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ABSTRACT 
 
Specific Full Scope Simulators are an essential tool for training NPP control room operators, in the formation 
phase as well as for maintaining their qualifications. In the last years availability of a Plant specific simulator 
has also become a Regulator requirement for Nuclear Power Plant operation.  By providing real-time practical 
training for the operators, the use of a simulator allows improving the operator´s performance, reducing the 
number of unplanned shutdowns and more effective response to abnormal and emergency operating conditions. 
It can also be used, among other uses, to validate procedures, test proposed plant modifications, perform 
engineering studies and to provide operation training for the technical support staff of the plant. 
 
The NPP site, in Angra dos Reis-RJ, Brazil, comprises the two units in operation, Unit 1, 640 MWe, 
Westinghouse PWR and Unit 2, 1350 MWe, KWU/Areva PWR and one unit in construction, Unit 3, 1405 MWe, 
KWU/Areva PWR, of the same design of Angra 2. 
 
Angra 2 has had its full scope simulator from the beginning, however this was not the case of Angra 1, that had 
to train its operators abroad, due to lack of a specific simulator. 
 
Eletronuclear participated in all the phases of the project, from data supply to commissioning and validation. 
 
The Angra 1 full scope simulator encompasses more than 80 systems of the plant including the Primary system, 
reactor core and associated auxiliary systems, the secondary system and turbo generator as well as all the Plant 
operational and safety I&C. The Angra 1 Main Control Room panels were reproduced in the simulator control 
room as well as the remote shutdown panels that are outside the control room. 
 
This paper describes the project for development of the Angra 1 NPP Full Scope Simulator, supplied by 
Tecnatom S.A., in the period of Feb.2012 to Feb.2015. 
 
 

1. INTRODUCTION 
 

1.1.  Angra 1 Nuclear Power Plant 
Angra 1, the first Brazilian nuclear power plant, was built in the seventies and started 
commercial operations in 1985. It is a pressurized water reactor (PWR), the most used type of 
reactor in the world. With 640 megawatts of power, Angra 1 generates enough energy to 
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supply a city of one million inhabitants as Porto Alegre and São Luís. In 2010, the plant set a 
new record production, a fact that was repeated again in 2011, 2012 and 2014. 
 
Angra 1 was acquired as a "turnkey" project, where the American company Westinghouse 
supplied the NSSS, and Bechtel, the balance of the plant.  Operator training was done initially 
in simulators of similar American plants and later in Spain in the Almaraz Plant, a 
Westinghouse PWR simulator. 
 
It was an early objective of the company, still in the nineties, to build a full scope dedicated 
simulator for the training of Angra 1 personnel. Unfortunately, serious problems with the 
Plant steam generators postponed the project until after replacement of the steam generators 
in 2009. 
 
With the successful SG replacement, which allowed the possibility of extending the lifetime 
of the plant for additional 20 years, the simulator project was restarted. 

1.2.  The Angra 1 NPP Main Control Room 
In 2003, the Control Room was completely renovated to meet the new concepts of 
ergonomics and human factors. Since then, the operators have had a new layout and features 
that bring more flexibility and agility in the maneuvers conducted by them. 
 

 
Figure 1: Angra 1 NPP Main Control Room 
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2. WHY A SIMULATOR? 
 
Full-scope simulators are recognized worldwide as the only realistic method to provide real 
time and hands-on training of operators to correctly respond to, and mitigate potential 
accidents. 
Along the years the licensing authorities requirements on simulator training have became 
more and more stringent and led most Plants to have their own full scope specific simulator, 
because of much larger availability of the simulator as well as the fidelity to the Plant Control 
Room, which can only partially be attained when the training is done in a similar Plant 
simulator. 
In addition full scope specific simulators are also a valuable tool to support the development 
and validation of symptom based emergency operating procedures, to validate normal 
operating procedures, test proposed plant modifications, conduct engineering studies, and 
train other plant technical support personnel. 
 

