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Abstract

The main purpose of this paper is to share the experience acquired by the National Commission of
Nuclear Safety and Safeguards (CNSNS) during the administration of both certification and licensing
operational exams applied to Senior Reactor Operators (SRO) and Reactor Operators (RO) by using a full-scope
simulator. The licensing operational exams are administered to examinate candidates for a SRO or RO license
while the certificacion operational exams are administered to all personnel that possess a SRO or RO license in
order to renew their licenses within a six years period. A general description with the most important simulator
antecedents from the initial authorization for its usage to provide the "Initial Simulator Training Course" until
currently in which it has been started the installation and testing performance of a new computer equipment that
will improve and increase the simulation capacity of the Laguna Verde Nuclear Power Plant (LVNPP)
Simulator. In other hand, it is showed the process that the CNSNS will apply during the next verification of the
simulator certification which should be performed due to the old computer equipment is being replaced with a
more modem computer equipment so that the simulation capability will be improved. The verification process
was discussed with the utility personnel and as result of this an agreement has been established to carry into
effect this hard task. Finally, the conclusions and recommendations from regulators point of view are presented
regarding to the importance of perform a well both evaluation and verification of simulators performance.

1. INTRODUCTION.

In accordance with the requirements established by the Mexican Regulatory Body that is
called National Commission of Nuclear Safety and Safeguards (NCNSS), the Senior Reactor
Operators (SRO's) and Reactor Operators (RO's) of the Laguna Verde Nuclear Power Plant
(LVNNP) should be extremely trained and to pass hard licensing exams in order to obtain a license to
perform their operational duties inside main control room. In addition, every two years a sample of
the SRO's and RO's are examinated through a simulator operational exam in order to renew the
licenses of all SRO's and RO's. In this way all the SRO's and RO's should be examinated within a six
years period.

The simulators are an essential tool applied on the SRO's and RO's training because they
allow the personnel to practice the operation actions included in the emergency and abnormal
operation procedures in an exhaustively manner.

Before that LVNPP acquires its own simulator all the SRO's and RO's attended simulator
training in Spain to reach the basic knowledge and abilities required to have observance of statutory
provisions. The main disadventages were that a lot of money was spended during a long time and the
simulator used on training was not similar to the plant of reference.

In order to take corrective actions and to save money the Mexican Electricity Commission
(MEC) (owner of LVNPP) asked to the Electrical Research Institute (ERI) to start the necessary
works to design and construct a full-scope training simulator specific to LVNPP Unit 1 in 1984. For
the design and construction was decided to have observe of statute provisions established in the
ANS1/ANS-3.5-1985 [1] because the most simulators has compliance with this standard.

On September 1991, the full-scope simulator was delivered to the MEC and all the
acceptance simulator testing were performed before its usage on training of operation staff personnel.
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On november 1991, the MEC send to the NCNSS a Simulator Certification Report which was
prepared on basis of the ANSI/ANS-3.5-1985 standard criteria. The report was evaluated by NCNSS
and as result of this a conclusion was issued about that the simulator did not has totally compliance
with the standard [1] requirements.

Finally, on august 1992, the MEC prepared a working programme which included corrective
actions to meet the standard [1] requirements. The programme was evaluated by NCNSS and as
result of this it was decided that the programme activities could satisfy those requirements. Although
the programme was founded acceptable a condition was issued about that the MEC should prepare
and send a report on a three month basis with the update simulator advances to the NCNSS. Since
this date it was permited the simulator usage to provide the simulator training for operation
personnel.

At present time the ERI is conducting the acceptance tests of the new simulator computer as
part of the previous simulator certification in order to deliver the simulator to the MEC. Once the
simulator be free the MEC will start the "Initial simulator certification" process again in accordance
with the applicable standards [1]. In the meantime, the both initial and continuous simulator training
for SRO's and RRO's is being provided by using the old simulator computer.

