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Learning objectives

Upon completion of this session, participants will be

able to:

• Identify technical competencies needed for the 

development and review of a safety analysis report

• Identify typical areas for external support, existing 

models and common issues for the establishment of 

national technical support organization

• Understand means for developing technical 

competences within a technical support 

organization
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l Reliability analysis

l Probabilistic safety assessment

l Human factors

l Ergonomics

l Software reliability

l Instrumentation and control

l Reactor physics

l Criticality analysis

l Radiation safety

l Shielding

l Dosimetry

l Quality assurance

l Fire protection

l Emergency planning

l Facility operation

l Facility maintenance

l Long term operation safety analysis

l Environmental protection

Too many areas to be covered by a single organization, external 

technical support needed

Areas of Technical Specializations to 

implement a Nuclear Power Programme

l Geology

l Seismology

l Soil mechanics

l Hydrology

l Meteorology

l Fluid mechanics

l Heat transfer

l Fracture  mechanics

l Metallurgy

l Structural mechanics

l Corrosion chemistry

l Non-destructive testing

l Computation methods for accident analysis

l Radiological consequences

l Training of personnel

l Waste management

l Public information
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Participation in other aspects of 

regulatory process, e.g. land use,

water resources, health, environment, 

security, emergencies, fire protection, 

transports, etc.



Emergency 
preparedness

Research and 
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co-operation

Regulatory Body missions
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Technical competencies required to conduct 

assessments of safety analysis

For an assessment of the SA report, expertise in the following areas is 

needed:

• Principles of reactor safety for the design and operation of NPP

• Performance of key reactor systems

• Safety analysis requirements, methods, and tools

• Deterministic safety analysis

– Fuel behaviour

– Reactor and radiation physics

– Core and system thermalhydraulics

– Structural mechanics

– Containment 

– Severe accidents 

– Fission product release and transport

• Review and evaluation of nuclear and thermalhydraulic aspects of the 

reactor core under steady-state, transient, and accident conditions
8



Technical competencies required to conduct 

assessments of safety analysis

• Evaluation of severe accident issues

• Probabilistic safety assessment (frequencies and 
consequences)
– Identification of failure scenarios

– PSA Level 1 and 2

• Hazard analysis

• Review of operational doses

• Evaluation of consequences of radiological release 

• Human factors

• Radiation protection and shielding

• Fuel cycle

• Quality assurance
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Competencies related to safety assessment
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Regulatory staff  functions –
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When external expert support is needed?

The term “technical support organization” is used in connection with regulatory 
activities, but the operating organization may as well require external 

technical support

If the regulatory body or the operating organization is not self-sufficient, either 
due to lack of staff or expertise in technical or functional areas necessary to 

discharge its responsibilities, it shall seek external advice or assistance

The prime responsibility of the operator for safety and regulatory body’s 
responsibility for making decisions and recommendations associated with its 

supervisory activities shall not be delegated

The use of consultants shall not relieve the regulatory body or the operator 
of any of its responsibilities

External support should be properly managed and associated funding should 
be available
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Organization of the regulatory body
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Qualification – safety assessment
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Typical areas for external expert support (1/3)

For the OPERATOR:

• Development and independent verification of Safety Analysis

Reports

• Updating of Safety Analysis Report in case of significant progress in

methods and tools

• Development and updating of PSA

• Preparation and evaluation of commissioning programme and

tests in order to confirm consistency with SAR and demonstrate

validity of procedures

• Supporting analysis for development, verification, modifications of

operating procedures and guidelines for normal regimes, AOO,

DBA, BDBA and severe accidents

• …
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Typical areas for external expert support (2/3)

• …

• Preparation of analytical basis for development and modifications of

plant operational limits and conditions

• Analytical demonstration of safety and economy aspects for core
management and on-site fuel handling

• Preparation and evaluation of non-routine regimes, tests and
experiments during operation of the plant

• Safety analysis for radioactive discharges in order to demonstrate
that radiological impact and doses to the public are kept ALARA

• Systematic safety reassessments in accordance with the regulatory
requirements throughout the operational lifetime (Periodic Safety
Reviews)

