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ABSTRACT 

 
In February 2010 NA-SA (Nucleoeléctrica Argentina S.A,) awarded Tecnatom the Atucha II full scope simulator 

project. NA-SA is a public company owner of the Argentinean nuclear power plants. 

 

Atucha II is due to enter in operation shortly. Atucha II NPP is a PHWR type plant cooled by the water of the 

Parana River and has the same design as the Atucha I unit, doubling its power capacity.  Atucha II will produce 

745 MWe utilizing heavy water as coolant and moderator, and natural uranium as fuel. A plant singular feature 

is the permanent core refueling.  

 

TRAC_RT is the first real time thermal hydraulic six-equations code used in the training simulation industry for 

NSSS modeling. It is the result from adapting to real time the best estimate code TRACG. TRAC_RT is based 

on first principle conservation equations for mass, energy and momentum for liquid and steam phases, with two 

phase flows under non homogeneous and non equilibrium conditions. At present, it has been successfully 

implemented in twelve full scope replica simulators in different training centers throughout the world. 

 

To ease the modeling task, TRAC_RT includes a graphical pre-processing tool designed to optimize this process 

and alleviate the burden of entering alpha numerical data in an input file.  

 

 

1. INTRODUCTION 

 

Tecnatom is an engineering company that has provided services to the nuclear industry since 

its creation in 1957. The company’s main activities are the rendering of inspection and 

component structural integrity services, the training of operations personnel by means of full-

scope simulators and the engineering in support of plant operation. 

 

The owners of Tecnatom are the Spanish electricity utilities with interest in the country’s 

nuclear power plants. The company currently has more than 750 employees. 

 

Since 1975, Tecnatom S.A. is committed with providing a wide range of training services and 

simulation products to worldwide clients. Tecnatom first got involved in this activity in the 

electricity generation sector and subsequently extended it to cover the entire electricity and 
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industrial sector. Tecnatom holds different training centers in Spain, 

services to power plant operators and other plants personnel. It

been successfully demonstrated. 

 

Simulators are an essential tool for training and engineering support at industrial facilities. As 

a consequence Tecnatom has made, and is continuously making, important investments in 

simulation technology, e.g.: adapting to real time best estimate thermal hydraulic and 

neutronic codes, as well as developing and upgrading its own full suite of simulation 

technology (Fig 1).  

 

 

 

 

 

At present, Tecnatom has supplied 

abroad, several fossil plant simulators and other simulators for electrical distribution and 

process industry (Fig 2). Tecnatom is currently operating and maintaining six full scope 

nuclear simulators fully compliant with the ANS/ANSI 3.5 standard, certified and audited by 

the CSN (Consejo de Seguridad Nuclear)

 

Highest functional fidelity simulators is a Tecnatom pursued goal. This is achieved by using 

engineering grade simulation technology solutions, adapted to a real time performance for 

training purposes.  

 

Use of true engineering technology such as 

the highest achievable fidelity, therefore representing the

NSSS systems. 

 

FIG 1. 

Tecnatom holds different training centers in Spain, 

services to power plant operators and other plants personnel. It’s experience in this field has 

been successfully demonstrated.   

Simulators are an essential tool for training and engineering support at industrial facilities. As 

a consequence Tecnatom has made, and is continuously making, important investments in 

lation technology, e.g.: adapting to real time best estimate thermal hydraulic and 

neutronic codes, as well as developing and upgrading its own full suite of simulation 

has supplied twelve full scope nuclear plant simulators, in Spain and 

abroad, several fossil plant simulators and other simulators for electrical distribution and 

. Tecnatom is currently operating and maintaining six full scope 

lear simulators fully compliant with the ANS/ANSI 3.5 standard, certified and audited by 

(Consejo de Seguridad Nuclear) Spanish nuclear regulatory body.

