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Summary 
The aim of the work is by the various nodalization schemes of the model to investigate the ASTEC 
V1 о computer code sensitivity and to validate the code against PHEBUS - FPT2 experiment. This 
code is used for severe accident analysis. 
The aim corresponding with the main technical target of the experiment which is to contribute to 
the validation of models and computer codes to be used for the calculation of the source term in 
case of a severe accident in a Light Water Reactor. 
The objective's scope of the FPT2 is large - separately for the bundle, the experimental circuit and 
the containment. Additional objectives are to characterize aerosol sizing and deposition processes, 
and also potential FP poisoning effects on hydrogen recombiner coupons exposed to containment 
atmospheric conditions representative of a LWR severe accident. 
The analyses of the results of the performed calculations show a good accordance with the 
reference case calculations, and thence with the experimental data. Some differences in the 
calculations for the thermal behavior appear locally during the oxidation phase and the heat-up 
phase. There is very well confirmation regarding the volatile and semi-volatile fission products 
release from the fuel pellets. Important for analysis of the process is the final axial distribution of 
the mass of fuel's relocation obtained at the end of the calculation. 

1. Introduction 
FPT2 as fourth to the in-pile test matrix of the FP programme contribute to the validation of models 
and computer codes to be used for the calculation of the source term in case of a severe accident 
in a LWR and in the case is used this opportunity for validating of ASTEC v1.0 Computer Code 
against FPT2 test 
The FPT2 model consists of several main structures including simulation of the FPT2 reactor 
bundle, the circuit and the containment vessel, as follow: 

• The reactor bundle consists of 20 fuel rods - 18 irradiated fuel rods, 2 fresh fuel rods and 
one AIC control rod. The reactor bundle is surrounded by insulated shroud. The core is also 
surrounded by measurement instruments. 

• The circuit consists of horizontal line- length ~9m, simulating the hot leg of a PWR primary 
circuit; a vertical U-tube- height ~4m, simulating the primary side of PWR steam generator; 
a horizontal line- length ~4m, simulating the cold leg of a PWR primary circuit 

2. Overview of the experiment 
2.1. Facility's structure and geometry 

According to FPT2 Preliminary report [1] the facility of the PHEBUS FP test FPT2 is consisted of a 
fuel bundle (fissile column length = 1.0 m) comprising 18 fuel rods previously irradiated to 32 
GWdrtU in the BR3 reactor, 2 fresh-instrumented fuel rods and 1 Silver-Indium-Cadmium control 
rod. 
The test train is essentially made of a long tube of inconel with a foot valve at the bottom, the fuel 
bundle itself and the surrounding structures. The total fuel mass is ~10 kg. The fuel is housed in 
an insulating shroud made of thoria (innermost) and zirconia (outermost). 
Heated metallic sleeves are added above the fuel bundle region in order to maintain outlet gas and 
FP temperatures at 700 eC and contained in an in-pile tube externally pressurized and water-
cooled. The insulating shroud is limiting the radial heat losses. 
The model primary circuit is hot-leg regulated to 700 °C and cold-leg regulated to 150 °C, with 
temperature transition ensured by the 4-metre-high inverted U-tube simulating the steam-
generator. 
The instrumentation in the PHEBUS core and the test train allows control the experiment on-line. 
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As basis brief information here is presented the chronology of the test The total duration of the 
test is t = 19740 s - by reactor shutdown, followed by a cooling phase, which was concluded by the 
stop of steam injection t = 23380 s. 
The fuel degradation process is divided into follow periods: 

- Thermal calibration period: t = 0 + 7380 s; 
- Pre - oxidation phase: t = 7380 + 8100 s; 
- Retention/testing period of the experiment t = 8100 + 8520 s; 
- Main oxidation phase: t = 8520 + 9660 s; 
- Retention period of the experiment: t = 9660 + 13860 s; 
- Heat - up phase: t = 13860 + 19740 s; 
- Cooling phase: t = 19740 + 23880 s. 

During the periods of the process there are characteristically respective as follow: 
• thermal calibration period - except the fuel clad rupture 5630 s, T fuel 0.4m - 760°C)| 

there are characteristically also the first FPs release and control rod melting; 
• the pre-oxidation phase - bundle heat- up and Zry clad oxidation; 
• main oxidation phase - control rod rupture, Zry cladding oxidation runaway, moderate steam 

injection rate of 0.5 g/s, significant FPs release. The Absorber failure (~ 8730 s, T guide 
tube 0.5 m - 1425°C) is dose to steel melting temperature! 