• Analysis of the cause, progress and consequences of the plant
operating events

• …
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Typical areas for external expert support (3/3)

• …

• Development and updating of training programmes for the plant staff

• Development and updating of emergency plans

• Preparation of emergency drills and analytical support for decision

making in case of emergencies

• Comprehensive assessment of safety (and regulatory) implications 

of plant modifications

• Development and use of risk monitor in operation

• Evaluation of human factor reliability

• Application of PSA for risk-oriented decision making

• Optimisation of maintenance in NPP

• Collection and evaluation of reliability data
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Typical areas for external expert support

For the REGULATOR:

• Verification of all previously listed submissions by the operator

• Scientific and engineering analysis/regulatory audit 

calculations

• Testing, measurement and analysis services

• Staff training

• Drafting of regulations and guides

• Project management and administrative support
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Sources of expertise for external support (1/4)

• ADVISORY BODIES:

– usually senior experts form an advisory committee to assist and provide 

advice, including the experts from other States

• INTERNATIONAL ORGANIZATIONS:

– IAEA, Nuclear Energy Agency (NEA), International Organization for 

Standardization (ISO) etc. can be sources of advice in particular for 

embarking countries on specific issues which may be provided through 

membership of their committees or by specific contractual 

arrangements

• DEDICATED TSOs:

– some States have arrangements for particular independent 

organizations to dedicate part of their resources to assisting the 

regulatory body on a regular basis
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Sources of expertise for external support (2/4)

• OTHER STATE REGULATORY BODIES:
– advice can be obtained through individual contacts or international 

forums, which can be particularly useful when designs utilized in one 
State are considered in another state

• VENDOR STATE REGULATORY BODIES:
– advice related to the regulatory structure and its application in a State 

from where the reactor has been purchased

– extremely useful but conditions in one State may not necessarily apply 
to another

• STANDARDS ORGANIZATIONS AND PROFESSIONAL 
BODIES:
– these bodies - national or international - can provide advice within their 

fields of expertise, however contacts with operators, designers etc. may 
mean that the advice is not fully independent
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Sources of expertise for external support (3/4)

• COMMERCIAL ENGINEERING ORGANIZATIONS:
– technical, engineering, scientific services can be provided (to regulatory bodies if 

they are found to be independent). Contracts may be overarching so that their 
advice can be called on when needed

• GOVERNMENT LABORATORIES / RESEARCH CENTRES:
– if the issues require experimental investigation or verification

• CERTIFIED TESTING AND ANALYTICAL SERVICES:
– for certain measurements required on a regular basis, such as dose 

monitoring or water quality. Such organizations may also work for the operator, 
the issue of independence is of lesser importance

• ACADEMIC INSTITUTIONS:
– most universities can, through academic staff or establishing a research 

programme, provide advice or training on a range of technical issues
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Sources of expertise for external support (4/4)

• INDIVIDUAL ACKNOWLEDGED EXPERTS IN SPECIFIC 
FIELDS OF COMPETENCE:
– many acknowledged experts in specific fields do not belong to 

organizations

• LEGAL ORGANIZATIONS:
– most States have private or governmental legal bodies that can review 

the language of legal documents and assist in legal enforcement actions

• FINANCIAL AND ECONOMIC ORGANIZATIONS:
– providing advice on the financial status of a potential licensee, the 

appropriateness of investments of decommissioning funds, financial 
conflicts of interest

• OTHER GOVERNMENT ORGANIZATIONS:
– input for regulatory decisions but without specific decision-making 

responsibilities
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Independence of external support (mainly in 

connection with the support to the regulator)

24

financial ties between an 
expert and the nuclear 

industry (licensees, 
designers, etc.);

external experts are part of, 
or closely linked to, 

organizations 
responsibles for the 
promotion of nuclear 

technologies;
when the same external experts 

are providing support on the 
same or closely related issues, 

to potential licensees, 
designers, or vendors

The provider of external expert support should 
be able to form and express its technical 
judgment independent of external influence

It does not mean that external support 
provider cannot work for the regulatory 
body on one issue and an operator on 
another, but all such situations need to be 
openly discussed and managed carefully

Conflicts of interest may potentially occur in a 
variety of cases:



