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Abstract

The paper outlines the main staffing requirements for the new generation power units with
nuclear reactors. These requirements were developed taking into account IAEA recommendations.
NPP staffing structure is described, including the main and auxiliary personnel. The main principles
of personnel number determination are given. Special attention is taken to the issues of personnel skill
and training, including both theoretical education and practical work on the power units in operation.
The use of simulators, system of knowledge control and structure of training are considered.
"Shopless" staffing structure approach is proposed for the NPP, assuming that the main scope of
repair work is performed by the central repair organization, thus increasing the quality of repair and
decreasing the number of personnel on the plant. Data are given on the personnel number for the
VVER-640 and the BN-800 reactor designs. Specialists of the "ATOMENERGOPROJECT" Institute
started their work on staffing on the early development stage of the basic design of VVER-640 reactor
power unit which is the forerunner of the new generation reactors. This work was based on the
approaches taken by the chief engineers of NPPs in operation during their meeting held in 1989 in
Kalinin NPP. On this meeting definite decision was taken on changing over to involving manufacturer
in the repair work of NPP components using manufacturer's technology. In 1992 the meeting of
representatives of suppliers of the main components was held where representatives of
"ATOMENERGOREMONT" and "LENENERGOREMONT" were present. The suppliers agreed on
carrying out repair works on the components they produced. For this purpose special departments
were set up having some experience. This repair work is already carried out by
"ATOMENERGOREMONT" on some nuclear power plants. "LENENERGOREMONT" has gained
considerable experience on this kind of repair work on the turbines of LO-1 and LO-2 NPP in Finland.
Within the framework of agreement with SPB AEP, VNIIAES determined manpower (man-hours) of
maintenance and repair works and gave recommendations on the structure of NPP management and
number of repair personnel and personnel which should be involved for the repair of 3rd category
components and comprehensive inspection of the reactor in case of total unloading of the core. Also,
experience gained in designing of Loviisa-1 and Loviisa-2 NPP for Finland (in cooperation with IVO
company) assuming shopless management structure and components repair made by the involved
companies was taken into account. As a result of these efforts, the concept of staffing of VVER-640
reactor NPP was developed and approved. This concept was based on the following points:

- repair of the 1st category components (routine repair) is carried out by the NPP repair personnel;
- repair works on 2nd category (medium) and 3rd category (capital) components are carried out by

the manufacturers under agreement with the NPP;
- epair works mentioned in the previous point are fulfilled by "ATOMENERGOREMONT' (in the

restricted access areas) or by "ENERGOREMONT" local company of the NPP region;
- incoming inspection was adopted for the components delivered to the NPP. The suppliers are

informed on their obligation to eliminate all defects revealed on the stage of the incoming
inspection (either on the NPP site or in the manufacturer's). For instance, hydraulic lock of
Loviisa NPP was returned to Leningrad hydromechanical works for repair;

- applications for the component improvement to meet new safety standards include requirements
on the components quality and provision of diagnostics means allowing repair works to be
fulfilled with respect to the current component conditions;
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- according to the new General safety requirements OPB-88/97, components of safety related
systems of 1H, 2H and 3H grades are monitored by the Atomic Safety Authority of Russia,
quality assurance program being provided;

- shopless management structure has been adopted eliminating duplication of some working posts;
- requirements to the leaks in the valves and components have been increased allowing decrease of

the liquid radioactive waste amount and hence decrease the number of personnel involved in its
solidification procedure;

- requirements on the components maintainability have been increased.

1. ORGANIZATIONAL STRUCTURE OF THE NPP

Organizational and technological structure of the NPP and repair work organization are
based on No.2 approach recommended by the IAEA safety manual No. 50-SG-016 "Choice,
training and permit for work of the NPP personnel", i.e. shopless structure assuming
involvement of external organizations.

The adopted management structure assumes independence of personnel from the high
level managers who are not directly responsible for the operating safety.

The NPP personnel work schedule is based on the shift approach, thus allowing strict
division of responsibilities and powers between different departments and persons. The
personnel is responsible for the safety of technology.

The following organizational structure has been adopted for the new generation NPPs:

- Authorities;
- Operation service;
- Repair and maintenance service;
- Engineering service;
- Group of quality assurance;
- Administration and management service;
- Administration and supply service;
- Auxiliary service.

Authorities:

NPP authorities include:

- Director;
- Chief Engineer.

There are two Deputy Directors, namely:

- Deputy Director on economics - Head of administration and management service;
- Deputy Director on the general issues - Head of administration and supply service.

