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1. INTRODUCTION
BACKGROUND

1.1.  Requirements for the safety of research reactors, with particular emphasis on their design and
operation, are established in IAEA Safety Standards Series No. SSR-3, Safety of Research Reactors

[1]

1.2.  This Safety Guide provides recommendations on the operating organization and the recruitment,

training and qualification for personnel for research reactors.

1.3.  This Safety Guide was developed in parallel with seven other Safety Guides on the safety of

research reactors, as follows:
o |AEA Safety Standards Series No. DS509A, Commissioning of Research Reactors [2];

e |AEA Safety Standards Series No. DS509B, Maintenance, Periodic Testing and Inspection of
Research Reactors [3];

e |AEA Safety Standards Series No. DS509C, Core Management and Fuel Handling for Research
Reactors [4];

o |AEA Safety Standards Series No. DS509D, Operational Limits and Conditions and Operating

Procedures for Research Reactors [5];

e |AEA Safety Standards Series No. DS509F, Radiation Protection and Radioactive Waste

Management in the Design and Operation of Research Reactors [6];
o |AEA Safety Standards Series No. DS509G, Ageing Management for Research Reactors [7];

e |AEA Safety Standards Series No. DS509H, Instrumentation and Control Systems and Software
Important to Safety for Research Reactors [8].

1.4. Additional recommendations on the safety of research reactors are provided in IAEA Safety
Standards Series Nos SSG-20, Safety Assessment of Research Reactors and Preparation of the Safety
Analysis Report [9] and SSG-24, Safety in the Utilization and Modification of Research Reactors [10].

1.5. The terms used in this Safety Guide are to be understood as defined and explained in the IAEA
Safety Glossary [11].

1.6. This Safety Guide supersedes IAEA Safety Standards Series No. NS-G-4.5, The Operating

Organization and the Recruitment, Training and Qualification of Personnel for Research Reactors®.

LINTERNATIONAL ATOMIC ENERGY AGENCY, The Operating Organization and the Recruitment, Training
and Qualification of Personnel for Research Reactors, IAEA Safety Standards Series No. NS-G-4.5, IAEA, Vienna
(2008).



OBJECTIVE

1.7.  The objective of this Safety Guide is to provide recommendations both on the operating
organization of a research reactor and on the recruitment, training and qualification of personnel, to

meet the relevant requirements of SSR-3 [1].

1.8.  The recommendations provided in this Safety Guide are aimed at operating organizations of
research reactors, regulatory bodies, other organizations involved in a research reactor project, and

those involved in educational programmes on nuclear science and technology.
SCOPE

1.9.  This Safety Guide is primarily intended for use for heterogeneous, thermal spectrum research
reactors having a power rating of up to several tens of megawatts. Research reactors of higher power,
specialized reactors (e.g. homogeneous reactors, fast spectrum reactors) and reactors having
specialized facilities (e.g. hot or cold neutron sources, high pressure and high temperature loops) may
need additional guidance. For such research reactors, the recommendations provided in IAEA Safety
Standards Series Nos NS-G-2.4, The Operating Organization for Nuclear Power Plants [12] and NS-
G-2.8, Recruitment, Qualification and Training of Personnel for Nuclear Power Plants [13] might be

more suitable.

1.10. Research reactors with a low hazard potential having a power rating of up to several tens of
kilowatts and critical assemblies and subcritical assemblies might need a less comprehensive
commissioning programme than that outlined here. While all recommendations in this Safety Guide
are to be considered, some might not be applicable to these research reactors with low hazard potential
and subcritical assemblies (see paras 2.15 — 2.17 and Requirement 12 of SSR-3 [1], and IAEA Safety
Standards Series No. SSG-22, Use of a Graded Approach in the Application of the Safety Requirements
for Research Reactors [14]).

1.11. In this Safety Guide, subcritical assemblies will be mentioned separately only if a specific

recommendation is not relevant for, or is applicable only to, subcritical assemblies.
STRUCTURE

1.12. This Safety Guide consists of six sections and two annexes. Section 2 describes the
organizational structure and the duties and responsibilities of the staff, and briefly summarizes the
organizational considerations that determine the staffing recommendations for research reactor
facilities. These recommendations form the basis for the specification of the required qualifications
and of the prerequisites for the recruitment of individuals. Section 3 provides guidance on the factors
to be taken into account in the recruitment and selection process. Section 4 provides guidance on the
knowledge and experience that operating personnel in various positions (such as reactor operators,
senior reactor operators and shift supervisors) are required to have, and describes training systems and

training programmes, including continuing training and requalification, that may be used to ensure that



operating personnel meet these requirements. Factors that should be considered for the training and
qualification of support personnel® are also presented. Section 5 deals with authorization and
reauthorization of operating personnel by the operating organization and the regulatory body. Section
6 deals with the maintenance of training records.

1.1.  Annex | contains an explanation of the systematic approach to training (SAT)3. Annex Il
presents an example of a training curriculum covering the main topics for the initial training and

continuing training of reactor operators and senior reactor operators at a large research reactor facility.
2. THE OPERATING ORGANIZATION
GENERAL

2.1.  The safety requirements in this guide for the operating organization of a research reactor facility
are excerpted from Ref.SSR-3 [12] are-and reproduced here for reference, as they form the basis for

the guidance provided in this section:

Requirement 2: Responsibilities in the.management.for safety

“The operating organization for a research reactor facility shall have the prime

responsibility for the safety of the research reactor over its lifetime, from the beginning of the
project for site evaluation, design, @ne-construction, threugh-—te—commissioning, operation,

including utilization_and modification, and decommissioning, until its release from regulatory

control.”

“In order to ensure rigour and thoroughness at all levels of the staff in the achievement and

maintenance of safety, the operating organization-shatt:

(a) Shall eEstablish and implement safety policies and shall ensure that safety matters are given the

highest priority;

(b)  Shall Slearhyclearly define responsibilities and accountabilities with corresponding lines of

authority and communication;

(c) Shall Ensure-ensure that it has sufficient staff with appropriate education-qualifications and

training at all levels;

(d) Shall Bevelop-develop and strictly adhere to sound procedures for all activities that may affect

safety, ensuring that managers and supervisors promote and support good safety practices while

2 Support personnel are operating personnel other than the reactor manager and the reactor operating personnel.

3 The SAT is a logical progression from the identification of the competences required for performing a job to the
development and implementation of training to achieve these competences, and the subsequent evaluation of this training.




correcting poor safety practices;

(e) Shall Reviewreview, monitor and audit all safety related matters on a regular basis, and shall
take tmplementing-appropriate corrective actions where necessary;

()  Be-committed-to-Shall develop and sustain a strong safety culture, and shall prepare a,-en-the
basis-ofaan statement of safety policy and safety objectives, which is prepared-and-disseminated
to and is understood by all staff” (ReESSR-3 [12], para 4.1)}para—4-21)-

Requirement 67: Responsibilities of the operating organization

“The operating organization for a research reactor facility shall have the prime

responsibility for safety in the operation of the facility.”

“The operating organization shall establish an appropriate management structure for the research

reactor and shall provide for all necessary infrastructures for the conduct of reactor operations. The

organization for reactor operation (the reactor management“;-lZ ) shall include the reactor manager and
the operating personnel. The operating organization shall ensure that adequate provision is made for
all functions relating to the safe operation and utilization of the research reactor facility, such as
maintenanceinspection, periodic testing and_inspection—maihtenrance, radiation protection, quality
assurance and relevant support services” (RefSSR-3. [12], para. 7.2%).

“The responsibility of the operating organization for the safety of the research reactor shall not

be delegated. The reactor manager shall have the direct responsibility and the necessary authority for

the safe operation of the research reactor.Fhe—eperating—organization—shall—have—the—overal

.e'l .n a e. =A'=- 1 1 e e. el /\ v Qm

occurrences-shakl-be-established” (Re£SSR-3 [12], para. 7.23).

Requirement 69: Operating personnel

“The operating organization for a research reactor facility shall assign direct responsibility and
authority for the safe operation of the reactor to the reactor manager. Fhe-primary-duties-of-the

manager-shall comprise the discharge of this responsibility——The reactor manager shall

have overall responsibility for all aspects of operation, training, maintenance irspectien, periodic

testing,-and inspectionmainrtenance, ard-utilization and modification of the reactor. Discharge of
this responsibility shall be the primary duty of the reactor manager.”{Ref{2}-para—11).

2.3.2.2. For the purpose of this Safety Guide, the term ‘operating organization’ is used to designate an

academic institution, corporation, institute, centre, national laboratory or other entity that is authorized




by the appropriate authority of the State to operate a research reactor and to be responsible for its safety.
In accordance with the legal system in the majority of States, an operating organization is the legal
entity responsible for fulfilling the financial, commercial and safety obligations and other obligations
that may arise in connection with the operation of the facilityreseareh+eaetor. The individual serving
in the position generically termed ‘reactor manager’®> may hold the title of department head, centre

director or various titles.

2:4.2.3. The senior management of the operating organization should take an active interest in and
should participate in supervising overall safety throughout the entire lifetime of the research
reaetorfacility. The reactor manager is responsible for the safety of the facility and for the management
of reaetor-its personnel, and should therefore maintain close oversight of operations.

2.5.2.4. The operating organization is authorized to operate a research reactor through the licensing
system in accordance with the national regulations. More information on the authorization and licensing
of operating organizations is provided in section-5-6fRef. [157]. Compliance with the requirements of
the regulatory body does not relieve the operating organization of its prime responsibility for safety.
The discharge of this prime responsibility for safety should be regularly reviewed by the operating

organization.

2.6.2.5. The function of a research reactor operating organization is to support an effective utilization
programme. Experimenters and other users of research-reactorsthe facilities are frequently external to
the operating organization or outside the normal line of control of the reactor management. Special
arrangements should therefore be established for proper lines of authority and communication, and for
training of experimenters and other users in the safe design, construction, installation, operation,

utilization and modification of experimental facilities.
ORGANIZATIONAL PLAN

2.7.2.6. Relevant requirements for the organizational plan are established in
Ref. [12].

2.8.2.7._The operating organization should examine the various functions necessary for safe operation
of the reaetorfacility, and should assign authority and responsibility to the appropriate internal
organizational position or should make arrangements for external support personnel to perform the

designated tasks or programmes.

2.9.2.8. On the basis of its examination and all applicable regulatory requirements, the operating
organization should prepare a written organizational plan that specifies the general policies of the

operating organization, the lines of responsibility and authority, the lines of communication, and the

5 The reactor manager is the siagle-member of the reactor facHity-management to whom the has-been-
delegated-direct responsibility and authority for safe operation of the research reactor is assigned by

the operating organization forthe-operation-of thereactor-and whose duties consist-primarihy-inthe-
disehargecomprise the fulfilment of this responsibility.




duties and numbers of operating personnel necessary for safe operation of the reacter-facility and their
required qualifications. In preparing the organizational plan, the operating organization should take
into account both operational states and accident conditions. The organizational plan should be
regularly reassessed by the operating organization and, if necessary, updated to reflect developments
in technology and advances in knowledge regarding the safe operation of the facilitiesreacters. The
safety committee (see para. 2.24 of this Safety Guide) should review the initial organizational plan and
any significant changes to the plan.

2.10.2.9.The organizational plan should be established well in advance of the commencement of
operation of the research reactor so that the recruitment, selection, training and qualification of
personnel for the required organization can be completed as necessary for the commissioning stage
and, in all cases, before the commencement of routine operation. The organizational plan should form
the basis for the initial recruitment and training programme and for all subsequent recruitment and

training programmes.

2:41:2.10. The organizational plan should provide for succession planning to cover
promotion to
ensure a smooth transition without a detrimental loss of institutional knowledge

when key individuals leave the organization.
STRUCTURE OF THE ORGANIZATION

242211, The factors that should be considered in determining the organizational structure and

staffing of a research reactor operating organization include, but are not limited to, the following:
(@  The need to ensure that all levels of the defence in depth concept are properly implemented®;

(b)  The need to ensure that structures, systems and components (SSCs) important to safety’ remain

® The International Nuclear Safety Group (INSAG) defines five levels of defence in depth:
— Level 1: Prevention of abnormal operation and failures;
— Level 2: Control of abnormal operation and detection of failures;
— Level 3: Control of accidents within the design basis;
— Level 4: Control of severe plant conditions, including prevention of accident progression and mitigation of the
consequences of a severe accident;

— Level 5: Mitigation of the radiological consequences of significant external releases of radioactive material.

7 An item important to safety is an item that is part of a safety group and/or whose malfunction or failure could lead to

radiation exposure of site personnel or members of the public. Items important to safety include:
— Those SSCs whose malfunction or failure could lead to undue radiation exposure of site personnel or members of
the public;
— Those SSCs that prevent anticipated operational occurrences from leading to accident conditions;

— Those features that are provided to mitigate the consequences of malfunction or failure of SSCs.



(©)
(d)
(e)

®

(9)

(M

()

@)

)

O]

(m)

Q)

(0)

in accordance with their design assumptions and intent;

The need for radiation protection measures and related health surveillance;

The need to ensure the control of reactivity and to prevent inadvertent criticality;
The need to ensure that systems and components are available to cool the

fuel, other reactor components and experimental devices®, and to contain the radioactive material

in all operational states and in design basis accident conditions;

The need for the design, construction, operation and modifications to be thoroughly analysed
and reviewed for the purpose of ensuring safety;

The need to be prepared for emergencies, and to coordinate the emergency plans for the research
reactor with those of the regulatory body, public authorities and other organizations that may be

required to take actions in response to an emergency;

The need to minimize and control radioactive releases and to provide for environmental

monitoring;

The need to control access to the reactor and to certain areas on the site to ensure radiological

safety and to protect individuals and the reactor against actions that could jeopardize safety;

The need to conduct activities affecting items important to safety in accordance with the
requirements of the management system, including the need to verify whether activities have

been performed as specified;

The need for emphasis on training and retraining of personnel to achieve and maintain adequate

levels of competence, and to promote a strong safety culture in the organization;

The need to consider all organizational factors that could affect human performance, so that
work can be carried out safely and satisfactorily without imposing unnecessary physical and

psychological stress on personnel;

The need to ensure that a positive attitude towards safety is one of the criteria for recruiting and

selecting personnel, appraising performance and promoting personnel;

The need for personnel to know and understand the requirements of the regulatory body, to be
in a position to make proposals for meeting the requirements and to implement the proposals in

a timely manner;

The need for an effective system of communication with the regulatory body;

8 Experimental devices are devices installed in or around the reactor to utilize neutron flux and ionizing radiation from the

reactor for research, development, isotope production or certain other purposes.



(p)  The need for additional services and facilities for activities such as fuel management, reactor
chemistry control, in-service inspection, and monitoring and improvement of the performance

of the reactor, and for modifying and procuring special items;

(@)  The need for an effective system through which operating experience from elsewhere can be
systematically reviewed and information fed back so that appropriate actions can be taken;

(r)  The need to ensure an open exchange of information upward, downward and horizontally within

the operating organization;

(s)  The need to accommodate experimenters and other reactor users, and to meet their needs for
new or modified facilities to accomplish their researeh-utilization objectives.

2:13.2.12. In addition, the organizational structure should be such as to ensure the following:

(a) That technical services and expertise, including those required for emergencies, are provided.
The extent to which these are provided from within or from outside the organization is a matter

of management policy.

(b)  That the review of safety related activities is independent of considerations of cost, schedules

and use.

214.2.13. The document describing the reactor’s organizational structure should indicate the
staffing arrangements in the categories of operating personnel and support personnel®. Clear lines of
authority should be established to deal with matters having a bearing on safety. The extent to which

support functions are self-sufficient or are dependent on services from outside the operating

9 Personnel are:

Operating personnel: Individual workers engaged in the operation of an authorized facility. Operating personnel in a

research reactor facility include the reactor manager, reactor supervisor, shift supervisors, senior reactor operators, reactor
operators, maintenance staff—personnel and radiation protection staff—personnel (see also reactor eirect—operating
persennelsafety committee and support personnel).

Operator: Any organization or person applying for authorization or authorized and/or responsible for nuclear,
radiation, radioactive waste or transport safety when undertaking activities, or in relation to any nuclear facilities or sources
of ionizing radiation. This includes, inter alia, private individuals, governmental bodies, consignors or carriers, licensees,

hospitals and self-employed persons.

