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Background   

  

In 1991, the General Conference (GC) in its resolution RES/552 requested the Director General to prepare 'a 

comprehensive proposal for education and training in both radiation protection and in nuclear safety' for 

consideration by the following GC in 1992. In 1992, the proposal was made by the Secretariat and after 

considering this proposal the General Conference requested the Director General to prepare a report on a 

possible programme of activities on education and training in radiological protection and nuclear safety in its 

resolution RES1584.  

  

In response to this request and as a first step, the Secretariat prepared a Standard Syllabus for the Post-
graduate Educational Course in Radiation Protection. Subsequently, planning of specialised training courses 

and workshops in different areas of Standard Syllabus were also made. A similar approach was taken to develop 

basic professional training in nuclear safety. In January 1997, Programme Performance Assessment System 

(PPAS) recommended the preparation of a standard syllabus for nuclear safety based on Agency Safely 

Standard Series Documents and any other internationally accepted practices. A draft Standard Syllabus for 

Basic Professional Training Course in Nuclear Safety (BPTC) was prepared by a group of consultants in 

November 1997 and the syllabus was finalised in July 1998 in the second consultants meeting.  

  

The Basic Professional Training Course on Nuclear Safety was offered for the first time at the end of 1999, in 

English, in Saclay, France, in cooperation with Institut National des Sciences et Techniques 

Nucleaires/Commissariat a l'Energie Atomique (INSTN/CEA). In 2000, the course was offered in Spanish, in 

Brazil to Latin American countries and, in English, as a national training course in Romania, with six and four 
weeks duration, respectively. In 2001, the course was offered at Argonne National Laboratory in the USA for 

participants from Asian countries. In 2001 and 2002, the course was offered in Saclay, France for participants 

from Europe. Since then the BPTC has been used all over the world and part of it has been translated into 

various languages. In particular, it is held on a regular basis in Korea for the Asian region and in Argentina for 

the Latin American region. 

  

In 2015 the Basic Professional Training Course was updated to the current IAEA nuclear safety standards.  The 

update includes a BPTC text book, BPTC e-book and 2 “train the trainers” packages, one package for a three 

month course and one package is for a one month course.  The” train the trainers” packages include 

transparencies, questions and case studies to complement the BPTC.  

  
This material was prepared by the IAEA and co-funded by the European Union. 

 

Editorial Note 

  

The update and the review of the BPTC was completed with the collaboration of the ICJT Nuclear Training 

Centre, Jožef Stefan Institute, Slovenia and IAEA technical experts. 
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1 INTRODUCTION 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. Define surveillance. 

2. Define in-service inspection. 

3. State what is the common objective of maintenance, surveillance 

and in-service inspection. 

 

Every nuclear power plant endeavours to prevent unexpected critical 

equipment outages. The organization focuses on preventing equipment 

failures rather than repairing broken equipment. Proper integration of 

maintenance, surveillance and in-service inspection programmes 

ensures that the equipment performs reliably throughout the operating 

cycle. These programmes also ensure that the stand-by safety 

equipment operates properly when called upon. It is equally important 

that when unexpected critical equipment failures occur, they are 

investigated, the cause is understood and timely actions are taken to 

prevent a recurrence. 

 

Effective maintenance, surveillance and in-service inspection (MS&I) 

are essential for the safe operation of a nuclear power plant. They 

ensure not only that the levels of reliability and availability of all plant 

structures, systems and components (SSCs) that have a bearing on 

safety remain in accordance with the assumptions and intent of the 

design, but also that the safety of the plant is not adversely affected 

after the commencement of operation.  

 

The maintenance programme
1
 for a nuclear power plant covers all 

preventive and remedial measures, both administrative and technical, 

that are necessary to detect and mitigate degradation of functioning 

SSCs or to restore to an acceptable level the performance of design 

functions of a failed SSC. The purpose of maintenance activity is also 

to enhance the reliability of equipment. The range of maintenance 

activities includes servicing, overhaul, repair and replacement of parts, 

and as often as appropriate, testing, calibration and inspection. 

 

 
 

The abnormal conditions which are of relevance to the surveillance 

programme include not only deficiencies in SSCs and software 

performance, procedural errors and human errors, but also trends 

within the accepted limits, an analysis of which may indicate that the 

                                                
1 The maintenance programme is described in detail in Module XIII. 

Surveillance: all planned activities comprising monitoring, 
verifying, checking (including in-service inspection), 

functional testing, calibration and performance testing 
performed to ensure compliance with the specifications 

established in a facility. 
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plant is deviating from the design intent.  

 

The operating organization must establish a surveillance programme 

to verify that the SSCs important to safety are ready to operate at all 

times and are able to perform their safety functions as intended in the 

design. Such a surveillance programme also helps to detect trends in 

ageing so that a plan for mitigating the effects of ageing can be 

prepared and implemented. 

 

Over the plant’s operating lifetime, the operating organization 

examines SSCs for possible deterioration so as to determine whether 

they are acceptable for continued safe operation or whether remedial 

measures should be taken. For this purpose in-service inspection is 

provided. Emphasis is placed on examination of the pressure 

boundaries of the primary and secondary coolant systems, because of 

their importance to safety and the potentially severe consequences of 

their failure.  

 

 
 

Baseline data is collected for future reference. These data are normally 

collected in the pre-service inspection carried out before the start of 

plant operation; they give information on initial conditions which 

supplement manufacturing and construction data by providing a basis 

for comparison with the data from subsequent examinations. In the 

pre-service inspection the same methods, techniques and types of 

equipment are used as those which are planned to be used for in-

service inspections. Whenever an SSC is repaired or replaced, a pre-

service inspection is performed before putting it into operation.  

 

When new inspection methods are introduced, a comparison with the 

previous methods is made. Such a comparison provides a revised 

baseline for future inspections. 

 

1.1 Interrelationship between maintenance, surveillance 
and in-service inspection 

 

Maintenance, surveillance and in-service inspection (MS&I) have a 

common objective, which is to ensure that the plant is operated in 

accordance with the design assumptions and intent, and within the 

operational limits and conditions. Maintenance, for example, is always 

followed by a series of tests. Results of surveillance or in-service 

inspection are compared with the acceptance criteria. If the results fall 

In-service inspection: Inspection of structures, systems and 

components undertaken over the operating lifetime by or on 
behalf of the operating organization for the purpose of 

identifying age-related degradation or conditions that, if not 
addressed, might lead to the failure of structures, systems or 

components. 



 Module XIV: Surveillance programmes 

 Page: 6 of 34 

outside the acceptance criteria, corrective actions are initiated. Such 

actions include corrective maintenance measures such as adjustment, 

repair or replacement of defective items to prevent recurrence. These 

activities must be planned and co-ordinated effectively. A common 

database must be established in order to share relevant data and 

evaluations of results among the organizations involved in the 

planning and implementation of MS&I activities. 