2. APPLICABLE REGULATION IN THE EVALUATION PERFORMANCE OF THE
SIMULATORS.

For the evaluation performance of simulators the NCNSS has established that the applicable
regulation is the same regulation used by the U. S. Nuclear Regulatory Commission. This because
the two ractors installed in LVNPP came from U.S.A. which were bought to the General Electric
Company. The following is the specific applicable regulation used by the NCNSS to veryfy the
simulator performance:

a) 10 CFR Part 55 "Operator's licenses"
b) Regulatory Guide 1.149 "Nuclear power plant simulation facilities for use in operator

training", Rev. 0(1981)
c) ANSI/ANS-3.5-19855 "Nuclear power plant simulator for use in operator training".

In addition, some International Atomic Energy Agency (IAEA) publications can be used in
this field in accordance with the license operation conditions of LVNPP, for example the IAEA-
TEC DOC-685 [2] has been used because provides more detail about some requirements that are
described in a very general manner in the standards refered above.

3. EVALUATION AND VERIFICATION OF SIMULATORS

3.1 GENERAL DESCRIPTION OF LVNPP SIMULATOR

In 1983 MEC recognized the need for a full-scope training simulator specific to the LVNPP
Unit One The simulator main objective is to physically and functionally duplicate the control room
for LVNPP Unit One (a BV/R, 675 MWe). The simulator includes full-size replica boards and panels
of the main control room and the remote shutdown room. The process-computer console is also
reproduced.

To insure compliance with the applicable regulations [1-3], the simulator is capable of
reproducing the reference plant behavior from cold start to full power, both under normal and
abnormal operating conditions. Over 180 generic malfunctions can be simulated. Ten generic
malfunctions are defined for the control rods (including stucking, drifting and uncoupling) and each
of them can be applied to any of the 109 rods. Thus, the total number of specific malfunctions
including control rod failure is around 1500.
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In order to simulate the performance of the LVNPP Unite One, 47 programme modules were
defined. Each of these modules corresponds with a plant system or subsystem and is comprised of a
set of computer subroutines which model specific equipment such as pumps, heat exchangers,
controllers, etc.

3.2 EVALUATION AND VERIFICATION METHODOLOGY FOR SIMULATORS
PERFORMANCE.

The following methodology has been designed on basis of the experience acquired during the
revision and evaluation of the first inicial certification of the LVNPP simulator. It is important
remarks that this methodology will be applied by the NCNSS to evaluate and to verificate the new
simulator computer.

3.2.1 Evaluation of simulator performance
3.2.1.1 Testify of acceptance simulator tests

In this stage, some NCNSS's specialists will testify several simulator tests that are performed
during the initial simulator certification process, and as result of this activity the specialists will
obtain a preliminary judgement with regard to the simulator performance. In addition, the specialists
can identify any simulator deviations that must be evaluated to quantify how affect the simulator
training of operation personnel.

3.2.1.2 Evaluation and revision of the initial simulator certification report

In this stage, both the initial simulator certification report and the acceptance simulator test
records should be reviewed in detail and very carefully in order to identify any other simulator
deviations that must be evaluated to quantify how affect or restrict the simulator training of operation
personnel too.

3.2.2 Verification of simulator performance

In this stage, additional tests to the tests performed during the initial simulator certification
process should be performed as part of an independent simulator verification by the NCNSS. In fact,
it will be performed abnormal and emergency tests conditions only. The main purpose of this activity
is to verify the simulator capability to operate in a correct way during these conditions and it is
identified the time of scenarios occurrence until that the simulator models are capables to have a
credible behavior.

The methodology that the NCNSS will use to verify the simulator's complian with the section
4.2. l(b) of the applicable standard [1] is described in the following lines. The section refered above
establishes the following:

"4.2.1 Tests should be conducted to prove the capability of the simulator to perform correctly
during the limiting cases of those evolutions identified in 3.1.1. (Normal Plant Evolutions)
and 3.1.2 (Plant Malfunctions) of this standard.

Acceptance criteria for these tests shall:

a) where applicable, be the same as plant startup test procedure acceptance criteria;
b) require that the observable change in the parameters correspond in direction to

those expected from a best estimate for the simulated triansient and do not violate
the physical laws of nature".

To verify the simulator performance compliance with this section of the standard [1] should
be performed several transient events in the simulator, with all the models interacting together with
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the transient tested. The results obtained should be as compared with the following reference
information sources:

(a) Data collected from the reference plant, in fact the startup tests;
(b) Data collected from the analyses of engineering codes on theorist basis.