Reactor management: The reactor management comprises the members of the operating organization to whom

the responsibility and the authority for directing the operation of the research reactor facility have been

assignedSee-footnete-27-to-para—2-1-of this-Safety Guide. Reactor manager: See footnote 5.

Site personnel: All persons working in the site area of an authorized facility, either permanently or temporarily.

Support personnel: See footnote 2



organization should be specified in functional organizational plans. Such organizational plans should

specify human resource allocations and the duties and responsibilities of key personnel.

2:15.2.14. The description of the organizational structure and of the functions to be performed,
as well as of the lines of responsibility, authority and communication, should be clear and
unambiguous. This description should be included in the safety analysis report and in the
documentation of the management system. Functions to be performed by external organizations or
consultants should be indicated in the description, together with the relevant lines of communication
and authority. This description is often included in the section of the operational limits and conditions
that establishes administrative requirements. Activities undertaken by the reactor facility management
(referred to as the organization for reactor operation) should be subject to approval by the regulatory

body in accordance with national practices.

2:16.2.15. The response time for obtaining services from off-site sources should be taken into
account when determining the structure of the organization, in particular for a research reactor facility
sited at a remote location. In this case, the on- site organization should be capable of rendering all

services that may be necessary before off-site support is available

2.47.2.16. Descriptions of positions or equivalent procedural guidance should be used to
supplement the organizational chart. Descriptions of positions should clearly define the authorities and
responsibilities of and the competences necessary for each position within the reactor—facility

organization. The descriptions of key positions may include deputizing-arrangementsprovisions for
delegating authority for periods when the incumbent is not available. In some Member States, Aa brief

description of the key positions (e.g. reactor manager, senior reactor operator, reactor operator,

radiation protection officer, reactor maintenance personnel) and provisions for delegation of their their

deputizing—arrangementsauthority is eften—included in the section of the operational limits and
conditions that establishes administrative requirements.

2:18.2.17. The description of the responsibilities of and the competences necessary for each
position should form the basis for defining the required qualifications and prerequisites for the

recruitment, training and continuing training of individuals.

2:19.2.18. Proposed changes to staffing levels, ways of working or the organizational structure

should be subject to analysis and independent review prior to their implementation. Changes should be

monitored during and after their implementation to ensure that they are not detrimental to safety.
Minimum staffing levels are often included in the section of the operational limits and conditions that

establishes administrative requirements.

2.20.2.19. Before any changes are made to the organizational structure, their possible effects
should be reviewed so that any safety implications are properly considered. For such changes,
independent internal review and review by the safety committee may also be appropriate. If so required

by national regulations, the regulatory body should be informed about proposed changes that may be




in conflict with the operational limits and conditions before their implementation. It may then assess
the proposed changes to the organization and the operational limits and conditions, and either approve
them or withhold approval and intervene if it concludes that the proposed changes would compromise
safety.

2:21:2.20. The operating organization should provide for adequate training and retraining of those
operating personnel whose positions require an authorization*® in accordance with national regulations
and the requirements of the regulatory body. In particular, the reactor manager and designated
operating personnel should hold authorizations issued by an appropriate authority. Research reactor

0Operating personnel that should hold authorizations_are described in Section 5 of this publication.

2.22.2.21. The operating organization should review each management function discussed in
paras 2.52-2.68 of this Safety Guide and should ensure that each function is adequately addressed and
staffed. Special consideration should be given to ensuring that the reactor manager has the necessary
authority over internal and external support personnel and experimenters performing activities relating
to safety.

2.23.2.22. An operating organization such as an academic institution or a research centre may
have centralized services designated to serve the entire institution or centre. In other cases,
governmental units or private contractors may provide supporting services. Examples of functions of
supporting services that may be available to a research reactor facility include, but are not limited to,
the following:

(@)  Training of personnel;

(b)  Development of the management system;

(c)  Measures for radiation protection and arrangements for emergency preparedness;
(d)  Maintenance, surveillance and in-service inspection;

(e)  Waste management and environmental monitoring;

(f)  Safety review and assessment, including review of safety management;

(g) Core management and fuel handling, including arrangements for procurement;

(h)  Design, construction and commissioning of major modifications.




Note that in some cases, such as for radiation protection and for emergency preparedness, a research
reactor facility should have its own plan, which may also be part of the plan for the entire institute or
centre and may make use of services provided by the institute or centre.

2:24:2.23. The operating organization should ensure that the separate operation management
programmes discussed in paras 2.70-2.96 are integrated with each other to ensure the safe operation
and utilization of the research reactor. In order for the coordinated activities to contribute to safety and
to assist in the prevention or resolution of conflicts, this integration should be undertaken throughout
the reactor organization under the direction of persons in designated positions of authority (e.g. reactor
manager, reactor supervisor). The safety committee should review all such proposed management

programmes.

2.25.2.24. A safety committee for reviewing the safety of reactorfacility operations, including
modifications to the reacterfacility and to operating procedures and the experimental programme,
should be included in the organizational plan. There should be a written charter that defines the
function, composition and communication channels of the safety committee. The safety committee
should be advisory to the operating organization. The chairperson of the safety committee should report
to the operating organization, and the results of the committee’s deliberations should be provided to
the reactor manager. To ensure independence, the majority of individuals making up a quorum at the
meetings of the safety committee should be from outside the line of control of the reactor manager.
The safety committee should be consulted in preparing the organizational plan for the reactor. For
requirements in respect of the safety committee, see paras—4-15+718725-and7~26-6fRef. [12].
Minimum requirements for the safety committee are often included in the section of the operational

limits and conditions that establishes administrative requirements.
COMMUNICATION

2.26.2.25. Management should encourage and foster effective communication between all levels
of the operating organization. Downward communication should clearly explain management’s
objectives and expectations; upward communication should facilitate the communication of problems
to management and their identification; and horizontal communication should support effective

coordination of work and collaboration.

2:27-2.26. Effective means of communication should be put in place to assist in the understanding
of safety policy and the implementation of an effective management system for safety. Through
communication, personnel should be able to understand why particular standards of safety are required
and to accept these standards of safety. Communication may be formal or informal, depending on the
importance of the information provided. Communication should be such as to reinforce teamwork. In
particular, there should be communication between shifts, both in normal operation and in emergencies.
Horizontal communication should be fostered to establish open lines of communication between

interacting groups that work together in performing specific functions.

11



2.28.2.27. Arrangements should be put in place to facilitate the feedback from individuals of
information on safety concerns. Such arrangements should include both formal mechanisms such as
safety meetings and informal mechanisms such as the provision of feedback to the managers of the
units within the reactor organization. The management should be open and responsive to constructive
criticism and to feedback received from individuals, especially from reactor personnel, and should

avoid inhibiting effective communication.

2:29.2.28. In addition to good communication within the operating organization, good
communication should be established with external organizations (e.g. the regulatory body, external
maintenance organizations, the reactor vendor, emergency response organizations and technical
support organizations). In particular, well defined and open means of communication with the
regulatory body should be put in place. External communication should take into account the broader
social framework within which the organization operates, and a constructive dialogue should be
maintained with the representatives of groups affected by the activities of the operating organization

and with other interested parties.
RESPONSIBILITIES
Responsibilities of the operating organization

2:30:2.29. The operating organization should be structured so as to facilitate the discharge of its

responsibilities as follows:

(a)  Ensuring the safe operation and utilization of the research reactor by means of implementing an
appropriate organizational structure, allocating responsibilities and delegating authority within
the organization with a view to achieving proper management and minimizing interface

problems.

(b)  Ensuring that the previously established decision making process gives adequate consideration

to the selection of priorities and the organization of activities.

(c) Establishing safety policies, limits and requirements to effectively implement a management
system for safe operation (see paras 2.52-2.68 of this Safety Guide) and verifying their

effectiveness.
(d)  Supporting a safe and productive utilization programme for the reactor.
(e)  Providing resources, services and facilities for the safe operation of the research reactor.

(f)  Establishing and implementing an appropriate policy on individual fitness for duty, addressing
physical and mental fitness and aspects such as the use of drugs or tobacco and alcohol abuse,
in accordance with national regulations. This policy should apply to all employees, contractors,
experimenters and other users, as applicable. Similar provisions should be incorporated into the

policy for access of visitors to the facility.
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(g) Liaising with design, construction, commissioning, manufacturing and other organizations
involved with the research reactor, to ensure proper transfer and understanding of the reactor

design intent and assumptions, information and experience.

(h)  Liaising with public authorities and the regulatory body for the purposes of understanding and

ensuring compliance with regulatory requirements.
(i)  Providing adequate information for the purposes of liaison with the public.
(i)  Ensuring the collection, evaluation, implementation and dissemination of operating experience.

The documentation describing the operating organization should include statements of these
responsibilities.

2.31.2.30. The overall responsibility for the safety of a research reactor facility is required to rest
with the operating organization. The operating organization is responsible for establishing safety
criteria and for ensuring that the design, construction, commissioning, operation and decommissioning
of the research reactor meet the safety criteria. In addition, it is responsible for the establishment of
procedures and arrangements to ensure control of the reactor in all operational states and to the extent
possible in accident conditions, for the establishment and maintenance of competent and motivated
personnel, and for control of the fissile material and radioactive material utilized or generated. The
discharge of these responsibilities should be in accordance with the safety objectives and requirements

established or approved by the regulatory body.

2:32.2.31. The operating organization should be structured with clear lines of authority and
communication and with well defined responsibilities. Its safety and security policies should be
understandable to and applied by all personnel. However, the assignment of tasks should not reduce or
divide the overall responsibility for safety, which must always lie with the operating organization. The

operating organization should therefore remain in a supervisory position for delegated tasks.

2:33:2.32. To ensure that there is a clear understanding of responsibilities, and of relationships
between organizational units and between personnel within the operating organization, detailed job
specifications should be defined. In particular, these relationships should be clearly defined for all

activities having a bearing on safety.

2:34.2.33. The operating organization should foster a working environment in which safety and
also security are seen as vital factors and matters of personal accountability for all personnel. The
working environment should be such as to encourage the achievement of high levels of safety in the

operation and utilization of the research reactor as well as ensuring awareness of the interface between

safety and security. Management at all levels should promote the consistent application of safety

standards.

2:35.2.34. The operating organization should be responsible for providing all equipment,

personnel, procedures and training, and for establishing the management practices necessary for safe
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operation.

2:36:2.35. The operating organization delegates authority for operation to the management of the
research reactor facility (the organization for research reactor operation), which has direct day to day
control of the facility. The operating organization should monitor the effectiveness of the organization
for research reactor operation and should take any necessary measures to ensure that safety is
maintained at the levels established by the design, construction and commissioning of the facility and
approved by the regulatory body.

2.37-2.36. Responsibilities and authorities that are delegated within the operating organization
should be specified at the appropriate levels of management.

2:38.2.37. The operating organization should include an adequate number of personnel who
possess the knowledge, training and skills necessary to supervise and evaluate the work of contractor
personnel and temporary personnel. Supervision of contractor personnel should be the responsibility
of the reactor manager. Members of the operating organization who supervise contractors or other
temporary personnel should be clearly specified. The operating organization should ensure that
contractors and temporary personnel who conduct activities on SSCs important to safety are qualified
to perform their assigned tasks. Documented assurance should be obtained that contractors have the

required qualifications prior to their involvement in these activities.

2.39.2.38. A wide range of contractual arrangements between the operating organization and

suppliers is possible, from individual-procurement of individual items to a turnkey contract. For

procurement, the operating organization

should assign knowledgeable and skilled personnel in the pre-operational
stage to perform this task. For turnkey contracts, the supplier plays a more wide ranging role in the
construction and testing of the reactor. However, since the operating organization retains prime
responsibility for the design, construction, commissioning and safe operation of the SSCs of the reactor,
it should assign a sufficient number of knowledgeable and skilled personnel in the pre- operational
stage. Examples of areas where close cooperation with the supplier should be ensured include the

following:

(a) Training of operating personnel;

(b)  Preparation of the safety analysis report;

(c) Commissioning of the reactor;

(d) Maintenance, periodic testing and inspection;

(e)  Technical assistance during operation;

(f)  Preparation of normal operating procedures and emergency operating procedures.

2:40.2.39. The safety of the research reactor_facility is subject to review, assessment and
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surveillance by a regulatory body that is required to be independent of the operating organization. For
the achievement of the common objective of the regulatory body and the operating organization,
namely, the safe operation and use of the research reactor, there should be a mutual understanding and
respect that supports a frank and open, yet formal, relationship. Further recommendations on the role
of the regulatory body in review and assessment are provided in Refs [93, 816].

2:4%.2.40. The operating organization should develop and implement a procedure for reporting
to the regulatory body all incidents of significance to safety, in accordance with established criteria.
These criteria are often included in the section of the operational limits and conditions that establishes
administrative requirements. The operating organization should also submit or make available to the
regulatory body documents and other information, in accordance with the regulations and
requirements. The operating organization should establish complementary programmes for the analysis
of operating experience to ensure that lessons are learned and acted upon. Such experience should be
shared with relevant national and international bodies. These programmes should be in compliance

with the requirements of the regulatory body.
Responsibilities of the reactor manager and other operating personnel

2:42.2.41, The operating personnel consist of the reactor manager and other individuals involved
in the operation, maintenance and, in some cases, use of the reactor. Their responsibilities include, inter
alia, implementation of the safety policy of the operating organization, establishment and fostering of
a safety culture, and control and verification of safety related activities. Only those operating personnel

who hold an appropriate licence or authorization may manipulate the research reactor controls.

2:43.2.42. The reactor manager has direct responsibility for all aspects of the operation,
utilization and maodification of the reactor_facility. In discharging this responsibility, the reactor
manager should also be responsible for the overall coordination of technical support functions,
irrespective of whether they are performed by site personnel or by personnel from other organizational
units of the operating organization or of external organizations. The reactor manager is responsible for
ensuring that operating personnel receivethe—gualification(inreluding adequate initial training and
coRteHAg-Tetraining e the-operatingpersonnel,

2:44.2.43. The reactor manager should establish performance standards and management

expectations for all activities relating to safe operation and utilization of the reacterfacility, and should

effectively communicate these standards throughout the operating organization.

2:45.2.44. The reactor manager is responsible for ensuring compliance with the requirements of
the operating organization and the regulatory body. In addition, the reactor manager may be involved
in providing technieal-information about the reacter-facility to petential-the experimenters and other

users, in public information activities and in maintaining relationships with local authorities.

2:46.2.45. To improve performance, the reactor manager and, where relevant, senior managers

in larger organizations should recognize, and help to meet, the need to
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develop the managerial and technical skills of all individuals involved in activities relating to the
reactor—facility. Adequate funds should be made available by the operating organization for the

development and implementation of programmes to improve managerial and technical skills.

2:47.2.46. The reactor manager should set performance standards and expectations for the
operating personnel in all aspects of the safe management of the reaeterfacility. In addition, managers
themselves should meet these performance standards and should explain to the personnel why they are
appropriate.

2:48:2.47. In assigning responsibilities for safety, managers should ensure that the individuals to
whom responsibilities are assigned have the capabilities and the resources to discharge their
responsibilities effectively. Managers should also ensure that personnel are aware of and accept their
responsibilities for safety. Individuals should be aware of how their responsibilities relate to those of

other individuals in the organization.

249.2.48. As stated in para. 7.21 of SSR-3 [12], “Every licensed or authorized member of the

operating personnel shall have the authority and responsibility to shut down the reactor in the interest

of safety”
ponstos e nseape fer cant
2.50.2.49. Managers should be responsible for the safety of all operations under their control.

The structure of the organization should reflect this accountability of line managers for safety.
However, the management structure should also reflect the specific requirements of the organization.
The roles, responsibilities and authorities of managers of units within the organization for reactor

facility operation should be clearly specified and should be compatible with each other.