 

1.2 Questions 

 

1. Why are effective maintenance, surveillance and in-service 

inspection needed? 

2. What is included in abnormal conditions relevant to the 

surveillance programme? 

3. What is the purpose of in-service inspection? 

4. Compare pre-service and in-service inspections. 
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2 SURVEILLANCE PROGRAMME 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. List the objectives of the surveillance programme. 

2. Describe development of the surveillance programme. 

3. Describe the surveillance of integrity of barriers. 

4. Describe the surveillance of safety systems. 

5. List the other items that are subject to surveillance. 

6. Explain how surveillance frequency and extent are determined. 

7. List and describe different surveillance methods. 

8. List different types of functional tests. 

9. List general requirements for test equipment. 

10. List typical documents relating to surveillance activities. 

 

2.1 Development of the surveillance programme 

 

The objectives of the surveillance programme are:  

� To maintain and improve equipment availability; 

� To confirm compliance with operational limits and conditions; 

and  

� To detect and correct any abnormal condition before it can give 

rise to significant consequences for safety. 

 

In the design of a power plant, provisions for safe operation are made 

and checked during construction and commissioning. The operating 

organization must establish a surveillance programme to verify that 

the provisions for safe operation are also applicable during the 

operating lifetime of the plant and ensure collection of data to estimate 

the residual service life of SSCs. At the same time, the programme 

verifies that the safety margins are adequate and provide a high 

tolerance for anticipated operational occurrences, errors and 

malfunctions. Particular attention must be paid to the following 

aspects:  

� Integrity of the barriers between radioactive materials and the 

environment (such as fuel cladding, primary pressure boundary 

and containment); 

� Availability of safety systems such as the protection system, the 

safety system actuation systems and the safety system support 

features; 

� Availability of items whose failure could adversely affect safety.  

 

The surveillance programme must specify: 

� Sufficient scope and depth of the objectives of surveillance in 

accordance with operating limits and conditions and other 

requirements that are applicable to SSCs important to safety; 

� Frequency of surveillance and the scheduling of surveillance 

activities; 
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� Standards to be applied and appropriate procedures to be 

followed in the conduct and assessment of each surveillance 

activity; 

� Authorities and responsibilities assigned both to individuals and 

to on-site and off-site organizations involved in deciding on and 

carrying out surveillance activities; 

� Qualifications of personnel performing surveillance activities;  

� Requirements for records to be kept and for the retention and 

retrievability of such records. 

 

In addition the surveillance programme must verify that SSCs 

important to safety remain within the operational limits and 

conditions, indicate the points at which tests are required and 

deficiencies, if any, are rectified. The surveillance programme must 

also provide cross-references to other documents relevant to the 

surveillance programme and ensure that regular or periodic reviews of 

surveillance programmes are carried out. 

 

Appropriate surveillance requirements for each operational limit and 

condition must be established to ensure that all the SSCs important to 

safety remain within the prescribed limits.  

 

Not all SSCs require the same frequency and extent of surveillance. 

The use of quality assurance principles enables the surveillance 

requirements to be derived in a graded manner such that the extent of 

the requirements is consistent with the safety functions performed by 

the SSCs. The probability of a failure to perform properly must be 

taken into account (PSA results can be used if applicable) and the 

requirement to maintain radiation exposures are as low as reasonably 

achievable. The frequency with which SSCs not normally in use are 

tested must be optimized so that they can perform their functions 

satisfactorily when required and possible wear-out due to overtesting 

is avoided. In deciding on the extent of the surveillance requirements, 

systems should be classified in accordance with their importance to 

safety.  

 

When developing the surveillance programme the requirements 

established in the safety analysis report, the operational limits and 

conditions and other applicable requirements of the regulatory body 

must be considered. In addition the results of the commissioning 

programme, with special attention to baseline data, the as-built state of 

the plant and the acceptance criteria are taken into account. The 

surveillance programme also considers the availability of items 

important to safety, and the detection of deficiencies and incipient 

failures that might occur during operation or prior to returning items 

to service after maintenance, repair or modification. 

 

The surveillance programme must be developed by the operating 

organization sufficiently early to permit it to be properly implemented 

as and when plant items become operational in the commissioning 
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phase or, where appropriate, upon installation. Implementation must 

be scheduled so that the safety of the plant does not depend on 

untested or unmonitored SSCs. Early establishment of the surveillance 

programme permits: 

� Supporting procedures to be developed, reviewed and approved 

in a timely manner; 

� The surveillance procedures to be tested, to the extent 

practicable, in the commissioning phase; 

� Certain parameters to be recorded (during and after construction 

but prior to the commencement of operation) for use as 

reference points in monitoring. (Certain benchmarks and 

alignment references, for example, may need to be permanently 

marked, measured and recorded to provide as-built references 

for subsequent comparison.) 

 

In preparing and reviewing the surveillance programme, special 

attention must be paid to ensure that whenever surveillance tests are 

carried out control of the plant configuration is maintained and 

sufficient redundant equipment remains operable, even when the plant 

is shut down, to ensure that no operational limits and conditions are 

violated.  

 

2.2 Surveillance of integrity of barriers 

General 

Surveillance measures necessary to verify the integrity of fuel 

cladding include, but are not necessarily limited to:  

� Inspection of new fuel, core components and associated items 

such as flow restricting devices and locating devices, in 

accordance with an agreed schedule prior to loading into the 

core; this inspection may include visual, metrological and more 

sophisticated methods (such as helium tests); 

� Monitoring of thermal and hydraulic conditions such as flow, 

temperature, pressure and gross and local power, in order to 

ensure compliance with operational limits and conditions; 

� Monitoring of the reactor coolant’s activity and chemical 

composition (for example, by sample analysis); 

� Appropriate inspection of irradiated fuel before reuse, storage or 

transport (for example, by visual inspection or leak tests); 

� Monitoring of the activity and chemistry of water and gas in the 

irradiated fuel storage facilities; 

� Monitoring of discharges of radioactive material to the 

environment.  

 

Surveillance measures required to verify the integrity and assess the 

residual service life of the pressure boundary for the primary 

reactor coolant include, but are not necessarily limited to:  

� Leak rate measurements, for example, by measuring the flow of 

make-up water to the primary coolant system or the flow to the 
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leakage collection sump (a steady state condition is generally 

necessary for such measurements in order to eliminate transient 

effects); 

� Inspection of and hydrostatic pressure tests on the primary 

pressure boundary; 

� Recording of system transients and their comparison with the 

assumptions made in the safety analysis report, where 

appropriate; 

� Testing of the operability and tightness of closure devices that 

are part of the pressure boundaries; 

� Monitoring of leak detection systems (such as instruments for 

process and area monitoring, temperature detectors, acoustic 

detection equipment); 

� Monitoring to ensure that transition temperature requirements 

(for example, reference nil-ductility) are satisfied; 

� Monitoring of the chemical quality of the primary and secondary 

reactor coolants as appropriate; 

� Monitoring of samples of reactor pressure vessel components 

that are subject to irradiation.  