Demonstration of technical competency of 

external expert support

• For an individual expert, technical competency should be 
ensured by verifying that he has already provided similar 
support in a satisfactory way (reference list)

• For an expert organization, the existence of a certified quality 
management system is a useful characteristic

– Building and maintaining competence through technical training, 
development and research work demonstrated by:

• a strategy for training its own staff and taking part in training 
activities in the technical safety field

• strong research activities in its field of competence

• a continuous, up to date, technology development programme

– Confidence in the competency can be gained by contracting with 
a provider of external expert supports having performed safety 
related tasks and consistently demonstrating a global vision with a 
broad scope
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Maintaining confidentiality

• Security information (sensitive for physical protection)
– The external expert should be able to demonstrate that:

• the access to such information is effectively restricted to trustworthy 
individuals that “need to know”

• that the information is kept under secure conditions

• that secure procedures to communicate the information exist (secure fax, 
encryption capabilities, etc.), specific to the level of sensitivity

• Proprietary information (with potential commercial value)
– The external expert should be made aware of the existence of any 

confidential proprietary information (information of commercial value if 
disclosed), of its precise scope, restrictions on its use and the 
organizations to whom it may be disclosed. 

– The provider of external expert support should have in force management 
rules and procedures to protect this type of information as well. 

– The regulatory body should inform the owner its intention to pass 
information to an external expert and give it sufficient time to agree 
to the arrangements or to raise objections.
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Actions to take in seeking assistance
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Determine the 
scope of the 
work required; 
this can be as 
narrow as a 
single task or 
as broad as a 
general 
arrangement 
for technical 
services

Determine 
the 
expertise
required to 
perform 
the work

Identify 
the 
possible 
sources 
for 
obtaining 
the 
expertise

Select the 
organization 
or individual 
to provide the 
expertise



Questions to be asked for selection of experts

• What experience does the provider of external expert support have in the 

area needed (e.g. accreditation, certification…)?

• Does the external expert have the tools (e.g., computer codes) and 

expertise necessary to accomplish the task? Are they experienced in using 

the tools? Do they have the latest version of computer codes? Have the 

computer codes been verified and validated for use in the application being 

considered?

• Does the provider of external expert support have a potential, actual, or 

perceived conflict of interest? If this is the case, is this situation openly 

discussed and managed?

• Can the external expert accommodate the regulatory body in the time frame 

needed to make the regulatory decision?

• How will the quality of the external expert work be verified? The quality 

should be checked commensurate with the safety significance or the issue

• When the support is provided by a single external expert, is the 

documentation sufficient, accurate and relevant to allow the regulatory body 

to judge the quality of the work?
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Selection of external support organization

30

External experts should be chosen with 
the understanding that they should 

provide independent advice. It should 
be confirmed that the external expert’s 
other activities as a specialist do not 

give rise to a bias in the advice given; 
the potential for any such conflict of 

interest should be minimized and when 
recognized, dealt with immediately

The regulatory 
body should



Selection of external support organization

• External experts or contractor personnel should be trained and qualified for 

the task to be performed. It should be the responsibility of the 

organizations obtaining external support to ensure that safety related 

activities are performed by personnel with proven skills and competence. For 

instance, documented assurance that contractor personnel have the 

necessary qualifications could be requested prior to their involvement in 

safety related work.

• When external expertise or advice is provided to the regulatory body, it 

should be ensured that such support is independent of the support provided 

to the operating organization.

• The roles and responsibilities of external support organizations should be 

clearly defined and understood. 

• Availability of the management system should be considered in the 

evaluation criteria.
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Evaluation of the work performed

• Since the regulatory body should utilize and evaluate the work performed by 

external experts, it should have defined the scope of work to be 

performed at the outset

– the experts should be required to provide a detailed written report. Such report 

should include the basis for and the method of the external expert’s evaluation, 

the conclusions and any related recommendations that may assist the 

regulatory body

• The regulatory body should evaluate the advice of external experts and 

determining whether and how it is utilized

– the regulatory body should document the decisions made based on the input 

of the external experts

– the basis for the decision should be recorded and documented in the 

appropriate form

• The documentation should:

– summarize the review and assessment performed

– present a clear assessment of the safety significance of the activity authorized
32



Principles of using external support

• The prime responsibility of the operator for safety and 
regulatory body’s responsibility for making decisions and 
recommendations associated with its supervisory activities 
shall not be delegated

• The use of consultants shall not relieve the regulatory body 
or the operator of any of its responsibilities

• External support should be properly managed and oversight

• Knowledgeable and skilled personnel should be clearly identified and 
should be assigned to the supervision of contractors or temporary support 
staff.