2.1.  Scope of a simulator project development 
 
ANSI/ANS 3.5, Nuclear Power Plant Simulators for Use in Operator Training and Examination, 
is the internationally adopted standard for simulator development. 
This standard establishes the functional requirements for full-scope nuclear power plant 
control room simulators for use in operator training and examination. The standard also 
establishes criteria for the scope of simulation, performance, and functional capabilities of 
simulators. The most recent 2009 version of this standard was adopted for the development of 
the Angra 1 simulator. 
Below, a summary of the most important requirements is presented. 
 

2.2.1.  Physical fidelity and human factors 
 
Scope of panel simulation 
A comparison shall be performed to demonstrate that panels, consoles, and operating stations 
that are simulated replicate the size, shape, color, and configuration of those of the reference 
unit. 
 
Instrumentation, controls, markings, and operator aids 
A comparison shall be performed to demonstrate that instrumentation, controls, markings, 
and operator aids that are on panels, consoles, and operating stations, replicate the size, 
shape, color, configuration, feel, and dynamic functioning of those of the reference unit. 
Components located on simulated panels but not used by the operator during training may be 
visually simulated hardware. It shall be demonstrated that information is displayed to the 
operator in the same format and engineering units as in the reference unit control room. 
 
Control room environment 
A comparison shall be performed to demonstrate that the simulator control room environment 
replicates the reference unit control room. 
The following items shall be considered: 
• floor plan; 
• lighting characteristics; 
• communications; 
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• furnishings; 
• general appearance; 
• audible cues; 
• obstructions. 
 

2.2.2.  Systems to be simulated and the degree of completeness 
 
Systems controlled or monitored from the control room 
The systems of the reference unit that are within the scope of simulation are adequate to 
perform the normal evolutions and the malfunctions. The scope of simulation includes system 
interactions with other simulated systems so as to provide a total integrated unit response. 
 
Systems controlled or monitored external to the control room 
Systems operated or monitored external to the control room and necessary to perform the 
normal evolutions and the malfunctions are simulated. The operator is able to interface with 
the remote activity in a similar manner as in the reference unit. 
 
 

3.  THE ANGRA 1 FULL SCOPE SIMULATOR PROJECT 
The planned main activities and expected duration are shown in the simplified time schedule 
of figure 2, below.  

 
Figure 2: Simulator time schedule. 
 
The main activities of the project, as listed in the above schedule, will be discussed in the 
remainder of the paper. These consisted of preparatory activities from Eletronuclear´s side, 
mainly: 
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a) preparation of a detailed simulator specification, indicating among other, the scope of 
systems to be considered, the extent of simulation for each system (full or partial), the scope 
of control room hardware to be supplied, testing requirements; 
b) establisment of the Eletronuclear´s team for project support and follow up; 
c) identification and contracting of an experienced supplier. 
The main actual project development activities were: 
a) agreement between Eletronuclear and the supplier on a detailed activities time schedule, 
means of communication, Eletronuclear´s participation in the different phases of the project; 
b) identification, collection and transfer to the simulator supplier of the required Plant 
documentation; 
c) preparation by the supplier and review by Eletronuclear of the system design 
documentation; 
d) supplier provision (acquisition or manufactoring) of the simulator control room hardware; 
e) supplier development of the software (plant model); 
f) integration by the supplier of the hardware and software and performance of pre-factory 
tests, with Eletronuclear participation; 
g) performance of factory tests (Factory Acceptance Tests - FAT): comprehensive tests at the 
supplier with Eletronuclear participation; 
h) acceptance by Eletronuclear after succesful completion of the FAT; 
i) packing and shipping of the simulator to the Mambucaba Training center; 
j) installation of the simulator in the new building erected in parallel with the simulator 
development at the supplier; 
k) performance of the SAT (Site Acceptance Tests), and finally; 
l) demonstration of availability/reliability through two months of continued operation. 
 