 

Surveillance measures necessary to verify the containment integrity 

include, but are not necessarily limited to:  

� Leak rate tests performed on the containment; 

� Tests of penetration seals and closure devices such as air locks 

and valves that are part of the boundaries, to demonstrate their 

leak tightness and, where appropriate, their operability;  

� Inspections for structural integrity (such as those performed on 

liner and prestressing tendons); 

� Monitoring of conditions within the containment such as 

temperature, pressure and atmospheric composition.  

 

The surveillance programme includes periodic tightness checks, 

pressure tests and/or leak tests of all systems parts of which are 

located outside the containment and which could contain highly 

radioactive liquids or gases in the event of an accident. Examples of 

such systems are:  

� Residual heat removal systems; 

� Safety injection systems; 

� Containment spray systems; 

� Chemical and volume control systems; 

� Treatment systems for radioactive fluid waste; 

� Core spray systems (for boiling water reactors).  

 

The surveillance programme must include tightness checks, and leak 

tests of all other systems and components designed to contain 

radioactive materials, or continuous testing as appropriate.  

 

2.3 Surveillance of safety systems 
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The surveillance of safety systems covers systems and components 

provided to shut down the reactor and keep it shut down. Surveillance 

also ensures that safety limits are not exceeded either owing to 

anticipated operational occurrences or during the initial operation of 

systems that are required in order to mitigate the consequences of 

accident conditions. Mitigating the consequences of accidents is 

achieved by: 

� Protection of the primary systems against unacceptable pressure 

surges (e.g. by steam dumping or safety and relief valve 

actuation); or 

� Actuation of protection systems as intended.  

 

Surveillance demonstrates the availability of the protection system, 

including all redundant parts, and verifies the set points at which 

actuation occurs and the acceptability of all response times. 

 

The SSCs that mitigate the consequences of accident conditions must 

be available and operable at any time. Because of that, their 

availability and effectiveness is demonstrated by periodic surveillance 

as far as practicable and any degradation of their performance is 

detected. The functions of these SSCs include, but are not necessarily 

limited to: 

� Emergency core cooling and heat transport to the ultimate heat 

sink; 

� Containment isolation; 

� Cooling down of the containment and pressure limitation; 

� Control of discharges of radioactive effluents arising as a result 

of accident conditions; 

� Control of combustible gases within the containment; 

� Functioning of the standby shutdown system. 

 

The functions associated with SSCs important to safety that are 

considered in the surveillance programme include:  

� Emergency power; 

� Cooling water; 

� Air; 

� Cooling and lubrication; 

� Control and instrumentation.  

 

The surveillance tests on safety relevant instrumentation and controls, 

such as the reactor protection system, accident instrumentation, 

instrumentation and controls for emergency power generation etc. are 

complex. Depending on the complexity of the test, alarm can be 

subdivided into several subsections, each being tested on its own, with 

defined overlapping of subsections. In the reactor protection system 

tests such as measuring the analogue circuit, checking computing 

circuits, limiting values (comparators, timing circuits, etc.), logic tests, 

output signals, with actuation of components, alarms (cubicle, 

operating room, process computer, etc.) are performed. Similarly, tests 

are also divided into several subsections in other safety relevant 
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systems. 

 

 

2.4 Surveillance of other items 

 

Other items that are subject to surveillance are those that, if they were 

to fail, would be likely to give rise to or contribute to unsafe 

conditions or accident conditions. Such items include: 

� Systems that are relied on for shutting down and cooling the 

reactor under normal plant conditions, including control systems 

such as those provided to control and monitor reactivity, 

primary water chemistry, feedwater supply, reactor pressure and 

temperature; 

� Instrumentation for both operational states and accident 

conditions; 

� The control room, with respect to habitability and access; 

� High energy piping and associated piping restraints; 

� Structural supports (e.g. stack stay wires, pipe supports); 

� Fire prevention, detection and fighting systems; 

� Emergency facilities and equipment; 

� Protection systems for internal and external events; 

� Communication systems; 

� Storage facilities for irradiated fuel, including clean-up systems; 

� Fuel handling equipment and facilities; 

� Treatment and storage facilities for radioactive waste; 

� Turbine and generator speed control systems and their 

protection systems, where appropriate; 

� Measures for physical protection. 

 

2.5 Surveillance frequency and extent 

Determination of surveillance frequency and extent 

The frequency and extent of the surveillance of individual SSCs is 

determined primarily on the basis of their relative importance to 

safety. Access limitations and the requirement to keep radiation doses 

to personnel as low as reasonably achievable are also taken into 

account.  

 

The frequency and extent of surveillance must be adequate to ensure 

that the plant parameters, including the availability of specified items, 

continue to remain in accordance with the prescribed operational 

limits and conditions. The frequency and extent must also be capable 

of detecting incipient failures or the need for more frequent 

maintenance in order to ensure satisfactory functioning and 

availability. Frequent enough surveillance ensures that a defect does 

not develop and/or grow between two successive surveillance actions 

to such an extent as to become unacceptable or to lead to accident 

conditions. Surveillance must be frequent enough that it can yield 
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information that allows an assessment of possible effects of excessive 

fatigue and/or premature ageing, and to meet the relevant 

requirements of the regulatory body and of the applicable regulations, 

industrial codes and standards. 

 

The surveillance frequency is determined on the basis of: 

� The importance to safety and the need to meet reliability 

objectives; 

� Manufacturers’ recommendations and information such as the 

results of type tests, endurance tests and cycle tests; 

� Expected mechanisms of failure, results of reliability analyses, 

age of the item or system, type of component and conditions of 

service; 

� Experience of failure rates gained from maintenance or from 

experience in the plant or in similar plants; 

� The extent of automation of the surveillance. 

 

Surveillance frequency may be optimized taking into account different 

considerations. The extent of redundancy of the respective system in 

relation to the need to remove SSCs from service for surveillance and 

the operational constraints that have a bearing on the implementation 

of surveillance activities must be considered. Beside that the 

surveillance frequency can be optimized by scheduling of surveillance 

in conjunction with other activities such as planned maintenance and 

shutdowns or other operating cycles, and also by facilitating the 

performance of a number of surveillance activities during a shutdown. 

