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1. INTRODUCTION 

 

Nuclear Island (NSSS) modelling represents an 

essential part of a simulator software, as the 

accuracy and scope used is essential when 

representing appropriately the systems behaviour 

in operational transients, where the transitions of 

phase water-vapour are dominant such as: 

ATWS, LOCA, Feed & Bleed, Mid Loop 

Operation, etc.  

 

Tecnatom has been using, since the early 90´s, 

its real-time simulation technology, the binomial 

TRAC-RT & NEMO, a 6-equations 

thermalhydraulic code and three-dimensional 

neutronic code for high fidelity modelling of the 

Primary System of several full scope simulators. 

Two latest projects which have been faced are 

the object of this paper.  

 

The first of them refers to Lungmen NPP Full 

scope simulator, an ABWR type being built by 

GE for Taiwan Power Company. The NSSS 

generated model is connected with the rest of 

BOP conventional simulation. The validation 

process has been carried out according to the 

methodology defined in ANSI 3.5 standard, 

taking like reference the engineering model that 

GE possesses for this Power Station.  

 

The second project describes the NSSS 

upgrading of D3 simulator, owned by KSG, 

having Grafenrheinfeld (KKG), a German PWR-

KWU NPP as reference unit. The development 

platform is Digital UNIX, connected by 

reflective memory (RMS) to the existing 

ENCORE simulator platform. Real-time 

requirements being fulfilled.   

 

 

 

 

In both projects, the model generated with 

TRAC-RT & NEMO represents, not only the 

primary circuit, but also the steam lines, given 

their complexity and importance. 

 

Once more, these two project show the trend of 

training simulators in incorporating more and 

more accurate models, using engineering grade 

models. 

2. LUNGMEN NPP SIMULATOR 

NSSS MODEL 

 

Under the acronym STAR-TRAC project and 

along the years 1998 and 1999, TECNATOM 

has carried out the development and validation of 

the NSSS model for the simulator of Lungmen 

NPP (Taiwan). The simulator scope covers the 

whole range of normal, abnormal and accident 

operating conditions. 

 

Lungmen NPP is currently under construction, 

using a GENERAL ELECTRIC (GE) ABWR 

(Advanced Boiling Water Reactor) technology, 

with a thermal power of 3294 Mw. Without re-

circulation loops, its 10 pumps, directly located 

in the vessel downcomer, drive a flow of 14500 

Kg/s. The 4 main steam lines drive a flow of 

2122 Kg/s to the turbine. 

 

Based on the experience accumulated during the 

MAS (Advanced Simulation models) project 

whose achievement was the TRAC-RT thermal-

hydraulic code (a two phases six equations real-

time code capable to reproduce thermal and 

dynamic non-equilibrium conditions) and taking 
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advantage as well of the subsequent Cofrentes 

NPP full scope replica simulator exploitation, 

TECNATOM was awarded with the 

development of the Lungmen simulator NSSS 

model with the above mentioned TRAC-RT 

code. The project included as well the 

implementation of a 3-D neutronic model with 

the NEMO neutronic model and an external 

model capable to simulate the presence of 

different types of substances dissolved either in 

the liquid or the vapour phases. 

 

A previous model for the Unit 6 of Kashiwazaki-

Kariwa Japanese NPP which is very similar to 

the Lungmen one, was supplied by GE based on 

its proprietary code TRAC-GE as a background 

information. Such model was adapted for the 

reference unit according to TRAC-RT specific 

requirements and it included the reactor vessel, 

the re-circulation loops, the fuel channels, the 

steam generators and the thermal-hydraulic 

connections to the adjacent systems, being 

represented by boundary conditions. The model 

was completed with the main steam lines 

modelled by Tecnatom on the basis of data 

supplied by GE. 

 

Appropriate boundary conditions for the 

feedwater, emergency, turbine and bypass 

systems and a full control system using available 

TRAC-RT variables and control blocks were 

imposed to the model in order to perform its off-

line validation. During the on-line execution of 

the model in the simulator, the control logics and 

the boundary conditions will be replaced by 

simulation variables coming directly from the 

rest of the plant simulation models out of the 

scope of the TRAC-RT model. 

