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COMMISSIONING EXPERIENCE

In 1995, before the reference plant to be commissioned, the installation of the simulator
equipment was done. Because the plant operating data were not available at that moment, a
decision was made to develop the simulator software based on the plant design documents
and when the reference plant data become available, the software of the simulator to be tuned
up. During 1996 and the first part of 1997"the CNTD provided the vendor (CAE Montreal)
with all the necessary documentation for software development. After one year the reference
plant operating data become available and the simulator vendor proceed to fine tune up the
already existing software. At the end of 1998, running a series of tests checked the simulator
fidelity.
The following is a list of the most important tests:
• Shutdown, including the complete cooldown of heat transport system and balance of

plant;
• Startup, including taking the reactor critical to full power operation of the turbine;
• Reactor trip and recovery;
• Turbine trip and recovery;
• Load rejection;
• Loss of control computers;
• Loss of boiler feedwater;
• Loss of condenser cooling water;
• Loss of instrument air;
• Loss of regulation;
• Loss of coolant events;
• Steam lines breaks;
• Loss of service water;
• Boiler tube leaks;
• Turbine on-load valve testing.
The task to verify that the simulator indeed matches the reference plant was not easy and time
consuming. For example a reactor trip is generating 25 to 30 printer pages of alarms in few
minutes. All those alarms together with the process variable response were very carefully
examined and a deficiency report filled for any alarm, parameter or process computer
automatic action whose response was incorrect or suspect.
Lesson learned:
• Ensure that the plant wiring diagrams are legible and up to date;
• Devote good full time operators to the commissioning team;
• Collect and categorize simulator response in small, readily usable packages;
• Collect detailed data for all plant responses and closely review them;
• Collect and process information on tank volumes and dimensions, elevations, valve types

and characteristics, pump and motor specifications and any other specific piece of
equipment required to be modeled.

SIMULATOR CAPABILITIES AND DEPTH OF MODELING

The Cernavoda NPP full scope simulator allow the operator to perform most of the plant
operations without detecting any significant deviation between the response seen on simulator
and the one observed in the real plant. In addition to this all the panel switches and
instrumentation are alive, unless they are intentionally deleted from the scope of simulation.
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The simulator instructor has control over a large number of manual valves, local or back panel
controller setpoints, fuse and disconnect switches position. The simulator also allows the
timing of, or the failure to perform the required action to be manipulated to add more realism
or to check the student's skills and any additional responses.
The simulator has over 5000 discreet malfunctions that can be activated at any time such as:
pipe rupture, panel device, annunciation, motor, transmitter and control overrides, failures,
trips, drifts or offsets. All the malfunctions can be set to develop in time, to any desired level,
to occur conditioned or not by other parameters or operator actions.
The Cernavoda NPP is monitoring over 2000 contact inputs and trending over 1500
parameters every 4ms. The simulator itself, in addition has over 80,000 different variables
that can be monitored that an operator would not have normally access to in the real plant
(temperatures, pressures, enthalpy's in any process system).
The simulator control room environment is different from the station in that there is not a
continuous coming and going of personnel and not nearly the differing demands for time are
placed on the operator. Physically however, the panels are identical and modeling of all
panels other than those for the fuelling machines is fairly accurate. All the models are good
representations of actual unit behaviour, both at steady state and during upsets as has been
verified by running the Acceptance Test Procedures and by exposure to experienced Control
Room Operators. The experience has shown that a large number of minor malfunctions do not
provide a significant training advantage. The value of the simulator is that it allows the
trainees to practice operations they can't readily do on operating unit, and if a malfunction
does not upset a system, the unit or required operator involvement, we find that we rarely use
it.

TRAINING PROGRAMS REQUIRING THE USE OF SIMULATOR

The Cernavoda NPP full-scope simulator provides the students with the opportunity to learn
and become proficient at using normal, abnormal and emergency operating procedures in a
real-time, realistic setting without interfering with normal plant operation.
One of the training programs established at Cernavoda Nuclear Training Department (CNTD)
is the Initial Authorization Training Program, which is the training given to the plant operator
selected for the position of Control Room Operator and Shift Supervisors. The Initial
Authorization Training Program consists of three main segments: Generals training, Specifics
training and Copiloting. During the Specifics Phase, Systems training courses and Simulator
demonstrations/practices that have been deemed as essential knowledge requirements for
Control Room Operators and Shift Supervisors are presented. The Specifics phase has a
duration of approximately 40 weeks, during which advanced system, control programs,
Romanian laws, Operating Principles & Policies, integrated plant operation, simulator
response to transients and Abnormal Plant Operating Procedures training is presented and
practiced.
The training using the simulator during the specifics phase is structured on two levels.
Simulator Level 1 training is individual system operation training oriented. During the
Simulator Level 1 training, the students basically are learning how to operate in normal and
abnormal conditions individual systems and system equipment.
Simulator Level 2 is integrated plant operation training orientated. During this training, the
operators are learning how to operate in normal, abnormal and emergency conditions the plant
as an entire.
The other training program established for Cernavoda NPP is the Refresher Training Program,
part of the Operator Continuing Training Program, which is the periodically training given to
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the previously authorised operating personnel. The training and the evaluation are conducted
both on a individual and on a team basis.
Both programs are tailored according with Systematic Approach to Training concept.

CONDUCT OF TRAINING

The effectiveness~Df the simulator training is dependent upon many factors such as the degree
of realism that is maintained during the exercises, the degree of resemblance between the
simulator and the plant in response and physical layout, quality of the exercises and
supporting training materials, quality of the instruction and the frankness of students and
instructors during the exercises and the amount of the training time provided.