For optimal frequency flexibility must be taken into account to allow 

reasonable safety margins without impairing the effectiveness of 

surveillance, to allow surveillance to be carried out during unplanned 

shutdowns and to allow the performance of tests at a time when plant 

conditions are most suitable with regard to both the validity of the 

surveillance and the safety of the plant. In planning the surveillance 

programme frequency, the need to conduct surveillance without 

placing an undue burden on the plant organization, while still ensuring 

plant safety, must be considered. The need to perform surveillance in 

operational conditions that are as close as possible to the normal 

operating conditions of the systems and components involved, the 

need to avoid spurious reactor trips or adverse effects on operation 

and the need to avoid any unnecessary shortening of the service life of 

a component or the introduction of errors by an excessive series of test 

and operations is also an important consideration in planning the 

surveillance frequency. It is also necessary to take into account the 

requirement to maintain personnel radiation exposures as low as 

reasonably achievable and some other special considerations. 

 

Surveillance tests of the energy supply are performed at intervals from 

one month up to four years.  

Special considerations 

In using calculated reliability figures to determine the surveillance 
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frequency, the following limitations should be recognized:  

� The difficulty of obtaining statistically meaningful data on fault 

events of low frequency; 

� The difficulty of conducting sufficient testing to provide 

conclusive reliability figures;  

� The difficulty of assessing the significance of common cause 

failures.  

 

Where only limited experience on the reliability of SSCs is available, 

the surveillance frequency initially adopted is based on conservative 

assumptions.  

 

The reliability of SSCs may be adversely affected by an excessive 

number of thermal, mechanical or other cycles. To reduce cycling 

caused by testing, the testing of components that provide a given 

safety function may be suspended during periods in which that 

particular function is not required to be available, provided that the 

surveillance requirements are met before any change in the 

operational state is made that requires the respective safety function to 

be available. 

 

The reliability of SSCs may be adversely affected if the technological 

limits defined by the designer are exceeded. These limits are 

considered in the surveillance procedures, which include acceptance 

criteria if appropriate. 

 

The reliability of SSCs may be degraded by faults induced by human 

(for example, calibration of redundant instruments on the same day by 

the same individual may introduce similar errors into both 

components and thus increase the potential for common cause failure). 

The frequency of such faults may be reduced, for example, by 

establishing detailed procedures. 

 

Where certain redundant systems and components are kept on 

standby, the operation of these systems and components is rotated in 

order to subject all components to similar operating times and thus to 

similar surveillance procedures and frequencies. Maintenance 

intervals are adjusted to ensure that not all systems and components 

wear out at the same time. 

 

To increase confidence that the surveillance programme will detect 

unrevealed faults, diverse methods are used where practicable during 

the testing of items subjected to surveillance.  

Periodic re-evaluation of surveillance frequency and extent 

The established frequency and extent of surveillance must be 

periodically re-evaluated to verify that they are effective in 

maintaining the SSCs in an operational state. Where appropriate, PSA 

based methods can be used to optimize surveillance. Procedures are 

established for ensuring that these re-evaluations are carried out and 



 Module XIV: Surveillance programmes 

 Page 15 of 34 

that any necessary changes are approved by the appropriate 

authorities. In these re-evaluations, the following points should be 

considered: 

� The performance of the SSCs, particularly their failure rate;  

� The corrective action required after a failure; 

� The performance of similar SSCs in similar plants and 

environments; 

� Design changes associated with SSCs important to safety; 

� Information on failure modes that cause abnormal occurrences 

or accidents; 

� The effects of component ageing. 

 

2.6 Surveillance methods 

Monitoring 

Monitoring gives operating personnel an immediate indication of the 

plant status. The parameters to be monitored are those that are most 

significant for safe plant operation and for the status of those SSCs 

that are not normally in operation but which may be required to 

operate under abnormal conditions. 

 

Monitoring is normally conducted by the operating personnel either 

from the main control room or on periodic tours of the plant. It takes 

the form of noting down the parameter values shown by instruments, 

data loggers or computer printouts and observing plant conditions. 

 

Monitoring may also involve sampling. Sampling may be done 

automatically or manually, and may be for chemical analysis, 

radiochemical analysis, material analysis or isotopic purity analysis. 

Since the techniques involved in such sampling and analyses are 

specialized, these activities are generally conducted by specially 

trained personnel.  

Instrument checks 

The availability of instrument channels that give readings are verified 

by means of one or both of the following: 

� Comparing readings on channels that monitor the same variable, 

with an allowance for differences in the process variable 

between sensor locations; 

� Comparing readings between channels that monitor different 

variables and bear a known relationship to one another. 

Verification of calibration and response time  

A calibration verification test is intended to check whether a known 

input to the instrument or channel gives the required output (analogue, 

digital or bistable). In analogue channels, linearity and hysteresis may 

also be checked.  

 

Response time testing of safety systems or subsystems is required to 
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verify that the response times are within the specified limits. The 

response time test includes as much of each safety system – from 

sensor input to actuated equipment – as is practicable in a single test. 

Where the entire system from sensor to actuated equipment cannot be 

tested as a whole, the system response time is verified by measuring 

the response times of discrete portions of the system and showing that 

the resultant of all response times is within the limits of the overall 

system requirements. 

Calibration and response times need to be verified by means of tests 

that do not necessitate the removal of detectors from their installed 

locations, unless such tests are not capable of determining whether 

changes in response time are beyond the acceptable limits. In such 

cases, sensors are removed for a special bench test if this is 

practicable. If it is not practicable, then the manufacturer’s test results 

may be used, provided that: 

� Satisfactory assurance is obtained that ageing does not degrade 

performance beyond acceptable limits; 

� The manufacturer’s test results are not invalidated by the design 

of the system in which the sensor is installed; 

� The tests have been performed and the test results documented 

in accordance with the quality assurance requirements of the 

operating organization’s quality assurance programme. 

 

2.7 Functional tests 

 

A functional test ensures that the tested system or component is 

capable of performing its design function. To the extent practicable, 

SSCs are tested under the conditions in which they operate when 

performing their intended functions.  

 

A functional test of equipment consists of manual startup of 

equipment. The test duration must be sufficient to achieve stable 

operating conditions. Where starting a specified component is not 

practicable, operation of the starting device in the ‘test’ position may 

be acceptable if the component is subsequently tested at the first 

opportunity provided by plant operations. 

 

Manually controlled electric operation of valves, with timing of the 

stroke, is another functional test used if appropriate. In cases where a 

full stroke of the valve is not permissible because of the operating 

conditions, a partial stroke test or a test of the valve control system 

may be acceptable; however, full stroke testing is done routinely 

during plant shutdown, at conditions representative of operation where 

this is possible. 