Highest functional fidelity simulators is a Tecnatom pursued goal. This is achieved by using 

ngineering grade simulation technology solutions, adapted to a real time performance for 

Use of true engineering technology such as the thermal-hydraulic code TRAC_

the highest achievable fidelity, therefore representing the “state of the art” for modelling 

FIG 1. TECNATOM SIMULATION TECHNOLOGY 
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’s experience in this field has 

Simulators are an essential tool for training and engineering support at industrial facilities. As 

a consequence Tecnatom has made, and is continuously making, important investments in 

lation technology, e.g.: adapting to real time best estimate thermal hydraulic and 

neutronic codes, as well as developing and upgrading its own full suite of simulation 
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ngineering grade simulation technology solutions, adapted to a real time performance for 

hydraulic code TRAC_RT provides 

“state of the art” for modelling 
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The Atucha II simulator project [2] is based on a very ambitious approach: in the recent past 

the use of best-estimate codes was strictly limited to the NSSS modeling, leaving to less 

accurate tools (one phase flow or simplified two phase flow model builders) the development 

of the fluid based plant systems. This strategy entailed accuracy limitations and a lack of 

behavior fidelity in the plant systems, with two phase flow phenomena under accident 

conditions. Tecnatom has solved this problem using TRAC_RT in an intensive manner, 

proceeding to model with this code all the systems undergoing two phase flow situations. For 

this purpose, and in order not to get a huge unique TRAC_RT input model, important 

modifications to the simulation environment have been made allowing a parallel execution of 

separate TRAC_RT based models, thus making up a multi-TRAC environment successfully 

used in the Atucha II simulator. 

 

Atucha II full scope simulator is due to be 

completed in 2013, as an intermediate 

delivery a classroom simulator with a partial 

scope has been supplied in summer 2011. 

This classroom simulator, based on a 

graphical human machine interface, 

considers in its scope all the systems related 

with plant safety so possessing the ability to 

train on the follow up of the plant emergency 

operating procedures. 

 

 

2. TRAC_RT THERMALHYDRAULIC CODE 

 

TRAC_RT is a six-equation best-estimate thermohydraulic code, upgraded to cope with any 

operational situation from full power to uncovering of the vessel head. TRAC_RT allows for 

real-time two-phase flow simulation. It solves 1D (or 3D for vessel purposes) conservative 

equations for mass, energy and momentum for liquid and steam. Additionally it solves mass 

conservation for non-condensable gases and all chemical species (no limits). The closure 

relations and fluid properties are evaluated according to a realistic flow map regime. 
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TRAC_RT, includes specific models to simulate choked flow, critical heat flux, counter-

current flow and counter-current flow limitation, off-take, steam separators, jet pumps, 

centrifugal pumps...  

 

TRAC_RT has real-time feature and numerical and time step stability due to its semi-implicit 

predictor-corrector numerical scheme. 

 

To ease the modelling task, TRAC_RT includes a graphical pre-processing tool [3] designed 

to optimize this process and alleviate the burden of entering alpha numerical data in an input 

file (Fig 4).  

 

 
 

 

 

 

TRAC_RT, is integrated in this project with the Tecnatom 3D-neutronic code NEMO, this 

code can be replaced by other neutronic codes, such as S3R, NESTLE, and others if  

requested by the customer. 

 

TRAC_RT is currently installed on twelve different simulators throughout the world, 

including PWR, BWR, ABWR, KWU and PHWR technologies [4] and [5]. Its results have 

been successfully compared with actual plant data and with other best-estimate engineering 

codes results. 

 

TRAC_RT scope allows a simulator to address the full range of plant states (either in normal 

operation or accident sequences) from operation with the vessel head uncovered to full 

power, continuously and without changes in the model or any switch. 

 

TRAC_RT was the first (Almaraz simulator was delivered in 1991) thermal hydraulic six-

equations best estimate code used in the training simulation industry for NSSS modeling. It is 

the result from adapting to real time the best estimate code TRACG.  TRAC_RT is based on 

first principle conservation equations for mass, energy and momentum for liquid and steam 

phases, with two phase flows under non homogeneous and non equilibrium conditions. 

 

 

FIG 4. TRAC_RT PRE-PROCESSING DISPLAY  



INAC 2011, Belo Horizonte, MG, Brazil. 

 

 

3. ATUCHA II SYSTEMS MODELLED WITH TRAC_RT 

 

Unlike other previous projects where TRAC_RT was solely used for the NSSS modeling, 

following the NRC recommendations, TRAC_RT is being used in an intensive manner in the 

Atucha II simulator two phase systems. Besides the NSSS, the moderator circuits, the 

containment, condensate system, main and auxiliary feedwater systems, turbine and 

condenser are being modeled using TRAC_RT. To make this feasible different changes have 

been implemented in the Tecnatom simulation environment focused on running several 

TRAC_RT codes at the same time.   