There are three Deputy Chief Engineers, namely:
- Deputy Chief Engineer on the routine management - Head of operation service;
- Deputy Chief Engineer - Head of repair and maintenance service;
- Deputy Chief Engineer on safety and reliability.

NPP Director is the chief representative of the utility (ROSENERGOATOM Concern).

NPP Chief Engineer is an engineering leader responsible for:

- required engineering level of safe and reliable NPP operation;
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- organization of works on nuclear safety assurance;
- personnel training;
- organization of works on fulfillment of quality assurance program during NPP operation;
- observation of safety rules, instructions and recommendations by the personnel.

Operation service:

Operation service includes:
- Operational management;
- Training station;
- Personnel.

Head of the Operation Service is Deputy Chief Engineer on the operation management
responsible directly for the plant operation within operating limits and conditions. He provides
observation of the rules of safety and radiation shielding, as well as instructions and
procedures specified by "ROSENERGOATOM" Concern for the sake of safety.

Operation service is involved in the tasks necessary for the plant operation.

Personnel fulfill procedures on management of the process of electricity production.

The plant is run by the shift personnel controlled by the shift head of the power unit.

Operation control is fulfilled from the central control board and local control boards of
auxiliary facilities.

Strict division of functions exists between personnel members.

In order to assure communication between operation and administration personnel,
telephone, loud speakers and some other channels are provided.

Head of shift leads the shift personnel and controls the plant operation according to the
approved instructions and procedures described in the related documents.

Control board operator is responsible for controls operation in the control room
according to the operating instructions.

System operator is responsible for control over the procedures related to the operation
outside the control room also in accordance with the operating instructions.

Repair and maintenance service:

R&M service includes:

- division of R&M planing and coordination;
- group of engineering service of thermal and mechanical components;
- group of electrical equipment;
- repair and building group;
- group of engineering service of heat supply components, underground networks,

ventilation and air conditioning systems;
- auxiliary personnel group;
- nitrogen facility;
- group of radioactive waste solidification;
- communication group;
- radiometry and radiation monitoring laboratories;
- special laundry and chemical cleaning station;
- decontamination group.
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The head of R&M service is the Deputy Chief Engineer on R&M works responsible for
maintenance, repair, modification and replacement of the components.

R&M service develops schedules of components maintenance and registers results of
works. This service chooses the required tools, materials and spare parts for the sake of
maintenance work on the plant and prepares related applications. This service assures
fulfillment of all works according to the rules and procedures of "ROSENERGOATOM"
Concern and State Atomic Safety Authority of Russia.

Engineering service

Engineering service includes:

- safety group;
- chemical group;
- designers group;
- dose control group;
- information group;
- adjustment group.

The head of engineering service is submitted to the Deputy Chief Engineer on R&M.

Engineering service personnel fulfills the following functions:

- providing regulatory documents of NPP personnel;
- monitoring of all works performed on the NPP, presented in the quality assurance

program, inspections and feed back provision to the NPP authorities;
- checking observation of the NPP nuclear safety requirements and environment control

standards;
- spectrometry and radiometry monitoring of gas release, and chemical monitoring of the

environment;
- internal radiation dose control;
- consultations of the authorities on the requirements to radiological shielding, devices and

methods of its arrangement;
- all kinds of chemical and radiochemical analysis related to the NPP operation;
- development and observation of the rules of personnel protection during work on the NPP

site;
- measurements of neutronic and thermophysical parameters of the reactor core;
- evaluations made for substantiation of reactor refuelings, determination of conditions of

storage and transport of fresh and spent fuel, incoming inspections of the fuel
subassemblies, etc.

Group of quality assurance:

This group fulfill the following functions:

- arrangement and monitoring of activity related to the quality assurance of all services and
works related to safety;

- development of the program of quality control of works, inspections and tests;
- cooperation of the NPP personnel with the involved organizations in all issues of quality

assurance during operation and repair works.
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Administration and management service:

Administration and management service includes

- planning group;
- book-keepers group;

The head of administration and management service is Deputy Director on the
economics.

This service provides general management of all main activities of the NPP, namely:

- registration of cost and technological parameters;
- analysis of financial and economical activities;
- monitoring agreements;
- making up estimates;
- making up calculations;
- book keeping;
- bank operations;
- analysis of financing activities;
- monitoring of finance use;
- calculation of wages;
- making reports to the inspecting bodies.

Administration and supply service:

Administration and supply service includes:

- administration and supply group;
- staff department.

The head of administration and supply service is Deputy Director on the general issues.