 

There are some other functional tests which can be used individually 

or together with previous tests: 

� Activation of a test signal of an appropriate magnitude to give a 

suitable actuation of the output or a readout as required; 
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� Initiation of the actuating device and observation of the resultant 

operation and testing of automatically calculated set points to 

verify the responses to each variable entering the computation 

and status and operability of interlocks, bypasses, bypass and 

test indications, and bypass and test annunciation circuits; 

� Checking of the manual initiation of safety functions; and  

� Monitoring of the appropriate parameters during the test. 

 

Special tests 

When special tests or experiments which are not included in the 

surveillance programme or which are not performed frequently are 

considered necessary, these tests or experiments must be justified. A 

special procedure for each test is prepared and subjected to an 

independent review and assessment by qualified persons other than 

the originator of the proposal, in order to ensure that neither the 

operational limits and conditions nor the design basis will be violated 

and that no unsafe conditions will arise. 

 

These special procedures specify responsibilities for the conduct of 

the tests, but plant management have the ultimate responsibility for 

deciding whether or not a test should proceed. The operating 

personnel comply with standing orders to bring the plant back into 

safe conditions if an unplanned violation of the operational limits and 

conditions is observed or foreseen, and an appropriate briefing on this 

subject is held before such a test or experiment is performed. The 

procedure must be submitted to the regulatory body for prior approval, 

as required.  

Test equipment 

The operating organization must ensure that all necessary test 

equipment, whether called for in the design or otherwise required for 

the surveillance programme, is available, operable and calibrated. So 

far as is practicable, test equipment is permanently installed. 

 

A programme is established and maintained for calibration and 

control, to provide prompt detection of inaccuracies and timely and 

effective corrective actions. It includes the following general 

requirements: 

1. Equipment identification: test equipment used as a calibration 

reference standard must be identified, to enable verification of 

its calibration status. 

2. Equipment verification: before test equipment is used in a 

surveillance test, its calibration status and operability must be 

verified. 

3. Calibration procedures: detailed procedures must be provided 

for the calibration of test equipment; the accuracy of calibration 

must be commensurate with the functional requirements, and 

where appropriate, reference standards must be used. 

4. Calibration records: records must be maintained for each piece 
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of equipment in order to be able to demonstrate that established 

schedules and procedures for calibrating test equipment and 

reference standards have been followed. 

 

The calibration records provide a calibration history showing 

calibration intervals, the date of the last calibration, the date when the 

next calibration is due, conformance or non-conformance with 

required tolerances before and after adjustments, and any limitations 

on use. It is often desirable to affix a sticker directly to the test 

equipment, giving the date of the last calibration and the planned date 

of the next calibration. 

When test equipment is found to be out of calibration, the validity of 

the tests performed since the last calibration is evaluated. For this 

purpose a history of usage is maintained for each piece of test 

equipment. Test equipment found to be out of calibration must be 

identified by a tag or other suitable means. 

 

2.8 Documentation and records of surveillance  

 

All documents and results of surveillance activities are retained in 

accordance with quality assurance requirements. The following is a 

listing of typical documents relating to surveillance activities: 

� Logs and logbooks containing the readouts of safety system 

parameters; 

� Recorder charts and computer printouts; 

� Reports of tests, calibrations and inspections, including 

evaluation of results and corrective actions taken; 

� Surveillance procedures; 

� Records of completed surveillance activities; 

� Reports of relevant reviews and audits; 

� Checklists for the status of systems and components.  

 

These documents are used as a basis for reviews carried out to 

demonstrate compliance with operational limits and conditions and to 

detect trends indicating deterioration of systems or components.  

 

2.9 Questions 

 

1. List the aspects that need to be considered in establishing the 

surveillance programme. 

2. What must the surveillance programme specify? 

3. How is the frequency of surveillance for SSCs not normally in 

use determined? 

4. Why must the surveillance programme be established before the 

plant starts to operate? 

5. List what measures are necessary to verify the integrity of fuel 

cladding. 

6. List the surveillance measures required to verify the integrity of 
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the pressure boundary for primary reactor coolant. 

7. List what measures are necessary to verify the integrity of the 

containment. 

8. Which systems need a periodic surveillance programme because 

of the possibility of their containing radioactive material in the 

case of an accident? 

9. How are the consequences of accidents mitigated? 

10. Which functions of the safety system are under periodic 

surveillance and which of its functions are included in the 

surveillance programme? 

11. What must be the frequency and the extent of surveillance? 

12. On what basis is the surveillance frequency determined? 

13. How can the surveillance frequency be optimized? 

14. What are the limitations in using calculated reliability figures in 

determining the surveillance frequency? 

15. List the factors that affect the reliability of SSCs. 

16. Why is periodic re-evaluation of surveillance frequency and 

extent needed? 

17. Which parameters are surveyed by monitoring? 

18. How are instruments checked? 

19. Why is a calibration verification test needed? 

20. Why are the calibration records needed? 

21. Why are the documents and results of surveillance activities 

retained? 
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3 IN-SERVICE INSPECTION 

 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. State why the in-service inspection programme is needed 

2. Describe the surveillance of neutron induced embrittlement. 

3. Describe the extent of in-service inspection. 

4. Describe how in-service inspections are scheduled. 

5. Describe pressure and leakage testing. 

6. Compare different categories of examination. 

7. List what must apply to examination and test equipment. 

8. Describe the qualification of in-service inspection systems. 

9. State what personal certificates are. 

10. Describe the evaluation of results of in-service inspection. 

11. Describe the documentation and records of in-service inspection. 

 

3.1 In-service inspection programme 

 

Over the operating lifetime of a nuclear power plant, components may 

be exposed to influences whose single and combined effects cannot be 

predicted for the entire operating lifetime of the plant with the 

accuracy desirable for nuclear safety. The most important influences 

are stress, high temperature, irradiation, hydrogen absorption, 

corrosive attack, vibration and fretting, all of their effects depending 

on time and operating history. These influences may result in changes 

of material properties due to irradiation or thermal embrittlement, 

corrosion fatigue and the initiation and growth of flaws. 

 

The systems and components of the plant must be examined for 

possible deterioration so as to assess whether they are acceptable for 

continued safe operation of the plant or whether remedial measures 

should be taken. Emphasis must be placed on examination of the 

pressure boundaries of the primary and secondary coolant systems, 

because of their importance to safety and the possible severity of the 

consequences of failure. 

 

The in-service inspection programme includes those examinations and 

tests that are to be performed over the operating lifetime of the nuclear 

power plant. It should be emphasized that for successful 

implementation of this programme, a pre-service inspection needs to 

be performed before the commencement of operation in order to 

provide the baseline data to which examination and test results of the 

in-service inspection programme may be compared, and against which 

the possible development of flaws and the acceptability of 

components may be assessed.  
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Surveillance of neutron induced embrittlement 

Neutron induced embrittlement is the main factor in the ageing of the 

reactor pressure vessel. If not controlled, the embrittlement can reach 

a state at which the reactor pressure vessel can no longer stand the 

loads. To avoid this, a surveillance program has to be installed. 

