226:2005, Nuclear power plants – Instrumentation and control systems important to 
safety – Classification of instrumentation and control functions  

IEC 61322:1994, Radiation protection instrumentation – Installed dose equivalent rate meters, 
warning assemblies and monitors for neutron radiation of energy from thermal to 15 MeV 

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic 
safety-related systems  

IEC 61513:2001, Nuclear power plants – Instrumentation and control for systems important to 
safety – General requirements for systems 
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3 Terms, definitions and abbreviations 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

The general terminology concerning detection and measurement of ionizing radiation and 
nuclear instrumentation is given in IEC 60050-393, IEC 60050-394, and IEC 60050-151. 

3.1.1 Manufacturer and purchaser 
3.1.1.1 
manufacturer 
designer and seller of the equipment  

3.1.1.2 
purchaser 
user (operator) of the equipment 

3.1.2 
category C classification 
category that denotes functions that play an auxiliary or indirect role in the achievement or 
maintenance of NPP safety; it includes functions that have some safety significance, but are 
not category A or B 

[IEC 61226] 

NOTE Category C denotes systems that have: 

a) functions used to prevent or mitigate a minor radioactive release, or minor degradation of fuel, within the NPP 
design basis, 

b) functions to warn personnel or to ensure its safety during or following events that involve or result in release of 
radioactivity in the NPP, or risk of radiation exposure.  

3.1.3 
detector assembly (DA) 
component of the installed radiation monitor that contains detector and may contain 
associated electronics (amplifier, discriminator, output pulse shaper), and may also include 
programmable electronic circuits 

3.1.4 
processing assembly (PA) 
assembly which converts the output signals of one or more detector assemblies into a form, 
generally digital, suitable for transmission down a data link to the central computer; central 
computer, and/or which generates alarm outputs to the alarm units at present signal levels 

3.1.5 
alarm assembly (AA) 
assembly which is initiated by the PA. It provides audible and/or visual alarms, in the event of 
an alarm threshold being breached or in the case of an equipment fault. It is normally sited 
local to the DA 

3.1.6 
central computer (CC) 
central processing and control system for the calculation, display, and storage of data from 
the processing units 

3.1.7 
monitoring assembly (MA) 
integrated assembly consisting of combinations of processing, alarm, and detector assemblies 
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3.2 Test nomenclature 

3.2.1 
type test 
conformity test made on one or more items representative of the production 

[IEV 394-40-02] 

3.2.2 
acceptance test 
contractual test to prove to the customer that the device fulfils certain specifications 

[IEV 394-40-05] 

3.3 Abbreviated terms 
ALI  Annual Limit on Intake  
DAC  Derived Air Concentration 
DWL  Derived Working Limit 
PES  programmable electronic system 
SIL  safety integrity level 
VDUs visual display units 

4 Design requirements 

4.1 General remarks 

4.1.1 General 

A centralized system for continuous monitoring of the radiation levels in nuclear facilities is 
composed of appropriate devices for measurement, acquisition, processing, display and 
storage of data. The data is mainly related to detection or measurement of ionizing radiation 
and, more generally, to the radiological safety of facilities, premises, and their surrounding 
environment. 

By monitoring the status of the nuclear facility, the centralized system provides confirmatory 
information on the maintenance of a satisfactory working environment, and provides a display 
of any developing long-term trends. 

This type of monitoring is intended to provide: 

– continuous monitoring of all parameters defining the radiological status and especially 
those related to the work place (radiation fields, volumetric radioactive contamination in  
air) and other associated parameters (e.g. ventilation); 

– activation of audible and visual indicators when predetermined thresholds are exceeded; 
– storage of data for subsequent processing. For example, this may be used to review 

longterm changes in the radiological status of the facility, or to perform historic reviews of 
the radiological conditions. 

4.1.2 Safety classification 

The equipment covered in this standard is installed in facilities such as nuclear power plants, 
nuclear fuel storage and processing sites. 

The equipment is intended primarily for the purpose of radiological protection and is thus 
category C classification as defined in 5.4.3 of IEC 61226 since it may play an auxiliary or 
indirect role in the achievement or maintenance of nuclear power plants safety.  
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If a safety classification applies, appropriate requirements shall apply concerning 
specification, design, manufacturing, installation and operation of the equipment with respect 
to the necessary quality of computer hardware and software. The requirements shall be 
agreed between manufacturer and purchaser. In particular the purchaser (operator) shall 
decide the appropriate safety standard applicable to the site in which the system will function. 
The basic safety standards IEC 61508 series apply.  