Preparing to conduct simulator training

The simulator instructors are assembling and review the simulator exercise guides and their
associated classroom lesson plans before they are used for training. The simulator exercise
guide is a tool used by the instructor to guide the conduct of simulator training. During the
preparation phase, the simulator instructors are verifying that the reference documents and
procedures are current with the latest revisions, the performance objectives, established during
the training needs analysis are still achieved by the scenarios and the conditions and
malfunctions used in scenarios are still appropriate for the exercises. Also a simulator-
reference plant deviation assessment is performed to determine if any deviation exists and if it
has any impact on the actions to be taken by the operator. To achieve that a set of parameters
are evaluated namely:

a) The human-system interface required for normal, abnormal, or emergency procedures;
b) The differences in performing the task in the simulator versus performing the task in the

reference unit control room;
c) The differences in operator cues, auditory and visual information presented to the

operator, and the critical decisions and actions required of the operator,
d) The function of the equipment and the potential for impacting reference unit safety,

tripping the reference unit, or damaging the reference unit equipment;
e) The differences required by the team response to normal, abnormal or emergency actions;
f) Review of operational experience to identify the potential for operator error or the

necessity for reinforcement of the skills required for the task.

Another activity that is performed for ensuring a successfully exercise is the verification, prior
the exercise, of the status of the simulator hardware and software modifications and if they
have any training impact. Also the simulator instructors are preparing themselves for
discussions, demonstrations or role-playing noted in the instructor activity section of the
exercise guides.
Some of the simulator exercises are supported by the classroom presentations where
knowledge objectives are mainly reinforced. A good practice that is used at CNTD is that the
classroom session is held in the simulator main control room. That gives the opportunity to
the simulator instructors to point out directly panel devices, hand controllers, trends and
barcharts, etc.
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Student/instructor interaction

Instructor interaction with student may vary from low to high involvement. During the initial
authorization training, the instructor involvement is high, demonstrating and coaching proper
performance and correcting improper performance and misconceptions.
During the refresher training the instructor involvement is lower to allow the students to
demonstrate their abilities to conduct the evolutions.

Pre-exercise briefing

Any simulator exercise begin with a pre-exercise briefing that includes an overview of the
scenario, any role player involved in exercise, any simulator modifications / problems that
may impact the training. The simulator instructor is stressing for professionalism, realism, use
of procedures and emergency notifications, etc.
The pre-exercise briefing ends up with a shift turnover consisting of plant conditions,
evolutions in progress, planned evolutions, equipment out of service, maintenance in progress,
etc.

Conducting the exercises

For a successful training a realistic control room atmosphere is maintained by using role
players, copies of the plant operating procedures, flowsheets, etc.
Usually the exercises are allowed to progress until the performance objectives are achieved. If
the trainee is unable to diagnose or respond effectively to the scenario, the instructor is
freezing the simulator and an exercise critique is initiated to clarify the situations that caused
the confusion.

Post - exercise critiques

To have an efficient critique, the simulator instructor should use adequate monitoring
techniques and accurate written notes related to any good or bad demonstrated performance.
The immediate feedback is beneficial because the student's actions are fresh in their minds,
and they will use the critique to improve their future performance.
Care is taken during the critique not to frustrate the candidates so their future performance
will be affected.

Student evaluation

Individual and team performance is evaluated regularly using the simulator in order to
identify student performance deficiencies and to verify that the training was effective.
During initial authorization training, a formal evaluation on the simulator is the final part of
the authorization process. It is made of a practical exam that at it turn consists of five
segments. Three static and two dynamic scenario should be acceptable performed by each
candidate in order to obtain the license to operate.
For the already authorized operators in refreshing / requalification training, the ability of each
operator and the crew to cope with normal, abnormal and emergency situations are formally
evaluated at the end of each training cycle (once at two years). Each operator and his crew as
a whole is evaluated against a set of standards in the following areas:
• Monitoring
• Diagnosis and decision making;
• Initial actions;
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• Procedural compliance;
• Communication;
• Control Room and Field Resource Familiarity
• Team work.
The evaluation is conducted to observe the actual performance of the candidates and the
exercise is allowed to progress to its natural outcome. If the candidate has chosen an incorrect
course of actions and the situation created is unrecoverable the exercise is stopped and the
consequences analyzed.
Any unsatisfactory performance in one of the above areas is remediate before the crew or the
individual returns to the main control room responsibilities.

CONCLUSIONS

Training using the full-scope simulator became a requirement for Cernavoda NPP operators
and during the last two years, a number of twenty operators were qualified as control room
operators and shift supervisors. In addition to that the importance of the training on simulator
arises from the fact that the training is mostly related to plant transients / accidents that in real
life may never happens, but the operator should be always prepared for the worst. The
simulator is not used only for operator training / qualification but also for testing new
procedures or modifications to the existing procedures before they are implemented in the
reference plant.
Its value in the training programs is very much dependent on how well it represents the real
plant and on the credibility of the instructors who train individuals. Regarding the credibility
of the instructors, it is essential that the training staff include a basic complement of people
who have been authorized on the real unit. They are proven as capable operators,
understanding the operator's job and its problems, how the station interfaces with the
distribution system and they are interested in training operators. Experience has shown that is
extremely difficult to use the simulator as an effective training device unless it accurately
represents the real unit and is staffed by instructors who have operated the real unit.
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