 

Embrittlement depends on the material of the pressure vessel and on 

the neutron fluence in the wall of the vessel. The embrittlement due to 

the material is determined by the content of copper, nickel and 

phosphorus. There are standard curves for the content of copper and 

phosphorus that show the relation between neutron fluence and a 

parameter that describes the state of embrittlement. 

 

With regard to the design of the power plant, the material chosen and 

the expected loads, an end of life fluence is estimated. During the 

design stage it has to be shown by calculations that if the pressure 

vessel shell reaches the end of life fluence, the state of embrittlement 

still has a margin of safety before critical embrittlement is reached. 

The calculations use standard curves and have to include worst-case 

loads from incidents. 

 

It must be verified by the surveillance programme that the material fits 

the standard curve. For this purpose specimens are cut-off from the 

original material of the reactor pressure vessel shell and core weld for 

a tensile test and the Charpy v-notch test. One part of each specimen is 

tested directly; two other parts are put in the pressure vessel together 

with monitors of temperature and neutron fluence. The specimens’ 

location is chosen close to the core providing much higher neutron 

flux density than that at the shell. Thus the specimens reach the end of 

life fluence much earlier than the pressure vessel shell itself. 
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Figure 3.1: Scheme of the reactor vessel with a probe containing 

Charpy specimens. 

 

When the specimens reach half end of life and end of life fluence they 

are removed from the reactor pressure vessel to be tested. The change 

in material parameters found as a function of the fluence is a measure 

of the embrittlement. 

 

3.2 Extent of in-service inspection 

 

In establishing the extent of the in-service inspection programme, 

consideration is given to the following systems and components in 

accordance with their importance to safety:  

� Pressure retaining parts of components in the reactor coolant 

system; 

� Components of or connected to the primary reactor coolant 

system that are essential for ensuring the shutdown of the 

reactor and cooling of the nuclear fuel in relevant operational 

states and in postulated accident conditions; 

� Other components such as main steam lines or feedwater lines 

whose dislodgement or failure might put in jeopardy the systems 

mentioned above. 

 

Components subjected to in-service inspection in accordance with the 

above paragraph are generally examined by visual, surface and 

volumetric methods. In addition, the pressure retaining components 

must be checked for possible leakage by means of a leak test. 

 

Depending on their importance for safety, some components may be 
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exempted from the surface and volumetric examinations either 

because of their size, the size of their connections, or the number of 

barriers between them and the fuel or the outside atmosphere. In such 

cases, however, these components still need to be examined for 

integrity as part of the system hydraulic tests. 

 

The number, frequency and extent of in-service inspections of similar 

systems and components may be reduced by a sampling programme 

that varies in accordance with the design, the number of similar 

components or systems involved, operational requirements and the 

existence of identical units in a multiple unit plant. The sampling rate 

must be consistent with the importance to safety of the respective 

component and the rate of degradation. Sample selection must be 

planned to ensure a wide coverage of the sample population over an 

appropriate period. 

 

3.3 Inspection schedules 

 

In-service inspections of nuclear power plants are carried out at 

intervals whose length is chosen on the basis of conservative 

assumptions, to ensure that any deterioration of the most exposed 

component is detected before it can lead to failure. The inspection 

schedule provides repetition of the inspections over the operating 

lifetime of the nuclear power plant. The inspection programme may 

involve regular inspection intervals or, alternatively, the inspection 

intervals may be varied over the operating lifetime of the plant to 

improve the correlation between inspection intervals and the 

probabilities and characteristics of component failures. The intervals 

for evenly distributed inspections may be chosen to be from a few 

years to about ten years; for the variably distributed inspections, these 

intervals may be shorter in the early years of the plant’s operating 

lifetime and then lengthened as experience permits. However, 

whichever is, the results of inspections may necessitate a shortening of 

the intervals towards the end of the plant’s operating lifetime. 

 

The inspection intervals are subdivided into inspection periods, in the 

course of which a required number of examinations is completed, 

depending upon the component, the type of examination and the 

accessibility allowed by normal plant operations or scheduled outages. 

Such examinations may be considered a part of the total inspection 

required for the whole interval. 

 

Examinations that necessitate the disassembly of components (such as 

the disassembly of pumps or valves to volumetrically examine large 

bolting, or the removal of fuel or of core support structures in the 

reactor vessel in order to examine welds or nozzle radius sections) 

may be deferred until the end of each inspection interval except in 

cases where, on the basis of the results of examinations conducted on 

analogous components, an earlier inspection is necessary. This in no 
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way diminishes the requirements on the frequency of examinations 

formulated in the relevant design codes (for example, those of the 

American Society of Mechanical Engineers or the German Nuclear 

Safety Standards Commission). 

 

3.4 Pressure and leakage testing 

 

Pressure retaining systems and components are subject to: 

� A system leakage and hydrostatic pressure test as part of the pre-

service inspection; 

� A system leakage test before resuming operation after a reactor 

outage in the course of which the leak tightness of the reactor 

coolant pressure boundary may have been affected; 

� A system hydrostatic pressure test at or near the end of each 

major inspection interval, if required. 

 

To the extent practicable, pressure retaining components are visually 

examined while the system is operating under the test pressure and 

temperature conditions. The test pressure and temperature are 

maintained for a sufficient period before the examination to ensure 

that all possible leakages can be identified. The accessibility of 

components to be visually examined is considered (for example, with 

regard to the possible need for removal of insulation). Acoustic 

emission methods may be used as part of such inspections.  

 

If leakages (other than normal controlled leakages) are detected in the 

aforementioned tests, their source is located and the area examined to 

the extent necessary to establish whether any corrective action is 

required. 

 

The final system leakage test cannot always be performed at or above 

the specified system operating pressure unless the plant is at full 

temperature. Under such conditions, a graded approach to leakage 

testing is followed, ending with the full operating condition. The 

duration of tests performed at a pressure higher than the system’s 

design pressure is limited so as to prevent excessive stressing and 

creep of components.  

 

3.5 Methods and techniques 

 

The methods and techniques used for the examinations must be in 

accordance with the standards recognized by the regulatory body. The 

examinations are categorized as visual, surface and volumetric 

examinations. Each term describes a general method, permitting a 

selection of different techniques or procedures to be applied with that 

method so as to accommodate varying degrees of accessibility and 

radiation levels and the automation of equipment for performing the 

examinations.  
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A visual examination is made to yield information on the general 

condition of the part, component or surface to be examined, including 

such conditions as the presence of scratches, wear, cracks, corrosion 

or erosion on the surface, or evidence of leaking. Optical aids such as 

television cameras, binoculars and mirrors may be used. Surface 

replication as a method of visual examination may be considered 

acceptable, provided that the resolution at the surface is at least 

equivalent to that obtainable by visual observation. Any visual 

examination that requires a clean surface or decontamination for the 

proper interpretation of results is preceded by appropriate cleaning 

processes. 