The simulator Supplier was the Spanish company Tecnatom, which won the international bid 
issued for this purpose. Tecnatom is an international simulator developer and training 
supplier, responsible for the operator and plant personnel training for the Spanish NPPs. 
The project duration was of three years, from simulator supply contract signature to 
completion of the availabity demonstration period; 
In the following sections the highligths of the project will be presented. 
 

3.1.  Angra 1 Full scope simulator - General Concept 
 

                            Figure 3: Angra 1 simulator conceptual overview 
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In figure 3 above, the Tecnatom´s conceptual overview for the Angra 1 simulator is shown, 
consisting of the Simulator Server, at the center, with the plant models which receive inputs 
from the Instructor Server Station, runs the models and provides outputs through an Interface 
to the Panels with analogic Instrumentation or directly in case of Panels with digital 
Instrumentation. 
The same above sketch is shown in figure 4 now indicating the Tecnatom´s software used for 
the different purposes. This software will be briefly discussed later. 

                             Figure 4: Angra 1 conceptual overview showing used software 

3.2.  Design documentation preparation 
The main initial activity of the Supplier was the preparation of the preliminary design 
documentation for the simulator hardware and software, based on the available Plant 
reference documentation that, after Eletronuclear review and release, was used for the actual 
hardware and plant modeling development. 
 
To ensure physical fidelity to the Plant control room detailed hardware design documents 
were prepared based on Plant control room layout drawings, a detailed photographic report of 
all Plant control room instruments and instrument manufacturer manuals.  Specific 
mechanical parts, dimensions checking, specific instruments data, obsolete instruments 
sample, color codes for panels and faceplates, all were considered in the hardware design 
documentation, resulting in the preparation of 25 documents with approximately 1.000 pages. 
 
In the process some technological upgrades to be applied for the simulator control room were 
identified, such as replacement of the hundreds of incandescent indicator lamps in the Plant 
panels by LED lamps with much lower heat output and longer lives. 
 
As a necessary input for the Plant systems modelling, preliminary system design 
specifications were developed for the scope of 83 Plant systems to be simulated, defining the 
scope and level of simulation (full or partial), as well as the  system´s data needed for the 
simulation. From this work 60 documents with approximately 6.800 pages were generated, 
that after review by Eletronuclear were released for the Plant system modeling work. 
 
Figures 5 and 6 shows a view of the simulator panels and cabinets during the manufacturing 
processes. 
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Figures 5 and 6: Manufacturing of panels and cabinets  

3.3.  Tecnatom software used for Plant system modeling  
Depending on the importance of the systems that are actuated by the Plant operators in the 
control room, different levels of simulation fidelity can be used:  
• Full Simulation (FS): High fidelity simulation based on first principles achieved by the 

application of conservation laws of mass, energy and momentum, other physical laws of 
mechanics, thermodynamics, recognized engineering correlations. Replication of the 
system topology is done with very minimum simplifications. 

• Simplified Dynamic Replica (SM): Simplified dynamic replica is also based on first 
principles. The replication of the system topology is simplified. In addition, lumping of 
redundant equipments is made if no specific malfunctions are specified on them.  

• Functional Replica (FN): Functional simulation is partly based on first principles and 
inductive modeling in which inputs-outputs behavior of the system are modeled to 
reproduce observed behavior. The replication of the system topology only considers the 
devices which are necessary to replicate the basic function of the system (interlocks to 
simulated system, flow/heat source to simulated system, etc.). 

Of the 83 Angra 1 systems scope of simulation, a full simulation (FS) was performed for 70, 
a simplified dynamic replica (SM) was used for 7 and a functional replica (FN) for 6 systems. 
Systems simulated using SM or FN level are systems that have little or no impact in the Plant 
transient behavior, such as gas bottle handling system, leakage monitoring or loose part 
monitoring systems. 
 