In case to use engineering codes as comparison base line it should be take some cautions to
assurre that the computer codes are capables to reproduce the same and/or equal initial conditions,
parameters and operator actions that are planning to verify in the simulator.

In other hand, during the simulator verification process it is necessary keep in mind that the
simulator represents a training tool and not an engineering tool. With this in mind it is absolutely
necessary remarks that the differences detected among simulator models and the reference
engineering codes only should be take into account if these differences have a direct or indirect
adversal and/or negative effect on the Operator's judgement and performance to analyze the
observable change in the parameters inside main control room.

Now is presented a general description of the two main stages or phases that should be
conducted to carry out the verification of simulator performance.

PHASE I: GENERAL PREP A TION

This phase consists of four stages well limited.

(a) Definition of models scope

The main components of the model to validate are defined in order to configure the
engineering codes correctly, so that the dynamic part of the models could be qualify other that the
logic part of the models.

(b) Definition of transient events to conduct

The abnormal and emergency procedures are reviewed to obtain a check list with all the main
critical parameters that the operators are expected to interact, to observe and to analyze during
training sessions in the simulator. After that, a minimum collection of transient shall be defined in
order to activate all these critical parameters, so that the simulator models will be challenged and the
simulator behavior will be analyzed with respect to the parameters tendency established in the
reference procedures.

(c) Definition of the characteristics of the critical parameters.

For each transient selected the most important critical parameters and the fundamental
characteristics of these parameters should be defined.

In this stage and next stage is when really the training expectancy is applied over the
simulator performance so that the deviations detected in the critical parameters shall be penalized in
accordance with its inadequate behavior because they may confuse and delay the operator's decisions
and/or actions during the simulator training.

As result of the application of stages (b) and (c) above referred it will be possible to prepare a
matrix of the transients to verify together with its critical parameters already defined. This matrix
will be fill by using the results obtained from the engineering reference codes for each transient
runned in the computer. Then the same matrix of transients will be fill by using the results obtained
from the additional simulator tests. After that both matrix will be compared and the differences
detected with respect to the engineering reference codes should be considered as simulator
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deviations. Table I presents a matrix model of transients and critical parameters that the NCNSS is
preparing to apply it for the verification of LVNPP simulator.

PHASE II: EVALUATION OF SIMULATOR MODELS

This phase consists of six stages that are described below:

(a) Simulator requirements

In this stage should be detailed the initial conditions, malfunctions and the appropiate time to
initiate them, operator actions if were defined, scenario time long, etc.
(b) Reference codes requirements

This is the more important stage because the evaluation results of the simulator models
performance depends of the reference codes results so that the initial conditions in both engineering
codes and simulator models should be the same. To conduct this stage is necessary to carry out the
following steps:

(1) Definition of reference codes parameters

The same parameters used in simulator models should be entered in the engineering codes, or
in defect equivalent parameters may be entered in order that both models ehavior (codes and
simulator) can be comparables.

(2) Definition of outline conditions

The same outline conditions used in simulator models should be entered in the engineering
codes in order that the both models response (codes and simulator) can be comparables.

(3) Initial conditions of reference codes

The same initial conditions used in simulator (steady state) should be entered in the
engineering codes in order that the both models response (codes and simulator) can be comparables.

(c) Execution of transients in the simulator

In this stage the transient defined should be executed in the simulator and the results obtained
must be used to fill the matrix of transients in order to reflect the critical parameters behaviour during
the simulator tests.

(d) Execution of transients in the reference codes

Before the execution of transients in the reference codes it is necessary to verificate that the
outline conditions previously defined have a behaviour as expected. Therefore the following two
steps should be conducted.

(1) Reverification of outline conditions

By using the data recorded from the execution of transients in the simulator an analyses of
the established outline conditions must be carry out and the differences identified (if there is) should
be corrected before to execute the transients in the reference codes.

(2) Execution of transients
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The transients defined should be executed in the reference codes and the results obtained
must be used to fill the matrix of transients in order to reflect the critical parameters behaviour during
the code tests. This matrix of transients shall be recognized as the standard matrix.