2.51.2.50. Personnel external to the organization for reactor operation that provide a service or
provide advice should have no direct authority over reacter-facility personnel, although such external
personnel may be personally or professionally responsible for the quality of the service or advice that
they give. Operating personnel should first give careful consideration to any specialist advice provided
and to any particular aspects before making any decisions.The reactor manager should submit periodic
summary reports on matters relating to safety to the safety committee for its consideration and should

consider any information provided in response.
MANAGEMENT SYSTEM

2:52.2.51. The operating organization is required to establish and implement an integrated
management system to ensure quality in all activities that may have an influence on the safe operation
of the reactor [179]. Safety requirements for the management system are established in Refs [12, 179],
and guidance on implementing the requirements is provided in Ref. [186]. The content of documents

describing the management system should be made available to the regulatory body, as required.
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Management responsibility

2.53.2.52. The management system should include the measures necessary to ensure that
acceptable levels of safety and security are maintained throughout the lifetime of the research reactor,
including the decommissioning stage. The management system should include those arrangements
made by the operating organization that are necessary to promote a strong safety culture and to achieve
and maintain acceptable levels of safety. It is the management’s responsibility to recognize the safety
significance of the organization’s activities. Safety objectives, concepts and principles are considered
in section-2-0f-Ref. [12], and-as well as requirements established for the-leadership, management and

verification of safety.-are-established-in-section-4-of Ref2}-

2:54.2.53. The management system should include such organizational elements as: the
definition of the safety policy; identification of the main responsibilities within the organization;
definition of the activities and competences necessary to ensure safety; and arrangements to ensure that
the activities of the organization are conducted safely. The management system should provide for
monitoring of the implementation of management plans and should foster continuous improvement in
safety performance on the basis of lessons learned at the reactor facility and at other reactor facilities.
In addition, the management system should provide the framework that will enable individuals

conducting activities at the reaetorfacility to carry out their tasks safely and successfully.

2.55.2.54. To maintain effective management of safety at the reactorfacility, the operating
organization should ensure that there is commitment to safety by all personnel. The starting point for
effective management of safety is the involvement of senior managers. The lead in safety matters
should come from the highest levels of management. The safety policy of the operating organization
and the behaviour and attitudes of senior managers should be exemplary-of the highest standard, and

should permeate the operating organization at every level and extend to other organizations that
perform delegated tasks. There should be no complacency at any level about the need for continuous
attention to safety. The management should foster an attitude of willingness to learn in relation to safety
matters and should promote an open exchange of information upward, downward and horizontally in

the organization.

2.56.2.55. The operating organization should develop a safety policy to be implemented by all
personnel in the operating organization. The safety policy should demonstrate the organization’s
commitment to a high level of safety and should be supported with reference to safety standards, the

setting of targets and the provision of the resources necessary to attain these targets.

2.57.2.56. The safety policy should give priority to safety, overriding, when necessary, the
demands of schedules for operation and use of the reactor. The policy should require a commitment to
excellence in all reactor activities important to safety and should encourage a questioning attitude and
arigorous and prudent approach to all safety related activities. The formal statement of the safety policy

should be documented and made available to the regulatory body and to interested parties (including

17



the public), as necessary.

2.58.2.57. The safety policy should be endorsed and actively supported by senior managers, who
should be involved in disseminating the policy throughout the organization. All personnel in the
organization should understand the safety policy and should be aware of their function in ensuring that
safety is maintained.

Resource management

2:59.2.58. The operating organization should ensure that adequate resources are made available
to implement the safety policy. This should include maintaining the reactor in a safe operational state
and providing the necessary tools and equipment and a sufficient number of competent personnel
(supplemented as necessary by consultants or contractors, including the reacter-facility vendors). In
particular, sufficient resources should be made available for carrying out the activities at the reactor

facility in a safe manner, so that undue physical or mental stress on individuals is avoided.
Process implementation

2.60.2.59. Safety related activities should be properly planned to ensure that they can be carried
out safely and effectively. Suitable analysis of the possible effects on health and safety that may arise
from particular activities should be carried out. The nature of the assessment will depend on the
importance to safety of the activity and may be qualitative or quantitative. The purpose of the
assessment is to evaluate the acceptability of the proposed activity and to determine appropriate and
necessary control measures. The outcome of the assessment should be incorporated into work
instructions or control documentation associated with the activity (e.g. the documentation presented to

the reactor safety committee(s) for review).

2:61.2.60. Arrangements should be put in place to ensure that safety related activities are
adequately controlled. The level of control should depend on the safety significance of the task. A
specially authorized person, such as the reactor operator or a qualified maintenance worker, may be
required to carry out safety significant tasks. In addition, certain critical activities such as conducting
tests and experiments should be authorized in advance and should involve the use of a work permit
system. Personnel who are to carry out an activity that is performed infrequently may require retraining
prior to performing the activity. Other control measures may include the use of hold points and

verification stages for complex tasks.

2:62.2.61. All safety related activities should be carried out in accordance with approved
procedures. The procedures should define how the activity should be carried out and, where
appropriate, should identify the steps to be taken in the event of an abnormal occurrence. The

procedures should be issued and controlled in accordance with the organization’s management system.

2:63:2.62. Proposed reactor repairs and modifications (including organizational changes) should

be thoroughly planned. The operating organization should establish a procedure to ensure that any
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change is categorized on the basis of its safety significance prior to its implementation. This procedure
should ensure compliance with the operational limits and conditions, and with applicable codes and
standards. Additional guidance is provided in Ref. [104].

2:64.2.63. Procedures should be prepared for situations that fall outside normal operation,
including anticipated operational occurrences and abnormal findings from inspections and special tests.
Such procedures should ensure that appropriate control is maintained and that due consideration is
given to the safety implications of the situation. An emergency plan with procedures for its

implementation should be prepared_in accordance with requirements in IAEA Safety Standard Series

No. GSR Part 7, Preparedness and Response for a Nuclear or Radiological Emergency [195]. These

procedures should cover on-site and, where necessary, off-site responses, including the timely

notification of appropriate government, regulatory and support organizations.
Measurement, assessment and improvement

2.65.2.64. The safety performance of the operating organization should be periodically monitored
to ensure that safety levels are being maintained. A review and audit system should be established to
verify that the safety policy of the operating organization is being implemented effectively and that
lessons learned from the organization’s own experience and from that of others are implemented. The
structural and management features of the organization should be taken into consideration when
monitoring and assessing the safety performance of the organization for reactor operation. In addition,
safety reviews should be performed (e.g. as part of the in-service inspection programme) to verify the
continued safe and reliable operation and utilization of the reactor. The results of such safety reviews

should be used, for example:

(@)  To confirm that the research reactor or individual systems or items can be operated safely for a

defined period of future operation (e.g. the period between reviews);
(b)  Toidentify and evaluate factors that could limit safe operation in the period between reviews;
(c)  Toaccommodate new or revised safety standards and requirements after

determining their implications for the safety analysis of the reactor;
(d)  To provide input to ageing management studies.

2.66.2.65. The operating organization should provide a means for independent safety review. Key
to this process is the establishment of a self-evaluation programme supported by periodic external
reviews conducted by experienced peers.'! The principal objective is to ensure that accountability for
safety is supported by arrangements that are independent of the pressures of operation and utilization

of the reactor. The external safety review should be independent of the operation of the reactor and

11 An example is the Integrated Safety Assessment of Research Reactors (INSARR) reviews conducted by the
IAEA. For details, see INTERNATIONAL ATOMIC ENERGY AGENCY, Guidelines for the Review of
Research Reactor Safety, IAEA Services Series No. 254, IAEA, Vienna (19982013).
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should be conducted at a frequency sufficient to verify that the organization for reactor operation has
established verifiable and authorized practices and has implemented changes as required. Particular
consideration should be given to the feedback from experience. The reports containing such feedback
should be formal and should be provided to the operating organization and the reactor manager. The
safety review process should cover activities such as:

(a) Reviewing the safety related aspects of normal reacter-operation of the facility;

(b)  Reviewing malfunctions, failures and accident precursors to assess their significance for
safety, and suggesting actions to prevent their recurrence;

()  Reviewing proposals for modifications to ascertain their safety implications;

(d)  Reviewing the effectiveness of the safety management system and its
implementation against international best practices;

(e)  Undertaking corrective actions and/or modifications.

2.67-2.66. Procedures for safety review should be maintained by the operating organization to
provide an ongoing surveillance and audit of operational safety of the reactor facility and to support

the organization for reactor operation in discharging its overall responsibility for safety.

2.68.2.67. Safety reviews should be conducted in sufficient depth to ensure that all issues and
questions raised are satisfactorily resolved. Activities for safety review should be performed by
personnel who have the education, experience, expertise and training to allow a thorough
understanding and evaluation of items reviewed. Appropriate corrective actions for deficiencies
identified in the monitoring and review of safety performance should be decided upon and
implemented. The progress of implementation should be monitored to ensure that actions are
completed within an appropriate time period. The corrective actions should be reviewed after
completion to assess whether they have adequately addressed the issues identified in the audits and

reviews.
PROGRAMMES FOR OPERATION OF A RESEARCH REACTOR FACILITY

2.69.2.68. Programmes inherent to the operating organization of a research reactor facility are
discussed in numerous publications. Paragraphs 2.70-2.96 below provide recommendations for these
programmes. Requirements on these programmes are established in Ref. [12]. The cited references to
requirements and detailed recommendations should be consulted in conjunction with the guidance

presented here._The reactor manager should ensure that personnel are adequately trained, and that

relevant expertise is available, to carry out programmes

20



Training, retraining and qualification (see Ref. [12]paras+27—+28)

SSR-3 [12], Requirement 70: Training, retraining and qualification of personnel

“The operating organization for a research reactor facility shall ensure that safety related functions are

performed by suitably qualified, competent and fit-for-duty personnel.”

2:70.2.69. The operating organization should establish a training and qualification programme to
ensure that its needs are met. Only qualified persons should be entrusted with carrying out functions
important to the supervision and safe operation and maintenance of the reactor_facility. For each
category of personnel, there should be the requirement to develop and maintain an appropriate
competence through education, experience and formal training. A retraining and requalification
programme should be established for all operating personnel. Guidance on meeting the requirements

on training and retraining is provided in Section 4 of this Safety Guide.

Operatingens-and procedures
(see Ref. [12];paras100m)—19720, 729741 and-£-517.55and Ref. [541])

SSR-3 [12], Requirement 74: Operating procedures

“Operating procedures for research reactors shall be developed that apply comprehensively (for the

reactor and its associated facilities) for normal operation, anticipated operational occurrences and

accident conditions, in accordance with the policy of the operating organization and the requirements

of the regulatory body.”

2.74.2.70. For safe operation of the research reactor_facility, operational limits and conditions

should be established that include administrative controls and requirements for operating procedures.
Requirements for the review and approval of operating procedures, particularly at the management
level, should be specified. The administrative controls should be established before the commencement
of operation. Where possible, the need to facilitate eventual decommissioning should be considered in

the development of operational limits and conditions and operating procedures.

272271 The operating organization should provide for the development of operating

procedures that:

(a) Ensure that all activities affecting safe operation are subject to appropriate procedures (see
Ref. [544] for a list of procedures);

(b)  Ensure compliance with operational limits and conditions and regulatory requirements;
(c)  Arewritten and verified by properly qualified persons in accordance with
relevant management system requirements;
(d)  Arewritten in clear and understandable language and avoid any confusion and ambiguities;

(e)  Areinaccordance with the design assumptions and intent;
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()  Provide sufficient detail for the qualified person assigned to perform the activity to do so

without direct supervision;
(g)  Arecontrolled and revised in accordance with the management system.

2:73:2.72. Shift turnover should follow a prescribed routine to ensure that critical information,
such as reviews of logbooks and log sheets, operations in progress, equipment out of service and
experiments using the reactor, is passed from one erew-shift to another. This applies to continuous
operations where one shift relieves another in a routine manner, to emergencies and to situations where

one erew-shift secures the reactor and another erew-shift resumes operation later.

Commissioning

(see Ref. [12]-paras-6-44+-6,F10{c)and42—750; and Ref. [12])

SSR-3 [12], Requirement 73: Commissioning programme

“The operating organization for a research reactor facility shall ensure that a commissioning

programme for the research reactor is established and implemented.”

2.74:2.73. The operating organization, in view of its role in the subsequent operational and
utilization stage of the reactor, should verify that the characteristics of the reactor and experimental
facilities are checked in the commissioning programme. Specifically, the commissioning programme

should be such as to do the following:

(@) To confirm that the as-built reactor and experimental facilities are consistent with the design

intent and the requirements as stated in the safety analysis report;
(b)  To verify that the reactor meets the regulatory requirements;

(c) To demonstrate the validity of operational limits and conditions, operating instructions and

procedures, and to provide an opportunity for operating personnel to improve their competence;

(d)  Tosupply the information and data necessary for verifying the adequacy of provisions made

for implementing the management programmes.

Maintenance, periodic testing and inspection

(see Ref. [12];paras-6-45—6-47-and-756-764; and Ref. [13])

SSR-3 [12], Requirement 77: Maintenance, periodic testing and inspection

“The operating organization for a research reactor facility shall ensure that effective programmes for

maintenance, periodic testing and inspection are established and implemented.”

2.75.2.74. The maintenance programme should ensure that the level of reliability and
effectiveness of all reactor SSCs important to safety remain in accordance with the current reactor
safety analysis report and operational limits and conditions, and that the safety status and configuration

of the reactor facility are not adversely affected by maintenance activities.
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2.76.2.75. The periodic testing (surveillance) programme should ensure that items important to
safety continue to perform in accordance with the original design assumptions and intent, and with
changes that have been appropriately incorporated into the operation of the reactor facility on the basis
of operating experience. The programme should include evaluation and review elements for detecting
degradation and ageing of SSCs that could lead to unsafe conditions. This programme should cover
monitoring, checks and calibrations, testing and inspection that are complementary to in-service

inspection.

2:77-2.76. In-service inspection should be carried out to determine whether the SSCs important
to safety are in an acceptable condition for the continued safe operation of the reactor or whether
remedial measures are necessary to remedy any deterioration. Emphasis should be placed on
examination of critical systems and components such as the primary coolant system of the reactor.

Safety reviews are frequently performed in conjunction with in-service inspections.

Core management and fuel handling

(see Ref. [12];parasFFH—FL7-and#65770; and Ref. [14])

SSR-3 [12], Requirement 78: Core management and fuel handling

“Core management and fuel handling procedures for a research reactor facility shall be established to

ensure compliance with operational limits and conditions and consistency with the utilization

programme.”

2.78:2.717. The core management programme should address those activities that are necessary to
allow optimum operation and utilization of the reactor without compromising the limits imposed by
design safety considerations. Special consideration should be given to the safety aspects of core
management, for which the operating organization is responsible, such as experiment design, fuel
procurement, on-site storage, and irradiation, handling and transport of fuel. In particular, the core

management programme should cover:

(@) The establishment of detailed specifications and management system requirements for the
procurement of fuel and experimental devices, including assurance of compliance with design

requirements and manufacturing requirements;

(b)  Special studies to be undertaken to demonstrate the ability of new or modified fuel to meet the
provisions of the safety analysis report, especially when fuel from different suppliers is to be

emplaced in the reactor core;

(c)  Arrangements to ensure safety in the transport, storage and handling of new and irradiated fuel

and in-core experimental devices (see Ref. [%4]), including considerations of the interface

between safety and security;

(d)  Establishment of core calculation programmes to define loading patterns for fuel, experimental

devices and absorbers, for maintaining compliance with reactivity limits, temperature limits and
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irradiation or burnup limits;

(e)  Monitoring to ensure that core parameters that are indicative of conformance with the design
and with the operational limits and conditions are monitored, analysed for trends and evaluated
to detect abnormal behaviour;

(f)  Monitoring to verify that the integrity of the fuel cladding is maintained under all core operating

conditions;

(g) Implementation of applicable requirements for the examination of irradiated fuel and use of the

results for monitoring fuel performance;

(h)  Verification of the startup testing methods and establishment of associated requirements for

surveillance.

Fire safety (see Ref. [21]para—+L)

SSR-3 [12], Requirement 79: Fire safety

“The operating organization for a research reactor facility shall make arrangements for ensuring fire

safety.”