When IEC 61508 is selected, then the requirements of that standard shall apply as 
appropriate to the required safety integrity level specified for the system. 

Compliance with IEC 61513 facilitates consistency with the requirements of IEC 61508 series 
as they have been interpreted for the nuclear industry.  

4.1.3 System configuration 

The type of equipment defined in this standard generally comprises up to four types of 
assemblies, which may be interconnected in a number of configurations and to the central 
computer (CC) (see Figures 1 to 4). 

These assemblies are: 

– detector assembly (DA); 
– processing assembly (PA); 
– alarm assembly (AA);  
– monitoring assembly (MA). 

The monitoring assembly is an integrated assembly consisting of combinations of processing, 
alarm, and detector assemblies.These assemblies may be located in a single package 
(instrument), or as individual assemblies. 

Each installation is unique; some typical examples are illustrated. 

Figure 1 shows a monitoring assembly located within the monitoring area. 

Figure 2 shows an example where the detector assembly is located within the monitored area, 
whilst the processing assembly is located in an area of lower radiation or volumetric 
radioactive contamination in air. In this example, the alarm assembly must be located within 
the monitoring area to warn personnel. The detector assembly measuring volumetric 
radioactive contamination in air may be located outside the monitoring area, but the air 
sample must be drawn from within the area. The need to position a second alarm unit at the 
entry point to prevent access, should be considered. Further alarm assemblies triggered by 
the processing assembly may be required to adequately cover the geographical area. 

The links from detector assembly to processing assembly and processing assembly to alarm 
assembly shall be standardized and ideally independent of assembly type. 

The elements forming a monitoring assembly shall have the ability to be grouped, and to 
operate in autonomous mode. The monitoring assembly to CC link shall be standardized. 

The central computer has to collect the data transmitted from the various monitor units data 
links. Additionally diverse digital alarm status inputs may also be accepted. 

All data links shall be a good quality, commercially available protocol. Additionally the 
installation of the detector assembly to processor unit link and processing unit to alarm unit 
link and links to the central computer, shall follow the electromagnetic compatibility 
requirements of IEC 61000–5-1. 
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The monitoring assembly or processing assemblies can be linked to the central computer in 
various ways: 

– either all are linked directly to the central computer, that is a centralized configuration; 
– or are linked via a CC outstation. Such a configuration reduces the length of the cables. 

Figures 1 to 4 detail such arrangements. 

4.1.4 Location of detector assemblies 

The design and location of detector assemblies and/or monitoring assemblies shall be 
considered in relation to the radiological protection requirements of the particular plant 
concerned. Generally, the extent of the provision shall be related to the type and degree of 
hazard, and the extent of occupancy by plant personnel. Guidance on the criteria which may 
be used is given in Annex B. 

4.2 Design requirements for the assemblies 

4.2.1 Detector assembly 

The monitoring sensors are specified for the quantity and radiation type they have to detect 
(electron, photon, and neutron radiations, gas contamination, alpha and/or beta aerosol 
contamination), and they shall meet the relevant IEC standards applicable to the 
measurement being carried out. In some cases, there are directly applicable standards, for 
example, IEC 60532 for gamma radiation monitors, and IEC 61322 and IEC 61005 for neutron 
monitors. In other cases, relevant requirements may be identified in standards dealing with 
equipment specifically designed for other, technically similar applications. (For example, 
IEC 60761 series dealing with gaseous effluent monitors.) In such cases, the applicability of 
the standards shall be agreed between manufacturer and purchaser. 

It is intended that this standard should allow interchangeability of detector assemblies from 
different manufacturers. To facilitate this, regardless of the quantity being measured, when 
the detector assembly is separate from the processing unit, the attributes of the output signal 
from the detector assembly shall be agreed between manufacturer and purchaser. 

The output of the detector assembly shall be made directly proportional to the activity being 
measured. 