• It may be advantageous that the oversight of each support provider is 
performed by a single individual or there is a dedicated unit responsible 
for management of all external support providers

• For an expert organization, the existence of a certified quality 
management system is a useful characteristic
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The issue of a knowledgeable customer

• As a knowledgeable customer, in the context of nuclear safety, 

the regulatory body or the operator should provide adequate 

oversight of the external experts work.

• The regulatory body and the operating organization should 

have an adequate core competence to make informed 

decisions. They shall therefore have an adequate number of 

personnel, with the knowledge and skills necessary to 

supervise and evaluate the work of contractors.

• Adequate contractual arrangements are needed to specify the role and 

responsibilities of external support provider. 

• The management system of the operating organization or the regulatory body should 

provide for the proper supervision of external activities.

• Due consideration should be given to the establishment of appropriate 

management systems (including quality management) in technical support 

organizations so as to meet the level of quality required for nuclear installations. 34
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Different models for technical support
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• Reactor Chemistry

• Radiation Protection

• Mechanical Engineering

• Structural Integrity

• Human factors

• Management for Safety and 

Quality Assurance

• Radwaste and 

Decommissioning

31 expert organizations were pre-selected to cover the 

spectrum of technical areas

Example - Technical support framework for UK 

regulatory body

• Internal Hazards

• Civil Engineering

• External hazards

• Probabilistic Safety Analysis

• Deterministic Safety Analysis

• Instrumentation and Control

• Essential Electrical Power Systems

• Fuel Design

38



Example - Organization of external support in 

STUK (Finland)

• Majority of assessment work is performed by STUK internal staff 

(300+ people) 

• Nevertheless, STUK has adequate possibilities for hiring external 

support organizations in accordance with their annual plans, which 

include estimation of needs for external support in the given area. 

Financial resources this support: about 4 M€ / year

• There are strict criteria for selecting external support organization:

– competence in the area of review and assessment

– independence from the licensee or vendor

– availability of computer codes from the licensee’s codes

– adequately validated safety codes suitable for given reactor technology

• Currently there are on the STUK’s list about 20 pre-selected 

organizations including individual consultants from all over the 

Europe (among the most important: VTT, Lappeenranta Technical 

University, GRS and ISaR Germany)
39



National technical support organization
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Adequate level of 
competence

Adequate 
background

Well 
defined 
training 

programs 

Active 
participation 

in tasks

Determining factors for size of 
the organization

Size of existing and envisaged nuclear 
programme

Complexity of the legal system

Type of regulatory system (prescriptive, 
non-prescriptive)

Status and approaches in the 
development of regulations and guides

Structure and capabilities of other 
industrial organizations

Types of design

Involvement of foreign vendors

Capability of existing staff

Capability of other technical support 
organizations

Level of international co-operation
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National technical support organization
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Necessary components

of training for TSO:

• A training policy

• Budgetary provisions

• Formal training programme;

designated staff responsible

for training

• An overall training programme 

considering short-term and

long-term needs

• A training plan for each staff member

• Procedures for periodic review and 

updating of the training programmes

• Training facilities with special equipment, 

when needed (e.g. simulators, equipment 

for non-destructive testing, etc.)



National technical support organization

• Sources for new recruitments

– Existing staff and appropriate training

– Nuclear research institutes

– Operator organizations; avoid compromising independence

– Universities

– Newcomers

• Qualification requirements (as available):

– Good academic qualifications

– Work experience in areas of specialization

– Knowledge of the types of facilities and activities

– Appropriate management experience

• Relevant courses at academic institutions should be supported

• Induction courses needed for new staff
43



Technical support organization - Steps for 

developing technical expertise

1. Recruitment of an initial group of engineers and scientists

2. Initial formal training in selected disciplines (international 

programmes, training seminars, workshops, etc.)