2.79.2.78. The operating organization should make provisions for ensuring fire safety on the basis
of a periodic fire hazard analysis. The review should include: reanalysis of the concept of defence in
depth; assessment of the impact on fire safety of modifications to and use of the reactor; control of
combustibles and ignition sources; inspection, maintenance and testing of fire protection measures;
establishment of an in-house firefighting capability; training of reactor personnel; conduct of periodic

fire drills; and liaison with and training of the public fire department.

Emergency preparednessplanning (see Ref. [12]—paras-6-48,-6-49710(e}and-~727-78 and Ref
[195])

SSR-3 [12], Requirement 81: Emergency preparedness

“The operating organization for a research reactor facility shall prepare emergency arrangements for

preparedness for, and response to, a nuclear or radiological emergency.”

2.80.2.79. The operating organization should establish an emergency plan, and procedures for

its implementation, in accordance with the requirements in GSR Part 7 [195], that includes:

(a)  The ability to identify, ard-characterize and classify emergencies;
(b)  Maintenance of emergency equipment;
(c)  The organizational structure and assigned responsibilities for responding to emergencies;

(d) Timely notification and alerting of emergency response personnel, and off-site authorities as

appropriate;
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(e)  Provision of the necessary information to and cooperation with the relevant public authorities.
Records and reports

(see Ref. [12] —paras+2+9 210k -and781788—and Ref. [179])

SSR-3 [12], Requirement 82: Records and reports

“The operating organization for a research reactor facility shall establish and maintain a system for the

control of records and reports.”

2:81:2.80. Documentation should be controlled throughout the reactor facility and the operating
organization in a manner consistent with the management system. This includes the preparation,
modification, review, approval, release and distribution of documents. Lists and procedures for these
functions should be prepared and controlled.

2.81. A records administration and documentation system should be established to ensure the
retention of all documents relevant to the safe and reliable operation of the reactor facility, including
documents on the design, commissioning and operational history of the reactor, as well as general and
specific procedures. Particular care should be taken to ensure that only correct, up to date versions of
documents are available to site personnel for day to day use. Superseded versions of documents should
be marked and archived. The organization for reactor operation should prepare periodic reports
summarizing the operational history, modifications and utilization of the reactor for review by the

safety committee and the regulatory body.

282 2.81 B. Retention times of records should be established in accordance with the statutory

requirements. Records should be easily retrievable and readable for the duration of the retention time

of each record. The operating organization should ensure appropriate conditions for the storage of

safety related records for permanent retention so as to prevent deterioration (fire protection, security,

environmental conditions, duplication of records and separate storage).

Feedback of operating experience (see Ref. [21]parasF-2-and~10{6})

SSR-3 [12], Requirement 88: Feedback of operating experience

“The operating organization for a research reactor facility shall establish a programme to learn from

events at the reactor facility and events in other research reactors and from the nuclear industry.”

2.83.2.82. An effective programme for the feedback and analysis of operating experience should
be established. Analytical methods should be provided, and both in-house events and events at similar
facilities should be analysed to identify specific actions necessary to prevent recurrence. Events at the
facility that would be of interest to the operating organizations of other research reactors should be
shared with peers to prevent recurrence. The effectiveness of the programme for the feedback of

operating experience should be assessed periodically to identify areas of weakness that need
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improvement.!?

Reactor utilization and modifications

(see Ref. [12]paras-6-65—6-674-6-1316-135-and7-87—+94; and Ref. [104])

SSR-3 [12], Requirement 83: Utilization and modification of a research reactor

“The operating organization for a research reactor facility shall establish and implement a programme

to manage utilization and modification of the reactor.”

2.84.2.83. The operating organization should establish a procedure to ensure proper design,
review and control and implementation of all permanent and temporary modifications to SSCs and to
experimental facilities. This procedure should ensure that the reactor’s_or facility’s design basis is
maintained, operational limits and conditions are observed, and applicable codes and standards are met.
A record of the review should be made available to the regulatory body, as required. The operating
organization has responsibility for the safety implications of modifications and for providing for review

by and obtaining the appropriate approval from the regulatory body, if required.

2.85.2.84. Requests for modifications and new experiments should be evaluated on the basis of
their impact on reactor safety and reliability, reactor operation and performance, personnel safety and
regulatory requirements. Consideration should be given to training of personnel with respect to the

change as well as its impact on operation and utilization procedures and practices.

Radiation protection

(see Ref. [12] -paras+5F10{d)F22and793—7107%-and Refs [20, 211516,-1617])

SSR-3 [12], Requirement 84: Radiation protection programme

“The operating organization for a research reactor facility shall establish and implement a radiation

protection programme.”

2.86.2.85. The radiation protection programme should cover the control of exposures and the
monitoring of doses, and should ensure that doses to individuals remain within prescribed limits; its
objective should be to keep individual and collective doses as low as reasonably achievable. The
radiation protection programme should be established in accordance with the requirements established
in Ref. [451620] and the guidance presented in Ref. [£61#21]. Notwithstanding the existence of a
radiation protection programme, each individual given access to the reactor building should be given
training in radiation protection commensurate with his or her responsibilities and need for access to the

reactor building.

12 The IAEA operates an Incident Reporting System for Research Reactors (IRSRR) that provides a mechanism
for the reporting of incidents and analyses of events and for the dissemination of information to participating
Member States of the IAEA. The IRSRR facilitates worldwide feedback of operating experience. In addition,
paras-6.62-6-71-of Ref. [125] provide guidance on the feedback of operating experience with nuclear power
plants, and some of this guidance may also be relevant for research reactors.
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Management of radioactive waste

(see Ref. [12];paras-6-162-6-166-and-7~106; and Ref. [171822])

SSR-3 [21], Requirement 85: Management of radioactive waste

“The operating organization of a research reactors facility shall establish and implement a programme

for the management of radioactive waste.”

2.87.2.86. The operating organization should establish a radioactive waste management
programme. This programme should ensure that gaseous, liquid and solid radioactive waste arising
from operation of the research reactor is satisfactorily monitored and controlled so that authorized
limits on discharges are complied with; the activity and volume of radioactive waste should be kept as
low as reasonably achievable, in accordance with the requirements established in Ref. [2045]. The

radioactive waste management programme should include, inter alia, provisions for:

(a)  Keeping the generation of radioactive waste to the minimum practicable, in terms of both

activity and volume;
(b)  Appropriate classification and segregation of waste;
(c)  Possible reuse and recycling of materials;
(d)  Collection, characterization and safe storage of radioactive waste;
(e)  Adequate storage capacity for the radioactive waste expected to be generated,;
(f)  Treating, re-treating and conditioning radioactive waste to ensure safe storage and disposal;
(g) Safe handling and transport of radioactive waste;
(h)  Adequate control of effluent discharge to the environment;

(i)  Monitoring of effluent discharge, and of the environment, for demonstration of regulatory

compliance.

Physiealpretection-Interface between nuclear safety and nuclear security (see Ref. [21];paras++9
ane—-20)

SSR-3 [12], Requirement 90: Interfaces between nuclear safety and nuclear security

“The interfaces between safety and security for a research reactor facility shall be addressed in an

integrated manner throughout the lifetime of the reactor. Safety measures and security measures shall

be established and implemented in such a manner that they do not compromise one another.”

2.88.2.87. Security measures and safety measures should be designed and implemented in an

integrated manner so that they do not compromise each other, including—g: training, retraining and

qualification; operating procedures; commissioning; maintenance, periodic testing and inspection; core

management and fuel handling; fire safety; emergency preparedness; utilization and modification;
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radiation protection; management of radioactive waste;; ageing management; and, extended shutdown.

2.878A. The operating organization should establish a physical protection programme that prevents
unauthorized access, intrusion, theft and internal or external sabotage of systems important to safety
and nuclear material. The physical protection programme should provide for: measures and procedures
that take access controls around the site and within the reactor area into account; entry, exit and parking
controls on vehicles; access rules to be observed for different zones of the site; procedures for
authorization of access; communication systems; and selection and training of personnel for physical
protection. The physical protection programme should be implemented prior to the commencement of
commissioning, and in any case before the receipt of fuel at the site.

Safety analysis and the safety analysis report

(see Ref. [12]paras-6-+72-6-78 and-7~10{b)-and Ref. [93])

SSR-3 [12], Requirement 1: Safety analysis report

A safety analysis report shall be prepared by the operating organization for a research reactor facility.

The safety analysis report shall provide a justification of the site and the design and shall provide a

basis for the safe operation of the research reactor. The safety analysis report shall be reviewed and

assessed by the requlatory body before the research reactor project is authorized to progress to the next

stage. The safety analysis report shall be periodically updated over the research reactor’s operating

lifetime to reflect modifications made to the facility and on the basis of experience and in accordance

with requlatory requirements.

2-89.2.88. The operating organization should conduct a safety analysis of the research reactor,
including an analysis of postulated accidents, and should prepare a safety analysis report prior to
construction of the reactor. The safety analysis report should be reviewed periodically and should be
updated as subsequent changes to the facility design or operational changes are analysed.

2:90.2.89. The operational limits and conditions, which are sometimes contained in a document
separate from the safety analysis report, should also be reviewed periodically and should be updated

on the basis of experience feedback and the updating of the safety analysis report.

Ageing Management-of ageing-(see Ref. [12]-paras-6-68—6-+0-and#+~109-and Ref. [18719])

SSR-3 [12], Requirement 86: Ageing management

“The operating organization for a research reactor facility shall ensure that an effective ageing

management program is implemented to manage the ageing of items important to safety so that the

required safety functions of structures, systems and components are fulfilled over the entire operating

lifetime of the reactor.”

2:94:2.90. Managing the safety aspects of reactor ageing requires the implementation of effective

programmes for timely detection and mitigation of ageing degradation of SSCs important to safety, so
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as to ensure their integrity and functional capability throughout the lifetime of the reactor.

2:92.2.91. The programme to manage the ageing process should contain, but not be limited to,
the following elements:_

(@)  Screening of SSCs for ageing management reviewldentification-of-degradation-processes-that
could-adverselyatiostsatety,

(b) Identification and understanding of ageing-degradation mechanismstdentification-of-

(c) Minimization of ageing degradationeffects:Adequate—and—ecurrent—methods—for
. . blems:
(d)  Detection, monitoring and trending of ageing degradationeffects:Appropriaterecerds
to-enable-the-ageing-processto-be tracked;
(e)  Mitigation of ageing degradationeffects:Methodology-fortaking-corrective-actions-in-orderto-
. . focts:

(f)  Acceptance criteria

(e}(q) Corrective actions

(h)  -Continuous improvement of the ageing management programme;

B(i) Record keeping.Cha

Extended shutdown (see Ref. [12] -paras6-+LF11tand7~112-and Ref. [19230])

SSR-3 [12], Requirement 87: Extended shutdown

“If an extended shutdown is planned or occurs, the operating organization for a research reactor

facility shall establish and implement arrangement to ensure the safe management, planning effective

performance and control of work activities during the extended shutdown.”

2.93.2.92. If a research reactor enters a state of extended shutdown (i.e. the reactor is shut down
and there are no approved plans and no committed resources in place for resuming operation or
commencing decommissioning), the operating organization should prepare and implement a
preservation programme to maintain the reactor’s integrity, and safety and security. Approval by the
regulatory body should be sought, especially if changes are made to the safety analysis report or the

operational limits and conditions. The preservation programme should include:

(a)  Arrangements to unload the core and to store the reactor fuel safely, or otherwise to ensure that

the reactor core remains subcritical;

(b)  Measures to prevent accelerated corrosion;
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(c)  Modifications to the safety analysis report and the operational limits and conditions;
(d) Regular surveillance and maintenance, and periodic testing and inspection;

(e)  Revised emergency planning arrangements;

(f)  The staffing necessary to ensure safety and to maintain the necessary knowledge base;

(g)  Techniques for fulfilling licence conditions and maintaining qualifications and authorizations
of operating personnel.

Decommissioning_Planning

(see Ref. [12];paras-6:50,-6-51,7-8-and-8:1-8:8; and Refs [2021ard-2224, 25])

SSR-3 [12], Requirement 89: Decommissioning plan

“The operating organization for a research reactor facility shall prepare a decommissioning plan and

shall maintain it throughout the lifetime of the research reactor, unless otherwise approved by the

requlatory body, to demonstrate that decommissioning can be accomplished safely and in such a way as

to meet the specified end state.”

2.94.2.93. Measures to facilitate decommissioning should be considered in the design stage of
the research reactor. In the operational stage, a plan should be developed for the reactor’s eventual
decommissioning; this plan should be amended periodically on the basis of operating experience and

the latest developments in decommissioning techniques.

2.95.2.94. Even if there are no definite plans to decommission the reactor facility, the operating
organization should begin to plan for eventual decommissioning by estimating the costs and
considering options for decommissioning of the facility and the associated experiments.
Documentation that will facilitate decommissioning should be compiled, categorized for retention and
stored so that the information is retrievable for future use. When implementing operational strategies,
new experiments or reactor modifications, potential problems for decommissioning (e.g.
decontamination and the ultimate disposal of waste) should be considered. Such considerations may
lead to the operating organization carrying out such activities as minimization of the contamination of

SSCs, segregation of waste of different categories or application of protective coatings.

2.96.2.95. When a decision is made to decommission, the operating organization should ensure
that all options for decommissioning are considered and that a decommissioning plan is developed that
covers all stages from the start of decommissioning until the site and its adjacent areas have been
released for restricted or unrestricted use. This plan should include a description of the organizational
structure for decommissioning, which may differ from that for the operational stage. The
decommissioning plan should be submitted to the regulatory body for review and approval prior to the

commencement of decommissioning.
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3. RECRUITMENT AND SELECTION OF OPERATING PERSONNEL
GENERAL

3.1. Asstated in para. 7.2 of SSR-3 [12], “The operating organization shall establish an appropriate

management structure for the research reactor and shall provide for all necessary infrastructure for the
conduct of reactor operations”<{Ref—{2},para—1) as stated in para. 7.14 of SSR-3 [12], “The

reactor manager shall specify the minimum staffing requirements for the various disciplines required

to ensure safe operation for all operational states of the research reactor_in accordance with the

operational limits and conditions.”{Ref|2}-para—~13).

3.2.  The operating organization of the research reactor should be staffed with competent managers

and a sufficient number of experienced personnel, supplemented, as necessary, by consultants or
contractors so that duties relating to safety can be performed without undue haste or pressure. The
operating organization should ensure that its operating personnel are appropriately qualified and that
they have acquired, at the time of commencing duties at the facility, a combination of education,
training and experience commensurate with their level of responsibility. The presence of properly
qualified personnel provides reasonable assurance that decisions made and actions taken in all
operational states will be such that the research reactor is operated in a safe manner. National
regulations may also require that individuals who are recruited as reactor personnel meet specific
requirements. The minimum requirements in terms of education and experience that must be met by
candidates for specific operating positions in a research reactor facility should also be defined. In the
recruitment of operating personnel, it should be ensured that only qualified and reliable individuals are
selected for all positions. An appropriate background check may be required by national regulations as

a condition of employment for new operating personnel.

3.3. In addition, the physical and mental health of all operating personnel should be such that they
are capable of operating the facility under normal, abnormal and emergency conditions without putting
at risk the facility, the health and safety of personnel at the site or of the public, or the environment.
Psychometric and psychological tests may be used where applicable. Examples of reasons relating to
physical and mental health that may disqualify candidates or members of the operating personnel can

be found in some national standards and regulations [263].

3.4. In addition to the provisions established in national regulations and practices relating to
occupational health and safety, members of the operating organizational—members—of-the—direct
operating-persennel; as a minimum, should have a medical examination at the time of recruitment and

at designated times in the course of their employment to ensure that their state of health is compatible
with the duties and responsibilities assigned to them. Personnel who may be occupationally exposed
to radiation at the reactor facility may be required to have periodic medical examinations. The results
of the medical examinations may necessitate restrictions on the activities that an individual may

perform.
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3.5. In the recruitment policy for research reactor operating personnel, account should be taken of
the need for continuity of organizational expertise as new operating personnel replace experienced
personnel. The unanticipated loss of key personnel and ways of minimizing the impact of this on the
operation of the research reactor should also be taken into account. In small operating organizations,
the loss of a single key individual may necessitate the shutting down of the facility until the training of
a replacement can be completed. This situation should be avoided by means of effective strategic
planning and succession planning. In general, effective documentation also minimizes the impact of
the loss of key personnel. The facility staffing level should be assessed and updated periodically and
whenever organizational changes are made or the mission of the facility changes.