• heat-up phase - some fuel relocation with liquefaction, large release of fission products, fuel 
elements and structure materials. 

Pressure in the experimental circuit - 0.2 MPa imposed by the containment. 

3. Modeling 
In accordance with the aim of the investigation the calculations are realized with ASTEC V1.0 
computer code. 
The "Input deck for PHEBUS FPT2 test PHEBEN2 W. Plumecoq IRSN/DRS/SEMAR/LEPF (2003)' 
[3] is applied as a basic input deck. In this input deck only the nodalization scheme of the core is 
modified in various cases, described below which aim is to investigate the influence of the 
discretization of the code sensitivity. 

3.1. Meshing 
The primary circuit is represented by 12 volumes, in the basic input deck, mentioned above. The 
configuration includes mainly four parts, consisted/divided respectively of different number of 
volumes, as follow: 

• Upper part - three volumes; 
• Hot leg - two volumes; 
• Steam generator - six volumes; 
• Cold leg - one volume. 

Several calculation cases are decided for axial distribution. 
The reference calculation in the case is with 26 meshes. Several parts could be distinguished here: 

• from 0.0 to 0.375 - irregular meshing; 
• from 0.375 to 0.725 seven regular parts are included, and 
• from 0.725 to 1.12 - again irregular meshing. 

There are presented here 7 cases of the investigation: 
1) case 10 (with 10 meshes) - the bundle region is divided from 0.0 to 1.0 into 5 regular 

parts and from 1.0 to 1.12 - inegular meshing. 
2) case 15 (with 15 meshes) - for the heated part of the bundle is applied finer meshing 

than for the lower and the upper part. 
3) case 17 (with 17 meshes) - from the bottom of the bundle-elevation 0.5 to elevation 1.0 

nine regular parts are included, and irregular meshing from 1.0 to 1.12. 
4) case 24 (with 24 meshes) - irregular meshing is applied. 
5) case 38-a (with 38 meshes) - regular meshing with space between the parts 0.03 and 

1.12 is the last mesh point. 
6) case 38-b (with 38 meshes) - combined meshing is applied. 
7) case 40 (with 40 meshes) - the meshing from 0.0 to 0.85 is irregular and from 0.85 to 

1.12 the meshing is divided into 27 regular parts (each 0.01). 
The calculation time is accepted to be 24240 s. This is the time when is reached the containment 
isolation. 
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V 3.2. Targets for observation 
The main parameters, which are observed during the FPT2 test, are: 

• First fuel cladding rupture; 
• Thermal behavior in comparison with the calculated temperatures by the code for the 

different mesh cases; 
• Hydrogen production during the calculations; 
• Relocation of materials at the end of the calculations. 

4. Results of the calculations and analysis 
4.1. Event's time allocation 

In the Table 1 below are presented the times of the arising of the main events as key results of the 
calculations for all the cases considered. 
The first total core uncovery is at the first second of the all calculations. 
The first fuel cladding rupture for the reference case is appearing at the ~ 5620 s. Maybe there is 
sense only to mention the small difference toward this moment in the experiment ~ 5630 s and 
except this difference as slighting. More significant that this moment is almost in the same time for 
the cases with similar meshing (24- and 17-), similar are the results also for 38b- and 40-mesh, i.e. 
the calculations in this cases are practically in accordance with the reference case and really data 
from the experiment There is a difference in the cases 15- and 38a-mesh -300-400 s earlier 
cladding rupture toward the reference case. 
There is absolute confirmation of the moment of the start of fission products release from the fuel 
pellets - 20 s after the first fuel cladding rupture for all of the cases, incl. the 10-mesh case, as by 
the reference case. 
The start of structural material release for all the calculation cases is appearing later - about 5 
minutes after the cladding rupture and the start of fission products release, almost corresponding to 
the beginning of the oxidation phase of the test. 
For the all calculation's cases, excl. the 10-mesh the time of the beginning of oxidation is observed 
around 8750-8800 s, only by 17-mesh that is a little later (8830 s) than the reference case 
calculation (8770 s). These deviations are insignificant. 
So could conclude that for the part beginning of oxidation the received results are rather well 
simulated by the code. At the same time there is objective to mention that due to the moderate 
steam injection rate of 0.5g/s the oxidation actually peaked as a starvation phase. 