3. Special topic specific training programme, 1-2 years 

(involvement of best national experts, fellowships, involvement of 

vendor organization)

4. Organization of national scientific and engineering infrastructure

to ensure sustainable progress and maintenance of technical 

competence, with access to international programmes

5. Planning and implementation of specific pilot projects to build 

up the necessary expertise

6. Permanent contacts with other organizations and TSO

7. Direct participation in international programmes

8. Creation of world-class experts, promotion of good technical 

staff to present at international conferences, publish on journals, 

actively contributing to international R&D projects (IAEA) 44
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Importance of Research & Development
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“Establishing the Safety 

Infrastructure for a Nuclear 

Power Programme”

IAEA Safety Guide 

SSG-16
R 99. The government should consider in 

which areas knowledge in depth is 

necessary for assessing and 

analysing safety related aspects of a 

nuclear power plant project, and 

should identify research centres that 

can start research programmes in safety 

related areas of knowledge.

R 100. The government should identify 

gaps in the capabilities of domestic 

research centres to meet needs in core 

areas, and should plan to establish new 

research centres for core areas as 

necessary.

R 101. The operating organization and 

the regulatory body should be involved 

in identifying areas for safety research.

R 102. The government should 

implement plans to establish new 

institutions for research relating to 

safety...

R 103. Research centres should begin 

conducting research relating to safety 

in areas in which knowledge in 

depth is essential to support safe

long term operation of nuclear power 

plants.

R 104. Research centres and other 

relevant organizations should focus 

their research on the features and 

safety aspects of the nuclear power 

plant that will be constructed, 

including features and aspects specific 

to the actual plant site.



Potential areas of research
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Prioritizing of various R&D tasks

• Importance (inevitability of demand for solution)

• Urgency (do we have to start now or later)

• Funding / Budget (availability of proper financing source)

• Financial or other benefits, including company image or 

increased public confidence

• Technology attractiveness (matching with area of interest)

• Coincidence of proposals with potential partners

• Technology readiness

• Competence of particular R&D organizations

• Proposal for duration of solutions
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IAEA Support Framework
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Final thoughts (1 / 2)

▪ There is a broad spectrum of tasks during preparation, design, 

licensing, commissioning and operation of a NPP, where use of 

external support for both operating organization and regulatory body is 

necessary

▪ There are broad possibilities regarding sources of expertise for 

external support

▪ The issues of independence, technical competency and 

confidentiality should be considered when selecting external support

▪ The use of external support shall not relieve the regulatory body or 

the operator of any of its responsibilities

▪ Reasonable balance between in-house capabilities and

external support should be found

▪ International cooperation can provide valuable technical 

support for embarking countries, but can not replace national 

responsibility
50



▪ Establishment of national expertise and technical support 

organization should be given high priority

▪ Operating organization and the regulatory body shall ensure 

adequate resources (tools, manpower, budget) for the external 

support throughout the whole plant lifetime

▪ R&D in support of nuclear power is a necessary component 

for establishing and maintaining necessary competence 

for this complex area

▪ No real TSO and no responsible regulator can exist 

without  nuclear safety R&D in the long term

▪ Regulator can hardly use a capacity of ~30 experts only 

for reviewing safety documentation, even in the most intense 

phase of licensing: involvement in other tasks (R&D, training) 

is mandatory
51

Final thoughts (2 / 2)



▪ Safety assessment competency development is a 

continuous process

▪ For a TSO in real life the R&D represents approx. 60-70% 

of its activities (development of computational codes and 

their validation, experiments to develop a various correlation 

and separate effects models, verifying the safety criteria for 

higher burn-up fuel, severe accidents, etc.)

▪ Only the remaining part of its capacity is devoted to expert 

support in assessment of safety documentation

▪ The real experts do not grow by reading safety reports but 

keeping finding an active solution to technical problems 

▪ Therefore the regulator should assure that its TSO has a 

long-term R&D project(s) funded from public sources, 

for which it is a main user of the results
52

Conclusions



…Thank you for your attention
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