Personnel of administration and supply service fulfill the following functions:

- storage, monitoring and providing documents in the NPP (drawings, reports, instructions,
etc.);

- supply activity related to maintaining required conditions of NPP working premises and
site territory;

- registration and transfer of correspondence;
- transport service;
- supply of furniture, office equipment and materials.

2. APPROACH TO DETERMINING STAFFING NUMBER

The number of the NPP personnel required for fulfillment of the above functions is
determined taking into account the adopted concept and the IAEA recommendations.

As it has been mentioned above, NPP is run directly by the personnel arranged in the
shifts.

The following factors are taken into account for determining personnel number:

- five shifts and six shifts work schedule, each worker being engaged eight hours during the
day with five working days in a week;

- sliding working schedule, rest-days, vacations and sick-leave days;
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- extension of vacation for those who work in the limited access area;
- personnel training in the training center,

Taking into account all mentioned above six or five workers are assumed for each
working place.

Thus, the main staffing of the new generation VVER-640 reactor power unit is 529
persons.

The category of auxiliary staffing includes:

- capital building management board;
- equipment delivery group;
- equipment incoming inspection group;
- inspection group;
- medical personnel;
- fire safe guard;
- military guards.

The auxiliary staffing is 92 persons.

Beside the NPP personnel there are the following staffing invited from the other
organizations:

- repair personnel - 600 persons;
- representatives of manufacturers -30-49 persons;
- supervisors from inspection organizations - 15-20 persons;
- representatives of repair organizations - 5-10 persons;
- personnel of auxiliary services, such as guard, cleaning of premises, maintenance of

dwelling area, etc.

The staffing factor of the new generation power unit with VVER-640 reactor is equal to
0.8.

For the second line of Kola NPP consisting of two VVER-440 reactor power units, the
staffing factor is 1.2, while the value for the total NPP is 2.0.

All NPPs with VVER-1000 reactors in operation have staffing factor of 1.4.

3. PERSONNEL QUALIFICATIONS

Before the personnel is entrusted with obligations and responsibility to the maximum
extent, they should gain the appropriate qualifications.

The qualification can be evaluated by the number of working years.

According to the basic design requirements, NPP director should have working
experience of 10 or 15 years with increasing responsibility at the power plants including at
least 2 years working at the nuclear power plants.

The head of operation service should have 8 to 10 years of working experience with
increasing responsibility at the power plants including at least 2 years working at the nuclear
power plants.
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The head of shift should have 6 to 8 years of working experience including shift
management at the power plants including at least 1 year working at the nuclear power plants.

Head of R&M service, head of engineering service and head of training center should
have 4 or 6 years working experience at the power plants including some experience gained at
the NPP.

As far as staffing qualification is concerned, there is no difference between the IAEA
manual No.50-SG-016 and Russian regulatory documents.

Final safety report issued by each NPP includes qualification of the persons assigned for
the key management and supervision positions at the NPP. Each person is characterized in this
document from the standpoint of education, training and practical experience (including every
permit obtained from the Russian Atomic Safety Authority).

4. TRAINING

In the basic design of the new generation reactor, special council on training work is
envisaged at the NPP. This council would coordinate training work and develop general
training and skill maintenance program to be approved by the Russian Atomic Safety
Authority. The schedule of training will be worked out taking into account different categories
of personnel.

The program of training and skill maintenance would assure profound knowledge of
theoretical basis and practical training in the NPP operation. The required scope of knowledge
and skill would be determined for each position according to its specific tasks.

The training programs would include:

- incoming inspection of engineering knowledge for each position;
- psychological and physiological checking;
- theoretical education;
- practical training at the operated power unit;
- training on simulators;
- examination.

5. INCOMONG INSPECTION OF ENGINEERING KNOWLEDGE

The goal of the incoming inspection is to determine sufficiency of engineering
knowledge of the personnel for their work at the specified positions.

The incoming inspection is carried out by means of interview, tasks or tests.

The training council distributes personnel in the groups according to the experience
gained by individuals:

- personnel having no experience of operation work;
- personnel having experience of work at the plants which are not supervised by the Russian

Atomic Safety Authority;
- - personnel having permit for work at the plants similar to this one;

Based on the results of the incoming inspection, individual educational program would
be modified.

6. THEORETICAL EDUCATION

Theoretical education is fulfilled by delivering lectures on the basic principles of NPP
operation:
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- main functions and characteristics of systems and components;
- components design;
- operating requirements to the components;
- control, safety and interlocking systems;
- commissioning and decommissioning of components;
- features of components operation;
- failures and accidents.