Description/Meshes 
Time 

Reference 
case (26) 10 15 17 24 38-a 38-b 40 

First total core 
uncovery, [s] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

First fuel cladding 
rupture, [s] 5620.7 7550.7 5210.7 5770.7 5690.7 5290.7 5740.7 5730.7 

Start of FPs release 
from fuel pellets, [s] 5640.7 7570.7 5230.7 5790.7 5710.7 5310.7 5760.7 5750.7 

Start of structural 
material release, [s] 8640.7 8950.7 8680.7 8710.7 8660.7 8610.7 8700.7 8690.7 

Beginning of oxidation, 
M 8770.7 8960.7 8790.7 8830.7 8770.7 8750.7 8800.7 8790.7 

Table 1. Results of the calculations 

4.2 Fission products release 

The low steam injection rate of 0.5 g/s resulted in a significant deposition of volatile fission products 
(Cs, I, Те, Mo) in the upper section of the degradated test bundle. The mass fraction of the Sb is 
significant lower in comparison of Cs and Se. About the middle of the heat-up phase at the all 
cases of calculations is delineated a small easy stage, after which the curves of the mass fractions 
are again steep to the beginning of the cooling. That is more underlined in the 38b-mesh. At this 
place of the curve (about 17500 s) there is a stair even in the case 10-mesh. 
For the semi-volatile FPs- the released mass fraction is varying between 0.8 and 0.9 for the 
rliff«r»nt rain ilatinn гллйк Vflrv small is the mass fraction nf Fi i 
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The prediction for the low-volatile FPs is quite different from the reference case. For the case of 
coarser meshing 10 meshes the mass fraction value reached is around 0.005 in comparison with 
the reference case 26 meshes- this value is -0.012. 
The release of fission products strongly depends on the quantity of the melting fuel mass. Some 
explanation for that is the dynamics of the U02 fraction showed below. 

4.3. U02 release 
The release of U02 as indicator of the quantity of the melting fuel mass could be observed. The 
calculations show that the mass of U02 strongly depends on the kind of the meshing that is 
applied. 
In the case with 10 meshes in comparison with the reference one the quantity of the released mass 
is more than 6 time low (about 15g to ~100g for the reference case). This difference explains the 
difference above of the low-volatile FPs for the 10-mesh case toward the reference case. 
Very characteristic is also the comparison of the 15- and 24-mesh where the mass of the U02 
release reach the maximum between all cases (170-190 g) and respective maximum is indicated 
above for tow-volatile FPs in the both cases. 

4.4. Hydrogen production 

The calculated differences could be seen in the Table 2 below. 

Axial Meshing Hydrogen production, [g] 

Reference case- 26 meshes -110 

10 meshes -125 

15 meshes -104 

17 meshes -115 

24 meshes -108 

38-a meshes -107 

38-b meshes -120 

40 meshes -116 
Table 2 Results for the Hydrogen production 

The resemblance of the 38-b and also 10-mesh cases of the experimental data impress - the 
measured hydrogen production value at the end of the experiment is ~121 +/- 6g. 

5. Conclusions 
The work here refers to sensitivity study simulation on coarser meshing of the FPT2 experiment for 
validation of ASTEC V 1.0 severe accident code. 
From the basic ASTEC V 1.0 FPT2 input file several sensitivity calculations have been performed 
involving alternative modeling methods. Seven different types of meshes have been applied for the 
types of the calculations in comparison to the reference one. 
The analyses of the results of the performed calculations show a good accordance with the 
reference case calculations, and thence with the experimental data. Some differences in the 
calculations for the thermal behavior appear locally during the oxidation phase and the heat- up 
phase. There is very well confirmation regarding the volatile and semi-volatile fission products 
release from the fuel pellets. 
There is interesting also to investigate the influence of different radial nodding for more large 
validation of the ASTEC code. The FPT2 test is with significant large cover and is advisable to be 
used for further investigation sensitivity calculations, including for comparative analysis with an 
applying of the new released version of ASTEC V 1.1. 
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