(e) Comparision and evaluation of simulator deviations

By using the reference codes a comparison of the results obtained from both simulator and
reference codes executions should be made through the standard matrix and simulator matrix in order
to identify the simulator deviations and these deviations must be quantified in accordance with the
criteria defined in section 3.2.3.

3.2.3 Assessment of simulator deviations

A training value assessment shall be performed for each deviation identified in Sections
3.2.1.1, 3.2.1.2 and 3.2.2. Deviations that do not impact the actions to be taken by the operator or do
not detract from training may be deemed acceptable.

The following factors which are established in ANSI/ANS-3.5-1993 [3] should be evaluated
to determine if the deviation has an impact on the actions to be taken by the operators:

(1) The human-system interface required for normal, abnormal, off-normal, or emergency
procedures.

(2) The differences in performing the task on the simulator versus performing the task in the
actual control room.

(3) The differences in operator cues, auditory and visual information presented to the operator,
and the critical decisions and actions required of the operator.

(4) The function of the equipment and the potential for impacting reference unit safety, tripping
the reference unit, or damaging reference unit equipment.

(5) The differences required by the team response to normal, abnormal, off-normal, or
emergency actions.

(6) Review of operational experience to identify the potencial for operator error or the necessity
for reinforcement of the skills required for the task.

3.2.4 Solution of simulator deviations

The simulator deviations that are considered as a negative effect for the operator training by
using the criteria defined in Section 3.2.3 shall be solved before to use the simulator in the formal
training and continuous training programmes, this only if it is demonstrated that the outline
conditions, parameters and initial conditions of the reference codes are not responsibles due to a
wrong definition or a bad function.

4. EXPERIENCE ACQUIRED IN THE DESIGN AND PERFORMANCE OF
SIMULATOR SCENARIOS FOR OPERATORS LICENSING

4.1 DESIGN OF SIMULATOR SCENARIOS

The following is the experience acquired regarding to the design of simulators scenarios to
e.xaminate operators:

The number of different scenarios that can be designed is too limited.
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There are not capability to design scenarios with severe accident conditions.
No models were included to simulate monitoring systems that are necessary to estimate
releases of fission products.
Although some events of the scenarios has been considered do not credibles the operational
experience in LVNPP has demonstrated that some of this events have occurred at least once.
The limited capability of the old simulator computer does not allows to examinate the
operator's ability to do a well conduction of the last design changes of plant systems.
The instructor personnel that participate in the scenarios test should not have been involved
in the developing of training programmes for the personnel that will be examinated.

It is necessary to prepare and to test an additional simulator scenarios before to initiate the
examination process because some times the simulator fails during the exams.
All the scenarios are designed including abnormal and emergency transients and/or events.
Has been designed and tested some simulator scenarios from Probabilistic Safety Assessment
(PSA) Study for LVNPP Unit One which included the dominant sequence accidents.
Operational experience feedback has been used to design some simulator scenarios.

4.2 CONDUCTION OF SIMULATOR SCENARIOS

The following is the experience acquired during the conduction of simulator scenarios to
examinate operators:

Instructor personnel should be continuous observed to avoid direct touch with the candidates.
Although the scenarios were previously tested some times during the examination process the
simulator has failed in a very different and incorrect way.
Instructor personnel have been allowed to stay during the examination process in order to
obtain an own judgment about the candidates performance.
At the end of each simulator scenarios when the examination process has been carried out the
examiner and instructor personnel exchanged judgments regarding the operator performance.
For each simulator scenario has been identified the point until which the simulator models
has capability to simulate a well behaviour.
There are some systems differences among LVNPP Unit One and Unit Two which can not be
totally implemented in the simulator models due to the few capacity of the old simulator
computer, this difficult the conduction of scenarios when the version of LVNPP Unit Two
simulator is used.
The conduction of simulator scenarios based on dominant sequence accidents from APS
studies has been accepted as credibles, but not always the simulator has capability to execute
them in a well way.