The set of codes used by Tecnatom for Plant simulation consists of proven industry codes for 
simulation of core behavior and core and Primary system thermalhydraulics, TRAC_RT and 
NESTLE_RT, adapted for real time calculations, plus a set of computational tools developed 
for simulation of hydraulic, electric and control networks, TEAMFLOW, TEAMELECTRIC 
and TEANLOGIC, plus auxiliary computational tools for different purposes. A very short 
description of this software is presented below: 
 
- NESTLE_RT is a FORTRAN code that solves the two-group neutron diffusion equation 
utilizing the Nodal Expansion Method (NEM) in Cartesian geometry. 
 
- TRAC_RT  (Transient Reactor Analysis Code - Real Time) is an advanced version of 
TRAC “best-estimate” thermalhydraulic code series for simulation of transients in Light 
Water Reactors (LWR), adapted by TECNATOM to run in real time for use in simulators. 
The coupling scheme between TRAC and NESTLE is shown in figure 7. 
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Figure 7: TRAC_RT / NESTLE_RT coupling scheme 
 
- TeamFlow (TF): Tool designed to perform hydraulic system calculations at a real time 
simulation. The hydraulic net solution consists on the calculation of the temperature and 
pressure fluid and the mass flow in all the hydraulic circuit element. TeamFlow solves the 
conservation equations: Continuity (mass), momentum and energy conservation 
 
- TeamElectric (TE): Tool designed for electric system calculation in a real time simulation. 
The electric net solution consists on the calculation of the currents and voltages of the net 
and active, reactive and apparent power 
 
- TeamLogic (TL): Tool designed to model logical and control systems calculations at a real 
time simulation. TEAM_LOGIC lets the user model any type of diagram (explicit dynamic, 
logic, control or cabling). The modeled diagrams are built using the icons associated to each 
reference diagram symbol, making the connections between them and introducing the 
specific data in the corresponding icons. 
 

Auxiliary software (TEAM_AIDES) 
- Team_K: Responsible to control the simulator server execution SETRU / URTES ways of 
working. 

- TESIS+: Input / Output Interface designed by Tecnatom to interconnect any simulation 
software and the associated instruments. Tecnatom System Interface for Simulators.  

- TEAM_STATION:  application designed to provide instructors with the ability to control 
and supervise simulation sessions. TEAM_STATION has been developed using the 
Microsoft Visual Studio C#, object-oriented language for the Microsoft .NET platform. 

- TEAM_SKETCH is the Tecnatom solution to design and create dynamic and interactive 
Human Machine Interfaces in simulation applications. 
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In Angra I FSS simulator has been used to develop: 
• OVATION operational windows 
• Virtual panels 
• Class room simulator 
• Dynamical and interactive Instructor Station PIDs 

- TEAM_DESI: Tool used by developers to build, validate, adjust and develop specific tools 
(COMOTO) simulation models. 

- COMOTO: tool designed to allow a fast and easy comparison between current simulator 
state and Plant core physics calculation code (ANC) reference data, in terms of neutron flux, 
both fast and thermal, and in terms of thermal power as well. 

- CMS/TecSIM: Control and administrate all information about the configuration of the 
simulator, checking the data, to document, test and develop programs using the information 
of the CMS database, and as a common interface to data entry. Once the information is in the 
CMS, other modules of the simulator can use it. 

3.4.  Integration Hardware and Software and Factory tests (FAT) 
The hardware and software integration was performed in the Tecnatom installations near 
Madrid, being followed by a Pre-FAT phase (Pre Factoring Acceptance Tests) to start the 
process of elimination of discrepancies of hardware (instrumentation, buttons, actuators, etc.), 
and afterwards discrepancies of the combined hardware/software operation. This phase, 
which lasted 4 months, was performed at the Supplier with participation of an Eletronuclear 
software/hardware engineer from the Training Center. 

Figures 8 and 9: Angra 1 simulator temporary installation in Spain 
 
After conclusion of the Pre-FAT, the FAT (Factoring Acceptance Tests) was started. In this 
phase all the Acceptance Test Procedures (ATP) were performed being 11 Hardware ATP, 7 
Software ATP and 17 Operational ATP. Two senior operators from Eletronuclear took part. 
 