 

A surface examination is made to confirm the presence of or to 

delineate surface or near-surface flaws. It may be conducted by a 

magnetic particle method, liquid penetrant method, eddy current 

method or electrical contact method. 

 

A volumetric examination, which will usually involve radiographic or 

ultrasonic techniques, is made for the purpose of indicating the 

presence and depth or size of a subsurface flaw or discontinuity. 

Radiographic techniques employing penetrating radiation such as X 

rays, gamma rays or thermal neutrons may be utilized with 

appropriate image recording devices to detect the presence of flaws 

and also to establish their size. An ultrasonic testing method is most 

commonly used to establish both the length and the depth of flaws. 

 

Alternative methods of examination, a combination of methods, or 

newly developed techniques may also be used, provided that the 

results have a demonstrated equivalence or superiority to those of the 

methods mentioned above and are comparable with them.  

 

3.6 Equipment 

 

All equipment used for examinations and tests is of a quality, range 

and accuracy that is in accordance with the standards recognized by 

the regulatory body. 

 

Similar standards are applied to calibration blocks where these are 

needed. If standards for calibration blocks are not established, these 

blocks are of a material and surface finish that is identical with the 

component being examined and should be subjected to the same 

fabrication or construction conditions (such as heat treatment). Where 

possible, the calibration blocks that were used in manufacture and for 

pre-service inspections are also used for subsequent in-service 

inspections. 

 

All items of equipment together with their accessories must be 

calibrated before they are used. All equipment is properly identified in 

the calibration records, and the validity of the calibration is regularly 
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verified by the operating organization in accordance with the quality 

assurance programme. All items should be calibrated against 

standards recognized by the regulatory body.  

 

3.7 Qualification of in-service inspection systems 

 

Qualification here means a systematic assessment by all necessary 

methods in order to provide reliable confirmation that the non-

destructive testing system (i.e. the equipment, procedures and 

personnel) is capable of the required performance under real 

inspection conditions. 

 

The details and scope of any qualification process, in terms of the 

required inspection area(s), method(s) of non-destructive testing, 

defects being sought and required effectiveness of inspection, are 

agreed upon in writing between the operating organization and the 

regulatory body. Account is taken of the safety significance of each 

particular case and of relevant national and international experience. 

This statement of the scope of or the technical specification for the 

inspection to be qualified is agreed upon before any qualification 

process is started and forms part of the documentation of the 

qualification process. 

 

The qualification body – that is, the organization managing, 

conducting, evaluating and certifying an in-service inspection 

system’s qualification process – must be independent of any 

commercial or operational considerations. Qualification bodies may 

also be an independent part of the licensee’s organization. 

 

The qualification body operates according to a quality assurance 

programme also giving consideration to the independence, impartiality 

and confidentiality of that body. 

 

Any qualification process is carried out according to written 

qualification protocols which clearly define the administrative 

interfaces and the types (unrestricted, restricted, confidential), paths 

and timing of the information to be exchanged between all parties 

involved (the regulatory body, qualification body, licensee, inspection 

organization) according to the qualification process. 

 

Written qualification procedures are developed by the operating 

organization, reviewed by the qualification body and agreed upon by 

the interested parties. They specify: 

� The number, type, geometry, materials and surface conditions of 

test specimens to be used in practical trials; 

� The types and ranges of the geometrical parameters of the flaws 

to be detected and/or sized in practical trials; 

� The conditions of the practical trials (open, blind); 

� The minimum and maximum numbers of flawed and unflawed 
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grading units; 

� The grading criteria for the detection and sizing of flaws; 

� The acceptance criteria for detection and sizing; 

� Special requirements, where applicable (such as requirements on 

time limitations, access restrictions, environmental conditions). 

 

Upon successful qualification of a non-destructive testing procedure 

and the associated equipment, the qualification body issues a 

certificate to the licensee and/or inspection organization which clearly 

identifies those aspects of the procedure and the equipment that have 

been qualified. 

 

The certification of a non-destructive testing procedure and its 

associated equipment is valid indefinitely unless changes affecting 

essential variables and/or parameters are made to the equipment 

and/or the procedure, or to any mandatory document whose 

requirements must be met. 

 

The responsibility for ultimate approval of an inspection system using 

non-destructive testing, on the basis of evidence derived from the 

qualification process and provided by the qualification body, remains 

with the operating organization. 

 

3.8 Personnel certificates 

 

For each successful candidate, the qualification body should issue, 

separately from the inspection organization, a personnel certificate 

that is complementary to the national certificate. The validity of a 

personnel certificate is limited in time. Personnel certificates are 

revoked when a certified individual ceases to work for the inspection 

organization which presented him or her for qualification, or when the 

inspection organization cannot produce documentary evidence of the 

certified individual’s continuous satisfactory involvement in the 

qualified inspection process. 

 

Personnel certificates clearly specify their scope, including the 

applicability and scope of competence (with regard to procedure, 

detection or sizing, for example).  

 

3.9 Evaluation of results of in-service inspection 

 

Any examination indicating a flaw that exceeds acceptance criteria 

may be supplemented by other non-destructive methods and 

techniques of examination, to establish the character of the flaw (size, 

shape and orientation) and thus to determine the suitability of the 

component for further operation. Choosing these supplementary 

techniques and methods must be done carefully, to ensure that the 

conditions affecting the component are thoroughly investigated. 
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If analysis based on fracture mechanics is employed, the stresses in 

the area of the flaw are analysed for all conditions of operation, 

including postulated accident conditions and actual as well as 

predicted normal operating conditions. The worst stress case is then 

selected. Care is taken to consider all aspects of the problem so that 

the worst case is always assumed in the analysis. The methods of 

calculation must be in accordance with accepted standards.  

 

When an evaluation leads to the conclusion that continued operation 

would be unacceptable, the component in question is repaired or 

replaced.  

 

When a flaw that exceeds the acceptance standards is found in a 

component, additional examinations are performed to investigate the 

specific problem area by the analysis of additional analogous 

components (or areas), whose number should be approximately equal 

to the number of components (or areas) examined in the sample. 

 

In the event that the additional examinations indicate further flaws 

exceeding the acceptance standards, all the remaining analogous 

components (or areas) must be examined to the extent specified for 

the component or item in the initial sample. Where the required piping 

examination in the sampling programme is limited to one loop or 

branch run of an essentially symmetrical piping configuration, and 

examinations indicate the presence of flaws that exceed the 

acceptance standards, the additional examinations include an 

examination of a second loop or branch run. In the event that an 

examination of the second loop or branch run indicates further flaws 

that exceed the acceptance standards, the remaining loops or branch 

runs that perform similar functions must be examined. 