 

The validation process, as well as the criteria to 

determine the adequacy of the model, were based 

on the ANSI/ANS-3.5, 1998 standard 

requirements. As a comparison pattern reference, 

the response of the TRACG model for a set of 

transients was used. The selected transients were 

the list of ten specified in the above mentioned 

standard and additionally other two to verify the 

correct behaviour of the boron model and the 

adequacy of the natural re-circulation condition 

representation: 

 

1. Manual Scram 

2. Simultaneous trip of all feedwater 

pumps  

3. Simultaneous closure of all Main Steam 

Isolation Valves 

4. Simultaneous trip of all re-circulation 

pumps  

5. Trip of three re-circulation pumps not 

connected to moto-generators 

6. Main turbine trip from 40% power level 

7. Maximum rate re-circulation flow ramp 

8. Maximum size HPFC line rupture 

9. Maximum size unisolable main steam 

line rupture 

10. Simultaneous closure of all Main Steam 

Isolation Valves combined with single 

stuck open relief valve 

11. Control rods movement 

12. ATWS 

 

 

The acceptance criteria specified in the standard 

refers basically to following aspects: the 

capability to apply the operating procedures, the 

evolution of the parameters being similar to the 

reference pattern, and the absence of alarms or 

automatic actions being different when 

comparing the reference pattern and  the 

simulator. 

 

The performance of TRAC-RT code was very 

correct from a thermal-hydraulic point of view, 

with CPU time consumption meeting the real-

time requirements.  TRAC-RT allows to run very 

severe transients in real-time with all the 

accuracy of a best-estimate code 

 

3 GRAFENRHEINFELD D3-

SIMULATOR NSSS MODEL 

 
The reference unit of KSG-D3 simulator is 

Grafenrheinfeld NPP, a four loops KWU-

Siemens PWR, with a thermal power of 3765 

MW and an electrical power of 1300 MW, in 

commercial operation since 1982. 

 

The objective of the project has been the 

replacement of the existing NSSS modelling 

software, currently running in the simulator, by a 

different one, including more accurate and 

powerful models, capable to faithfully reproduce 

the evolution of the parameters involved in all 

the reference unit operating modes, as well as 

transients and accident conditions. Integrated 

with the rest of the models of the simulator, the 

system is capable to respond to operator actions 

during normal, abnormal and emergency 

operating conditions resulting from the insertion 

of any of the designed malfunctions. 
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For this purpose, an extensive model for 

TECNATOM´s TRAC-RT, six equations real-

time thermal-hydraulic code, has been developed 

coupled to the respective 3D kinetics model for 

NEMO neutronic code. In such a way the 

TRAC-RT model comprises: 

 

• The reactor pressure vessel (YC10) and the 

core (YM) 

• The pipes belonging to the four Primary 

System loops (YA10/20/30/40) 

• The four Steam Generators Primary and 

Secondary sides (YB10/20/30/40) 

• The four reactor coolant pumps 

(YD10/20/30/40) 

• The Pressurizer (YP10) with the associated 

valves and the compensation line. 

• The four main steam lines (YD10/20/30/40) 

up to the header, with the turbine as 

boundary condition and including the 

isolation, relief and safety valves. 

 

The TRAC-RT model communicates in an 

interactive mode with the auxiliary and BOP 

models by means of pressure, temperature, flow 

and power (heaters) dynamic boundary 

conditions included in the nodalisation. Besides 

that, the model provides the Control & Logic and 

Instrumentation input signals, as well as the 

indications and alarms available in the control 

room and allows the model active components 

control, as pumps and valves, and the insertion 

of predefined malfunctions. 

 

Regarding the size of the developed model, it 

comprises 176 components, with 442 one 

dimensional cells and 32 three dimensional cells 

connected by 529 junctions and with 200 heat 

transfer nodes. The vessel nodalisation is 

particularly relevant using the TRAC-RT 3D 

VESSEL component, with four axial levels, two 

radial rings and four azimutal sectors, in each of 

which a CHANNEL component is located 

representing a quarter of the total number of the 

fuel assemblies of the core. 

 Regarding the modelling scope, it includes the 

correct simulation of the physical phenomena 

associated to the following conditions or 

evolutions: 

 

• All the normal operating conditions, 

including pressure tests, cold shutdown, hot 

standby, mid-loop operation, reactor vessel 

head opened, etc 

• Abnormal conditions, including turbine, 

reactor or coolant pumps trips, main steam 

and feedwater lines isolation, “fleed 

&bleed” operations, etc 

• Malfunctions and accidents, covering 

Primary and Secondary sides LOCA´s , 

Steam Generator tubes rupture, reactivity 

accidents, ATWS, etc. 

 

In the framework of the project, an important 

milestone  has been the substitution of the 

models representing the systems within the scope 

of the new NSSS model for TRAC-RT, and the 

adaptation of the interface between the former 

one and the rest of the plant.  
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