4.2.2 Processing assembly  

4.2.2.1 General 

The processing assembly converts the output signal from the detector assembly into data 
representing the quantity to be measured. It also activates the alarm assembly, if the quantity 
to be measured exceeds preset thresholds. 

The quantity being measured is typically either dose equivalent rate or volumetric 
concentration of radioactive contamination in air. Dose equivalent rate and gas volumetric 
activity are proportional to the detector output, whereas aerosol volumetric activity is 
proportional to the rate of change of the detector output signal. 

The processing assembly therefore may simply be required to take the signal from the 
detector assembly, modify it by a defined function, and compare the result with a preset alarm 
level. 

In other cases, it may be required to receive signals from a number of sources, combine them 
as defined by an appropriate algorithm, and then compare the computed result with a preset 
alarm level. 

Selection of a measuring unit is described in Annex A. 
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4.2.2.2 Main characteristics 

The processing assemblies shall, as far as practicable, be designed to be "fail safe"; that is, 
be so arranged that interruption or failure of the power supply, or component failure, shall 
result in actuation of a trip circuit to produce an alarm. Failure of the power supply shall not 
disable the alarm. Indication of power supply failure shall be provided. 

If system functions can be controlled, or data manipulated from a remote unit, hardware or 
software controls shall be instituted to prevent unauthorized operation from remote locations. 

4.2.2.3 Processing assembly alarm specification 

Alarm circuits should be operable either to hold an alarm condition until specifically reset by a 
reset control, or to auto-reset when the alarm condition disappears. The two modes of 
operation should be available by a simple modification onto all equipment. 

All alarm functions should be provided with test facilities to allow checking of alarm operation. 
In the case of adjustable alarms, checking should be possible over the range of adjustment, 
with indication of the actual alarm operation point. 

The following alarm facilities normally should be provided. 

a) High level alarms 
 One or more adjustable alarms to cover at least the full measurement range should be 

provided. The time taken to activate the alarm trip circuit should be minimised such that 
the dose equivalent or the committed effective dose (e.g. derived aerosol activity 
concentration and a standard breathing rate of 1,2 m3⋅h–1).resulting from this delay is as 
low as reasonably practical. 

 A second alarm with the same specification may be incorporated if required by the 
purchaser. 

b) Low level alarm 
 A low level alarm facility should be provided. It should be possible to set this low level 

alarm at some point below the minimum of the range of measurement, so that in the event 
of detector failure, this alarm will operate. The design shall ensure that with the low level 
alarm set to this requirement, the frequency of false alarms when the unit is operated 
under normal conditions should be an acceptably low frequency. 

 There is generally an inter-relationship between the time for the alarm to operate, the 
frequency of false alarms, and the margin between background level and alarm level. If an 
instrument is required to measure low dose rates approaching background, the alarm level 
may also be set low, and a long time constant for alarm operation may also be necessary 
to minimize false alarms.  

c) Fault alarms 
 An alarm should normally be provided to indicate as many electronic circuit faults as 

reasonably practicable, together with any cable break or disconnection faults; separate 
indication of the source of any fault is desirable. In deciding on the extent of fault alarms, 
the provision of a low level alarm may be taken into account. 

 An alarm should be provided to indicate as many other faults in  other services (e.g. low 
air sample flow in volumetric radioactive contamination in air monitors) as reasonably 
practicable. 

4.2.2.4 Processing assembly outputs 

The processing assembly should provide the following outputs: 

– at least one set of relay contacts or digital output for each alarm function; 
– a data link output for transmission of alarm to an indicating unit and for a local display; 
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– outputs intended for recording the measurement, and/or to provide a local analogue 
display; 

– indicating lights for alarms and other functions on the front panel. 

These various outputs allow the monitoring assemblies to operate without a central computer 
for small configurations. 

The processing assembly shall provide the following outputs for transmission to the central 
computer: 

– a digital output for transmission of each alarm; 
– a data link which shall at least include: 

• the measurement; 

• the monitor status, including alarms; 

• the value of the preset parameters (alarm thresholds and operational parameters). 

The data link should be of the RS 485, RS 422, 20 mA current loops, Ethernet, or, for short 
distances (typically <15 m) of RS 232 C type. For extensive configurations, multiplexers or 
concentrators may be used. 

4.2.2.5 Historical records 

The processing unit should have the ability to store historical records in the event of data link 
failure. The storage period is to be agreed between manufacturer and purchaser. 