 

At the time of writing this paper following Atucha II models had been done with TRAC_RT 

(all of them with a time step of 100 ms): 

 

SYSTEM 
TH 

CELLS 
SKETCH 

CORE: with eight 

components based on two 

radial regions and four 

azimuthal segments design. 

88 
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SYSTEM 
TH 

CELLS 
SKETCH 

3D VESSEL & 3D 

MODERATOR TANK 

(modelled using the 3D 

component with fourteen 

axial levels, three radial 

regions and four azimuthals) 

 

BORON INJECTION 

SYSTEM 

 

VESSEL VENTING 

181 

 

NSSS: 

 

COOLANT LOOPS 

 

PRESSURIZER AND 

SURGE LINE 

 

STEAM GENERATORS 

 

MAIN STEAM LINES up 

to turbine control, bypass and 

feedwater tank valves. 

191 

 

MODERATOR SYSTEM 

 

Including normal moderation 

and heat removal and safety 

injection sub-systems 

288 
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SYSTEM 
TH 

CELLS 
SKETCH 

MAIN FEEDWATER 

SYSTEM  
From main feedwater tank. 

Including connection with 

the residual heat removal 

system  

223 

 

START-UP and SHUT-

DOWN FEEDWATER 

SYSTEM 

57 

 

 
 

Above models amounts to a total of 1028 calculation cells cycling ten times per second..  

 

It has been observed that CPU consumption is not proportional to the number of cells. 

However, when the amount of cells is low such relationship exists, increasing rapidly the 

CPU consumption when the cell number is over 500 cells, becoming not acceptable (real time 

requirement) from roughly 1000 cells onwards. This is because a part of the consumption is 

related directly with the thermalhydraulic calculations (proportional to the number of cells in 

the semi-implicit scheme used) while another part is solely related with data matrix 

management, convergence analysis, search of components boundary conditions.  

 

Besides, TRAC_RT code may iterate, even reducing its time step, in certain situations (very 

fast dynamic evolutions such as LOCAs). These iterations are caused by phenomena 

occurring at specific nodes of the model, making no sense to repeat the iteration in the rest of 

the model. 
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To use several TRAC_RT codes to model the plant behavior enables to mimic in real time 

both normal and abnormal operation. It must be considered that this approach might lead to 

instabilities because their sequential execution with semi-implicit couplings. Further, to run 

several TRAC_RT in different CPUs may present repeatability problems due to a lack of 

CPUs strict synchronization. To address and solve all such problems is essential the models 

interfaces are well designed based on stability and mass and energy conservation criteria. 

 

In the first phase of the Project the simulation environment will run two different TRAC_RT 

applications. One of them will support the Start up- Shut down model execution while the 

other one will run the rest of the models.  

 

It must be highlighted that the CPU consumption in a training simulator is a critical issue, to 

achieve always a real time response, this requires CPU consumption always less than the 

simulation time step (100 ms in the Atucha II simulator project). At present, this consumption 

is roughly 30 ms (measured in steady state full power situations where iterations are 

infrequent) in a standard laptop computer. It provides up to a 70% CPU margin to be used in 

case of a highest number of iterations.  

 

3.1. Validation 

 

Since Atucha II plant is not yet in operation simulation models validation is been 

accomplished comparing the simulator response with available data from the plant licensing 

model based on RELAP5 Mod 3. For this purpose, eleven transients have been selected that 

will be analyzed and compared against the mentioned RELAP engineering model (Fig 5). 

These transients have been: 

1. Turbine trip 
2. Coolant system pump trip 
3. Coolant system large LOCA  
4. Large break in a moderator pipe 
5. Large break in the main feedwater 

system 

6. Main steam lines large break 
7. Pressurizer safety valve opening 
8. Steam generator tube double guillotine 

break 

9. Control rod spurious extraction 
10. Moderator coolant baipass valve 

opening 

11. Steam isolation valve closure 
 

As previously mentioned, Atucha II simulator phase I has just been delivered. This limited 

scope simulator will mainly support emergency operating procedures training in a class room 

environment. It is scheduled for 2013 the delivery of the full scope control room replica 

Atucha II simulator. Further to the TRAC_RT based models included in the phase 1 scope, 

the full scope simulator will also have following TRAC_RT models: 

• Containment and containment auxiliaries (cooling and HVAC). Previous Tecnatom 

experiences validate this approach [1]. 

