
BALAKOVO NUCLEAR POWER STATION

1.0 BACKGROUND

The Balakovo Nuclear Power Station, located on the left bank of the Volga River

600 miles southeast of Moscow, is one of nine Russian nuclear power stations. The station

employs more than 4,000 people and is run by the utility ROSENERGOATOM of the Russian

Atomic Energy Ministry. The Balakovo station has four WER-1000 reactors

(1000 MWe generating capacity each), making Balakovo the largest pressurized water reactor

(PWR) nuclear power station in Russia. The four operating units at Balakovo were

commissioned between 1985 and 1993. The first unit at Balakovo was commissioned on

December 28, 1985; the second, October 10, 1987; the third, December 28, 1988; and the

fourth, May 12, 1993. Construction on Units 5 and 6 at Balakovo has been suspended until

design changes to improve reactor safety have been completed.

In recent years, Balakovo has been among the best performing plants in Russia based

upon safety and reliability. It has also been recognized for good housekeeping and economical

efficiency. As a member of the World Association of Nuclear Operators (WANO), Balakovo

has participated in numerous international exchange programs and inspections. Through

participation in WANO activities, Balakovo has gained valuable experience in international

cooperation with nuclear power plants throughout the world. Balakovo has been recognized

by visiting international delegations and inspection teams for having met international

standards for operation, as well for having achieved significant progress in the last few years in

the areas of safety and reliability. Balakovo experts have also participated in numerous

international technical assistance programs throughout the world.

A key means of improving the safety and reliability of nuclear power plants is through

effective training of plant personnel. The goal of this paper is to show the progress of the

training at the Balakovo Nuclear Power Plant (BNPP), and the important role that

international cooperation programs have played in that progress.



2.0 TRADITIONAL TRAINING SYSTEM

In the beginning of nuclear industry development in Russia, its ranks were filled from

among the most highly qualified professionals in industry. Traditionally, the master-apprentice

system and self-study methods were used to train personnel. The success of these training

methods was primarily due to the high educational standards for admission into the nuclear

programs and to the strict working environment. As the nuclear industry grew to include the

commercial power generation sector, it was not possible to maintain the high educational and

personal standards that were previously applied to the early industry workers. This reduction

in admission standards, along with the growing complexity of power plant equipment, caused

the traditional master-apprentice training programs to fail in their mission to provide

employees with the necessary knowledge and skills required to properly perform their jobs.

The poor state of personnel training in the commercial industry created an environment where

the consequences of a plant accident could be exacerbated due to poor operator performance.

Until 1993, Balakovo conducted training using nonstructured on-the-job training (OJT)

and self-study methodologies. Periodic examinations were administered to check the level of

knowledge of operations and maintenance personnel. Theses examinations, however, were

inconsistently administered, were not based on the individual's job requirements, and, in many

cases, were considered as a mere administrative formality.

Initial training for several operator positions (control room operators and a few field

operators) was conducted at the industry training center in Novovoronezh. This training

typically lasted from 1 to 4 months. The operators needed to conduct annual training to

maintain their proficiency, however this training was very difficult for the plants to conduct at

Novovoronezh due to budgetary constraints. As a result, other methods for providing annual

training had to be identified.

Industry operating experience systematically exposed the weaknesses of the traditional

approach to training. A number of unplanned reactor shutdowns, equipment failures, and



other abnormal events caused by human errors identified that the training system failed to

support safe and reliable nuclear power plant operation.

After the Chernobyl accident, training departments were established at the different

nuclear power stations of the former Soviet Union. The staff of each training department was

extremely small and their responsibility was limited to the organization and coordination of

training that already existed. The training department staff had little time and were deficient in

the qualifications necessary to conduct training sessions for the operators. Furthermore, the

effectiveness of that training was limited by the absence of training objectives and good

training materials.

In 1993, Balakovo management assessed the effectiveness of its personnel training

programs. They concluded that their traditional master-apprentice approach to operations and

maintenance department training did not effectively train plant personnel as well as other

training approaches used at other nuclear power plants throughout the world. This study

identified the following five specific weaknesses in the Balakovo training organization:

1. Training materials were of poor quality.

2. Performance evaluation was inconsistent due to the absence of mutually agreed

upon evaluation standards.

3. Training programs were not based on an objective analysis of job requirements.

4. Modern training tools and methods were not being used in training programs.

5. Weaknesses in operator performance were not being communicated to the training

organization so that they could be corrected.

In response to the need to provide higher quality training, BNPP management made a

commitment to establish a modern training center in Balakovo, to incorporate new



approaches to personnel training into their organization and programs, and to meeting

international standards for operational safety and reliability.