4.2.3 Alarm assemblies 

Alarm assemblies shall be installed in working areas to provide indication to personnel of 
potential hazards. They shall generate audible and/or visual alarms, initiated by the 
processing units in a form appropriate to the operating procedure for the facility. 

The arrangement shall be agreed between manufacturer and purchaser, and will be 
appropriate to the facility, but are typically: 

– a visual indicator flashing during the alarm; 
– an audible indication sounding during the alarm; 
– visual indications of system failures. 

Any visual alarm indication shall not be capable of  being extinguished whilst an alarm 
condition exists. (The audible alarm may be muted locally.) 

It is acceptable that different coloured visual indicators indicate different states of alarms, for 
example: 

– steady green light on and no sound: normal healthy condition; 
– green light off or flashing: failure state of the monitoring unit; 
– flashing amber light and continuous sound: first threshold exceeded; 
– flashing red light and continuous sound: second threshold exceeded. 

Each sound should be a different tone. It is also acceptable for a single visual indicator and 
audible alarm to indicate the alarm status. 

Failure of the visual indicator should be detected and indicated to reveal a fault (e.g. lamp 
failure).  
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The link between the processing and alarm units shall be such that it shall be possible to use 
as many alarm units as necessary in order to repeat the alarms if needed. 

4.3 Central computer 

4.3.1 General 

The central computer task is to store and display for the operator the data and status provided 
by each monitoring unit. The central computer will provide the operator with information on 
the radiological condition of the nuclear facility. This allows the operator to take such action 
as is necessary to ensure the safety of the working personnel within the facility, based upon 
the information presented. 

The central computer is normally a programmable electronic system (PES), and in most cases 
is a centralized computer. The central computer shall be dedicated  to plant functions and 
shall normally not be capable of other non plant functions such as internet access and word 
processing. The central computer shall be reliable and specified to meet its intended purpose 
i.e. it should not normally be a laptop or personal computer (PC). 

The central computer shall include access/configuration management controls. 

In some cases non-programmable equipment, may be used. 

4.3.2 Functional requirements of the central computer 

The central computer may display information to the operator via visual display units (VDUs) 
and printers. The display facility normally shall be located in the nuclear facility control centre, 
incident, or emergency control centre, and/or health service control room. 

The central computer may be part of a larger process control and monitoring system for the 
nuclear facility, provided that the safety integrity levels (SIL) and reliability requirements of 
the radiation monitoring system are met by the total system. 

The central computer should display the current status (e.g. alarm, failed, normal, etc), alarm 
threshold, and the current value of the measured parameters for each input. Continuous 
display of this information is not required, but no operating mode shall mask alarms indicating 
changes in monitor assembly or system status. 

The central computer may also  include additional functions, for example: 

– performing complementary calculations (daily, monthly dates); 
– updating logs on a printer, showing: 

• results of monitor assembly calibration checks; 

• cyclic messages of results of operator actions (current monitor assembly levels); 

• random messages (equipment failure, thresholds exceeded); 
– organizing a summary synoptic diagram on a VDU screen showing current monitor 

assembly status, e.g. normal or alarm; 
– organizing a colour display showing alarm threshold states, and current value of the 

quantity measured by the monitor assembly; 
– organizing a colour display on the VDU showing a histogram of current measurements for 

groups of monitor assemblies; 
– organizing a flowing trend on colour display of measurement: 

• either instantaneously; 

• or inferred from historical records or data stored on disk; 
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– organizing a display of the nuclear facility building layout with monitor assembly positions 
shown. Monitor assembly would show status and current value of the quantity measured; 

– indicating an output signal to a facility evacuation alarm system when certain criteria are 
met. For example, when a certain number of monitor assembly or groups of monitor 
assemblies have exceeded set thresholds. 

The central computer should provide indications on the VDU that monitor assemblies are 
undergoing test/calibration. During such tests the outputs of monitor assemblies which initiate 
evacuation shall be inhibited. 

Additional requirements may be established between manufacturer and purchaser by mutual 
agreement. 

Key central computer characteristics such as data sample rate, display update rate, display 
and parameter screen generation time, display organization, and operator controls shall be 
developed with consideration to operator needs in accordance with good ergonomic practice. 
The central computer shall operate within design specifications at maximum anticipated load 
e.g. during facility emergencies. 