3.6.  Action, or lack of action, by operating personnel may have an immediate direct effect on the
behaviour of the reactor and its systems, and could affect the safety of personnel and have consequences
for the environment. This aspect should be considered in the selection, training and authorization of
operating personnel. Appropriate aptitude tests may be devised to assist in the selection of operating

personnel.
STAFFING ARRANGEMENTS

3.7.  The operating organization is responsible for the recruitment of operating personnel who can
meet the established competence requirements. The positions often associated with the operation of a

research reactor are discussed in the following paragraphs.
Reactor manager

3.8. Because of the duties and responsibilities of the reactor manager position, it is desirable that
candidates have a university degree in an engineering or scientific discipline and several years of
appropriate nuclear experience®®. The reactor manager should have demonstrable management skills
including analytical, supervisory, leadership and communication abilities. The selected individual
should receive sufficient training and should have facility specific knowledge commensurate with the

responsibilities and duties of the position.
Reactor supervisor

3.9. Individuals recruited for the reactor supervisor position should have a university degree, or
equivalent, in an engineering or scientific discipline and several years of relevant nuclear experience.
The reactor supervisor should have demonstrable management skills. The individual selected should

receive facility specific training commensurate with the responsibilities and duties of the position.

13 Nluclear experience in this context means experience gained in the course of commissioning, maintenance or
operation of a nuclear power plant, test reactor, research reactor or production reactor, or a critical facility or
subcritical assembly . On the job training at a research reactor facility or subcritical assembly may qualify as
equivalent nuclear experience. Appropriate research or teaching experience, or both, may also qualify as nuclear
experience.
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Shift supervisor_

3.10. An individual recruited for the shift supervisor position may be selected from among the senior
reactor operators at the facility and should be selected by the reactor manager in consultation with the
reactor supervisor. A shift supervisor should have several years of experience as an authorized senior
reactor operator. Individuals selected for this position should receive adequate supplementary
fundamental and facility specific training to be qualified as a shift supervisor.

3.11. Inall cases, the shift supervisor should have demonstrable managerment-supervisory skills. Since
the shift supervisor will supervise other licensed reactor operators, the incumbent should be a senior
reactor operator.

Senior reactor operator

3.12. Anindividual recruited for the senior reactor operator position is generally selected from among
the reactor operators at the facility. Senior reactor operators should be selected by the reactor manager
in consultation with the shift supervisors. Selection should be made on the basis of past performance,
and the individual selected should have a specified period of experience as a reactor operator at the
facility. The individual selected should receive adequate supplementary training at the facility to satisfy

the requirements for authorization as a senior reactor operator.
Reactor operator

3.13. An individual recruited for the reactor operator position should have at least a high school
diploma or vocational education in a technical field. Previous job related experience or training should
also be considered in the selection process. These considerations should be the determining factors for
recruitment to the position. Individuals selected should receive sufficient training at the facility or

elsewhere to satisfy the requirements for authorization at the appropriate level.
Maintenance personnel

3.14. Maintenance personnel should be selected on the basis of specified qualifications, and the
individuals selected should be able to demonstrate appropriate competence. They should have a number
of years of experience in their areas of specialty and should receive site specific training commensurate
with the responsibilities of the position. More guidance on the selection and training of maintenance
personnel is provided in Ref. [43]. In cases where reactor operators are charged with the performance

of maintenance work, they should be appropriately trained and qualified.
Radiation protection personnel

3.15. The duties, responsibilities and qualifications of radiation protection personnel that need to be
specified for an effective radiation protection programme, as well as the criteria for selecting
appropriate candidates, are provided in Refs [1516-1617,-2420, 21, 27].
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Additional support personnel

3.16. Additional support personnel may or may not be part of the reacterfacility personnel, but if they
are, they may include highly qualified personnel such as training officers, safety officers and reactor
chemists as well as personnel not subject to qualification, such as labourers, cleaners and storeroom

attendants.

3.17. Recruitment requirements vary widely for these positions and will depend largely on the job
descriptions. However, in addition to their job related experience and training, such personnel should
receive site specific training, including training in radiation protection, security and emergency

procedures, at a level appropriate to the position.
SELECTION PROCESS

3.18. The selection process for the recruitment of individuals for positions at a research reactor

facility should include the following steps:

(a) Establishing the criteria for accepting or rejecting applications and for classifying acceptable

candidates (e.g. entry level competence, communication skills);
(b)  Obtaining information about the candidates (e.g. recommendations);
(c) Interviewing the candidates;
(d)  Objective testing of the candidates;
(e)  Assessing information on the candidates against set criteria in order to reach a decision;

() Applying the requirements for medical and psychological fitness for duty in the position (see

paras 3.3 and 3.4 of this Safety Guide) and those for security clearance.

3.19. The selection process for management and supervisory positions should include evaluation of

the following additional elements:

(@) Management skills, including analytical, supervisory, leadership and communication abilities;
(b) Management experience;

(c) Education and training;

(d) Knowledge of facility operations;

(e) Psychological characteristics and state of health (see paras 3.3 and 3.4 of this Safety Guide);
(f)  Attitudes towards safety and quality;

(g) Attitudes towards self-study;

(h)  Attitudes towards training and career development for subordinates.

3.20. Personnel who may have to respond to an emergency should be evaluated for their behaviour in
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an emergency (e.g. by means of drills and exercises) and their ability to work together as a team.
3.21. The final selection process should be based on predetermined criteria.
4. TRAINING AND QUALIFICATION OF OPERATING PERSONNEL
GENERAL

4.1.  The operating organization is responsible for ensuring that the reactor operating personnel and
contractors are appropriately trained and retrained (see Ref. [12];paras#+10(g)y -4 215 F27and
4-28). A formal authorization issued by the regulatory body or by another body delegated or authorized
by the appropriate authority may be required before a person is assigned to a designated position as

described in Section 5 of this Safety Guide-{see-Ref{2}para—-4).

4.2.  The operating organization should document the competence requirements for each position
important to safety. These requirements depend on (or vary in accordance with) the level of
responsibility and the specific duties of a position. Persons having specific competence in the operation
of reactor facilities and experience in training activities should prepare the requirements. Reference
[263] provides additional guidance in this area. Training should be designed to provide and maintain

the required levels of competence of the operating personnel and contractors.
TRAINING SYSTEM

4.3. The approach to training should be well organized and should include analysis, design,
development, implementation and evaluation of both initial and continuing training to ensure that all
job competence requirements are established and maintained. References [25--2628. 29] and Annex |

of this Safety Guide present a specific process that is one means of following this recommendation.

4.4. In the development of a training programme, learning objectives should be compiled that state
the expected performance of trainees. Training materials that support the learning objectives should be
developed, and training methods and activities should subsequently be specified. The training should

culminate in testing.

45. The trainees’ progress should be assessed and documented. Means of assessment of the
performance of trainees may include written examinations, oral questioning and demonstrations of

performance.

4.6.  Although some of the required competences will be common to all positions, the operating
organization should design, develop and implement separate initial and continuing training
programmes for each position. Each programme should ensure that trainees develop and maintain the

knowledge, skills and attitudes necessary for performing the tasks of the position under all conditions.

4.7.  The most widely used training methods are classroom instruction, self- study, laboratory and/or
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workshop training, and on the job training'*. A combination of these methods should be used to ensure
that trainees obtain all the knowledge and skills required for their respective jobs. Alternating between

these methods has been found to maintain trainees’ motivation and to enhance their ability to learn.

4.8.  Classroom instruction is the most widely adopted training method. Its effectiveness is enhanced
by the use of training media such as written materials; transparencies; audio, video and computing

devices; models; and functional simulators.

4.9.  Self-study can be undertaken at home and at the workplace. In all cases, the trainees should
receive guidance from a designated expert.

4.10. Laboratory and/or workshop training is necessary to ensure safe work practices. Training mock-
ups®® and models should be provided for training in activities that have to be carried out quickly and

skilfully, and that cannot be practised using actual equipment.

4.11. On the job training should be conducted in accordance with documented guidelines by trainers
who have been trained to deliver this form of training. Progress should be monitored, and an

independent assessor should carry out an assessment.

4.12. On the job training is of particular importance since it develops in trainees the necessary job
related knowledge and skills in the actual working environment. On the job training provides hands-
on experience and allows trainees to become familiar with routines at the facility. On the job training
does not mean just working in the job or position under the supervision of a qualified individual, but
also involves the use of learning objectives and trainee assessment. Such training should be conducted
and evaluated in the working environment by qualified individuals. The ability of such qualified

individuals to train the trainee should be evaluated on a regular basis.

4.13. The training programmes and training facilities and materials should be periodically reviewed
and modified if necessary. The review should cover the adequacy and effectiveness of the training,
with due consideration of the actual performance of persons in their jobs. It should also examine the
training needs, training programmes, training facilities and materials necessary to deal with changes to
regulations, changes in the facility, changes to experimental facilities, and lessons
learned from the feedback of operating experience. Where possible, persons other than those directly

responsible for the training should undertake the review.

14 On the job training involves participation in research reactor facility startup (including pre-operational, hot

functional and startup tests), operation, maintenance or technical services as a trainee under the direction of
personnel.

15 A mock-up is a model of equipment or systems that is used for training or development purposes.
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INITIAL TRAINING PROGRAMMES
General

4.14. All new employees should be introduced to their working environment in a systematic and
consistent manner. General employee training programmes should be used to give new employees a
basic understanding of their responsibilities and of safe work practices. Such general training
programmes usually include elements of radiation protection, security and basic emergency

procedures.

4.15. The training programme for direet-operating personnel with direct responsibility for the safe

perations of the facility, including-{e-g- the reactor manager, shift supervisors, senior reactor operators

and reactor operators,} should provide a thorough understanding of the basic principles of nuclear

technology, nuclear safety and radiation protection, of the design bases and assumptions, and of the
theoretical basis for the research reactor facility and its use. The training programme for direet-such

operating personnel should include the necessary on the job training._

4.16. The training programme for directoperating personnel should also include training in the effects

of radiation exposure and in the technical and administrative means necessary to prevent undue

exposure and to keep unavoidable exposures as—tew—as—reasenably—achievableconsistent with the
principle of optimization of protection (see Refs [451620, 274, 285]).

Training of operating personnel

4.17. The training of all operating personnel, including the reactor manager, reactor supervisor, shift
supervisors, reactor operators and radiation protection personnel, should cover areas of technology to
the levels necessary for the t
should develop a thorough theoretical and practical knowledge of reactor facilty systems and their
functions, layout and operation. The training should emphasize the importance of maintaining the
reactor within the operational limits and conditions, the consequences of violating these operational
limits and conditions, and the potential consequences for safety of procedural errors. Participation by
trainees, whenever possible, in the pre- operational stage and in the startup of the reactor should be

highly encouraged since it provides a valuable opportunity for training in the above-mentioned areas.

4.18. Itis common practice for research reactor facilities to supplement the general employee training
programmes by developing initial training programmes for qualifying operating personnel that are
specific to the position held. The extent, scope and depth of these specific programmes will depend on
the size and complexity of the facility and on the impact on the public and on the environment that may
result from its operation. he duration of the training will be strongly dependent on the initial
competence of the incumbent a very small and simple facility, training, including site specific
training and on the job training, may typically be completed in three months. For a large, complex and
highly used facility, the training programme will be more extensive and may require over a year to

complete.
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4.19. To the extent applicable to the facility, a classroom and self-study training programme for
reactor operators (including senior reactor operators, shift supervisors, the reactor supervisor and the
reactor manager) at research reactor facilities should typically include the following items (items
marked with an asterisk (*) should include drills, laboratory and/or workshop training, and/or on the
job training):

(a)  Refresher course. Refresher courses in such areas as mathematics, physics and chemistry are
sometimes necessary to ensure that all the candidates have the prerequisite knowledge to
complete the training programme successfully.

(b)  Background courses. Background courses may be added to the training programme, as
necessary. These background courses may cover:

(i)  Safety culture;

(ii)  *Computer knowledge;

(iii)  *Interpretation of technical drawings;
(iv) Industrial safety;

(v)  *Firstaid;

(vi) *Fire hazards;

(vii) Basic electricity.

(c)  Reactor theory and related subjects. These subjects provide the basis for understanding reactor

theory and technology, and may include:
(i)  *Fundamentals of nuclear physics;

(ii)  *Fundamentals of reactor theory, including the fission process, neutron multiplication,
source effects, control rod effects, criticality indications, reactivity coefficients and poison

effects;
(iii) *Reactor kinetics;
(iv)  Nuclear safety;
(v)  *Radiation safety principles and procedures;
(vi) *Radiation monitoring methods and survey equipment;
(vii) *Principles of shielding;
(viii) Heat transfer, thermodynamics and fluid mechanics;

(ix) Materials technology, including the effects of radiation on the behaviour of reactor

structures.
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(d)

®

®

Reactor technology. This area should include all subjects necessary for the understanding of the

reactor’s design and operation, the functions of its different systems and the testing of these

systems. These subjects generally include:

M
(i)

(iii)

*General arrangement and layout of the facility;

*General features of the core, including core structures, fuel elements, control rods

and materials;
General features of the reactor, including:
— Reactor instrumentation systems;
— Reactor control systems;
— Reactor protection systems;
— Safety systems;
— Reactor cooling systems ;
— Ventilation systems;
— Auxiliary systems;

— Containment and/or confinement systems.

Facility specific systems. This area should include a detailed description of all the systems in the

reactor facility and related service facilities, and their functions and modes of operation,

including:
(i) ~ *Experimental and irradiation facilities in the core and outside the core;
(ii)  *Isotope production facilities;
(iii)  *Beam tube utilization;
(iv) *Cold and hot neutron sources;
(v)  *Neutron radiography facilities.

Reactor operation and safety. This area covers specific reactor characteristics and the requisite

knowledge for safe operation of the reactor and includes:

()
(i)
(iii)
(iv)
v)

*Facility operating characteristics in steady state and transient conditions;
Results of the safety analysis;

*Anticipated operational occurrences;

Review of the safety analysis report;

*Qperational limits and conditions;
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(9)

40

(vi) *Performance of critical experiments (or suberticalmultiplicationverification of
subcriticality ti X

(vii) *Implementation of surveillance requirements of operational limits and conditions (

instrument checks and calibration, control rod calibration);
(viii) *Thermal balance ;
(ix) *Monitoring and control of core safety limits;
(x)  *Procedures for normal operation and anticipated operational occurrences;
(xi) *Emergency plans and procedures;
(xii) *Recognition of the onset of an emergency;
(xiii) Core management and reactivity control;
(xiv) *Fuel handling facilities and procedures;
(xv) *Chemical control;
(xvi) *Radiation protection;
(xvii) *Handling and disposal of radioactive material and effluents;
(xviii)History of incidents at the facility as well as at other facilities.

Administrative requirements. This area covers additional administrative measures to ensure the

safe management of the facility and includes:
(i)  Administrative requirements of the operational limits and
conditions;
(ii)  Staffing requirements;
(iii)  Operational procedures;
(iv) Maintenance requirements and scheduling;
(v)  Administrative procedures;
(vi)  Access control for the facility;

(vii) Interface between nuclear safety and nuclear Ssecurity;

(viii) Fire protection;
(ix)  Nuclear criticality safety;
(X)  Nuclear material accountability;

(xi) Initial qualification and requalification requirements;



(xii) Retention of operational records;
(xiii) Configuration and change control.
(h)  Rules and regulations. This area includes:
(i) Mandatory facility documentation (e.g. operating and maintenance manuals);
(ii)  Relevant national legislation;
(iii) Regulatory bodies and authorities;
(iv)  Relevant regulatory requirements;
(v)  Relevant codes and standards;
(vi) Licences and conditions of licences;

(vii) Reporting requirements.

: however a graded
approach specific design.

The training should consist of periods of formal training in the classroom interspersed with intervals
of laboratory and/or workshop training, on the job training and practical training. Reactor operators
should acquire extensive experience in reactor operations; reactivity manipulations, including startup
and shutdown; operation of reactor systems; utilization of procedures (e.g. fuel handling, sample
insertion and removal); troubleshooting; teamwork; and administrative tasks. The training programme
should specify the minimum number of reactivity manipulations that an incumbent must perform in

training.