 

The sequences in which the examinations of components are carried 

out during an inspection interval are, to the extent practicable, 

maintained constant during successive inspection intervals. 

 

Whenever examination of a component results in evaluation of the 

potential flaw, but the component passes as acceptable for continued 

operation, that portion of the component containing the possible flaw 

or flaws is re-examined in each of the next three inspection intervals, 

as an extra requirement over and above the schedule of the original 

programme. 

 

In the event that the re-examinations required in the previous 

paragraph indicate that the flaws remain essentially unchanged over 

three successive inspection intervals, the schedule for examinations of 

that component may revert to the original schedule for the subsequent 

inspections. 
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3.10 Documentation and records of in-service inspection 

 

The documentation necessary for proper implementation of the in-

service inspection programme is readily available to the operating 

organization and the regulatory body, as required. This documentation 

includes the following items: 

� Specifications and as-built drawings; 

� Samples of materials used; 

� Records of personnel qualification; 

� Pre-service inspection data and reports; 

� The in-service inspection programme and detailed examination 

and test procedures (including relevant codes and standards); 

� Reports and charts from examinations and tests; 

� Calibration records; 

� Acceptance standards; 

� Evaluations. 

 

The specifications and as-.built drawings include component 

drawings, material specifications, heat treatment records, records of 

the manufacturing process, specifications and drawings for fabrication 

and installation, and records of any acceptance of deviations from the 

specifications. 

 

The records of each activity include the following:  

� Information on the identification of components, the location 

and size of the inspection area, work technique, type of 

equipment, type of sensor, calibration equipment and sensitivity 

standards, such that the MS&I activity could be repeated and 

similar results obtained; 

� All relevant indications that are in excess of the minimum 

recording requirement, and all pertinent information concerning 

these indications (such as location, magnitude, length); 

� All recordings (if no indication is obtained, a note to this effect 

should be made in the records); 

� Comparisons with previous results and evaluations; 

� Evaluations and reports; 

� Radiation doses received, as appropriate. 

 

3.11 Questions 

 

1. List the most important influences on components that may affect 

nuclear safety. 

2. Why it is important to control neutron induced embrittlement of 

the reactor pressure vessel? 

3. What is the purpose of Charpy specimens in a reactor pressure 

vessel and where are they located? 

4. Which systems and components are highly important for the 

safety of the power plant? 
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5. What has the greatest impact on the length of inspection 

intervals? 

6. To which tests are pressure retaining systems and components 

subjected? 

7. What are the methods and techniques used for the examination? 

8. What standards apply to calibration blocks? 

9. What criteria apply for the qualification body? 

10. What is specified in written qualification procedures? 

11. What must be done when the evaluation leads to the conclusion 

that continued operation is unacceptable? 

12. What must be done when a flaw exceeds the acceptance 

standards? 

13. What is the next step for analogous components when additional 

examinations indicate further flaws? 

14. What is included in the in-service inspection documentation? 

15. What is included in the in-service inspection reports? 
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4 IAEA SAFETY STANDARDS 
 

Learning objectives 
After completing this chapter, the trainee will be able to: 

1. List which IAEA Safety Standards deal with surveillance and in-

service inspection. 

 

Most of the fundamental requirements for surveillance programmes 

and inspection are described in IAEA Safety Requirements SSR-2/1, 

Safety of Nuclear Power Plants: Design and Safety Requirements 

SSR-2/2, Safety of Nuclear Power Plants: Commissioning and 

Operation. 

 

Additional requirements and recommendations for surveillance and 

inspection programmes are given in other Safety Guides: 

� Safety Standards Series No. NS-G-2.2, Operational Limits and 

Conditions and Operating Procedures for Nuclear Power Plants; 

� Safety Standards Series No. NS-G-2.3, Modifications to Nuclear 

Power Plants; 

� Safety Series No. 50-SG-O1, Staffing of Nuclear Power Plants 

and the Recruitment, Training and Authorization of Operating 

Personnel; 

� Safety Standards Series No. NS-G-2.10, Periodic Safety Review 

of Nuclear Power Plants; 

� Safety Standards Series No. NS-G-1.1, Software for Computer 

Based Systems Important to Safety in Nuclear Power Plants; 

� Safety Standards Series No. NS-G-1.3, Instrumentation and 

Control Systems Important to Safety in Nuclear Power Plants; 

� Safety Standards Series No. NS-G-2.5, Core Management and 

Fuel Handling for Nuclear Power Plants. 

 

The two subchapters below give a summary of Safety Requirements 

SSR-2/1 and SSR-2/2. General requirements are collected in IAEA 

Safety Standard Series, No. NS-G-2.6, Maintenance, Surveillance and 

In-service inspection in Nuclear Power Plant. 

 

4.1 Safety Requirements SSR-2/1 

 

In this Safety Requirement requirement 29 deals with surveillance and 

in-service inspection. There it is written that all safety equipment must 

be designed in such a way that it can be calibrated, tested, maintained, 

replaced, inspected and monitored as required to ensure its capability 

of performing its functions and of maintaining its integrity in all 

conditions specified in its design basis. 

 

Emphasis is placed on the need to ensure that all mentioned activities 

can be performed in accordance with national and international codes 

and standards. This means that all safety functions can be performed 
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without undue exposure of workers. Besides that, when dealing with 

items important to safety, they must be designed for performing 

surveillance and inspection activities without significant reduction in 

the reliability of the safety functions. 

 

4.2 Safety Requirements SSR-2/2 

 

In the Safety Requirement that deals with plant operation and 

commissioning, requirement 31 contains requirements concerning 

surveillance and inspection.  

 

The main requirements regarding surveillance are that the operating 

organization must ensure that effective programmes for surveillance 

and inspection are established and implemented. These surveillance 

programmes must be in compliance with established operational limits 

and conditions and must allow the detection and repair of any 

abnormal condition before it can give rise to significant consequences 

for safety.  

 

Surveillance procedures must be prepared, reviewed, modified when 

required, validated, approved and distributed in accordance with 

procedures established under the management system. All data on 

surveillance and inspection must be recorded, stored and analysed for 

confirmation that the operating performance is in accordance with the 

design intent and with requirements for the reliability and availability 

of equipment. The frequency of surveillance and inspection must be 

determined on the basis of: 

� The importance to safety with insights from probabilistic safety 

assessment taken into account; 

� Their reliability in, and availability for, operation; 

� Their assessed potential for degradation in operation and their 

ageing characteristics; 

� Operating experience; 

� Recommendations of the vendors. 
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