4.3.3 Checking normal operation of the equipment 

Radiological protection equipment should not normally be considered as nuclear safety 
equipment. Because of this, there may be neither equipment redundancy nor a requirement to 
produce alarms on a voting logic from multiple assemblies. The equipment shall be subject 
therefore to continuous checking procedures. 

The central computer’s features for the self-checking of the monitor assembly should include: 

a) checking of the detector assembly; 
b) checking of the processing assembly; 
c) checking of detector assembly to process assembly; 
d) check of transmission of the processing unit to alarm assembly (both ways), and 

processing assembly to central computer; 
e) central computer system self-checking features. 

These features when available, shall include continuous display, including indications that can 
be used to verify that the system is operating, and that the display screen is being updated 
with current information.  

The checking shall be automatically and continuously performed, and any malfunction 
immediately indicated. 

The design of the equipment also shall facilitate performance of other tests to confirm 
calibration of the system on a regular basis: 

– test with reference radioactive sources to formally calibrate the system; 
– tests with reference radioactive sources to trigger the alarm thresholds, and confirm the 

indications at the central computer. 

4.4 Electrical characteristics 

4.4.1 General 

The equipment shall be designed to operate from single-phase a.c. supply voltage in one of 
the following categories in accordance with IEC 60038. 

Series I: 230 V. 
Series II: 120 V and/or 240 V. 
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(nominal single-phase voltage in some countries is 100 V, 117 V and/or 234 V, 50/60 Hz) 

The system shall be capable of operating from the mains with a supply voltage tolerance of 
+10 % and –12 % and supply frequencies of nominal frequency +1 Hz and –3 Hz, without the 
indication varying more than 10 % from the indication under standard test conditions. 

The equipment should meet the severity level 3 of IEC 61000-4-4, IEC 61000-4-5, IEC 61000-
4-11 and IEC 61000-4-12. 

The equipment shall comply with the electrical safety requirements defined in IEC 61010. 

By agreement between manufacturer and purchaser, the equipment may be provided with 
facilities for operation from low voltage standby supply in the case of a short-term power 
failure. The equipment should not malfunction, or trigger an alarm as a result of the supply 
changeover. 

In the event of long-term power failure, the central computer shall automatically restart on 
electrical power restoration. 

4.4.2 Electromagnetic compatibility  

4.4.2.1 General requirements 

The design and installation of the central computer, assemblies and interconnecting cables 
should meet the requirements of Clause 4 of IEC/TR 61000-5-1:1996. 

4.4.2.2 External magnetic fields 

If the indication of an assembly can be influenced by the presence of external magnetic fields, 
a warning to this effect shall be given by the manufacturer, and this shall also be stated in the 
instruction manual. 

4.4.2.3 Electromagnetic immunity  

The equipment should meet the severity level 3 of IEC 61000-4-3 and IEC 61000-4-6. 

4.4.2.4 Electrostatic immunity 

The equipment should meet the severity level 3 of IEC 61000-4-2. 

4.4.2.5 Electromagnetic emission 

The equipment should meet the severity level 3 of IEC 61000-6-4 (Emission standard for 
industrial environment). 

5 General Test procedures 

5.1 Test requirements 

5.1.1 General 

The tests defined hereafter shall be considered as type tests. Nevertheless, by agreement 
between the manufacturer and the purchaser, some of them may be considered as 
acceptance tests. In addition, for the type of equipment covered by this standard, testing of 
the complete system shall normally be carried out after installation at its operating site. 
Except where otherwise specified, tests are carried out under standard test conditions defined 
in Table 1. 
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5.1.2 Test performed under standard test conditions 

Those tests which are performed under standard test conditions are listed in Table 2 which 
indicates for each characteristic under test, test requirements and the subclause where the 
corresponding method of test is described. 

5.1.3 Test performed with variation of influence quantities 

5.1.3.1 General 

These tests are intended to determine the effects of variation of influence quantities, and are 
given in Table 3 with the range of variation of each influence quantity, and limits of 
consequent variation in the indication of an assembly. The range of variation of influence 
quantities indicated in Table 3 defines a nominal operating range, within which the variation in 
indication shall remain within the limits stated by the manufacturer. The manufacturer stated 
limits shall not exceed those limits stated in Table 3. 