4.20. In addition to the technical training, individuals, especially senior reactor operators, shift
supervisors, the reactor supervisor and the reactor manager, should undergo training to develop their
knowledge of, and the skills necessary to carry out, administrative policies and procedures,
management responsibilities and limits of authority, supervisory techniques, interpersonal
communications, problem analysis and decision making. Their training should in general be more
broadly based and at a depth commensurate with the responsibilities of the job and the judgement

required.

4.21. For the position of senior reactor operator, consideration should be given to experience,
leadership and communication skills. In addition to the training described in paras 4.19-4.2120, the
candidate should also undergo training to develop the knowledge and skills necessary to perform the

duties of the new position competently. While the initial training includes the following subjects, the

16 Operational records include documents such as instrument charts, certificates, logbooks, computer printouts
and magnetic tapes that have been created to maintain an objective operational history of a research reactor.
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additional training should emphasize their supervisory aspects:
() Administrative requirements imposed by the operating organization and the basis for them;
(b)  Operational limits and conditions;

(c) Procedures for making core configuration changes and system configuration changes,
including, supervision of critical

experiments;
(d)  The emergency plan;
(e)  Emergency procedures;
(f)  Decontamination procedures;
() Management training.

4.22. A senior reactor operator position may require a university degree or equivalent and/or
additional training in specific fields (e.g. rules and practices for shipping radioactive material, radiation

protection practices).

4.23. The reactor supervisor and the shift supervisors, who will be directly supervising reactor
operators, should be senior reactor operators. Any other incumbent who directly supervises reactor
operators in the performance of their licensed duties, including the reactor manager if he or she

performs this function, should also be a senior reactor operator.

4.24. A shift supervisor should receive the training indicated in paras 4.19-4.23. This individual
should receive additional training in the handling of abnormal occurrences and in management and

communication skills.

4.25. From time to time, non-routine activities are performed at a research reactor. One example of a
non-routine activity is an experiment that requires specific or unusual manipulations of the controls by
a reactor operator. Another example is the preparation and shipment off the site of spent fuel
assemblies. For non-routine activities, a training programme for the personnel involved should be

developed, implemented and completed before the activity is commenced.

4.26. Radiation protection personnel and personnel in other functions should undergo training and
have levels of competence appropriate to their jobs and responsibilities. Such training should be
conducted with an organized approach as described in paras 4.17-4.20 for the operating personnel.
Specific guidance for training radiation protection personnel in research reactor facilities is provided
in Refs [151620, 74821, 274].

4.27.  An example of a training programme for a research reactor operator is presented in Annex I1.
Training of support personnel

4.28. Initial task related training of support personnel should develop knowledge of the facility layout
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and the general features and functions of research reactor systems, management systems, maintenance
procedures and practices including surveillance and inspections, and special maintenance skills to the
depth required by the position. Training of support personnel should emphasize the possible
consequences for safety of technical or procedural errors. Experience from failures caused by such
errors should be reviewed. Specific guidance for training maintenance personnel in research reactor

facilities is provided in Ref. [13].

4.29. In some facilities, support work is performed by personnel who

the reactor facility personnel. These individuals should receive facility orientation training, task related
instruction and site specific instruction on elements including radiation protection, security and
emergency procedures. For short term support personnel, most of this training may be replaced by

close supervision by a member of the reactor facility operating personnel.
Training of experimenters and other users

4.30. Each new researchreactorfacility utilization project should address training requirements unique
to the project, providing information about the project that should be added to the training programme
for the operating personnel and describing the appropriate training for experimenters and other users.
Experimenters and other users should not be allowed to conduct work activities in the facility before
their specific training has been satisfactorily completed. The utilization project should not be conducted

before the operating personnel have satisfactorily completed training unique to the project.

4.31. As a minimum, each experimenter or other user who has been granted access to the research
reactor facility should receive basic training in radiation protection and emergency response
commensurate with his or her responsibilities and conditions of access (escorted or unescorted) to the

research reactor
QUALIFICATION

4.32. Once training is completed, operating personnel should be assessed by the reactor manager, or
by a qualified person designated by the reactor manager, prior to applying for or receiving authorization
to perform the duties of the position for which they were trained. An individual from the operating
organization with specific knowledge of the reactor manager’s duties and required competences should
carry out the assessment of the reactor manager. Standards of performance should be established
against which operating personnel will be assessed. An assessment can consist of one or more of the

following:
(@)  Assessment of practical skills by means of performance demonstrations;

(b)  Assessment of knowledge of the facility and recall and comprehension by means of a written

examination;
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(c) Oral examination (may take place in a classroom and/or as part of a facility walkthrough'?);
(d)  Assessment of performance under stress (e.g. under simulated emergency conditions).

4.33. The operating organization should perform an assessment to ensure that the incumbent possesses
the required competences and is qualified to fill the position. If a licence or authorization is required
for the position, the operating organization should request an examination by the appropriate authority.

4.34. The regulatory body may conduct the qualification examination and issue a licence or
authorization to the successful candidate(s). Alternatively, the operating organization may be
responsible for conducting the examination, possibly with a representative of the regulatory body

present as an observer.

4.35. The reactor manager should be informed of any deficiency in the performance of trainees found

in examinations. Deficiencies should be remedied by one or more of the following measures:

(a) Identifying the areas where the on the job training, classroom training and/or self-study are not

adequate;
(b)  Adopting measures to ensure that the required competence is reached,;
(c)  Providing remedial training for those individual(s) showing a deficiency;
(d)  Removing the incumbent from his or her position.
CONTINUING TRAINING AND REQUALIFICATION

4.36. Continuing training based on an organized approach is essential to ensuring that the knowledge,

skills and attitudes of research-reacterfacility operating personnel are maintained. Continuing training

should also be used for career development purposes. All personnel whose

functions are important to the safe operation of the facility should participate in continuing training.

4.37. A programme of continuing training should be delivered over a set period (e.g. one or two years)
and should be followed on a regular basis by successive continuing training programmes. The
programme should include selected topics from the initial training (see paras 4.19-4.22) that involve
tasks important to safe operation of the reactor facility that are infrequently performed or that are
difficult to perform. The topics for continuing training should be commensurate with the level of
authorization of the incumbent. Topics for a continuing training programme could include the

following:
(a)  Nuclear theory and principles of reactor operation;

{2)(b) Nuclear safety principles

17 A walkthrough is a supervised exercise conducted in a working environment in which actions are simulated
for the purpose of training or verification of procedures and an evaluation is made of the performance of the
trainee or the suitability of the procedure.
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{b)(c) Reactor design and operating characteristics;
{e)(d) Instrumentation and control systems;
(d)(e) Reactor protection systems;
(e)(f) Experimental and auxiliary reactor systems;
(F)(g) Operational limits and conditions;
{g)(h) Operating procedures for normal, abnormal and emergency conditions;
(h)(i) Radiation control and safety;
Emergency plan;
(k)
tha)_ Security

4.37A. Personnel with supervisory responsibilities (see paras 4.20 and 4.21) should undergo

continuing training emphasizing supervisory aspects.

4.38. Site personnel occupationally exposed to ionizing radiation should receive periodic retraining

in radiation protection.

4.39. A continuing training programme should also include regular training drills and exercises on the
emergency procedures. All site personnel should participate in these drills as appropriate. Training

drills and exercises should also include offsite personnel, if they are part of the emergency response

organization.

4.40. In addition to the training topics recommended in paras 4.38-37 and 4.4039, continuing training

programmes should cover knowledge and skills identified through:
(@)  Changes in reactor systems and equipment;
(b)  Changes in operating procedures and emergency procedures;

(c)  Changes in the licence or in documents referred to in the licence (e.g. changes in the safety

analysis report and in operational limits and conditions);

(d)  Facility experience gained and events that have occurred during operation at the reactor

facility and elsewhere;
(e)  Weaknesses detected in the performance of the reactor operator;
() Individual requests.

4.41. As part of the continuing training programme, reactor operators who are seeking requalification
should have performed a minimum number of reactivity manipulations. In addition, as part of the

programme, individuals who hold specific titles should have carried out the duties of the title for a
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specified minimum amount of time.

4.42. Following completion of the continuing training programme, a requalification examination
should be administered by the facility to verify that operating personnel have maintained the knowledge
and skills required for the position. The examiner should not be the same person who administered the
training for requalification. In some cases, the regulatory body may administer the examination. The
interval between successive requalification examinations may vary between one and five years.
Operating personnel who have been absent from active duties for a considerable time (e.g. several
consecutive months) should be required to successfully complete an appropriate retraining programme,

including examination, before reassuming the duties of their position.
5. AUTHORIZATION OF OPERATING PERSONNEL
GENERAL

5.1.  Authorization, as used in this guide, is the granting by a regulatory body or other appropriate

authority of written permission for a personreacter-eperator to perferm-conduct specified activities. In

some States, authorization is limited to activities performed at a specific reactor.

5.2. As stated in para 7.21 of SSR-3 [12], “Every licensed or authorized reactormember of the

operating personneler shall have the authority to shut down the reactor in the interest of safety”{Ref:
2}para—#20). This responsibility and authority should be clearly defined and understood.

5.3.  The operating organization should establish procedures that lead to authorization in compliance
with regulatory requirements. These procedures should provide for an assessment of the
competencecapabilities of persons to be authorized, including successfully passing a comprehensive

examination based on the training programme and regulatory requirements.

5.4. Independent of any authorization issued, it is the responsibility of the operating organization to
ensure that all on-site and off-site personnel have the required qualifications for their positions.

POSITIONS TO BE AUTHORIZED

5.5. The operating organization, in its responsibilities for safe operation, should

establish requirements and procedures by which persons controlling or supervising changes in the

operational status of the research reactor, or with other duties having a direct bearing on safety, should

be authorized before they are allowed to perform those duties.Fheregulatorybody—is—+equired—to
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to-itspersonnel-(see Ref. [157]; para—3-2(3){HH)). This requirement may be met in different ways. The
operating organization may propose, for regulatory body approval, the activities for which personnel
are required to be authorized by the regulatory body or the operating organization. Alternatively, the

regulatory body may determine the activities that must be authorized and grant the authorization.

5.6. The operating organization should determine, in accordance with the requirements of the

regulatory body, the operating personnel positions that require an authorization. “In particular, in
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accordance with regulatory requirements, the reactor manager, the shift supervisors and the reactor

operators shall hold an authorization (a licence or certificateien) issued by the regulatory body,
operating organization or other competent an-apprepriate-authority” (see Ref. [12], para. 7.54). The

reactor manager does not necessarily need to hold a licence to operate the reactor but needs to have

completed a training programme.

5.7.  The regulatory body may require documented evidence of the competence of other persons, not
authorized by the regulatory body, whose duties have a significant, though not direct, bearing on safety.

CONDITIONS OF AUTHORIZATION

5.8.  Each authorization should specify the facility and position to which the authorization applies. In
addition, conditions of the licence that are based on medical or other findings (e.g. the wearing of
corrective eyeglasses during the performance of duties) should be specified in the licence. If an
authorized individual moves to a different reactor facility or to a different position at the same facility
for which an authorization is required, the person should satisfy the specific qualification requirements

for the new position before being authorized to assume the duties of the new position.

5.9. Only individuals holding a specific authorization to operate the controls of the reactor that
directly affect the reactivity of the reactor core should be allowed to do so. However, individuals
enrolled in a training programme that leads to such an authorization or students in a formal educational
programme may, under the supervision of an authorized person, operate the controls of the reactor that
directly affect the reactivity of the core. Qualified persons may be permitted to carry out pre-approved,
limited actions that may affect the reactivity of the core with the permission of the authorized person

at the controls (e.g. a researcher placing a sample into the reactor using a pneumatic conveyor).

5.10. To maintain an authorization, an individual should perform the duties of the authorized position
on aregular basis. Where an individual has not performed the duties of the position for a certain period
of time (typically three to six months), an authorized representative of the facility should certify that
the individual still meets the requirements of the authorization prior to the individual’s resumption of
the duties of the authorized position. In some cases, retraining and requalification should be carried out

(see para. 4.43).

5.11.  All authorized individuals should undergo a periodic medical examination that examines
physical health and mental health. The results of this examination should be used by the facility’s
management to help in determining whether the individual is still capable of performing the functions
for which he or she is authorized. As stated in para. 3.3, examples of reasons relating to physical and
mental health that may disqualify candidates or members of the operating personnel can be found in

some national standards and regulations (e.g. Ref. [263]).
REAUTHORIZATION

5.12. The competence of authorized persons should be reviewed periodically. Consideration should
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be given to the need for periodic reauthorization. In many States, authorizations issued by the
regulatory body are generally valid for a limited time, typically from one to six years. An authorization
may be withdrawn or not renewed if the individual no longer meets the requirements for performing
the duties of the authorized position or is no longer needed to perform the authorized duties. The
decision to reauthorize an individual should be based, in part, on the person’s passing a medical
examination. Each authorized individual should successfully complete the continuing training
programme appropriate to his or her position and should pass the requalification examination.

5.13. Particular consideration should be given to reauthorization if a person in an authorized position
has been absent from the position for some time and changes in the facility, in procedures or in other
areas have occurred. This reauthorization may be approached in a graded manner with retraining,
requalification and examinations commensurate with the duration of the absence, the complexity of the

facility, and the changes to the facility and its operation during the absence of the individual.
6. TRAINING RECORDS

6.1.  The operating organization should maintain for each individual adequate records of the

individual’s:

(@) Education;

(b)  Experience;

(c)  Training and retraining;

(d)  Qualification and requalification;
(e)  Test and examination results;

(f)  Authorization and reauthorization;
() Employment;

(h)  Performance history;

(i)  Health and medical condition.

A list of requirements for the employee’s position should also be maintained.

6.2.  The main purpose of these records (which may be made available to the regulatory body, if

necessary) is to provide:
(@) Documentation of the qualifications of all persons whose duties have a bearing on safety;
(b)  Documentation of authorization;

(c) Historical information for the review of the training programme and for implementing

corrective actions, if necessary;

(d) Documentation needed to meet regulatory requirements.
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6.3.  These records may also be used as an independent source of information for the justification of

promotions.

6.4. The records should be collected and archived in accordance with the applicable management
system requirements (see Ref. [179]).
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Annex |
THE SYSTEMATIC APPROACH TO TRAINING

I-1. The systematic approach to training (SAT) is a useful concept initially introduced for the
preparation and implementation of training programmes and the evaluation of training programmes
and trainees at nuclear power plants. Such an approach is also applicable to research reactors, as noted
in para. 4.3 of this Safety Guide, particularly those with large operating organizations. Detailed
information on the SAT can be found in the references cited at the end of this annex. The following
is a brief description of this approach, based on Ref. [I-1].

I-2. The overall goal of the SAT and the facility management is to develop the necessary competence
of personnel to operate and maintain the research reactor facility safely. The methodology of the SAT
is one that provides a logical progression from the identification of the competences necessary to
perform a job, to the development and implementation of training to achieve these competences, and

to subsequent evaluation of the effectiveness of the training.

I-3. The SAT methodology applies quality management techniques (e.g. efficiency control and
management control) to training to ensure the competence of personnel. The competences required
for every job in the research reactor facility are established (e.g. through a job and/or task analysis),
and personnel are trained and evaluated using the techniques provided in Ref. [I-1]. The quality
management characteristics of the approach enable a demonstration that all necessary competences
have been attained. The control and accountability features of the SAT process provide the
management of the operating organization as well as the regulatory body with the means of applying

standard quality management procedures and processes at any stage of the training process.

I-4. An overview of the SAT process is given in Fig. 1-1.