5. APPLICATIONS AND AD VENTAGES OF SIMULATOR USES AS A RESULT OF
OPERATORS LICENSING.

5.1 APPLICATIONS OF SIMULATOR

The simulator has been used to carry into effect the following activities:

A total of 12 initial simulator training courses for new operation personnel have been

provided by using the version of LVNPP Unit One simulator.
Continuous training for RO's and SRO's from Unit One and Unit Two has been provided on
basis of 90 hours inside classroom and 60 hours in the simulator every year.
The simulator has capability to simulate both LVNPP Unit One and Unit Two.
Has been simulated real transient events occurred in the plant in order to identify and to
analyze the possible human operator errors performed during the recover or immediate
actions that should be done.
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Startup tests of LVNPP Unit Two were previously practiced in the simulator before to carry
out these tests by RO's and SRO's in the plant.
Licensing examination has been performed to examinate personnel that possess a RO and
SRO license in order to renew their licenses every two years.

- Startup and shutdown of LVNPP Unit One and Unit Two were previously practiced in the

simulator before to start and to shutdown these plants during the first refuel outages.

5.2 ADVENTAGES GATHERING FROM SIMULATOR USES

As result of simulator uses the following are the main advantages detected:

The number of reactor scrams due to human operator errors has been reduced.
The fact to include the operational experience feedback in the sessions of continuous training
in the simulator has avoid recurrence of events due to human errors.
Design of simulator scenarios based on risk measures (PSA) has allowed to evaluate the
operator's performance during the most critical conditions of the plant that are expected to
occur.
Usage of simulator scenarios that have been considered few credibles and the fact that some
of them have occurred in the plant really has allowed to the operators perform the correct
actions to avoid a reactor scram event or to perform the immediate actions established in the
abnormal operating procedures to carry out the plant a stable state condition.
At the beginning of commercial operation of LVNPP Unit One the most operators initiated
the Emergency Core Cooling Systems (ECCS) to maintain reactor vessel level during events
that could be controlled by using other normal systems of plant. Through the continuous
training in the simulator the operators improve their habilities and knowledge in other to
avoid the use of ECCS when they are not essential to maintain the vessel level because
normal systems are availables.
The number of reactor scrams due to communication problems among operators was reduced.
The time period to carry into effect the startup tests of LVNPP Unit Two was reduced in
approximately a half of time period as compared with the LVNPP Unit One startup tests
phase.
The simulator has capability to simulate both LVNPP Unit One and Unit Two.
A lot of money has been saved since the MEC acquired his own full-scope simulator.
Some NCNSS's personnel has attend the initial simulator course in order to be considered an
examiner.

6. CONCLUSIONS

The relevant importance of the applications and adventages that are obtained by using the
full-scope simulators in the personnel training process it makes that the regulatory body be engaged
to develop and perform a very careful and detail verification of this kind of simulators. To carry out
this hard task it is essential to establish and define the standards applicables while that the design and
process used to conduct the verification of simulators must use a valid and realistic methodology. In
addition, a simple process of continuos verification should be defined to monitor the simulator
performance through its service life.

Another important matter to the regulatory bodies it is the definition of the criteria to assess
the simulators deviations because if these criteria are clearly established then the simulator deviations
that impact the actions to be taken by the operator or that detract from training can be identified in
order to request the simulator owner's to correct these deviations before the simulator be used as a
training tool. In this way the regulatory bodies could assure that the simulator performance is
acceptable even if the simulators have deviations that do not impact the operators training.

It is important to identify other possible applications of simulators in the nuclear industry
field because its design, construction, test and maintenance represent too high costs. This can be
achieved through the attendance to international meetings regarding with this topics.
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Finally, it is important that the regulatory bodies establish their expectancy regarding with
the capability and characteristics that must possess the simulators models to conduct the operators
training towards the simulator senarios with both severe accidents and dominant sequence accidents
(PSA) so that the regulatory bodies can be sure that the SRO's and RO's possess the knowlwdge and
habilities to maintain the the plant in safety conditions given an emergency situation and thus to make
sure the public safety.
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TABLE I. MATRIX OF TRANSIENT SELECTED

Num.

1

2

3

4

5

6

7

TRANSIENT

Main Turbine
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X

X X

X

X X X

X X

HPCS/
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X

X

X

LPCS/ SLC ADS

LPCI injection initiation

injection

X

X X

X

X

X

Natural

circulation

X

X

X

X

X

X
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X

X

X

X

X
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X X

X

X

X
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