In order to test the effect of variation in any one of the influence quantities listed in Table 3, 
all other influence quantities are normally maintained within the limits for standard test 
conditions given in Table 1, unless otherwise specified in the test procedure concerned. 

5.1.3.2 Single test 

In order to simplify these tests, only a single test shall normally be conducted for each 
individual influence quantity. This test shall establish the effect of the specified change of 
influence quantity, using one dose rate at approximately two-thirds of full scale on any range 
or decade. 

5.1.3.3 Additional tests 

Further testing of the performance of the assembly with variation of influence quantities shall 
be carried out if it is considered that the single test defined in 5.1.3.2 will not give a fully 
representative picture of the equipment characteristics. (For example, testing may need to 
cover the performance of multiple detectors.) 

5.2 Test procedures for the detector assembly 

Detector assemblies shall be subject to the test requirements of the appropriate IEC 
standards (see 4.2.1). 

5.3 Test procedures for the monitoring assembly 

The combination of processing unit, detection assembly, and alarm unit shall be tested to 
establish the effective operation of alarms and other features provided by this combination. 
The full extent of testing shall be agreed between manufacturer and purchaser, but shall 
include the following. 

5.3.1 Alarm trip range 

5.3.1.1 Requirement 

The range of alarm threshold settings shall conform to the requirements of subclauses 
4.2.2.3 a) and 4.2.2.3 b). 

5.3.1.2 Method of test 

The test, which excludes the detector, shall be performed on each adjustable alarm unit. 
Using an appropriate electronic signal generator, as specified by the manufacturer, the range 
of indication of the equipment over which the alarm trip operates shall be determined. 
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For alarms intended to operate on increasing signals, the alarm shall be adjusted to its lowest 
setting, and the input signal increased slowly until the alarm operates. The indication of the 
equipment shall be noted. 

The alarm shall then be re-adjusted to its highest setting, and the input signal increased 
slowly until the alarm operates again. The indication of the equipment shall again be noted. 

For alarms intended to operate on decreasing signals, perform the test as above, but slowly 
decrease the level of the input signal. 

5.3.2 Equipment failure alarms 

The low level indication alarm normally shall be tested in accordance with 5.3.1 and 
4.2.2.3 c). 

Other tests of failure alarms against appropriate equipment malfunctions shall be conducted 
by agreement between manufacturer and user. 

5.3.3 Alarm response time and stability 

5.3.3.1 Requirements 

The operating point of any radiation alarm (trip) threshold shall not deviate outside the range 
90 % X to 110 % X (where X is the nominal alarm set point) over 1 day, nor outside the range 
80 % X to 120 % X over 15 days. 

The time delay for an alarm to operate shall conform to the requirements of 4.2.2.3 a). 
However, the time to trip from the time when the input signal reaches to the trip set point or 
the failure is to be detected, shall not be more than 1 min. 

5.4 Test procedures for the central computer 

The test procedures for the central computer shall be established between the manufacturer 
and purchaser, but they shall be consistent with the requirement of 4.1.2. The test procedures 
shall include the test stated in 5.4.1 and 5.4.2. 

5.4.1 Individual tests of access channels  

For each input channel into the central computer, the response of the computer shall be 
checked for the required functions. One channel shall be tested with each type of monitor unit 
and appropriate radiation source. 

The other channels may be tested with signal generators simulating the processing unit 
signals. 

5.4.2 Whole tests of access channels 

The central computer response shall be checked for its response against the specification for 
a majority of, or all channels exceeding the highest threshold alarm.  

Additionally, the historical recording specification shall be checked to determine the capability 
of the central computer to handle a large number of recording channels. 

5.4.3 Tests for functional validation and verification. 

In order to verify and validate that the specified requirements concerning both design and 
performance are met,  general functional tests shall be performed on a complete system or on 
a representative configuration of it. These tests shall meet the requirements of the safety 
standard adopted (see 4.1.2) This validation and verification activity shall include tests on 

Full document details: IEC 61559-1 2009

http://www.avadocuments.com/doc/iec-61559-1-2009
http://www.avadocuments.com/doc/iec-61559-1-2009