ANALYSIS
of jobs and training needs

v

DESIGN
of training programmes

v

DEVELOPMENT
of training material

v

IMPLEMENTATION
of training

v

EVALUATION
of training effectiveness

<«—— FEEDBACK

<«—— FEEDBACK

<«—— FEEDBACK

<«—— FEEDBACK

—» IMPROVEMENTS —

FIG. 1-1. Overview of the SAT process.
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I-5. As shown in the figure, the SAT consists of five interrelated phases, which are as follows:

ANALYSIS

I-6. The analysis phase comprises the identification of training needs and of the competences necessary to

perform a particular job.
DESIGN

I-7. In the design phase, the identified competences are converted into training objectives. These objectives

are organized into a training plan.
DEVELOPMENT

I-8. The development phase comprises preparation of all training materials so that the training objectives can

be achieved.
IMPLEMENTATION

I-9. In the implementation phase, training is conducted using the training materials that have been

developed.
EVALUATION

I-10. In the evaluation phase, all aspects of the training programme are evaluated on the basis of the
data collected in each of the other phases. This is followed by suitable feedback, leading to
improvements in the training programme. The evaluation of the training programme may also identify

necessary improvements in procedures, equipment and organization at the facility.
Implementation of the SAT

I-11. Experience has shown that implementation procedures are necessary for each of the SAT phases
to ensure quality and consistency. These procedures specify in detail the steps to be taken to complete
each phase and identify the responsibilities and qualifications of the personnel who perform the work
of each phase. Figure I-2 illustrates the implementation of the SAT process and summarizes the most
important inputs and outputs for each SAT phase from sources internal and external to the SAT
process. The analysis phase of the process is based on the characteristics of the facility and will

therefore be facilitated by good documentation.

I-12. If the SAT is to be prepared for a research reactor facility that is in the pre-operational stage,

design documents and/or documentation from a facility of similar design should be used.

I-13. References [I-1, 1-2] present guidance on the introduction by management of SAT based
training and on the SAT process for the training of operating, maintenance, management and
emergency personnel and instructors. The facility management may find it beneficial to apply the

SAT to personnel training programmes in all areas of operations.
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Annex Il

EXAMPLE OF A CURRICULUM FOR A TRAINING COURSE FOR RESEARCH
REACTOR OPERATORS

GENERAL

I1-1. Annex Il provides guidance on establishing a new training course for operators of research
reactors and provides a basis for comparison for reviewing an existing training course. It is adapted
from materials used at a large research reactor in a Member State. The training topics for a particular

reactor may vary from those given in this annex. Operators of subcritical assemblies and low power

level reactors (e.g. those with natural convection cooling and without the need for emergency core
cooling or active decay heat removal) may find that some topics listed are not applicable to such

facilities.
INITIAL TRAINING

[1-2. All reactor operators are required to have knowledge of the reactor areas under their control and
supervision and to be trained to assess the effects of their actions on reactor systems. Senior reactor
operators and shift supervisors are required to have in-depth understanding of the reactor and of the
interactions between its various systems, as well as knowledge of the administrative and organizational
provisions regarding their fields of duty. In addition, the knowledge required of reactor operators,
senior reactor operators and shift supervisors may include items specified by national regulations or

determined by the needs for facility management.

I1-3. Table IlI-1 presents the broad headings in a sample course outline for an initial training
programme. It consists of two parts: knowledge of nuclear fundamentals and facility specific
knowledge. Paragraphs 11-10 and 11-11 expand this outline by listing individual topics presented under

each heading. As already noted, some of these topics may not be relevant to subcritical assemblies and

low power research reactors. In addition, since the topics listed in para. 1I-11 are facility dependent,

some of them may not be applicable to some reactersfacilities.
DURATION OF TRAINING

I1-4. In many training programmes, candidates for the position of reactor operator are required to
participate in supervised operation of the reactor for a specified time (e.g. six months), with a portion
of that time (e.g. two months) on shift, before authorization may be sought. Candidates for the position
of shift supervisor are often required to work as an authorized reactor operator for a specific period
(e.g. one year) at the facility where authorization as shift supervisor is sought. These experience

requirements may vary in accordance with national regulations. For subcritical assemblies the type of

training and the training periods need to be adapted for each facility according to risk

I1-5. The amount of time required for training can vary widely and depends on the complexity of the
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reactor facility, the academic background and learning ability of the candidates and the teaching skills
of the trainers. Table I1-2 provides a typical schedule for instruction in nuclear fundamentals (the
italicized items in para. 11-10) for reactor operators.

ASSESSMENT

I1-6. To evaluate progress during training, several examinations (e.g. three) are often administered
after completion of the specific classroom topics such as:

— Nuclear and reactor physics and thermohydraulics;
— Fundamentals of reactor engineering and reactor safety;
— Radiation protection.

I1-7. At the conclusion of the course, a comprehensive written examination is taken, together with an

oral examination. An example of an oral examination for a reactor operator is presented in Table 11-3.
CONTINUING TRAINING

11-8. The topics to be covered in a continuing training course and the appropriate duration are highly
dependent on the facility and its operating programme. The course materials focus on recent changes
made to SSCs, administrative procedures or operating procedures, regulations, and operational limits
and conditions. Training also focuses on responses to anticipated operational occurrences and on

emergency response.

11-9. An example of a continuing training course is outlined in Table I11-4.
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TABLE IlI-1. COURSE OUTLINE FOR INITIAL TRAINING

Part A. Knowledge of nuclear fundamentals

1.

No akwd

Fundamentals of nuclear physics

1.1. Quantities, units and symbols

1.2. Structure of the atom and radioactive decay

1.3. Interaction of radiation with matter

Reactor physics

Energy release and thermohydraulics

Fundamentals of reactor engineering and reactor safety
Radiation protection

Occupational safety

Statutory bases

7.1. National regulations and international codes and standards
7.2. Radiation protection regulations

Part B. Facility specific knowledge

1.

Facility engineering
1.1. Buildings and equipment
1.2. Layout, operating modes and functions of the reactor equipment

1.2.1.
1.2.2.
1.2.3.
1.2.4.
1.2.5.
1.2.6.
1.2.7.
1.2.8.
1.2.9.
1.2.10.
1.2.11.

Reactor core, tank and/or pool and internals

Reactor cooling system

Reactor control

Control rod drives

Reactor protection system

Reactor containment system or means of confinement
Instrumentation and control systems, including alarm systems
Reactor auxiliary systems

Conventional service systems

Cooling water systems

Electric power supply systems and distribution systems

1.3. Control room

1.3.1.
1.3.2.
1.3.3.

Control room and auxiliary control stations
Control room engineering
Computer systems

Facility operation
2.1. Facility control
2.2. Core management
2.3. Abnormal operating events
2.3.1. Malfunctions of important facilities
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TABLE II-1. COURSE OUTLINE FOR INITIAL TRAINING (cont.)

2.3.2. Anticipated operational occurrences and incidents
2.3.3. Unforeseen event sequences
2.4, External events
2.5. Radiation protection and monitoring
2.6. Environmental monitoring
2.7. Facility chemistry
2.8. Access control
Administrative requirements
3.1. Conditions imposed and directives issued by the authorities
3.2. Operating manual
3.3. Organization of operation
3.3.1. Control room and shift duty rules
3.3.2. Alert plans
3.3.3. Other operating rules

TABLE I1-2. EXAMPLE OF A SCHEDULE FOR TRAINING IN NUCLEAR FUNDAMENTALS

FOR REACTOR OPERATORS

Topic No. of hours
1. Fundamentals of nuclear physics 32
2. Reactor physics 41
3. Energy release and thermohydraulics 48
4. Fundamentals of reactor engineering and reactor safety 13
Two week self-study period

4. Fundamentals of reactor engineering and reactor safety 31

(continued)

5. Radiation protection 62
6. Occupational safety 7
7. Statutory basis 10
8. Summary and recapitulation workshops 60
Total class hours ~300
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TABLE 11-3. EXAMPLE OF A FACILITY SPECIFIC ORAL EXAMINATION FOR REACTOR
OPERATORS

1. Examination by means of questioning

Duration: As long as necessary to reach supportable conclusions about the candidate.

1.1.  Short description of the facility using plans or exploded view placards.

1.2.  Three questions taken from the facility knowledge ‘question catalogue’, with emphasis on the
subjects of dealing with accidents and procedures relating to radiation protection (using_visual aids
overhead-transparencies; when appropriate, prepared beforehand).

2. Examination by means of practice oriented presentations

Duration: As long as necessary. Place of examination: The control room and various locations in the
reactor hall, as appropriate. Examinees are questioned individually on Sections 2.1-2.3, as follows. Note:
When the reactor is in operation, some demonstrations may have to be simulated.

2.1.

2.3.

Explanations of selected components of the coolant circuitry and systems, the reactor protection
system and the reactor instrumentation in their functional context. As applicable to the facility, eEach
item below is discussed near the appropriate panel or observation point:

(a) Air conditioning panel;

(b) Fuel element temperature display panel;

(c) Nuclear instrumentation;

(d) Coolant circulation control panel;

(e) Power supply circuit panel;

(f) Fire extinguishing system;

(g) Leak detection indication panel and emergency core cooling system;
(h) Trip interlock panel;

(i) Radiation protection instrumentation panel;

(J) Test units for the coarse control rod bank and the fast shutdown system;
(k) Control desk.

. Demonstration of knowledge of the system and procedures by performing a pre-startup checkout,

reactor startup, a power adjustment except in the case of a subcritical assembly (from low power to
exactly full power) using the basic stepwise procedure, and reactor shutdown.

Discussion of an accident scenario; application of the operating manual with facility walkthrough as
appropriate.

2:3-2.4.  InFhe-above-examples-need-to-be-adapted-to the case of a subcritical assemblyies, discussion

of amount, type and geometry of nuclear fuel and the effective multiplication factor.-operators-
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TABLE 11-4. EXAMPLE OF A CONTINUING TRAINING COURSE FOR RESEARCH REACTOR OPERATORS,
SENIOR OPERATORS AND SHIFT SUPERVISORS

Relevant topics — Theoretical part

Nuclear
fundamentals

Facility related reactor physics
Thermohydraulic aspects of the reactor
Operating procedures

Radiation protection aspects of the facility
Chemistry of the coolant circuit

Reactor engineering

Power supply in the facility

Reactor protection system and observation of safety instructions
Instrumentation and electronic systems

Instrumentation and mechanical systems

Neutron absorbers in the reactor

Coolant system circuitry

Experience from other similar reactors

Experimental facilities

Reactor fuel

Physical and engineering principles of measurement techniques in research
reactors

Recording and processing of data

Regulations and
organization

General safety rules at the centre; protection against external events
Organization, competent authorities and responsibilities
Authorizations, notifications and reporting

Plans for maintaining professional knowledge

Administration

Regulations relating to accident prevention

Respiratory protection

Recapitulation of facility safety and radiation protection services

Relevant topics — Practical part

Operational practice

Handling and replacing of fuel elements, neutron absorbers and experiments
Use of portable radiation protection instruments in the facility
Employment of facility specific electronic data processing

Operational aspects
of reactor coolant
circuitry and related
systems

Applicable operational limits and conditions

Response to postulated anticipated operational occurrences
Response to postulated emergency conditions

Recent modifications to the coolant system

General practical
topics

Reactor alarm — exercise
Fire alarm — exercise
First aid — course

Special topics — Theoretical part

e Operating procedures, operating manual
e Service procedures, inspection manual
e Fault analysis, reportable occurrences

Special topics — Practical part

Self-performance or partaking in periodic tests and in-service inspections in accordance with the
inspection manual, under the supervision of the reactor manager or qualified operator
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TOPICS FOR INITIAL TRAINING IN NUCLEAR FUNDAMENTALS

11-10. This paragraph provides an expansion of the individual topics which are presented in Table I1-
1 under Knowledge of nuclear fundamentals. The topics in italics apply to reactor operator, senior
reactor operator and shift supervisor training. The remainder apply only to senior reactor operator and

shift supervisor training. The numbering used reflects the structure in Table 11-1.
1. Fundamentals of nuclear physics

1.1. Quantities, units and symbols
— Explanation of the quantities used in nuclear engineering, including associated symbols.

1.2. Structure of the atom and radioactive decay
— Structure and model of the atom, nuclear charge and mass number;
— Definitions of isotope, nuclide, neutron, proton, electron and gamma quantum;
— Types of radiation (a, B, v, n);
— Changes in the nucleus and related energy transfer associated with a, 3, y and n decay;
— Decay laws for the chart of the nuclides and decay chains.

1.3. Interaction of radiation with matter
— Interaction of o and B radiation with matter;
— Cross-sections;
— Reaction rates;
— Shielding of y radiation;

— Interaction of K y radiation (energy transfer, secondary radiation, scattered radiation) and

neutrons (scattering, capture, fission) with matter;
— Neutron sources;
— Qualitative relation between temperature and kinetic neutron energy;
— Shielding against neutrons;
— Process of nuclear fission and binding energy;
— Fission cross-sections and their dependence on neutron energy;
— Definitions of fission product and activation product;
— Breeding and conversion processes;
— Description of the most important fissile and fertile nuclides.
2. Reactor physics
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— Chain reaction;
— The 4-factor formula and its extension to the real reactor;

— Multiplication factors (Keff, kx);

—Reactivity (in relation to the multiplication factor) and effects of
moderator, reflector and coolant;
—Prompt and delayed neutrons (definitions, production and impact on control of the reactor);
— Delayed neutrons of the most important fissile nuclides and delayed neutron fractions;
— Approach to criticality;
— Definitions of ‘critical’ and ‘prompt critical’;
— Changes of neutron flux at or near the critical or prompt critical state;

— Definition of stable period and qualitative treatment of reactor period, or relative rate of flux

change;
— Definitions of ‘stationary’, ‘transient’ and ‘transitional behaviour’;
—Relation between neutron flux and reactor power;

— Methods of measuring neutron flux; impact of changes in the density of the moderator and

reflector on the neutron flux;

— Qualitative treatment of the distribution of the neutron flux over the core and in the proximity

of a fuel element and a control element;
— Dependence of reactivity on fuel temperature, coolant or moderator

density (steam voids), reactor power, sample irradiation and reflecting materials, and time

behaviour of the contributors to reactivity effects;
— Dependence of the reactivity coefficients on fuel burnup;

— Qualitative treatment of subcritical and critical reactor operating behaviour and behaviour in

the various power ranges;
—Xenon poisoning (definition, buildup process via fission products,
dependence on neutron flux and fuel loading, behaviour with time and influence on reactivity);
—Reactor control, burnable absorbers and control elements;
— Monitoring the core behaviour of the subcritical or critical reactor;
—Neutron source (purpose and effect);

— Reactivity balance (qualitative treatment), excess reactivity and shutdown margin;



3.

4.

— Conduct of critical experiments.
Energy release and thermohydraulics

— Properties of water;

— Flow resistances in pipes and valves;

— Flow measurements by orifices;

— Operating principles of centrifugal pumps,operating limits, pump operation in a pipeline and

pump cavitation;
— Definitions of ‘critical heat flux’ and ‘hot spot’;
— Critical heat flux ratio, bulk boiling, nucleate boiling and film boiling;
— Mechanisms of heat transfer;
— Heat transfer from cladding to water;
— Heat transfer capability of heat exchangers;

— Heat conduction in the fuel and heat transfer from the fuel to the coolant (qualitative

treatment);

— Qualitative treatment of energy distribution in the fuel, moderator, coolant, core internals and
shielding during operation and after shutdown, depending on the type of radiation and as a

function of the reactor power history;
— Generation of heat in fuel, moderator and reactor structures;
— Natural circulation (single phase) and limits of natural circulation;
—Physical behaviour of air—steam mixtures (qualitative treatment).
Fundamentals of reactor engineering and reactor safety
—Basic layout and characteristics of a research reactor;

—Hazards involved in the use of nuclear energy (fission product inventory and uncontrolled

reactivity) and risks;

— The concepts of normal operation, anticipated operational occurrences and incidents or

events;
— Safety concepts, single failure criterion and quality assurance (management system);
— Defence in depth;
— Common mode failure;

— Residual heat removal during normal operation, following the failure of the main heat sink,

and during loss of coolant accidents;
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—Basic layout and function of the barriers against the release of radioactive
material into the building and to the environment;
— Material ageing;

— Definitions of ‘inherent safety’, ‘redundancy’, ‘diversity’, ‘fail-safe principle’, ‘energize and de-
energize to trip principle’, ‘active fault’, ‘passive fault’ and ‘self-reporting fault’ (with

examples);

— Mode of operation and purpose of important active and passive safety systems in research

reactors;
— Impact of faults on the measuring system for the display of data;
— Conditions necessitating activation of the reactor protection system;

— Anticipated typical event sequences that may pose hazards to the personnel in the building, to
the facility, including damage to the reactor core, and to the environment during normal

operation, anticipated operational occurrences or incidents and events;
— Postulated initiating events;
— Basis for operational limits and conditions.
5. Radiation protection
—Hazards arising from radiation and the purpose of radiation protection;

— Explanation of the terms ‘activity’, ‘specific activity’, ‘activity concentration’, ‘half-life’,
‘contamination’, ‘half-value thickness’, ‘activation’, ‘incorporation’, ‘inhalation dose’, ‘ingestion

dose’ and ‘submersion dose’, ‘dose rate’, ‘equivalent dose’, ‘effective dose’;

—Modes of operation, uses and limitations of radiation measuring instruments and equipment
(ionization chamber, proportional counter tube, Geiger—Muller tube, scintillation detector,
semiconductor detector, neutron detector, film badge, multisphere dosimeter and pocket dosimeter
for measurement of doses in the B and n radiation fields and for the measurement of surface

contamination (by o and 8 radiation and y spectroscopy);
—Radiation fields;
—Unsealed and sealed radioactive materials in the facility and their handling;
— Exposure to natural radiation (sources and intensity);

— Dose limits for occupationally exposed persons in the monitored facility area and in the restricted
access area and during events, and for radiation exposure of the public due to the discharge of

radioactive material to air or water;

— Lethal doses;
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6.