FIG 5. TRAC_RT MODELS VALIDATION  
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• High and low pressure turbine and drains. With a consolidated experience in other 

power plant prior experiences. 

• Condenser, main feedwater tank and condenser system. Likewise validated in 

previous applications. 

 

The maximum CPU consumption, result of our intention to extend the TRAC_RT modeling 

domain in such extensive manner, is expected to be under 50% . 

 

4. ATUCHA II SIMULATOR INTENDED USE  

 

Full Scope Simulators are well known tools in the training programs of NPP personnel. A 

Full Scope Simulator (FSS) provides a high fidelity replica of the control room and an 

accurate representation of the real-time process. The high level of Functional and Physical 

fidelity of the FSS, supposes a key factor in a successful training process. Atucha II simulator 

will allow the control room operators to be trained in all kind of normal, abnormal and 

emergency operations, with the maximum level of quality. 
 

Although the primary use of the Atucha II simulator will be the control room operators 

training, its application in engineering analysis and SAE (Simulation assisted engineering) 

activities is also intended. Based on Tecnatom’s experience, the use of the Atucha II 

simulator, because its high level of accuracy it could be extended to the following 

applications: 

 

4.1. Simulator Assisted Engineering (SAE) 

 

Tecnatom has a broad experience in using simulators as engineering support tools. Studies on 

impact of the plant behavior of future modifications (steam generators replacements, power 

up rates, DCS replacements,…) have demonstrated the advantages of the use of FSS as  an 

engineering tool, allowing to optimize the engineering processes. Additionally, a FSS use 

prior to the plant design modifications implementation enables the operators’ familiarization 

with the new plant configuration previous to the plant start-up.  

4.2. Human Factors Engineering (HFE) 

 

The use of FSS to design and verify plant modifications from a human performance point of 

view has been extensively demonstrated. Many improvements to the design can be identified 

in the early phases of the projects. Involvement of the control room operators in these 

activities has demonstrated a valuable contribution to the final result of the project, making 

easier at the same time, the acceptance of the plant modifications by the control room 

operators. 

4.3. Plant Procedures validation 

 

FSS has been demonstrated to be an appropriated tool to verify changes in plant procedures, 

especially in EOPs. The execution of all the applicable scenarios with licensed operators 

crews, allow verifying the applicability and accuracy of the new procedures. 
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4.4. Just in time training 

 

Based on FSS models high fidelity, and the confidence that it entails for the control room 

operators, FSSs are being used to try and train some maneuvers that never have been done 

before. Sometimes, operations have been done almost in parallel at the simulator and at the 

control room 

4.5. Training of different collectives, others than control room operators.  

 

Experience has shown that full scope control room simulators can also be used as a valuable 

tool to train personnel other than control room operators, for example: managers, emergency 

response personnel, technical support personnel, maintenance personnel, and field operators. 

Although instrument and control technicians, electrical and mechanical maintenance craft 

personnel, chemistry and health physics personnel and field operators do not perform 

operations from the control room, they can gain an insight into the impact that their work has 

on the overall plant operation. Conversely, they can understand the impact that plant 

operations have on their activities.  

4.6. Emergency response preparedness 

 

Operator training simulators can be integrated and stimulate other emergency support tools 

set up at on-site technical support centers and emergency off-site facilities. This permits the 

use of the simulator as an additional tool for emergency preparedness training of personnel. 

 

5. CONCLUSIONS  

 

Tecnatom faces a highly challenging project with a commitment to deliver a full scope 

simulator that will not only fully meet the ANSI 3.5.1998 / 2009 standard requirements but 

will go beyond, by developing engineering grade simulation models, a number of them based 

on the thermal hydraulic code TRAC_RT, enabling a dual use of the simulator: training and 

engineering. The fully integration of a NA-SA team in the project facilitates the expected 

project progression.  

 

Once completed the Atucha II simulator will become the full scope training simulator with 

the highest number of models based on a six-equations best estimate thermalhydraulic code. 

The allocated effort will guarantee a high fidelity in the simulator response and a useful 

simulator application for engineering and training purposes. 
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