These 35 Acceptance Test Procedures had sub-tests, for example, Systems Tests had 350 sub-
tests. More than 100 plant procedures (PO-S, PI-O, PO-T, PO-G, PO-A, PO-E, PP-R, PI-M, 
etc.) have been tested, resulting in more than 1.500 hours of Simulator tests and more than 
14,000 pages of testing results. Along the testing, 2,500 discrepancies have been identified 
and solved. At the end of this phase, the simulator was considered accepted by Eletronuclear, 
disassembled and shipped to Brasil. The final documentation produced of the entire project 
achieved more than 34,000 pages. 
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3.5.  Simulator Building construction 
In parallel to the simulator development the simulator building was constructed, with project 
and construction under Eletronuclear responsibility. In figures 10 and 11 below the simulator 
building is shown at different construction stages. To speed up construction concrete modular 
construction was used. The construction was completed in 6 months. 

Figures 10 and 11: simulator building at different construction stages 
 

3.6.  Assembling of simulator at Eletronuclear Training Center and Site tests 
The packages containing the simulator arrived at the Eletronuclear Training Center in mid 
June 2014 and at end of August the installation in the new building was completed and the 
Site Acceptance Tests (SAT) phase was started. This phase is required to verify if 
disassembling, transportation and reassembling did not introduce any malfunctioning of the 
simulator. For this purpose the FAT tests were repeated, being concluded satisfactorily by 
mid November 2014. Subsequently, the final activity, Availability/reliability demonstration 
was initiated, which consisted of a continuous operation of the simulator 18 hours/day along 
two months, with a down time less than 2%. This phase was completed successfully by the 
end of February 2015. 
In figures 12 and 13 below the Angra 1 simulator control room (top) can be compared to the 
actual Angra 1 Plant control room (bottom). 
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Figures 12 and 13: Angra 1 control room simulator (top) and Plant control room (bottom) 

It can easily be seen that the requirements of the standard ANSI/ANS 3.5 for physical fidelity 
have been fully met, providing a training environment identical to the one of the Plant.  

Along the first semester of 2015 the required documentation for beginning of simulator 
training was prepared, including initial conditions, training scenarios and training material, 
with the start of the first requalification training of Angra 1 operators in the end of June 2015. 
 
 

4.  CONCLUSIONS 
 
The acquisition of a specific full scope simulator is a large project, technologically 

sophisticated, that requires substantial specialized human as well as substantial financial 

resources. 
 
The Angra 1 simulator project was a successful one, being developed on time, meeting all the 

steps of the contract time schedule, which is the expectation, for a project, but is seldom 

achieved. 
 
We have learnt that on the Customer side, specialists on plant equipment, plant procedures 

and operation and core/reload calculation details have to be available to support the simulator 

Supplier on Plant specific details and follow up of tests. 
 
We have learnt that identification and gathering of the required amount of updated Plant 

documentation for provision to the supplier is a very time consuming task and depending on 

the type of information may require authorization from other parties. 
 
We have also learnt that an open, trustful and frequent interaction between Customer and 

Supplier, as well as a dedicated coordinator also on the Customer side, are fundamentals for a 

good project development. 
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It is a general opinion at Eletronuclear that the final product of this project, the Angra 1 
simulator, is a high quality training installation that will certainly take the Angra 1 operators 
operational and safety performance to a new level. 
 
Use of the Angra 1 full scope specific simulator will allow the operators to train in a control 
room environment identical to that of the Plant, actuating on identical instruments and 
viewing data from identical instrumentation. 
 
Furthermore, the availability of the simulator on site will bring more training flexibility, 
possibility for more training time, possibility to check Plant transient response on the 
simulator, as well as to provide technical staff not directly involved in Plant operation with 
basic operation knowledge, among others. 
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