3.0 ESTABLISHMENT OF THE TRAINING ORGANIZATION

Balakovo management recognized that their traditional, decentralized approach to

training, with responsibility for training delegated to numerous plant departments, resulted in

fragmented training with inconsistent quality. Prior to 1993, primary responsibility for training

resided with the Operations and Maintenance departments. Although BNPP had a formal

Training Department, its role was primarily to coordinate training conducted by the staffs of

other plant departments. The Training Manager supervised a very small administrative staff

and was directly responsible for conducting only very general site training. He had limited

influence and authority over the training conducted by the Operations and Maintenance

departments.

BNPP management concluded early in the process that their old organizational structure

did not provide the Training Department with sufficient authority and resources to provide

higher quality training. Therefore, they decided to restructure the Training Department

organization and administration to make it more effective. These organizational changes

vested the Training Department with greater authority to define the content of the training

programs and to establish quality standards. They also provided the Training Manager with a

larger staff of full-time instructors who were responsible for, among other things, developing

and conducting training for the plant departments, ensuring the quality of training, and for

fulfilling the training requirements of the Russian regulating organizations. This

reorganization empowered the Training Manager to function as a full partner with other plant

departments.



4.0 TRAINING FACELITIES

The Balakovo training facility is located inibseparate building 500 meters from the

operating units. This building houses six classrooms for lectures, one classroom dedicated to

computer-based training, two maintenance training laboratories, and the full-scope control

room simulator. This building also houses the offices of the training staff and the training

center's technical library. In addition to these facilities, the training center also uses several

rooms in an adjacent administrative building to conduct maintenance training.

The full-scope control room simulator was build by S3 Technologies in cooperation with

the Russian institute (VNIIAES). The simulator is used for continuing training of the control

room operators. Because of its success, an extensive simulator upgrade project that would

include installation of emergency shutdown panels is currently under consideration.

The training center maintenance laboratories provide the opportunity to train

instrumentation and control (I&C) and electrical shift technicians on the practical skills needed

to perform their jobs. Next year, a second training building will be commissioned; it will

significantly increase the number of classrooms and laboratories dedicated to training the

maintenance staff. The new training center building will increase the number of conventional

classrooms to 26, training laboratories to 18, and will have 10 training shops.

5.0 BALAKOVO PERSONNEL TRAINING SERVICE

The Personnel Training Service is composed of the following five departments:

Operations Training Department, Maintenance Training Department, General Employee

Training Department, Training Materials Development Department, and Hardware and

Software Maintenance Department.

The Personnel Training Service staff is composed of approximately 40 instructors, who

were selected from the best operators, supervisors, and managers of the line divisions. For

example, all the Operation Training Department instructors are former unit shift supervisors or



division shift supervisors. The Maintenance training instructors were selected from the

foremen of the maintenance divisions. Each instructor is required to have a technical

university background and a minimum of 3 years experience in his area of technical

competence. This staffing approach ensures the technical competency of the instructor and

helps foster a sense of respect from the trainees based upon the instructor's broad work

experience. In addition to their work experience, many instructors have been trained in

modern instructional technology through various international programs.

The Balakovo Personnel Training Service performs the following functions:

1. Identifies the training needs in cooperation with line divisions.

2. Develops initial and continuing training programs for job positions that are

designated as important for safe and reliable plant operation.

3. Conducts personnel training.

4. Selects and trains the instructors to perform the assigned training tasks.

5. Provides facilities, tools, and equipment necessary to conduct training effectively.

6. Evaluates training in cooperation with line divisions and implements plans to correct

identified weaknesses.

6.0 IMPLEMENTATION OF THE SYSTEMATIC APPROACH TO TRAINING

With a modern training center established, Balakovo needed a training methodology that

would provide the superior training to which management was committed. In addition to a

training methodology, Balakovo also wanted to adopt an organizational model for the overall

training mission that had been proven to be effective. The U.S. commercial nuclear industry

provided both. The systematic approach to training (SAT) had been used in the U.S. to



substantially improve the performance of operators and maintenance personnel, and the

organizational model that had evolved in the U.S. was consistent with Balakovo's commitment

to be responsible for quality training.

The systematic approach to training was preferred because the system provides the

following:

An inherent feedback loop that promotes continued improvement of training programs,

A comprehensive training methodology that is applicable to all training needs,

A management tool to respond to equipment and procedure changes that affect training,

An auditable system that correlates training to specific performance requirements, and

Objective evaluation criteria that provide for consistency of performance assessment.