— Limits for the maximum permissible activity of radioactive material discharged to air or water;
— The limit on activity of annual intakes into the body;
— Protective measures in the case of surface contamination of the workplace or objects;
—Hazards arising from the intake of radioactive material (preventive and

subsequent measures, loads and measuring methods);

— Measures to prevent contamination (of body, clothing, tools and equipment) and decontamination

measures;

—Protective measures to be applied until the arrival of radiation protection personnel (control

measures, security measures and decontamination of persons);

— Measures and equipment for individual monitoring, time intervals for individual dose reviews and

medical examinations of persons exposed to radiation;

— Protective measures and behaviour (such as the use of time, distance, shielding, protective clothing
and respirators) for minimizing radiation exposure while working in radiation areas or

contaminated areas (in exclusion areas and restricted access areas and during maintenance work);
— Cooperation with the radiation protection officer and staff.
Occupational safety
— Relation between operational reliability and occupational safety;
— Compliance with occupational safety principles;

— Statutory basis for job related occupational safety, and provisions and rules important to

occupational safety;
— Characteristic hazards and the prevention of accidents;
— Persons responsible for occupational safety measures;
— Duties and responsibilities of occupational safety officers and safety professionals;
— Basic measures and procedures for maintenance work (work permit procedures);
— Measures in the case of personal injuries, focusing on accidents involving radiation;
— Fundamentals of fire prevention and firefighting at research reactors,

including behaviour in fires and basic features of fire alarms.

Statutory basis

7.1. National regulations and international codes and standards

— Licensing requirements;
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— Operating requirements;
— Changes in the facility or in its operation that require regulatory review and approval,
— Access authority of the agents of the regulating body;
— IAEA safety standards;
— IAEA Code of Conduct on the Safety of Research Reactors;
— Publications of the International Commission on Radiological Protection.
7.2. Radiation protection regulations
— Access to radiation protection regulations;

— Major provisions of the radiation protection regulations and their implications for the
facility;

— Positions and duties of the radiation protection personnel;

— Radiation protection directives;

— Measures to be taken during and following events to mitigate their consequences;

— Facility instructions, definition of ‘controlled area’, ‘supervised area’

and ‘monitored area’;

— Protection of air, water and soil, and environmental surveys;

— Disposal of radioactive waste;

— Occupational radiation exposure;

— Accounting for other radiation exposures;

— Prohibitions and restrictions on work;

— Local dose measurements and control of access to supervised and controlled areas.
TOPICS FOR INITIAL TRAINING IN FACILITY SPECIFIC KNOWLEDGE

I1-11. This paragraph provides an expansion of the individual topics which are presented in Table 11—
1 under Facility specific knowledge. The topics in italics apply to reactor operator training, senior
reactor operator training and shift supervisor training. The remainder apply only to senior reactor

operator and shift supervisor training. The numbering used reflects the structure in Table I1-1.
1. Facility engineering
1.1. Buildings and equipment
— Safety analysis report for the facility;

— Layout and functions of buildings, access, locations of systems and components with
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particular consideration of the engineered safety features (emergency cooling and residual

heat removal);
— Operation and functional modes of equipment important to safety

(e.g. airlocks, escape doors, fire protection doors, fire alarms, firefighting equipment,
smoke exhausts and emergency equipment);

— Escape routes, meeting points, traffic routes, fences and surveillance equipment;
— Accessibility of facility compartments during reactor operation and after shutdown;
— Locations and functions of fire extinguishing equipment.
1.2. Layout, operating modes and functions of the reactor equipment
1.2.1. Reactor core, tank and/or pool and internals

— Tasks, functional modes, arrangement and layout of the major components (e.qg. fuel
elements, neutron sources, in-core instrumentation, control elements including drives

and experimental facilities);
— Interpretation of instrument data to determine the operating state.
1.2.2. Reactor cooling system

— Tasks, functional modes, arrangement and layout of heat exchangers, pipes, reactor
coolant pumps, isolation valves, safety valves and blowdown valves; design and

operating data;

— Energy sources and sinks; heat transport during operation and after shutdown or in

natural circulation mode;

— Interpretation of data for the determination of the operating state; modes of
operation; effect of the mode of operation on components of the reactor cooling
system and adjacent systems; initiation of corrective action in the case of

malfunction.
1.2.3. Reactor control
—Principles and functional modes;

— Effect of the control system on reactor systems; initiation of corrective action in the

case of malfunction;

—Modes of operation (manual and automatic, normal and reduced power) and

functions (limitations of the control system, maximum values and interlocks).
1.2.4. Control rod drives

—Tasks and functional modes of control rod drives; scram mechanism and the scram
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system;
— Checks for operability; initiation of corrective actions in the case
of malfunction;
— Rates of motion and drop times of the control elements.
1.2.5. Reactor protection system
— Postulated initiating events from the safety analysis report;

—Tasks, layout, functional modes and logic, monitoring for operability and
functionality, and detection of malfunctions;

— Initiation of reactor protection signals and interpretation of the facility status;
— In-service inspections and surveillance.
1.2.6. Reactor containment system or means of confinement

— Tasks and functional modes of confinement including building isolation, and

arrangement of components and systems;
—Ventilation; initiation of corrective actions in the event of malfunction;
— Containment design limits and maintenance of negative pressure;
— Arrangement of the building isolation valves;
— Effect of building isolation on other reactor systems.
1.2.7. Instrumentation and control systems, including alarm systems

— Purpose of the instrumentation of active and passive safety systems and the associated

alarm annunciation;
— Measuring methods;
— Design limits of the instrumentation and alarm system.
1.2.8. Reactor auxiliary systems

—Purpose; modes of operation; layout of the components; interpretation of data for the
determination of the operating state; possible modes of operation; effects of system
operation on other reactor systems; and initiation of corrective actions in the event of

the malfunction of any of the following systems:
= Coolant purification and degassing system;
- Reactor pool cleanup and purification system;

- Residual heat removal system;



1.3.

- Emergency cooling system;

- Containment spray system;

- Ventilation system for the restricted access area and associated filter systems;
- Shield cooling system;

- Exhaust gas system;

= Nuclear closed cooling system;

- Off-gas system;

- Sampling systems;

- Fuel pool cooling and purification system;
- Coolant treatment and storage system;

- Wastewater collection system.

— Initiation criteria and manual activation of the emergency cooling and residual heat
removal system; containment spray system; ventilation system for the restricted access

area; and off- gas system.
1.2.9. Conventional service systems

— Purpose, modes of operation and location of the components of the fire extinguishing
systems, air conditioning systems and ventilation systems. Purpose of the associated

instrumentation.
1.2.10. Cooling water systems

— Purpose, modes of operation and location of the major components of the cooling

water system. Purpose of the associated instrumentation.
1.2.11. Electric power supply systems and distribution systems
—Purpose, modes of operation and location of the components of the electrical systems;
— Conditions requiring use of the emergency power supply with
essential power supplies and bus bars;
—Emergency power loads essential for safety;
— Auxiliary power supply and important loads and connections.
Control room
1.3.1. Control room and auxiliary control stations

—Physical arrangement of the control room, including the location of systems and
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equipment. Operation of recorders and parameters recorded by control room

equipment and auxiliary control room equipment.
— Meaning of information displayed on the reactor protection panel.

— Diagnosis of facility conditions from instrumentation readings on the reactor
protection panel. Purpose and location of the auxiliary control panels, including the

emergency control room. Auxiliary control panel for experiments.
1.3.2. Control room engineering

—Meaning of displays, signals, codes and actuation equipment, and their association

with respective systems or components;
— Meaning and operating conditions of key operated switches;
— Malfunctions of control room equipment and corrective actions;
— Operation and meaning of the annunciation system.
1.3.3. Computer systems
— Safety significant tasks of the facility computer systems;
— Interface of the computer systems with the balance of the facility;
— Interpretation of computer logs.
2. Facility operation
2.1. Facility control

— Startup and shutdown of the reactor from various initial conditions, and operation at

power in compliance with operating requirements;
— Operating transients and facility behaviour;
— Important data for startup and shutdown;
— Effect of changes in secondary side operating parameters on primary side operation;
— Critical heat flux;
— Operating procedures for individual systems, including surveillance and testing;

— Interpretation of and changes in data to determine the facility status, including detection

of malfunctions in individual systems;

— Interpretation of signals that indicate system malfunctions and incidents; automatic

actions that occur and possible manual actions;
— In-service inspection of safety systems (and scope and dates of

inspection) in accordance with facility requirements;
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— Operation and monitoring of air locks and the facility ventilation system;

— Operation of fire extinguishing equipment and respirators, and other firefighting measures;
operation of the fire protection panel in the control room;

— Responsibilities of shift personnel in handling fuel elements during refuelling and critical

experiments;
— Prescribed measures in respect of the discharge of liquid and gaseous
effluents.
2.2. Core management
— Core management programme, including core operation and monitoring;
— Refuelling process and refuelling programme;
— Handling and storage of fresh and irradiated fuel;
— Fuel handling facilities and procedures.
2.3. Abnormal operating events
2.3.1. Malfunctions of important facilities

— ldentification, consequences and measures to be taken in the event of malfunctions

of:

- Circulation pumps;

- Intermediate (closed) cooling system;

- Reactor control system;

= Reactor protection system;

= Reactor cooling system;

= Instrumentation;

- Means of confinement or containment isolation for the reactor;
- Radiation measuring systems;

= Vents, drains and sumps containing radioactive material;
= Reactor auxiliary systems;

- Coolant purification system;

- Emergency cooling and residual heat removal systems;

- Ventilation systems in areas of controlled access;

- Off-gas system;
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= Conventional service systems;

- Cooling water systems;

- Various emergency power supply systems and essential power supply bus bars.
2.3.2. Anticipated operational occurrences and incidents

— Determination of facility status with focus on subcriticality and removal of residual
heat from the reactor core;

— Verifying the performance of safety systems;

— Necessary measures for ensuring long term subcriticality and removal of residual heat

from the reactor core;

— Interaction of various safety systems during anticipated
operational occurrences and incidents;

— Manual actions during anticipated operational occurrences and incidents;

— ldentification and development of sequences leading to malfunctions and incidents

and their effects on reactor operation, the facility and the environment;
— Methods used for the determination of causes of incidents;

— Interpretation of annunciators and recorded data for the identification of causes of

anticipated operational occurrences and incidents;

—Measures for elimination of the causes of incidents, and minimization of effluents

released and application of incident related procedures;
— Abnormal sequences in operation and incidents that have occurred at the facility;

—Reactivity related incidents: malfunctions causing reactivity addition; unintentional
withdrawal of the highest worth control element or the highest worth effective group or

bank of control elements in various operating states;
— Dropping out or ejection of a control element owing to malfunctions in power control;

— Malfunctions in heat removal: reduced cooling of the reactor core; failure of the heat

sink; failure of the heat exchanger;
— Loss of coolant: loss of reactor coolant inside the reactor

containment or means of confinement; rupture of a pipe containing reactor coolant;
leakage from the reactor coolant pressure boundary and breakage of connecting pipes;

malfunctions of valves; and loss of reactor coolant to adjacent systems;

— Other malfunctions: activation of alternative shutdown measures following failure of



the protection system;
— Failure of the emergency power supply (short term and long term);
— Incidents in the handling and storage of fuel elements;
— Incidents involving experiments and their effects on the reactor.
2.3.3. Unforeseen event sequences

— Design limits of components and systems important to event sequences and the safety
of the facility, such as the reactor tank, heat exchangers, emergency core cooling

systems and residual heat removal systems, and containment or means of confinement;

— The basis of protection: to maintain subcriticality, to maintain coolant over the core, to
ensure heat removal from the reactor cooling system, to ensure the confinement of

radioactive material and to maintain the auxiliary power supply;

—The facility specific data ranges (safety parameters) that show that the basis of

protection is met;

— The functions (safety functions) that provide the basis of protection, such as reactor
scrams, emergency core cooling, containment isolation or isolation of the means of

confinement, and conditions that could affect their effectiveness;

— ldentification of incipient core damage such as by means of core outlet temperatures

and radioactivity in the primary system;

— ldentification of limits (safety parameters) that, when exceeded, challenge the basis
of protection and are indicative of failures or an ineffectiveness of safety functions,
such as limits on neutron flux measurements, reactor vessel coolant level, reactor
coolant outlet temperatures, fuel element temperature, main steam pressure, exhaust

air activity and voltage of emergency bus bars;
— Acceptable substitutes for the safety functions important to the basis of protection;

— Use of substitute safety functions when critical states have been identified and primary

safety functions have failed or are degraded.
2.4. External events
— Identification of and measures to take in the case of external events

(e.g. flooding, earthquake, aircraft crash, explosion, toxic or explosive gases in the

environment).

2.5. Radiation protection and monitoring
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— Use of measuring instruments for personnel monitoring and radiation protection;
— Personnel monitoring requirements at the point of access to the
restricted area;

— Functional modes and use of the radiation protection measuring instruments by shift

personnel; identification of exclusion areas and provisions for access to them;
— Radiation protection measures when working on experiments;

— Monitoring of levels of radiation of airborne radioactive material and effluents from
exhaust systems.

2.6. Environmental monitoring

— Measuring instruments for environmental monitoring (e.g. of liquid waste, gaseous

effluents or meteorological data) and displays or alarms in the control room;

— Measures to be taken in the event of increasing activity in liquid waste or gaseous effluents;

monitoring of the activity of airborne radioactive material discharged via the facility stack.
2.7. Facility chemistry
— Monitoring of the chemistry of various systems.
2.8. Access control
— Control of access of shift personnel to individual buildings or compartments.
Administrative requirements
3.1. Conditions imposed and directives issued by the authorities

— Conditions imposed and directives issued by the authorities with regard to shift operation
(approved limits on activity levels, reactor protection limits and boundary conditions for

operation);
— Measures in the event of violation of approved limits.
3.2. Operating manual

— Structure, contents and use of the operating manual, including safety specifications,

additional plans, drawings and descriptions;
— Surveillance of safety related systems in accordance with the inspection manual.
3.3. Organization of operation
3.3.1. Control room and shift duty rules
— Safety culture;

— Mandatory documentation;



— Reactor logbook content;
— Scope of duties of persons on shift;
— Powers and authorities within a shift;

—Powers and authorities of senior management, other managers and radiological

protection officers with respect to personnel on shift.
3.3.2. Alert plans
— Alarms and alarm equipment at the research reactor facility;
— ldentification of and response to alerts;
— Conditions and responsibilities for initiation of an alarm;
— Notification of standby personnel and authorities.
3.3.3. Other operating rules

— Details, duties and responsibilities of shift personnel for rules concerning

maintenance instructions; radiation protection instructions;
— Guard instructions and access instructions;
— First aid instructions;

— Fire protection instructions.
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