At this stage, rules of safety and operation are studied.

Brief plan is worked out for each lesson. This plan includes:

- course;
- course topic;
- lesson topic;
- approximate time;
- materials used by the instructor;
- materials of the student;
- references required for the lesson;
- final goal of the lesson;
- intermediate (auxiliary) goals;
- summary of lesson including indications of required materials;
- specific questions to be answered by the students at the end of the lesson.

In order to fix the knowledge obtained from the lecture, special lessons (Dialogue or
Man-Machine) are used which should form ability of the information model perception,
information analysis and decision making.

Special educational materials are provided for the students.

7. TRAINING AT THE OPERATING POWER UNIT

The trainees get acquainted with the power unit systems by the instructor, as well as real
work conditions and interaction of personnel within the shift. On this stage, they can fix their
theoretical knowledge obtained from lectures. Based on the training program, training
manuals are prepared on the power unit and distributed in lessons.

The training lessons plans include the following information:

- topic, goal and place of training;
- final goal (auxiliary goals);
- arrangement of components and control systems in the area of activity of specific

specialist;
- order of operational, preventive inspection and repair works;
- methods of preventive inspection works.

Educational and control tasks are included in the lesson plans.

Training at the operating NPP power unit would result in formation of "specialist's
action manner" and "image of medium of NPP specialist's action".

8. SIMULATOR TRAINING

Training at the simulators of central and local control boards facilitates formation of the
operation work skill of the personnel.
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Special methodological cards are prepared for this training.

Full scale simulator is used in the shift for training personnel under normal and
accidental conditions of the whole NPP.

Special training course is provided for the proper interaction of shift personnel.

"Manual for the instructor on the simulator training" and special support documents are
developed in order to increase training efficiency.

According to the requirements of p.5.3.2. of OPB-88/97, personnel training should be
performed taking into account actions and interactions of the personnel under accidental
conditions, analysis of faults made before and their consequences, as well as probable faults in
the course of NPP operation. Also, recommendations on the educational programs of Section
4 of the IAEA Manual No. 50-SG are taken into account.

9. EXAMS

The exams are envisaged for evaluation of the skill level of the trainees and its
correspondence to the qualification requirements.

The exams are held according to the special method:

- writing work on theoretical basis;
- practical orientation on the working place (knowledge of components arrangement and

characteristics);
- simulator training to evaluate skills in procedures related to either normal or accidental

conditions;
- oral answers to the questions.

The evaluation of knowledge is made by the examination commission in order to reveal
the worker preparedness for the fulfillment of his obligations according to the instruction.

The number of commissions at the NPP and list of persons to be examined are
determined on the basis of required timely and efficient evaluation of knowledge.

According to the results of the exams, a certificate is given to the trainee, thus allowing
him to pass the following stages before obtaining permit to the work.

10. STRUCTURE TRAINING

According to the adopted structure of management the following specialists positions
should be prepared:

- headofshiftoftheNPP;
- head of shift of the power unit;
- engineer responsible for the reactor control;
- engineer responsible for the turbine control;
- engineer of control system of the NPP;
- engineer of control system of the power unit;
- safety system engineer;
- electrician of central control board;
- electrician of the power unit;
- technician of control system;
- operator of water make-up system control board;
- chief operator of the turbine department;
- components inspectors.
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Instructions for training have been developed for each position taking into account both
class and individual training.

Below the program of training of the NPP shift head is presented as an example.

The candidate shift head should have technical university education, 8 years of practice
including at least 5 years of work at the NPP and at least one year work as shift head of the
power unit.

Duration of the NPP shift head training stages:

Stages Time
incoming checking of knowledge 4 hours
psychological and physiological control 12 hours
lectures 180 hours
individual training 42 hours
interview 36 hours
training at the power unit 19 hours
simulators 100 hours
exam 8 hours

Total 578 hours (-24 months)

This program can be reduced down to 6 months, if the candidate has worked as the head
of shift at the similar NPP.

11. PROJECT OF NEW GENERATION NPP WITH BN-800 REACTOR
(4th power unit of Beloyarsk NPP)

This project was developed in 1992 based on the old concept, i.e. all maintenance and
repair work on the components were assumed to be carried out by the NPP personnel. The
stuffing number was determined by the shop based management structure.

The total number of staff was 1266 persons, staffing factor being 1.3. The staffing of this
power unit has been corrected recently according to the new concept. The number of
personnel is now 706, staffing factor being equal to 0.879.
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