The first step toward implementing the systematic approach to training was made in

conjunction with the procurement of the full-scope simulator. Eight instructors attended

training in the U.S. on the theory and implementation of the traditional form of SAT. A basic

training course for control room operators was also designed as part of the simulator

procurement that allowed the early implementation of training while continuing design and

development activities for additional programs.

The implementation of SAT at Balakovo continued within the scope of the International

Nuclear Safety Program (INSP) sponsored by the U.S. Working closely with the U.S.

Department of Energy (DOE), Brookhaven National Laboratory (BNL), and Sonalysts, Inc.,

BNPP developed a core set of operations and maintenance training programs that were based

on SAT; this was implemented at Balakovo using various efficiencies that helped to reduce the

resources and time required to deliver effective training. Task lists from U.S. plants were used

as an input for validation, the tabletop analysis methodology was used extensively, learning

objective templates were developed, and U.S. training materials were used as a starting point
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for developing Balakovo training materials. The joint U.S./Balakovo team applied the SAT

methodology in a manner that was efficient, minimized paperwork, and was sensitive to the

cultural differences between the two countries.

In addition to implementing a SAT program at Balakovo, the U.S. and Balakovo teams

worked together to develop an instructor training program that would improve the teaching

skills of training center instructors. This program was composed of traditional classroom

presentation skills, simulator instructor skills, and OJT skills. In addition, these methodologies

introduced the concepts of activities-based learning to the Russian instructors. It was one of

the first programs in Russia to incorporate these types of teaching methodologies.

Through the work with the INSP, Balakovo instructors learned important skills in

application of SAT techniques. Even more important, the hands-on experience of Balakovo

instructors with every aspect of the SAT helped to promote acceptance of SAT within the

Training Center as a reliable, effective training methodology. This experience provided the

foundation for the development of procedures guiding the design, development, and

implementation of training programs at Balakovo.

7.0 LESSONS LEARNED

The following five factors have greatly influenced the improved effectiveness of the

Balakovo Training Center:

Strong management support,

Adoption of the Systematic Approach to Training,

Participation in an international exchange program,

Careful selection of training center staff, and



Operations and Maintenance Department involvement with training program

development.

Strong management support was critical to the successful establishment of a training

center at Balakovo. BNPP management understood that it would be a tremendous challenge

to manage the transition from their old system to a new one based on a strong training

department and training programs based on the SAT. The steps taken by BNPP management

to increase the staff at the training center and the authority and responsibility of the Training

Manager greatly increased the effectiveness of the training organization.

Participation in international exchange programs and adoption of the SAT also increased

the effectiveness of the training programs. Balakovo's experience with international exchange

programs demonstrated that technical exchanges with other plants and with other countries is

most effective when the primary objective of the exchange programs is to transfer technology

between organizations rather than directly transferring specific procedures, materials, and

decisions.

The judicious selection of staffing for the Training Center proved beneficial. First, the

experience of the trainers with plant operations and maintenance helped to ensure the quality

of the job and task analysis conducted by the joint U.S./Balakovo team. Second, these

individuals could develop very high quality training materials based upon their detailed

understanding of plant operations and maintenance. Third, their strong motivation helped

Training Center personnel work through the short-term setbacks that are part of any large,

long-term program. Fourth, the strong communication skills of the Balakovo staff helped

promote the effective exchange of ideas and opinions during the joint work between the

U.S./Balakovo team. These open discussions greatly increased the quality of the final

programs.

Acceptance of the new training programs by plant personnel was also a problem that had

to be carefully managed. BNPP understood that plant personnel could resist the

implementation of new approaches to training if they did not fully understand the basis for



SAT and the advantages offered by the new training methods. Without this acceptance by the

plant personnel, it would be difficult to achieve success with the new training programs.

The decision to involve operations and maintenance department personnel in the training

program development process also proved to be beneficial. The Training Manager actively

solicited the involvement of influential senior members of these departments in the analysis,

design, development, and implementation of the training programs. These leaders worked

with the U.S. and Balakovo training experts to learn firsthand how the SAT process worked

and to understand how SAT would produce higher quality training than their traditional

master-apprentice system. Then, these selected operations and maintenance department

personnel would return to the plant and explain the SAT process to other members of their

departments, and thereby promote its acceptance. This initiative to involve plant personnel in

the development of training programs was tremendously successful in generating support for

the new training programs within the ranks of the operations and maintenance departments.

8.0 CONCLUSIONS

This paper documented the steps that Balakovo personnel have taken to improve the

effectiveness of training at their power plant. This major undertaking has contributed to

improved performance and to the plant's recognition as one of the best performing nuclear

power plants in Russia.
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